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I. ISOTOPE PRODUCTION AND DEVELOPmNT 

FISSION PRODUCT XENON AND KRYPTON--- 

AN OPPORTUNITY FOR URGE-SCALE UTILIZATION* ( 2 )  

** 
C. A. R O h m m  

Supplementary Keywords : 

industry;  industry, nuclear-energy; industry, e l e c t r i c ;  medicine; economics; 

isotope abundance; production, radioisotope;, ion iza t ion  of gas; pol lut ion;  

atmosphere ; review, technical ;  comparison; safety;  hydrogen-?; 

krypton -8 5. 

f i s  s i  on-produc t, s t ab le  ; r eac t  or  by-product r e  cover y; 

Abstract. I n  the near future ,  xenon, as a fission-product.  from nuclear f u e l  

processing, could be made po ten t i a l ly  ava i lab le  i n  grea t  .quant i t ies  and low cos t s  

as compared t o  today's recovery from conventional l iquid-air-processing sources. 

One year after discharge from a reactor ,  thej,xenon contains only insignif icant .  

amounts of a c t i v i t y  from short- l ived xenon radioisotopes.  

i'i s s i on-produc t 

Residual a c t i v i t y  w i l l  

r e l a t e  almost t o t a l l y  t o  the e f fec t iveness  of the krypton separat ion t o  remove 

the highly radioact ive krypton-85. Present technoiogy appears capable of ensuring e 
such removal. Comparisons of fu ture  fission-product and atmospheric xenon r e -  

sources and cos t  a r e  made. Physical p roper t ies  of xenon and krypton are  discussed, 

and i f  the pr ice  becomes competitive, xenon may replace krypton i n  some applica- 

t ions,  f o r  example, as an i n e r t  gas i n  incandescent lamps. Another/major po ten t i a l  
a t t r a c t i v e  

use of xenon i s  as an . agent i n  surgery where it  has been found t o  be 

unique f o r  l i g h t  as wel l  as deep anesthesia.  

* 
This paper i s  based 

on work performed under U. S. Atomic Energy Commission Contract No .  AT(45-1)-1830 
and i s  a s l i g h t l y  ed i ted  vers ion of BNWL SA-2122 Rev. 1. 
** 

Division Staff Engineer, Chemistry & Metallurgy Division, Pac i f ic  Northwest 

Laboratory (Battelle-Northwest) Ba t t e l l e  Memorial I n s t i t u t e ,  Richland, Washington, 
a Prime Contractor f o r  the USAEC. 
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( Introduction ) 

Until recently interest and activity on materials recover- 
able as  by-products of atomic energy operations or producible via 
nuclear reactions has been almost exclusively confined to the radio- 
isotopes. The utility of these exciting materials in medical 
research and technology, in life science studies generally, and in 
industrial technology has indeed brought great benefits. In addition, 
the space-power potentialities of massive qu,antities of the longer 
lived radioisotopes which can be made available are also spectacular. 
The use of intense radiation sources in food processing for preserva- 
tion and disinfestation is an exciting application which has also 
received intense research and development study. However, 
more than 20 years after most of these applications were first 
explored, none of them hold much promise for consuming the large 
quantities of even the most attractive radioisotopes which are today 
already in great supply and which in the future will continue to 
accumulate at a rapidly accelerating rate in the residues from nuclear 
fuel reprocessing. As a result of this developing situation, which 
has been emphasized by the long-range Battelle-Northwest studies of 
the development of the nuclear power industry, more consideration 
has been given by Battelle-Northwest since about 1962 ( 2 )  to the 

practical applications of the few, essentially stable, presently 
rare and very costly, useful elements that are produced in fairly 
high yield from the fission process. Today probably no more 

than three of these elements can be consideked ---rhodium, palladium, 
and xenon. AU of these are 
readily available articlesof commerce; and as such, they have many 
important common uses in man's everyday living: attractive platings 
on inexpensive jewelry, dental alloys, household appliance control 
equipment, telephone switch gear, photo flash tubes, and ultraviolet 
and other intense light sources. In addition there are extremely 
important large scale industrial uses for each of these. Xenon is 

used in multi-kilowatt intense light sources ( 3 )  and special high- 

a 

a 
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power electronic equi.pment. Both rhodium and palladium have very 
essential and widespread applications for catalysts and a l loys  and 

in communication switch gear. There would very likely be an ex- 
tension of the applications for these very useful materials if 
greater availability and lower costs could be assured. 
clusion is probably more appropriate in the case of xenon than for 
the others. 
earlier. ( 4 )  It is the intent of this present review to cover the 
situation involving fission-product xenon. 
that the applicability of these fission derived, essentially stable, 
and valuable elements is not a new disclosure, since references can 
be cited on the subject dating back many years. (5) 
some of the most significant references are still 
classified and hence are not identified here. However, the 
recent rather sudden and massive advances in the civilian nuclear 
power development in the U . S .  and the accompanying plans for early 
construction of fuel processing plants of capacities far greater 
than were proposed even as late as two years ago, make review of 
the magnitude and application of these by-products timely, appropriate, 

This con- 

Fission-product rhodium and palladium were reviewed 

It should be emphasized 

Unfortunately 

I 

0 
and unique. 

For many yearsargon has been used to fill (at about atmospheric 
pressure at operating temperature) all tungsten filament light bulbs 

because it depresses the evaporation of the tungsten filament and thus 

promotes the attainment of higher filament temperature, brighter 
light, and prolonged filament life. 
been looked upon as a desirable replacement For argon in special 
long-lived light bulbs. The higher atomic weight of krypton makes 
it even more effective than argon in depressing the evaporation of 
tungsten. Its lower thermal conductivity also contributes to 

- - __ __. . - - - 
A l s o  f o r  many years krypton has 

' 

2- 

--I According to Fastovskii 4 this use alone consumed 400 million 
-liters of argon in the U . S .  in 1958. 

I 
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0 smaller  b u l b  s i z e ,  b r i g h t e r  l i g h t , a n d  l o n g e r  l i f e  f o r  

t h e  f i l a m e n t .  

many y e a r s .  

i n s t e a d  o f  a i r  f o r  o p e r a t i o n  of  b a s i c  open-hea r th  s tee l  f u r n a c e s  
i n  t h e  U.S. ,has  s u f f i c i e n t  l i q u i d  a i r  c a p a c i t y  been a v a i l a b l e  t o  
ensure a t  f a i r l y  r e a s o n a b l e  cost  t h e  volumes of k r y p t o n  [ r e c o v e r a b l e  
f r o m  t h e  l i q u i d  oxygen f r a c t i o n  i n  t h e  l a r g e  ( 1 0 0 0  t o n s  of  0 2  p e r  
day )  l i q u i d  a i r  p l a n t s ]  r e q u i r e d  by a r e a s o n a b l y  l a r g e - s c a l e  lamp 
p r o d u c t i o n  o p e r a t i o n .  I n  e a r l y  summer 1968,  two companies announccc! 

t h e i r  i n t e n t i o n  of m a r k e t i n g  60-and l O O - w a t t , '  l ong  l i v e d ,  k ryp ton-  
filled b u l b s . 7  Such b u l b s  w e r e  i ndeed  a v a i l a b l e  l a t e r  i n  t h e  y e a r .  
The p r i c e  r a n g e  of  a b o u t  $0.70 t o $ 1 . 3 0  r e f l e c t s  t h e  s p e c i a l t y  na tu r r .  
o f  t h e s e  b u l b s  r a t h e r  t h a n  t h e  a c t u a l  c o s t  of t h e  g a s  used .  ? 'h i s  

a p p l i c a t i o n  a l o n e  c o u l d  p robab ly  consume a l l  of t h e  k r y p t o n  t h a t  

c o u l d  be  r e c o v e r e d  f r o m  t h e  v e r y  l a r g e - s c a l e  oxygen i n d u s t r y .  'J'hc 

s m a l l  q u a n t i t y  of xenon,  a l s o  r e c o v e r a b l e  a l o n g  w i t h  k r y p t o n  f r o m  

t h e s e  l i q u i d - a i r - p r o c e s s i n g  o p e r a t i o n s ,  would s t i l l  be  i n s u f f i c i e n t  
(and t h u s  p r o b a b l y  too c o s t l y )  t o  p r o v i d e  t h e  p r a c . t i c a 1  amounts f o r  

such  l a r g e - s c a l e  a p p l i c a t i o n s .  However, xenon would b e  s i g n i f i c a n t l y  
s u p e r i o r  t o  k r y p t o n  i n  t h i s  a p p l i c a t i o n  because  of i t s  much 

h i g h e r  atomic w e i g h t  and lower t h e r m a l  c o n d u c t i v i t y .  I t  i s  q u i t e  
c e r t a i n  from a r ev iew of  xenon a p p l i c a t i o n s  t h a t  t h e  obv ious  ex t reme 

r a r i t y  and h i g h  cos t  of  t h i s  e l emen t  h a s  c l e a r l y  i n h i b i t e d  c o n s i d -  
e r a t i o n  o f  it even i n  some a p p l i c a t i o n s  where it may be  s u p e r i o r .  

Xenon i s  produced i n  highest  y i e l d  of a l l  the forty-some elements produced 

bv the f i s s i o n  of.uranium and plutonium. The 
a p p l i c a t i o n  o e f i s s i o n - d e r i v e d  xenon, which w i l l  b e  a v a i l a b l e  i n  l e s s  

than t e n  years 
t h e  large n u c l e a r  f u e l  r e p r o c e s s i n g  p l a n t s , i s  a d i s t i n c t  and encour-  
a g i n g  p o s s i b i l i t y  t h a t  has i n i t i a t e d  i n t e r e s t  i n  t h i s  r e v i e w ,  

I n  Europe ,k ryp ton  h a s  been used  i n  t h i s  way f o r  
the use of  

Only r e c e n t l y , w i t h  t h e  s h i f t  toward,pure oxygen 

. e 

i n  fa i r ly  large amounts (Fig. 1) from - 
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Fig.  1. Projected annual recovery of fission-product xenon and 
krypton from United S ta t e s  nuclear-power fuel-processing p l an t s  
( b a s i s  Ref. 1). 
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~-----.-.-----.-----..--- However , it should be recognized that 
in view of the magnitude of the use of argon in the incandescent 
lamp industry Fbout 785 tons in 1958 (Ref.6ythe use of all avail- 
able atmospheric krypton and xenon plus all of the fission-product 
xenon from power reactor fuel processing could not appreciably 
impair the existing and future use of argon in this same applica- 
tion. Under any conceivable developmcnt,Kr and Xe will always be 
rather rare and fairly costly materials. FAlthough the useful 
properties of ‘xer,on compared with other inert gases ,, been well 
known for many years, the most surprising application for which xenon 
appears to be unique among the inert gases and specific to man is in anesthesia.This 
property has been know for about twenty years. But here 
again the rarity and very high price preclude its use for this 
large-scale,beneficial application except in experimental or theo- 
retical studies. Cullen and Gross 

have 

7 

in 1951 are credited with the 8 

first use of xenon as an anesthetic for surgical procedures 
on man. The gas mixture used in these examples comprised 18 to 22% 
oxygen with the balance being high-purity xenon. 
The 
which all of the nitrogen ,, replaced by xenon. In a review, 
Featherstone and Muehlbaecher reported the following concer- 
ning observations on the use,of xenon as an anesthetic for man; 
In one case involving light anesthesia there was no evidence of 
reaction to pain. Full recovery from the anesthesia was noted in 
five minutes. In another case a satisfactory degree of anesthesia 
was achieved within a few moments. Excitement during administration 

anesthetic gas used here was essentially a synthetic air in 
had been 

was absent and recovery was obtained within two or three minutes 
following interruption of xenon. Man was the only species which 
could be anesthetized with the xenon gas mixture at atmospheric 
pressure. Other animals (monkeys and dogs) can be anesthetized 
with xenon mixtures but only at elevated pressure (2 to 3 atmo- 
spheres). 
of the induction and emergence periods. Equivalent mixtures using 
krypton were ineffective when administered to human subjects. 

Xenon anesthesia is characterized by the unusual brevity 

0 
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Discussion ( 3 )  

Xenon Resources  and P r o p e r t i e s  ( 4 )  

Atmospheric  ( 5 )  

Xenon i s  one of t h e  s i x  so-called i n e r t  gases? (which a l s o  include 

helium, neon, argon, kr,ypton, and radon) tha t  occur i n  the atmosphere. Only radon i s  
n a t u r a l l y  r a d i o a c t i v e  and h a s  such  a s h o r t  h a l f - l i f e  (3.8 d a y s  

f o r  i t s  l o n g e s t  l i v e d  i s o t o p e )  t h a t  it can  be n e g l e c t e d  as a con- 
s t i t u e n t  r e c o v e r a b l e  f rom t h e  a tmosphere .  O f  t h e  o t h e r s ,  o n l y  

he l ium o c c u r s  i n ,  p r a c t i c a l  c o n c e n t r a t i o n  i n  nonatmospheric 
I 

sources. Cer:tain f u e l - t y p e  n a t u r a l  gases are by f a r  t h e  . 

m o s t  i m p o r t a n t  s o u r c e  of t h i s  e l emen t  from which it i s  r o u t i n e l y  
e x t r a c t e d  commerc ia l ly  i n  v e r y  l a r g e  q u a n t i t i e s .  F a s t o v s k i i  , e t  al. ' .  
list t h e  o c c u r r e n c e  ana  p r o p e r t i e s  of t h e s e  rare gases: 

5 

1 

- -- ..--.---_I- - - - COMPOSITION OF DRY A I R  . . . . . , - _ l -  - 

R e l a t i v e  R e l a t i v e  
Abundance abundance  
by .dol. 'by 'dt. 

V O l .  $I Wt, k X e  = 1 X e  = 1 e 
co2* 0.033 0.050 3840.0 1282 

- 

Helium 5.239 x 3.724 10-4 61.00 1.86 
Neon 1.818 10-3 1.267 x 10-3 211.5 32.5 
Argon 0.934 1.288 108700. 33000 
Krypton 1.14 x 3.29 10-4 13.25 8.44 

Xenon 0.86 x 0.39 10-4 1.0 1.0 
- - '  I 

* Although C 0 2  i s  n o t  a rare  gas it i s  i n c l u d e d  

i n  t h e  a tmosphere  where it  i s  far l e s s  prevalent  than 
i s  argon.  

f o r  comparison s i n c e  it i s  a minor  c o n s t i t u e n t  

f Also  called rare or n o b l e  g a s e s .  
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____--__--I- L _- 
SOME PROPERTIES OF INERT GASES 

. - .  - . - . _ -  _̂---- _ "  - -"- ---- 
Heat of 

Boiling vapor- Me at Thermal 
pbint ization capacit v, conductivity, 

Density of at b.p., cal/g/'C, cal/cm/°C/sec, 
one atm, one atm, 

50'C 
A t .  STP, l i q u i d ,  c a m -  

_-__".I.- - 
g / l i  t e r  OK m o l e  20°C _ _  - W t .  

I-- - 
27.07 414 0.248 1 5  (est.) Neon 20.2 0.9003 

1 5 5 8  0 .125  4.62 . 

2258 0.0594 2 . 4 1  

165 .05  3020  0.0378 1 .47  

Argon 39.9 1.7839 87.27 

Krypton 83.7 3.745 119 .80  

Xenon 131.3  5.897 
\ 

ISOTOPIC COMPOSITION 

Xenon Krypton -- 
Natural, Fission Product Natural, Fission Product 

an-- % Isotope a t .  $ lo 3;pprox. at. $11 Isotope at.$~~ - -- 

- 1 2 4  0.096 78  0.35 

I__ 

0.2 

80  2.27 

82  11 .56  
1 2 6  0 .090  

) 0.15 
1 2 8  

1 2 9  26.44 83  1 1 . 5 5  11. 

84 56 90 31. 

6. 

1 3 0  4.08 

c 

i3i 21.18 - 8  8 5  

1 3 2  26.89 
1 3 4  10.44 29 

4 1  1 3 6  8.87 

22  86 17.37 52  

_- - - --. - - I__-....-... ..I_._l_l__I I_ _ _ _  ~ ~ 
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On t h e  b a s i s  of  t h e  above d a t a , t h e  a v e r a g e  a tomic  w e i g h t  0 
of f i s s i o n - p r o d u c t  xenon w i l l  b e  a b o u t  134 .3  or more (vs .  131.3 f o r  

t h a t  f rom t h e  n a t u r a l  xenon ) .  L i k e w i s e , t h e  a v e r a g e  a t o m i c  w e i g h t  
fo r  f i s s i o n - p r o d u c t  k r y p t o n  w i l l  be  a b o u t  85 (vs .  83.8 f o r  n a t u r a l  
krypton). 

k r y p t o n  i n  a i r  g i v e s  a s t r o n g  i m p r e s s i o n  o f  t h e  t r u e  r a r i t y  of  t h e s e  
g a s e s .  Obviouslv, recovery of even  r e a s o n a b l e  

amounts a,t low cost  r e q u i r e s  t h e  p r o c e s s i n g  of  enormous 
tonnages  of a i r .  Only w i t h i n  t h e  l a s t ’ f e w  y e a r s  have such  

c a p a b i l i t i e s  come i n t o  e x i s t e n c e  through the need for  r e l a t i v e l y  pure 

oxygen by t h e  open-hear  h s teel  i n d u s t r y .  
i n  e x c e s s  of 5000  t o n s  of  l i q u i d  a i r  p e r  day  a re  now i n  o p e r a t i o n .  
The s w i t c h  from a i r  t o  oxygen i n  t h i s  segment of  t h e  s tee l  

i n d u s t r y  i s  c o n t i n u i n g .  

s e p a r a t e d  xenon and k r y p t o n ,  t h e  o p p o r t u n i t y  now e x i s t s  t o  p r o v i d e  
t h e  r a t h e r  modest  a d d i t i o n a l  f a c i l i t i e s  by which t h e  xenon and k r y p t o n  

I n s p e c t i o n  o f  t h e  d a t a  on t h e  c o n c e n t r a t i o n  o f  xenon and 

S i n g l e  p l a n t s  p r o c e s s i n g  7 12 

Although t h e s e  p l a n t s  g e n e r a l l y  do  n o t  y i e l d  

could be r e c o v e r e d  i n  f a i r l y  h i g h  y i e l d s  ( 8 5 % )  f r o m  i n t e r m e d i a t e  con- 
c e n t r a t e s  which c a n  b e  r e a d i l y  s e p a r a t e d .  
k r y p t o n  are now b e i n g  made a t  a b o u t  $ 0 . 5 0  p e r  l i t e r . l 3  A s  demand and 
p r o d u c t i o n  i n c r e a s e ,  lower p r i c e s  are  a n t i c i p a t e d .  A s imi l a r  though 
less i m p r e s s i v e  s i t u a t i o n  s h o u l d  also come about fo r  xenon. 

<---I One t h o u s a n d - l i t e r  o r d e r s  f o r  xenon (STP) can  b e  f i l l e d  today  
a t  a b o u t  $10 p e r  l i t e r . ’ * T h e  s m a l l  scale  of  p r e s e n t  consumption i s  
u n d e r s t o o d  t o  b e  r a t h e r  i n s e n s i t i v e  t o  p r i c e .  With i n c r e a s e d  k r y p t o n  
p r o d u c t i o n  and consumption, t h e  accompanying xenon ( abou t  one  

t h i r t e e n t h  as much on a volume b a s i s )  w i l l  s e e k  i t s  own m a r k e t - p r i c e  
l e v e l ,  p r o b a b l y  a p p r e c i a b l y  below t h e  $10 f i g u r e ;  however, i t  i s  highly 

u n l i k e l y  e v e r  t o  be less t h a n  t h e  p r i c e  of k r y p t o n  from t h i s  s o u r c e .  

Large volume sales of  

I 

F i s s i o n  P r o d u c t  ( 5 )  
2 34 F i s s i o n  e v e n t s  from e i t h e r  23% or  Pu 

produce  a t o t a l  of some 40 e l e m e n t s  i n c l u d i n g  many 
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isotopes of some elements (about 18 f o r  xenon). m e  r a d i o a c t i v i t i e s  of these various 

isotopes range from none t o  highly radioact ive.  Some of the radioact ive species  

have ha l f - l ives  s o  long and emission energies  /weak t h a t  they can be regarded as 

e s s e n t i a l l y  s t ab le  materials---e.g., '''1 has a h a l f - l i f e  of 1.6 x lo7 years and 

147 Sm, l*'Sm, and 14'Sm have ha l f - l i ves  i n  the range of 1011 t o  1014 years ( the  

las t  

hand, there  a re  many radioisotopes of intense ac t iv i ty ,  but t h e i r  ha l f - l i ves  

so 

isotope having only one-millionth of the a c t i v i t y  of 235U). On the other  

a r e  so shor t  t h a t  they can be disregarded s ince  t h e i r  

concentrations would be in s ign i f i can t  under p r a c t i c a l  conditions of large-scale  

recovery. For low enrich- 

ment uranium or plutonium fuels exposed to about 25,000 m d / t  

(megawatt days per metric ton of fuel) fission yield calculations 
indicate production of nearly 4 kg 

fuel. A l l  radioactive fission-product xenon isotopes have half- 
lives so short (12 days maximum) that no normally detectable xenon 
radioactivity will exist within one year after the fuel is discharged 
from the reactor. Thus, fission-product xenon can be regarded as 
existing entirely as stable xenon isotopes. 
will depend on the effectiveness of the process by which 
xenon is separated from contaminating material, specifically, fission- 
product krypton, (containing about 6% '% which has a half- 

life of 10.76 years).  

intensely radioactive 85Kr,will exist in the same fuel at about one 
quarter of a kilogram per ton. 
fission, their concentrations will be extremely minor---the 
gases evolved from fuel dissolution will be predominantly xenon and 
krypton. 
tiveness of minimizing extraneous gas (air) inleakage, the vent 
gases could conceivably be a nearly pure mixture ---extremely r i c h  

(compared t o  liquid air process conditions) compositions of 

of xenon per metric ton of 

0 

Any radioactivity present 

The krypton fission product including the 

Although other gases result from 

Depending on the dissolution process used and the effec- 

xenon and krypton. 
0 
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A t  t h i s  p o i n t , a n o t h e r  comparison i s  wor th  r ev iewing :  
1 from 

0 
xenon-krypton p r o d u c t i o n  from a n  oxygen p l a n t  and,a n u c l e a r  f u e l  
p r o c e s s i n g  p l a n t .  

---...-..----- --.. "..*._. ..- r--.. .. - .................... _ _  , ~ ,  . . . . . . . . . .  . . . . . .  _.. .-. . - 
5 tons /day** 1000 tons /day* 

Nxygen W i a n t  p i u e l  g r o o e s s i n g  
_ _  I_- - - ( @  85% Aecovery )  a a n t  ( @ 9 5 %  Recovery 

Krypton,  l i ters  (STP) 3400 

Xenon, l i t e r s  (STP) 255 
Vol.% k r y p t o n  i n  mixed g a s  ( K r + X e )  93% 

V o l . . %  xenon i n  mixed g a s  ( K r + X e )  7 %  

326 
3210 

9% 
91% 

...... ....... . . . . . .  . . . . . . . . .  - ........ " ..._.l__l.______._._... . . .  .- 

* S h o r t  t o n s  
**  Metric t o n s  @ 2 5 , 0 0 0  Mwd/t 

The above comparison shows t h a t  t h e  typ ica l  f u e l  processing 

plant ,  t o  be i n  operation i n  about f i v e  years,  has 
a xenon ca a b i l i t y  on a volume b a s i s  a b o u t  t w e l v e , a n d  a h a l f  t i m e s  

Khat 
as g r e a t  ashfrom t o d a y ' s  l a r g e s t  oxygen p l a n t .  Another  view i s  that ,  
on a volume b a s i s , t h e  p r o d u c t i o n  c a p a b i l i t y  f o r  xenon from a t y p i c a l  
f u e l  p r o c e s s i n g  p l a n t  i s  e s s e n t i a l l y  t h e  same as t n e  k r y p t o n  pro-  

d u c t i o n  c a p a b i l i t y  from t o d a y ' s  l a rges t  oxygen p l a n t .  

a 

Another  i m p r e s s i v e  comparison may b e  made: 

A 5000 t o n s  p e r  day  a i r  s e p a r a t i o n  p l a n t  ( 1 0 0 0  t o n s  o f  
oxygen p e r  day )  w i l l ,  a t  300 o p e r a t i n g  d a y s  p e r  y e a r ,  r e q u i r e  f o u r  
y e a r s  t o  p r o c e s s  a c u b i c  m i l e  of a i r  t o  r e c o v e r  360 c u b i c  meters of  

' xenon. A f i v e  t o n s  p e r  da f u e l  p r o c e s s i n g  p l a n t  w i l l  y i e l d  t h e  
same amount of xenon in / than  s i x  months (113 o p e r a t i n g  d a y s ) .  

l e  sX 

I t  i s  concluded  from t h e s e  examples t h a t  f i s s i o n - p r o d u c t  
xenon w i l l  i ndeed  become a v a i l a b l e  v i a  r e a c t o r  f u e l  p r o c e s s i n g  

o p e r a t i o n s  i n  q u a n t i t i e s  s u f f i c i e n t  t o  a s s u r e  c o n s i d e r a t i o n  as a 
m a r k e t a b l e  p r o d u c t .  N o t  o n l y  w i l l  f u e l  p r o c e s s i n g  p r o v i d e  l a r g e  

0 



quantities at an ever increasing annual rate as nuclear power 0 
production assumes a larger fraction of the world's power needs, 
but also this xenon could be available from the primary source 
in relatively very high concentrations--conceivably several per- 
cent in the primary waste gas. 

Another facet of this fission product xenon resource 
relates to the problem of air pollution. This problem is not, 
of course, concerned with any pollution aspects of xenon itself 
but specifically from the companion rare gds, radioactive 
a5Kr. [It is emphasized that the author professes complete 
neutrality with regard to whether or not the release of fission- 
product krypton with its 6% fraction of 85Kr represents a signifi- 
cant air pollutant and therefore whether or not fuel processing 
plants should be required to trap and contain it.] In view of 
its inertness, 85Kr should have no exposure relationship t o  any 
specific organ. Its hazard, which incidentally on a maximum pcr- 
missible concentration basis is listed among the least hazardous 
of all radioisotopes, would relate entirely to environmental ex- 
posure for a body completely surrounded or immersed in an 
atmosphere containing the 85Kr.With the assumption of complete, 

I 

a 

rapidland uniform mixing in,the earth's total atmosphere, calcu- 
lations can show that the hazard of fission product krypton does 
not appear to be significant for the foreseeable future. Never- 
theless,an a curie basis, s5Kr will contribute far more activity than any 
other isotope routinely released to the environment 

from the fuel processing plant. A five metric 
tons per day fuel processing plant consuming feed irradiated to 
25,000 Mwd/t could be releasing 85Kr activity amounting to about 
35,000 curies per day. In the license applications made by the 
General Electric Company and the Allied Chemical Corporation for their 
proposed fuel processing plants, no facilities were identified which 
would be used to trap the krypton. Similarly at this time no such 
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processes are known to be in operation or planned for any of the 
other private fuel processing plants (Nuclear Fuel Services, Inc., 

National Lead Company, o r  A t l an t i c  Richfield 

time there are no provisions for fission-product radio-krypton 
disposal from nuclear fuel processing plants other than by venting 
to' the atmosphere. 

0 
company. I 

A, In other words, at this 

I 

If, however, for pollution abatement reasons there were 
to develop a requirement for 85Kr trapping,the impact on fission 
product xenon availability and economics could be extreme and highly 
favorable. (Again the statement here shouid'not be construed as 
favoring such action. It is merely made to illustrate what the 
influence could be on the future of fission-product xenon.) 
had to be trapped and perpetually stored, the small volumes of 
krypton compared with the volumes of xenon would for economic reasons 
assure that these two gases would be separated 

storage costs. (The mixed inert fission gas would be only about 
9% krypton.) If these conditions were to prevail, xenon costs could 
relate only to the expense involved in diverting it as highly con- 
centrated gas and for refining it to remove the residual 85Kr to 
tolerable levels. Present rare gas processing 
techniques can assure separat ions down to the few parts 
per million level-nornally.20 ppm, with 5 ppm achievable; however, 
techniques are available which could ensure far lower levels. For 
fission-product xenon which has been out of the reactor for one 
year, any activity associated with remaining short lived xenon iso- 
topes is expected to be less than curies per liter of gas 
(STP).  Such activity is not regarded as significant for any large- 

If 85Kr 

to save on 85Kr 

( ,> ., / 

' scale consumer applications. Furthermore, this activity would 
diminish by one half every twelve days. The r e s idua l  r ad ia t ion  

is thus dependent on the effectiveness of 85Kr removal. Based on the 
assumption t5at 
/fission-product krypton contains  6% 85Kr and a xenon product con- 

contains 
xenon on a volume basis will be about 450 pci per liter or 

5 ppm of total krypton contamination, the activity of the 
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45 c lCi  per 100 ml, which may be the maximum volume of the 
consumer product, the incandescent lamp bulb . This quantity of 
activity in this product does not appear t o  be s u f f i c i e n t  f o r  i t s  re jec t ion ,  

b u t  fu r the r  study with respect  to/permissible 

of further purification should be considered. 
means may be at hand to reduce 85Kr contamination to possibly one 
percent of the levels indicated above or about 1 t o  10 pCi 

per l i t e r .  

i n  

a 
dose rate and the feasibility 

At the present time, 

Uses of Xenon and Krypton (4) 

A "Linde" brochure l5 on the uses of xenon and krypton 

\ 
i nd ica t e s  that krypton is used to fill tiny incandescent 
lamps where high efficiency is demanded. The heavier weight of 

krypton gas decreases filament evaporation and heat losses en- 
abling higher temperature operation of the lamps. The introduction 
of krypton,as a filling,,in fluorescent lamps has increased their 
efficiency by 10%. Krypton is also used in high-intensity, airport 
landing-approach lights. 

According t o  the / 

gas agent 

brochure, xenon 
is used in thyratron tubes', where its tempera- 

ture insensitivity is essential. The excellent 
spectral characteristics of 'the xenon arc are utilized in high-speed 
photographic lamps. The anes the t ic  proper t ies  of xenon a re  a l s o  

mentioned . Its inertness may provide safety features unobtainable 
with some other types of anesthetic gases. 

None of the uses described above appears t o  
contemplate large-scale applications and thus no consideration appears 
to be advanced for utilization of the massive quantities of relatively 
low cost rare gases obtainable from either the enormous oxygen pro- 
duction plants or from the modest sized fuel processing plants which 
are certain to be operating in the near future. The specialty 
incandescent lamp industry could probably consume all of the krypton 
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t a obtained from the large-scale oxygen industry. The 
relatively small quantity of xenon (in additidn to its price) 
obtained concurrently could probably not be justified for consideration 

*' in this application. The xenon recoverable froin nuclear fuel pro- , however, 
cessing plants could4 very likely be considered 
for this same application. Xenon's cost should be compa'rable 
and its availability should then be significant. However the use 
of xenon as an anesthetic gas may be an even more logical use. 
Such 
higher price, especially if it can be used in closed or recycle type 
systems which, we understand, requiresonly about zight liters of 
gas for a single operation. The selling prices of such gases should, 
of course, determine the application and the magnitude of the use. 
Thus, for fission-product xenon, there are conceivable conditions 
under which4 very -low- cost 

competitive with krypton 

also 
a beneficial application may,, support a substantially 

< 

a product 
could be assured. From this source 

the selling price' goal should be in the range of 
$0.50 to $1.00 per liter (STP) of urified gas to be competitive with 

may be in the range of $1.50 to 
&e price 

krypton; however? for anesthetic uses / a 
$3.50 per liter. 

Although comments to this point on fission-product 
krypton have related exclusively to its removal anc. permanent 
confinement to avoid discharge of activity to the environment, 
85Kr must be regarded as a unique material. Special applications 
for it have been considered and are still appropriate. The proposed 
applications relate to the use of its beta activity in lighting 

starting of fluorescent lamps and as the activator in special phosphorescent 
, lamps. ~rypton-85 has also been suggested as a 

heat source but in this application isoto ic enrichment 
from the existing 6% to about 50%,,is almost essential. A 

9 

in assisting the 

IPor 85Kr 

low cost enrichment process does not appear to be achievable at present. 
Therefore, the prospects for such an application do not appear very 
hopeful. However, consideration of the use of the intense beta 
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activity of this unique gas should be receiving more intensive 
study particularly in view of its future potentially low cost. 

0 

Cost. Value, and Price (3) 

The following discussion on cost, value,and price is 
relevant to the possible exploitation of fission-product xenon and 
krypton. 

, as previously mentioned, 
Although,,the price of xenon is today reported to be about 

$10 per liter (STP) in large (1000 liters) quantities, and $20 to $35 
per liter in smaller quantities, there are few private needs that 
can consume much of this gas at these .prices; 
of xenon, such as in high intensity lamps and electronic tubes, 
could probably tolerate even a higher price. However, such uses 
cannot pos'sibly consume all of the xenan which could be obtained 
just 

conceivable that fission product xenon could be recovered very 
profitably at $10 per liter today. However, as noted above, few 
markets exist for xenon of such value or price. 
per liter price, about $20 million worth of fission-product xenon 
will be released from spent fuel reprocessed for the nuclear power 
industry. It is inconceivable that the small spec-ialty uses for 
xenon could expand to the level that would require,that quantity or in- 

vestment /xenon. 
must be taken. For example, at the present time only two uses can be 
foreseen tfHX%h could consume all fission product xenon---in long- 
lived tungsten filament incandescent lamps and in human anesthesia. 
For incandescent lamps xenon would have to qornpete with krypton. 

*# *t 

The few special uses 

/from the many large liquid air plants now in operation. It is also 

I 

In 1980,at the $10 

either 

in 
A much mor5 realistic view of the market possibilities 

In this use xenon would be somewhat superior and could command a 
higher price, but not much higher --probably much less than 
double the price of krypton, since it is better but only can be 
expected to be fractionally better. 
Apparently large-scale users areAobtaining krypton 
at slightly over $0.50/liter ( S T P ) .  With continued expansion in 
large scale oxygen recovery and competition in the krypton marketing 
field, a lower price can be expected in the future with stabilization 

n OTJ 

0 I 
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a at perhaps i n  the $0.25 t o  $0.50/ l i ter  range by 1980. 
in this large-scale application a price somewhat above the $0.25 t o  

$0.50 range can be expected t o  be acceptable. 

Thus t o  compete 

All .xenon should then 

be marketable at a price in the range of perhaps $0.50 
to $ l . O O , b u t  definitely less than $1 per liter. At this pr i ce  

l eve l ,  the total fuel processing industry might an t i c ipa t e  the 

revenue from xenon to l i e  between $0.5 and $2 mi l l ion  i n  1980. 
Under the unique condition whereby krypton disposal may have to 
be restricted, xenon pricing in the above range may be definitely 
attractive and significant but not a major s6urce of revenue. In 
the application of xenon in anesthesia, the unique and advantageous 
properties of this gas may minimize the competition with conventional 
anesthetics. For this use then xenon may justify a higher price, 
probably in the range of $1.50 to $3.50 per liter and these prices 
would thus be in the range of about one-tenth,,today's prices. 

If one can conceive of a market for'fission-product 

t h a t  of  

krypton, an even more drastic scaledown of price or value must be 
accepted. If it is assumed that fission-product krypton with its 
6% 85Kr is indeed a useful material and that it can be used, for 
example, in improved fluorescent lighting for general and uncontrolled 
use in homes, and with the assumption that only a small fraction of a 
curie of activity from this'isotope is needed per device, then it is 
conceivable that such a use could consume all that could be obtained. 

a 

The present price f o r  fission product krypton 
i s  $22/ci. l6 

amount available from nuclear fuel reprocessing plants in the U.S. 
in 1980 would be about $500 million! It is, of course, inconceivable 
that uses will be developed in the next twelve years that could 

At this price thq value of the total 

justify such investments in this radioisotope. Large orders of 
tritium (3H) can be had for $ l . O O / C i  today. - Tritium would 

appear to be a more versatile radioisotope with potentially more uses 
than 85Kr. The latter isotope should then be priced lower--- 

probably much lower. 

16 

Such prices could be of interest e 
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a in fuel reprocessing only if trapping and indefinite retention of 
85Kr were already a requirement for antipollution reasons. If 
the price were as low as $0.08 per curie, the revenue from 85Kr in 
1980 would be about the same as for xenon at the upper level of its 
lower price projection. 
production of 85Kr in the form of fluorescent lamps, each contain- 
ing a few millicuries of activity, may not be as agonizing a solution 
to the disposal problem as first thoughts may seem to indicate. 
Although radioactivity is present, it is never directly in contact 
with any part of the human body. Furthermore,with the apparent 
ventilation present in modern homes, offices, and industrial 
facilities, the occasional rupture of a bulb containing a few milli- 
curies of 85Kr doesn't appear to present a critical hazard. 
statistical view of this situation may indicate that this is an 
acceptable method of 85Kr disposal. 

The concept of distributing the total 

A 

However, in either case of fission-product (xenon or 
krypton)utilization,the low projected prices must assume that 
facilities are required for krypton trapping and retention as a 
pollution-control effort. 
may be realized are attractive but definitely modest. 

a 
Under such conditions the revenues which 

I 
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STRONTIUM-90 HEAT SOURCES (2 )  

Roberta Shor, R. H. Lafferty,  Jr., and P. S. Baker 

Supplementary Keywords: energy source; conversion, e l e c t r i c ;  thermoelectric 

system; production, radioisotope; reac tor  by-product recovery; source preparat ion; '  

production, separation; data compilation; industry;  industry, radioisotope;  

h i s t o r i c a l ;  review, technical ;  economics; bibliography; krypton-85. 

Abstract. 

o f  "Sr f u e l  forms are  described. 

safety,  container;  l eak  detect ion;  review, 

Current methods of pu r i f i ca t ion  of  f i s s i o n  product "Sr and production 

SNAP-7A f u e l  i s  examined a f t e r  5-l/2 years 

operation. Excerpts were made from a fu l l - length  repor t  on "Sr heat source 

production, source tes t ing ,  and source propert ies .  

( I n t  r oduc t i on ) 

Compact e l e c t r i c a l  generators powered by heat from radioisotopes have been 

under development i n  the United S ta tes  since the e a r l y  1950's f o r  space, marine, 

and t e r r e s t r i a l  uses. Essent ia l ly  all the generators developed f o r  marine and 

t e r r e s t r i a l  uses have been powered by "Sr. 1'2 0 The preparation of "Sr f u e l  

forms, beginning with spent reac tor  f u e l  wastes and ending with the encapsulated 

fue l ,  i s  described i n  a comprehensive report  t o  be published soon by the AEC 
, 

Division of Isotopes Development, Division of Technical Information, and the 

Isotopes Information Center, O a k  Ridge National Laboratory. The highl ights  of 

the report  are presented here. 

by O a k  Ridge National Laboratory (ORNL), Hanford Atomic Products Operations 

(Hanford"), and Martin Company, Nuclear Division, which l ed  t o  the production of 

The report  summarizes the developmental work done 

* 
The Hanford Atomic Products Operation of the General E lec t r i c  Co. was  divided 

i n  1965 and 1966 among a number of contractors .  

i n  t h i s  report ,  a l l  the work done a t  Hanford i s  re fer red  t o  as Hanford work. No 

e f f o r t  has been made t o  iden t i fy  the pa r t i cu la r  contractor  responsible f o r  the 

l a t e r  work. However, the repor t s  c i t e d  i n  the references are  so  ident i f ied .  

For s impl ic i ty  and'convenience 
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"Sr heat sources f o r  use i n  the generators. 

The processes discussed include: 0 
1. separat ion of radiochemically pure "Sr from the reac tor  wastes i n  a 

chemical form su i t ab le  for  fur ther  processing, 

2. conversion o f  the separated "Sr t o  a chemical form t h a t  i s  su i t ab le  

f o r  a heat source, 

3. fabr ica t ion  of the separated chemical compound i n t o  p e l l e t s  having a 

su i t ab le  densi ty  and pu r i ty  f o r  a heat source, and 

encapsulation of the p e l l e t s  i n  a metal container t h a t  i s  r e s i s t a n t  t o  

corrosion by the source compound and by the environment i n  which it  i s  

t o  be used. 

4. 

Generator design i s  excluded, except as i t  r e l a t e s  t o  the propert ies  of the f u e l  

forms required i n  the generators. 
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Selec t ion  of 9 0 ~ r  as tleat Source ( 3 )  

Several  q u a l i t i e s  make 90Sr a t t r a c t i v e  as a f u e l  f o r  heat sources;  

1. It i s  ava i l ab le  i n  la rge  amounts i n  the wastes r e s u l t i n g  

from the  processing of spent  r cac to r  fue l s .  

Procedures for recovering 90Sr  of high radiochemical p u r i t y  

with low inert-contaminant l eve l s  have been developed. 
I t s  h a l f - l i f e  i s  28.5 years. 
Fuel forms can be made from f j s s i o n  product wastes w i t h  adequate 
power dens i ty  for appl ica t ions  i n  poder-generator heat sources. 
Pure 9 0 S r  has a s p e c i f i c  a c t i v i t y  of 139 Ci/g and a s p e c i f i c  

power of 0.0067 W/Ci ;  however, f iss ion-product  (FP) s t r o n t j  um 

contains only 55 a t .  % 90Sr .  

are l imi ted  by the  age of t he  FP "Sr, the amounts of i n e r t  

contaminants present ,  and the  devia t ions  of t he  f u e l  ma te r i a l s  

from t h e o r e t i c a l  physical  density. 

2 .  

3 .  
4. 

Achievable power dens i t i e s  

Several  chemical forms of f u e l  were considered-SSrTiOg, S rF2 ,  

SrO, Sr ,  and Sr2Ti04. The proper t ies  t h a t  outweighed a l l  o thers  i n  t h e  

s e l e c t i o n  process were the  power dens i ty ,  thermal s t a b i l i t y ,  and s o l u b i l i t y -  

p a r t i c u l a r l y  i n  sea water. The compound o f fe r ing  the  most des i rab le  c m . . i n a t i c n  

of proper t ies  was SrTi03, and it has been used i n  f ab r i ca t ing  most of  the  

90Sr  hea t  sources t o  da te .  3'4 SrTi03 i s  the  leas t  so luble  i.n water and i t s  

power dens i ty  i s  su f f i c i en t  t o  meet generator  design needs f o r  present  

appl ica t ions ,  being 0 . 7  t o  0 .9  W/cm3, depending on the  method of preparat ion.  

The only o the r  compound t h a t  has been used as a hea t  source i s  SrO,A I t s  

power dens i ty  i s  -1.6 W/cm3, b u t  it i s  moderately so luble  i n  water. 

although SrF2 i s  being considered as a s torage form. 

Both 

compounds can be prepared by simple procedures adaptable to-manipulator  c e l l  

operat ions.  Handling and s torage  problems are simpler - for  SrTiO3 than 

for  Sr0,but decontamination i s  more d i f f i c u l t .  
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Modern generators  employ semiconductor ma te r i a l s  made i n t o  n- aiid p-type 

legs .  

heat from t h e  i so tope  source CqOSr) f l o w  i n t o  the ho t  shoe 

The legs  are  th i ck  cy l inders  bonded t o  hot  and cold %hoes." lhe 

and moves 

up through each element t o  the cold shoe and i n t o  the  cold r e se rvo i r .  

d i f fe rence  i n  p o t e n t i a l  across  the  p and n elements 5s proport ional  t o  

the  difference i n  temperature between the  h o t  and cold reservoi rs .  

maximum h o t  temperature and the e f f i c i ency  of t he  generators  depend on 

the  material used f o r  the  thermoeleiiients. The generators  now i n  operat ion 

use lead t e l l u r i d e  elements i n  an Ar-Me atmosphere and operate  a t  tenpera- 

The 

The 

tures  up t o  %53O0C. The p and n elements a re  made from lead  

1 t e l l u r i d e  having small differences i n  composition. A 5% e f f i c i ency  i n  

converting hea t  t o  e l e c t r i c a l  energy i s  the  highest  achieved i n  the  

generators  b u i l t  i n  t he  SNAP-7 (Systems f o r  Nuclear Auxiliary Power: 

program. The expected maximum e f f i c i ency  f o r  t e r r e s t i a l  appl ica t ion  is  

10% i f  GeSf and PbTe thermoelements i n  a cascade arrangement operate  a t  

7 5 O o C  with 13OoC cold junct ions.  5 

I n  August 1961 the  f i rs t  goSr-powered automatic weather s t a t i o n  was 

placed OP Axel-Heiberg I s land  i n  Canada, 700 miles from the  North Pole.  

The unmanned s t a t i o n ,  designed t o  c o l l e c t  and r e l ay  da ta  on temperature, 

wind ve loc i ty ,  and barometric pressure ,  was p a r t  o f  a j o i n t  p ro j ec t  of  the  

United S ta t e s  and Canadian weather bureaus. I t  operated successfu l ly  u n t i l  

August 1964 (Ref. 2 ) .  

The SNAP-7 s e r i e s  of s i x  generators  [Table 1 ) were designed a f t e r  

demonstration of the !Yeather Bureau s t a t i o n  and weye similar t o  i t  and t o  

1 
each o the r  i n  most respec ts .  

by OkNL and Martin from ?.1 M C i  o f  90Sr  t h a t  had been separated Hanford i n  1961. 

The sources f o r  these generators were fabr ica ted  
a t  

A 



n l a L  IC 1. STATUS OF "'Sr-POWERED THERMOELECTRIZ CENXRATGRS (19'7~)1'2'4'6'7J5 
Po:r'cr, IlJ Date 

SCUnt? kCi Thermal Eiectr ic  i n s t a l l e d  Buyer U s  e Place Contractors  Comments - 
Y 

Sen t ry  
(Weather Bureau) 

SNAP 7A 

1 7 . 5  

4 1  

110 

2 50 

5 

10 

1961 

1962 

196 4 

1962 

1964 

1964 

196 5 

1566 
1967 

1966 

1967 

Weather Weather s t a t i o n  
Bureau 

Axel-Heiberg 
I s l a n d  

Operated 3 yr: 
no 9 " ~ r  f a i l u r e  

HAPO, o m ,  
Martin 

HAPOF ORNL, 
Martin 

HAPO, * 
Martin 

* 
HAPO, o m ,  

HApo; o m  

HAPO, omi, 

Martin ' 

Martin 
* 

Martin 

HAPO, * 
Martin 

HAPo,*om, 
AGN 

HAPO, o m ,  
NUMEC 

* 

Gradual power 
loss g r e a t e r  
than design 
predicted;  
disassembled 
Apr i l  1969 

Replaced 7F i-1 
1965; s t i l l  
operat ing 

Dismantled 
Nov. 1967 

U.S. Coast Buoy l i g h t  
Guard 

Curtis Bay, 
M d  . 

1400 60 U.S. Coast Lighthouse 
Guard 

Baltimore, 
Nd . SNiW 7 B  220 

U.S. Navy Weather s t a t i o n  Ant a r c t i c  
Mainland 

,250 

1400 

180 

1400 

10 

60 

7.5 

60 

U.S. Navy Barge weather 
s t a t i o n  

Gulf of 
Mexico 

S t i l l  operati . ig 

[u 
F F a i l u r e  of 

pinger  1968 
U.S. Navy Sonic beacon URde r se a 

near  Fla.  

P h i l l i p s  Buoy warning 
Petroleum and c o n t r o l  
and AEC s ta t  i o n  

G u l f  of 
Mexico 

Sh ie ld  f a i l e d ;  
sea water ruined 
thermoelements 

WJPS (Pl-1002 ) 
(P1.-10OlA) s 7  45 

200 

45 

Por t  Hueneme, 
C a l i f .  

U.S. Navy Deep sea S t i l l  operat ing at 
s t a t e d  power 

N L m C  ( e )  30 Israel  Undersea or  
su r f  ace 

x 
P a c i f i c  Ocean W O ,  O m ,  
near  Anacupa AGN 
I s l a n d  

Jt .venture:  Geodetic 
AGN-BMI- bench mark 
Bendix 

F i r s t  l i c e c s ?  f o r  
deep-ocenr, nor- 
recovery use 

u1-1001 7 

.. . . . . - - . . . - - -  - _ _  - 

196'7 U. S. Navy Deep sea 

1968 U. s. Na-Jy Tj.dal wave 
warning system 

._-._I_ ---__ * 
Por t  iluenenie, HAP@, O m ,  
Calif. NUMEC 

Bahamas HAPo: o m ,  
NUMEC 

0.1 

20 



Tati le  1 (continued) 
Power, W Date 

ISaTe kCi Thermal E l e c t r i c  i n s t a l l e d  Buyer Use Place Contract or s Comrects - 
RIPPLE 111 

RIlPLE IT 

RIPPLE IX 

MW-3000A 

LCG 25A 

LCG 25B 

SKAP 23A 

LC.G 2 5 c i  

\ pi-1003 
-1004 
-1005 , 
-1006 ) 

4.6 

1s 

30 

, 2 0  

40 

110 

2 00 

106 

106 

each 

each 

110 

8 

100 

200 

200 

740 

12 00 

700 

740 

53 

0.7 

2 

4 

2.5 

10 

25 

25 

60 

2s 

25 

25 

1.2 

1967 'U.S. Navy Undersea t e s t  
( l oan )  

Submarine cable  
r epea te r  

Aircraft ground 
r a d i o  beacon 

1967 U.S. Navy Deep sea 

69 U.S. Navy Undersea, 

1.966 U. S. Navy Oceanographic 
instruments  

1967 U.S. Navy 

1969" U.S. Navy Terrestrial 

Mar. 1969" U.S. Navy Oceanographic 
d a t a  s t a t i o n s  

June 1969" U.S. Navy Terrestrial  and 

undersea buoys 

1968 NASA In t e r roga t ion ,  
recording, and 
l o c a t i o n  system 

t o  1000 f t  

1970 USN Deep ocean 

Por t  Hueneme, 
Calif. 

O f f  shore 
San Clemente 
Is. ,  Calif. 

Fairway Rock, 
Alaska 

Por t  Hueneme, 
Calif. 

Puerto Rico 
coas t  sub- 
su r face  buoy 

Por t  Hueneme, 
Calif. 

HAPO, *ORNL, 
UKAERF: 

HAPO, o m ,  
* 

UIAEA, and 
Submarine 
Cables Ltd. 

HAPo; o m ,  
UKAFA, and 
Stibtnarine 
Cables Ltd. 

HAPo,* o m ,  

HAPO, @mi, 

HAPo: o m ,  

Martin 
* 

3 M  

Martin 

c+i 
0 

* 
HAPO, o m ,  
Wes tinghouse 

HAPo: om%, 

HAPo: o m ,  
Isotopes,  Inc. 

Isotopes,  Inc. 

HAPo,* o m ,  
Martin 

* 
HAPO, om, 
AGN 

Fa i lu re  i n  aux i l -  
i a r y  equipaent;  
r e i n s t a l l e d  

Qual i f led f o r  35- 
thousacd-ft  
Oceai depth 
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I 

The promising experience with the  SNAP-7 series led  t o  an expansion 

i n  A E C ' s  p lans  f o r  9aSr  devices ranging i n  power from 0 .1  t o  10 kWCe). 

The technology developed i n  the  e a r l i e r  programs made i t  poss ib l e  t o  design 

a more f l e x i b l e  generator system. 

t o  provide power systems i n  a number of d i s c r e t e  power l e v e l s  f o r  appl ica-  

t i ons  of a more general  nature  than here tofore .  

[ l o -  t o  20-W(e) systems] generator  / may be used f o r  various deep-sea 

appl ica t ions ,  navigat ional  a ids ,  seismological s t a t i o n s ,  oceanographic 

research,  o r  hydrophone amplif iers .  SNAP-23 [25- t o  100-W(e)] is  planned 

f o r  surface appl ica t ions ,  such as offshore navigat ional  a ids ,  unmanned 

seismological s t a t i o n s ,  microwave repea ter  s t a t i o n s ,  a i r c r a f t  landing 

The i so top ic  power program i s  now organized 

F o r  example, the  SNAP-21 
program 

296 

The / is  designing and bui ld ing  thermoelectr ic  generators  using <10O-W 

systems, and remote communications systems. 
United Kingdom Atomic Energy Authority (UKAEA) 

goSrTi03 f o r  appl icat ions s i m i l a r  t o  those of the  USAEC generators.  

t o  s i x  devices have been completed i n  the RIPPLE (Radioisotope PoMered 

Prolonged Life 

Four 

- - - 
- Equipment) program and seve ra l  more a re  i n  various s tages  - - 

of design o r  construct ion (see Table 1 .1) .  Isotopes , 
General, and NUMEC a re  now marketing commercial generators using 

I 

i 

heat  sources,  and the USAEC i s  supplying the  sources f o r  them as 
were 

the RIPPLE generators.  Fuel f o m s  / being fabr ica ted  a t  ORNL 

(September 1967) from about 8 M C i  of 9 0 S r  t h a t  was separated by' 

between 1961 and 1965. 

Aero j e t  - 
9 0 ~ r  

well  as for 

Hanford 

*In 1968 the  Martin Company so ld  i t s  nuclear  a c t i v i t e s  t o  Teledyne, Inc. ,  
Palo Alto,  C a l i f . ,  

whose subsidiary,  Isotopes,  / . w i l l  take over the  Martin Company cont rac ts  

and programs i n  t h i s  area.  
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0 erat ioi i  of Radioisotop-Powered E l e c t r i c a l  Generators ( 3 )  

Long l i f e  and minimum maintenance have been the  major incent ives  f o r  

the development of rad io iso topic  power sources f o r  marine and t e r r e s t r i a l  

uses and f o r  the United S t a t e s  space program. 

radioisotope sources can be as hjgh as seve ra l  wat t s  per  cubic centimeter 

of source mater ia l ,  wi th  a useful  l i f e  of tens  of years.  

energy of the  electromagnetic o r  charged-part ic lc  products of radioisotope 

decay i s  e i t h e r  transformed directly i n t o  e l e c t r i c i t y  or is  transformed 

i n d i r e c t l y  through a preliminary conversion t o  hea t .  

developed t o  date  use a thermoelectr ic  generator  t o  convert the  heat  t o  

The power provided by s u i t a b l e  

The k i n e t i c  

Most of the devices 

e l e c t r i c i t y .  

Radioisotope-powered thennoelec t r ic  conversion systems have demonstrated 

r e l i a b i l i t y  and maintenance-free l i ves  of >40,000 h r  and power l eve l s  up t o  

100 W(e). Their i n i t i a l  c a p i t a l  cos t  pe r  e l e c t r i c a l  watt is high,  bu t  t h e i r  

cos t  on a watt-hour bas i s  compares favorably with t h a t  f o r  o the r  energy 

sources f o r  appl ica t ions  i n  renote/areas  . 
regions,  the  cos t  of t ranspor t ing  a l t e r n a t i v e  energy suppl ies  can be of 

and inaccessible 
Even i n  r e l a t i v e l y  access ib le  

considerable s ign i f icance ,  and i n  inaccess ib le  regions,  such as  the  

North o r  South ?ole,  dese r t ,  o r  jungle ,  t he  addi t iona l  cos t s  of  t ranspor t -  

i ng  mater ia l s  and of se rv ic ing  the systems increase  tremendously. 

A f u l l  cos t  ana lys i s  shows that. radioisotope power generators a re  

already competitive i n  p r i c e  with o ther  power generators f o r  very remote 

regions.  

p l e t e  systems decrease, they will become even more competitive. 

As technology develops and the  cos ts  of radioisotopes and com- 

These thermoelectr ic  devices convert hea t  from the  decay of the  rgdio- 

isotope t o  e l e c t r i c i t y  through t h e  use O f  thermocouples o r  tnermoelements. 
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, Separation Processes (3) 

Strontium-90 i s  cne of f i v e  1ong-I.jved products formed i a  r e l a t i v e l y  hi$i 
ab undm t 

y ie ld  i n  reac tors  frem t.he f i s s i o n  of  uranium. 

h a l f - l i v e s  g rea t e r  than 6 months / 
The other / f i ss ion  prcducts h ~ - ~ l n ~  

are "TC, 
13-'cs, 144~e, and 1 4 7 ~ .  ~n a t t r a c t i v e  goal, 

eiivlsioned fcr many years, has been an In tegmted  scp i ra t ions  process t h a t  W0irl.d 

separate  each f i s s i o n  p-oduct i n  turn  and result i n  a reduced amount of ra6io- 

ac t ive  waste. The goal  i*zrtialns incompletely realized, but East c f  t'nese f i s s i cn  

p x d u c t s  new can be pu r i f i ed  i n  megacurie quarlkity. 

Several processes---PbS04 c a r r i e r  prec ip i ta t ion ,  ion exchange, and solvent 

extraction---accomplished the large-scale pu r i f i ca t ion  o f  90Sr a t  Hanford i n  the 

in t e rva l  1961-65. No s i m i l a r  sca le  production has been car r ied  o u t  since t h a t  

time. The Hanford Waste Management Program uni t  of the At lan t ic  Richfield 

Hanford Company now separates  a crude "Sr product f o r  storage.  

Pu r i ty  Requirements'' . g ' 4  1 

L; denmds are  made . -.- on t,h,c/ 
Because of design requirements f o r  thermoelectric generators,  str inZei?t  7- " 

"Sr recovery Drocess. 

i n  comparison with the  associated bremsstrakilung raAiatior,,to take advastage of 

t he  lower b io log ica l  shielding requirements of '"Sr-''UY b e t a  emi t te rs .  

spec i f ica t ions  fo r  the  pur i f ied  product require  t h a t  each gram of "'Sr/less than 

PGamna emi t te rs  have t o  be removed t c  a l e v e l  i n s ign i f i can t  
i n  order 

Thus the 
contain 

0.0015 C i  of gamma emi t te rs  w i t h  energies grea te r  than 2 MeV, l e s s  than 5.015 C i  

i n  t he  1- t o  2-MeV range, and l e s s  than 0.15 C i  i n  the  0.2- t o  1-MeV range. 

corresponds t o  separat ion f ac to r s  of  t h e  order of lo4 t o  lo5  fruin 144Ce, 95Zr-9sNb, 

This 

lo6Ru,, and most other  gamma-emitting f i s s i o n  p o d w t s .  

A high degree of pur i f i ca t ion  from i n e r t  contaminants i s  d s o  required sc 
* 

t h a t  the  spcc i f i c  heat-generating m5e  of 'OSrTi03 w i l l  equal G r  exceed t k  design 

c r i t e r i c n  of the generztors (0.5 w/~n" j .  The contaninants have t o  be less 0 
/ /  

than 25 w t  '$ of  t he  t o t a l  ca t ion  weight, an$- t he  "'Sr content has t o  be greatel  
__ ~- 

Present sources 0.85 W/cm3. * 



than 36% of the t o t a l  ca t ion  weight. 

The waste so lu t ions  r e s u l t i n g  from the recovery of uranium from spent reac tor  

f u e l  elements, which cons t i tu ted  the s t a r t i n g  mater ia l  f o r  the recovery of f i s s i o n  

products, were highly ac id i c  and contained l a rge  quan t i t i e s  of inorganic ions , 
iron(111), 

Pure>: l 1 . r ~  waste).  

such as su l fa te ,  n i t r a t e ,  

a l u m j n ~ ,  and chromium (see T65le 2 

Decontamination fac tors"  o r  UP t o  2000 f o r  i r o n ,  

f o r  t he  CoIiWXitjon of 

7CO f o r  

lead,  L!OC fo r  aluminurr, and chromium, and 10 f o r  calcium and barium wcre requ5red 

at the  t i n e  of the SNAP-7 program. 

Strontium-90 i s  produced as a f i s s i o n  product d w i n g  reac tor  operation 

along with 8y3r, which has a h a l f - l i f e  of 50.5 days, and other strontium isotopes 

( including the  s t ab le  i so tcpes  86Sr and 8 " S r ) .  Yttrium-90, t he  decay daughter 

i n  secular ea_lyilibrium with so~r ,eni i ts  a very high energy b e t a  p a r t i c l e .  The interne 

high-energy be ta  a c t i v i t i e s  of "Sr and 'OY, as wel l  as t h e  s o f t e r  b e t a  a c t i v i t y  

of =OF- L, result i n  high-energy bremsstrahlung rad ia t ion ,  f o r  which heavy sh ie ld ing  

i s  required.  Unless the  s t ront ium has aged su f f i c i en t ly ,  t he  50.5-day 8sSr a lso 
a 

col3fributes EL subs t a rk i a l  f r a c t i o n  of t he  hyat of t he  i so topic  mixtwe.  

The rad io iso topic  p rope r t i e s  of f iss ion-product  strontium a re  give2 i n  T&le  3.11 

tinljr a 
A year of aging is nccessary 

8"Sr; otherwise, t he  source w i l l  show a high i n i t i a l  decrease I n  heat  output, 

c h a r a c t e r i s t i c  cf' the  shor t - l lved  89Sr. 

f o r  a heat  source with/minor contr ibut ion from 

Removal of "Sr s t a b i l i z e s  the  generator temperatures ic match' t he  

narrow operating rzrge G f  PbTe thermocouples. 

Strontiuin, i cgss ted  o r  inhaled, concentrztes  iii the bones of animals.  'Although 
t c  Fixl  

thari 

l e s s  nazardc:is/ [ i .  e . ,  character ized by a l a g e r  maximw- perinissib12 concnntra.tf,cn 

(:a?c) 3 
p1'CdXctS. 

other  
the d p h a  emit ters ,  it i s  n o r e  ciangeroas than xost / f iss ioi l  

--- 
*Ratio cf in? ' . f iz l  t o  fimi kieight or" cor?mninant per gram1 or" 90Sr. a 



Table 2. TYPICAL COMIQSITION OF PW3X 1WW WASTE 

Component Conc en'zation moles / l i t e r  -- 
H+ 4.0 

so42- 1.0 

4.5 NO3 
Na+ 0.6 
Fe3+ 0.5 
~ 1 3 +  0.1 

C 9 +  0.01 

N i 2 +  0.01 

S 9 +  0.002 

- 

uo22+ 0.005 

Csi 0.003 

ce3+ 0.003 

Ru 0.003 

ca2+ 0.005 

Z r  minute amount 

S i  minute amount 

m45' minute amount 

sm3+ 0.006 

Sol ids  10% 

Bet2 energy, Gamma. ener,w, Isotope Half - L i f  e - nax MeV b k V  

"Sr 

'"Sr 28.5 Y 

1.463 

0.546 

0.91 (0.009%) 

None 

64.0 *hhr 2.28 None POy 
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Hanford PbS04-Carrier P rec ip i t a t ion  Process (4 )  
Hanf ord a This p r e c i p i t a t i o n  process was developed and used at  ,, t o  recover megacwie 

121 13 
mounts  of crude "Sr f o r  f i n a l  pu r i f i ca t ion .  I n i t i a l l y ,  the process 

feed was concentrated Purex 1W waste (Table 2 

all t h e  f i s s i o n  products and r e l a t i v e l y  l a rge  amounts of contaminant metals and 

s u l f a t e  i n  -J+ M HN03. 

t o  remove sol-ids (pr imari ly  s i l i c a  and s u l f a t e s  ) which c a r r y  appreciable quanti-  

which contained e s s e n t i a l l y  

Feed preparat ion with sugar- t reated w&ste-(STki*) 
includes a cent r i fuga t ion  s t e p  

t i e s  of f i s s i o n  products. These s o l i d s  a r e  then leached with n i t r i c  ac id  t o  r e -  

cover the  f i s s i o n  products, and the  leach so lu t ion  i s  combined with the  o r i g i n a l  

centr i fuged ( s o l i d s - f r e e )  so lu t ion  f o r  processing. 

wastes,the strontium-containing sludge i s  s lu i ced  f r c m  t h e  vas te  tanks and dissolved 

in c i t r i c  acid.  

In  the  case of  s tored  a lka l ine  

A t y p i c e l  flowsheet of t h i s  k c o v e r y  process, which has had severa l  va r i a t ions ,  

i s  shown i n  Fig. 

ra re -ear th  double s u l f a t e s  alonrr w i t h  t he  strontium by ad jus t ing  the  su l f a t e  

concentration t o  - l M  - and t h e  p'rl of the  so l a t ion  t o  1 t o  2. 

t o  ca r ry  s?,rontlun su l f a t e ,  and an i ron  complexing agent (such as t a r t r a t e  w 

hydroxyacetic ac id )  5 s  added t o  avoid p r e c i p i t a t i o n  of f e r r i c  s u l f a t e .  

c i p i t a t e d  s d f a t e s  s r e  metathesized with a mixture of €?a03 and Na2C03 

carbonate t o  remove lead (by conversion t o  soluble plumbite) and t o  cocvert tile 

strontj-urn, along with cerium and the  c ther  r a r e  ear ths ,  t o  acid-soluble csrbonates. 

Tl?ese c&rboilates a re  dissolved i n  n i t r i c  ac id .  

1. Cerium and other  r a re  ee r ths  a r e  p rec ip i t a t ed  as the sodium- a 
Lead n i t r a t e  i s  added 

The pre- 

Stror, t iun can be concentrated 

by evaporation o r  by p r e c i p i t a t i n g  s t r o n t i u n  carbonate and dissolving it i n  n i t r i c  

ac id .  The crude 

sa lu t ion  i s  then ready f o r  ion-exchange o r  solvent-extract ion processing. 
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Fig. 1. Strontium and rare-earth recovery from Purex waste by PbS04- 
carrier precipitation. 



33 

I n  a s e r i e s  of  p i lo t -p l an t  runs t e s t i n g  the  Waste Managemens process, recovery 

cf strontium was >55$, with ove ra l l  strontium decontamination f a c t o r s  of 17 Lo 

460 frcn iron,  90 t o  100 from aluninum, 370 t o  500 f rum mnganese, 55 t o  90 fran; 

nickel ,  -7  t o  60 from calcium, 28 t o  1 2 5  from magnesium, and 1 t o  8 from lead . l4  

Hanford Sclvent-Extraction Process ( 4 )  

To a large exten t  t h i s  process w a s  based on modifications &d f u r t h e r  develop- 
di(2-ethylhexy1)phosphoric ac id  (D2EHPA 

inent of t h e  solvent-extract ion technology developed z t  ORNL using 

covery ar,d p u r i f i c a t i c n  of s t ront i im and r a r e  ea r ths  from Purex waste .I5916 

r, f o r  re- 

Many process va r i a t ions  and flowsheets have been devised a t  Kanford f o r  d i f f e r e n t  

process objec t ives  and f o r  handling d i f f e r e n t  waste conpositions, but  only $he ope 

used f o r  productior, i s  described here. 
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The f i rs t  Hanford so lvent -ex t rac t ion  process f o r  f i s s i o n  product separa- . . ,  

was developed s p e c i f i c a l l y  f o r  ilse i n  t h e  Hot Semiworks tions 10,13, 17 

P i l o t  P lan t  t o  pu r i fy  "Sr f o r  SNAP-7 program requirements. 

from crude strontium product solut ion,  recovered by the  PbS04-carrier p r e c i p i t a t i o n  

Feed i s  prepared 

p r  oce s s) by addi t ion of ace t a t e  f o r  buffer ing,  sodium 

hydroxide f o r  ad jus t ing  ac id i ty ,  and EDTA o r  diethylenetriaminepentaacetic acid 

(DTPA) f o r  cumplexing the  extraneous metals. 

suppresses ex t r ac t ion  of i ron,  lead,  and c e r t a i n  f i s s i o n  products such as zir.cor1-i i irn- 

niobium and ruthenium. I n  the  process flowsheet (Fig.  2 ), strontium, calciim, 

r e s idua l  mixed rare ear ths ,  and some s o d i h  a re  coextractea / A l a rge  p5rt ion of 

This complexant ( o r  an a l t e rna t i - j e  ) 

with 0.4 M D2EKPA and 0.2 M TBP i n  hydrocarbon d i ] . l J r : Y t t . +  

' t h e  ex t rac ted  sodium i s  scrubbed f r u m  the  solvent a t  pH 2.6 t o  3.0 with sodium 

c i t r a t e  so lu t ion .  Strontium i s  s t r ipped  s e l e c t i v e l y  i n  a second contactor with 

1 M c i t r i c  ac id  a t  pH 2 t o  separate  it frum calcium and r a r e  ear ths .  

a more ccncentrated product solut ion,  about one-half of t he  s t r i p  so lu t ion  i s  

recycled t o  the  ex t r ac to r .  The product i s  f u r t h e r  2urir ' ied by e i t h e r  EE ion- 

To obGain - 

exchange cycle o r  a second solvent-extract ion cyc le .  

Improved / 
Hanf ord 

Solvent -Ext r a c t  i cn  Process 

Hanford has devised processes f o r  d i r e c t  treatment of  low-acid Purex wastes 

by solvent ex t r ac t ion  t o  recover strontium anti r a r e  ea r ths .  le A 

- t y p i c a l - f l o w ~ h e e t ~ ~  is-shown i n  Fig. 3. The aqueous feed i s  complexed with 

c i t r i c  o r  t a r t a r i c  ac id  or  with DTPA and adjusted w i t h  HaOH t o  a pil of 4 t o  $. 

Strontium and r a r e  ea r ths  a r e  coextracted a t  about 50°C with D2EDA ( p a r t i a l l y  i n  

the  sodium salt form) and TBP i n  a hydrocarbon d i luent ,  m d  the  solvent i s  scru>beb 

with d i l u t e  formic acid.-sodiun fsrmate solution f o r  t he  reduction cf s o d i m  

concentration. Strmtim i s  s t r ipped  s e l e c t i v e l y  from the  e x t r a c t  with 0.028 12 

HN03, tne  r s r e  ea r ths  with 1 F I  - 'ZW3, and the waste metals with 2 .5  - M caus t i c  
p__-_(_- .__-. _I ----.,I).--- 

*AmsCc, S h e l l  spray base, or normal pa ra f f in  hydrocarbon. 
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Fig. 2 .  Strontium recovery usir,g 'one cycle of solvect  exiractiorl .  
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so lu t ion  at 50°C. 

before i t  i s  recycled t o  the ex t rac tor .  

The D2EHPA i s  then p a r t i a l l y  converted t o  the hydrogen form 

0 
The Hanford Waste Management Program now uses the PbS04-carrier p rec ip i t a t ion  

process o r  a solvent ex t r ac t ion  with D2EKPA o r  a combination of the two processes 

t o  concentrate and pu r i fy  "Sr from Purex wastes f o r  storage.2o 

so lu t ion  f o r  s torage i s  shown i n  Table 4. 

t a t e d  with NaF. The SrF2 i s  dr ied  and stored. 

A t yp ica l  product 

From t h i s  so lu t ion  SrF2 i s  prec ip i -  

TPBLE 4. Crude Strontium Composition _... 

Concentration 
Constituent K m t y  7fi- 

H 
Sr 
Na 
Ca 

Me 
Ba 
Mn 
N i  
A 1  
Cr 
Fe 
Pb 

1 4 4 ~ e - ~ r  

2.85 2.8 
0.096 8.4 
0.51 11.7 
0.158 6.3 
0.183 4.5 
0.0016 0.22 
0.201 11.0 
0.0024 0.14 
0.041. 1.1 
0.0055 0.29 
0.011 0.61 
0.010 2.1 

(232 C i / 2 )  

(705  C i / k )  

Preparation of Strontium Titanate  ( 3 )  

Pur i f ied  "Sr i s  converted t o  SrTi03 i n  the next s t e p  of making a "Sr heat  

This and subsequent process s teps  a re  ca r r i ed  out at Oak Ridge National source. 

Laboratory i n  the Fiss ion Products Development Laboratory (FPDL) .21 

The pur i f i ed  "Sr i s  shipped as the so l id  carbonate from Hanford t o  O R N L . ~ ~ ' ~ ~  

0 A schematic ou t l ine  of the process s teps  f o r  converting pu r i f i ed  SrC03 l;o encapsu- 

l a t e d  SrT i03  i s  shown i n  Fig. 4. 
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Present Procedures f o r  Compound Preparation 

Feed Material  ( 5 )  

(4) 
A a 

The f i r s t  s t e p  i n  preparing the  feed u a t e r i a l  is  the  unloading of the  

HAP0 I1 casks by drawing water through the  cask under steam-jet vacuum and 

s lu r ry ing  the  %SrCO i n t o  a co l l ec t ion  tank. Af te r  most of the  %SrCO i s  
3 3 

removed from the  cask, t h e  cask is  r insed  with 2 M n i t r i c  acid; t h e  ac id  i s  - .. 

added t o  the  co l l ec t ion  tank t o  convert the  %SrCO s l u r r y  t o  9oSr(NC)3)2 

so lu t ion .  

3 
so as 

The amount of ac id  used i s  calculated,,to y i e ld  a f i n a l  so lu t ion  

3 -1 M i n  EN0 f o r  s torage.  The cask i s  dr ied ,  sealed,  l eak- tes ted ,  decontami- - 
nated and then shipped back t o  Sanford. 

The goSr(N03)2 so lu t ion  is sampled and s tored  a t  t he  F?DL i n  s t a i n l e s s  

s t e e l  water-cooled tanks,  which can hold 6 M C i  of 90Sr(N0,)2 feed solut ion.  

The radiochemical p u r i t y  of t h i s  mater ia l  i s  5 99.9;$ (exclusive of 89Sr, 

the  amount of vhich is  dependent on the  age Gf the  mater ia l ) ;  i t s  major 
- .  a 

i n e r t  contaxlnant i s  ca lc im. .  Table 5 shows a t,y-pfcal feed ana lys i s .  
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Strontium Titanate .  ( 5 )  A s l u r r y  of T i 0 2  i n  a so lu t ion  of mOH and (m)&03 

i s  mixed w i t h  so lu t ion  t o  form a mixture of SrC03 and T i 0 2  so l id s .  The 
0 

s o l i d s  a re  f i l t e r e d  o f f  and calcined t o  form SrTi03. This method has been used 

t o  prepare a l l  of the  SrTi03 powder produced a t  FPDL. The use of Na2C03 i-nstead 

of (lY&)2C03 was the only va r i a t ion  i n  the production method of Martin Company, 

Nuclear Division. 
* 

Batches of 'm40 kCi of 9oSr(N0 ) so lu t ion  a r e  t r ans fe r r ed  from storage 
3 2  

i.nto a 1 5 0 - l i t e r  stainless s t e e l  p rec ip i t a t ion  vessel .  

& ___,- --- --- -. This ves se l  i s  equipped with an a g i t a t o r ,  a heating-cooling 

jacke t ,  and a bottom-discharge l i n e ,  as wel l  a s  t h e  standard instrumentation, 

s a w l i n g  and off-gas l i n e s ,  and o ther  se rv ices .  The so lu t ion  is  sampled; 

. then it i s  adjusted,  by evaporation and addi t ion  of ammonium hykoxide ,  t o  a 

'@Sr concentration of*-10 g / l i t e r  (* 750 C i / l i t e r )  a t  pH 3 t o  5 .  Based on 

t h e  to t t i l  "Sr content i n  the  batch and the elemental ana lys i s  of t he  feed 
0 

solut ion,  t n e  amount of T i 0 2  required t o  form t h e  t i t a n a t e s  of the  a lka l ine  

ea r ths  pr?sent  i s  calculated.  

r i e d  i i l to an ammoniacal (KK ) CO 

y i e l d  a f i n a l  p r e c i p i t a t i o n  solutior,  0.7 M - i n  (NHq)2C03. The 90Sr(lJ033)2 

so lu t ion  i s  heated t o  7OoC; then t h e  (ru?r4)2Cq3-Ti02 s l u r r y  i s  added. 

This amount of T i 0 2  p lus  a 5$ excess i s  s l u r -  

so lu t ion  of s u f f i c i e n t  concentration t o  4 2  3 

6 4  
Toe - 

~~~ ~ * 
Martin Company, Nuclear Division prepared SNAP-713 and F heat sources i n  

t h e i r  Quehanna P i l o t  Plant .  24 
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s l u r r y  i s  digested,  cooled, and f i l t e r e d .  through porous A1203-f i l te r  thimbles.  
(&-,I 

3 - 2  
No d i f f i c u l t y  i s  experienced i n  t h e  f i l t r a t i o n .  

the f i l t e r  is  washed with d i l u t e  (NH ) CO 
4 2  3 

ing a i r  through the  f i l t e r .  

volume ofw1800 ml,and t h e  volume of 4.0 kCi of d r i ed  pL*ecipitate i s  ~1500 m l .  

The ''Sflo T i 0  mixture on 

so lu t ion ;  then it i s  d r i ed  by draw- 
a 

The M203 f i l t e r  thimbles have a t o t a l  

After t h e  f i l t e r  thimble i s  removed from t h e  system, the  hea t  generated 

by the  %Sr d r i e s  the p r e c i p i t a t e  completely. Since a normal batch has a 

thermal output of-e25O W, c a re fu l  handling of t he  mater ia l  is  necessary t o  

prevent damage t o  manipulator boots  and o ther  mater ia l s  i n  t h e  c e l l .  When 

the  p r e c i p i t a t e  i s  dry, it is s t i r r e d  t o  break up any lumps; then t h e  f i l t e r  

thimble i s  in se r t ed  i n t o  a furnace,  The furnace temperature i s  

increased a t  a r a t e  of 100°C/hr t o  a f i n a l  temperature of l l O O ° C .  , This t e m -  

pera ture  i s  aa in ta ined  f o r  4 hr ;  then, a f t e r  t he  furnace i s  cooled a t  a r a t e  

of 100°C/hr t o  <4OO0C, t he  thimble i s  removed. 

Batches of -10 kCi each of t he  calcined "SrTiO a re  ground i n  a , a  3 
s t a i n l e s s  steel blender t o  produce a uniform powder. The 90Sfli0 product, which 3 
i s  usua l ly  l i g h t  brown i n  colorl' can be handled, weighed, and t r ans fe r r ed  

using standard la3ora tory  s i z e  equipment adapted f o r  m a n i p l a t o r  c e l l  use. 

The product is  assayed ca lo r ime t r i ca l ly  for  pSr content.  An a l i q u o t  of t he  

powder i s  weigbed iDto a brass cup and the heat output i s  measured by means 

of a d i f f e r e n t i a l  ';emperature calorimeter,  

Several  ca lor imet r ic  determinations a r e  run on each powdzr batch t o  ensure 

groduct uniformity. 25'2qhe powder has t h e  approximate cornpositdon g5ven 

i n  Tzble 6. 



Table 6 -  TYPIC& SrTi03 COMPOSITION 

Component w t  $ 

Strontium 36 ( ~ 3 0  C i  of ''ST? per g sf pc-dder) 
Titanium 28 

Calcium 3 
Zirconium 5 
Barium 0.5 

Magne s i u m  0.5 
Oxygen 26 
Iron,  lead,  carbon Traces ( CI$ t o t a l )  

After  a batch of product is  assayed, t h e  powder can be formed i n t o  pe l -  

l e t s  irrrcediately; it may be packaged f o r  shipment a s  powder;or it may be 

s tored.  Temporary storage i s  done i n  s t a i n l e s s  s t e e l  screw-top cans, which 

a r e  loaded with up t o  7-kCi l o t s  of powder and s to red  i n  dry water-cocled 

tubes i n  an i n - c e l l  s torage f a c i l i t y  a t  the  F'PDL. This s torage system has 

a capaci ty  of approximately 2 M C i  of 9oSrTi0 

welded s t a i n l e s s  s t e e l  containers  a r e  used, each o f  which holds 3.3 kCi. of 

powder. For long-term storage,  3 

powder. These containers  a l s o  serve a s  shippicg cans fo r  l a rge  amounts of 

9oSrTi03; l a r g e r  or smaller shipments can be made i n  s imi la r  welded containers  

of var ious s i zes .  A circumferent ia l  groove i s  provided i n  these contaiqers 

so t h a t  they can be opened with 2 tubing cu t t e r .  

From t h e  feed ana lys i s ,  the  r a t i o  of 9oSr t o  t o t a l  Sr, Ca, Ba, 

and Mg is  ca lcu la ted ,  an& from these data the  hea t  output of a part ' lcular 

batch can be r e l a t e d  t o  i t s  chemical composition. Wheri t he  composition of 

0 a product is  outs ide the  range desired,  the  powder m y  be blekded mechani- 

c a l l y  with o ther  products, irhich vary i n  the  other  d i r ec t ion ,  t o  prodilce 
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products of t he  des i red  grade. 

t i o n s  may be combined i n  one blending operation. 

a r e  ca r r i ed  out i n  a s t a i n l e s s  s t e e l  blender.  Successful blendings have 

Several product batches of varying cmposi -  
\ 

Standard blending prac t i5es  a 
been made by using powders i n  which the  Ti0 

3O$ or was 40$ i n  excess of the  s to ich imet r ic  

was de f i c i en t  by a s  much a s  

amount, bu t  most powders 

2 

a re  much c lose r  i n  composition. When one of t h e  powders is  de f i c i en t  i n  

Ti02, t he  blended mater ia l  is  recalcined.  No d i f fe rences  have been found 

i n  the  pellet-forming c h a r a c t e r i s t i c s  of pcwders t h a t  were prepared from 

the  same feed so lu t ion ,  even when one powder batch was the  r e s u l t  of a 

blending operation and the  o ther  w i i s  a s ing le  batch t h a t  d i d  not require  

blending. 

' from. T i 0 2  'in 305 .excess' of s toichiometr ic  t o  pu.,e SrO by changing tlie ammt of 

. . . . . . . . . .  __ .- - ..... - .......... 
Hot-pressed p e l l e t s  may be made with TiOz-to-SrQ. ra5os- t h a t  vary 

. .-: 

. . . . . . .  . . . . . . .  ............ - .. 
Ti02 i n  the  s lur ry .  

Strontium Oxide ( 5 )  

The chemical processing operations for  the  preparat ion of 9oSfl a re  

The p rec ip i t a t ion  procedures simply very s imi l a r  t o  those for 9oSrTi0 

e lknina te  the  Ti02 addi t ion.  Calcination of the  d r i ed  gOSrCO t o  "SrO i s  

ca r r i ed  out a t  125OoC fo r  24 h r .  

a 
3' 

3 
The "SrO products a r e  converted t o  p e l l z t s  

immediately a f t e r  ca lc ina t ion .  During the  shor t  2er iod between ca ic ina t lon  

and p e l l e t i z a t i o n  (while samples a r e  being assayed, d i e s  a r e  being loaded, 

e t c . ) ,  t h e  bulk "SrO i s  kept at-550 C t o  mi.nimize,reactions w i t h  atraos- 
0 comb i n a t  i on 

pheric  water and carbon dioxide. 

e l iminates  WSrO a s  an inventpry form f o r  s torage.  

The p o s s i b i l i t y  of these adverse reac t ions  
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Analyt ical  Methods ( 4 )  

a Process cont ro l  depends l a rge ly  on calorimeters fo r  the analysis  of 90Sr. 

Those calorimeters designed and constructed a t  FPDL measure the  r a t e  of heat pro- 

duction of the  radioact ive mater ia l .  Two general  types a re  used---one f o r  s o l i d  

 sample^^^'^^ cons is t ing  of powder, pe l l e t ,  

f o r  solut ions of radioact ive strontium.27 

or encapsulated source and the other 

Additional ana ly t i ca l  methods 

employed i n  "Sr processing a re  shown i n  Table 7. 

Table 7-  LVALY'I'ICAL ME'EODS USED IN Sr PROCESSING -- -- 
Qmn t i t y  
To 3e 

Found Method Referecces 

SYT iC Fusian and d isso lu t ion  

g@Sr 

@sr 

d 

Gross 8 by proportional counters 

Y t t r i u r i  removal with D2EHFA , 
then Sr absorption study 

Other 
f i s s i o n  products Gama spectrometry 

Mass ana lys i s  Mz s s spect.rorne t rjr 

Ca, Ba,  Sr Flame spectrophotmetry 

T i ,  Z r ,  blg, 
Fe, Pb E m i s s i o n  spectroscopy 3oc, 35 
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Fahrication of Fuels ( 3 )  . 
I n  the next process step,  powdered SrTi03 o r  SrO i s  converted i n t o  p e l l e t s  

s u i t a b l e  f o r  encapsulation. Design of the source, shield,  and generator requi res  

reproducible physical  p roper t ies  i n  the pe l l e t s ,  e spec ia l ly  accurate  

dimensions. Idea l  physical!  c h a r a c t e r i s t i c s  

of a source include high dens i ty ,  high thermal conduct ivi ty ,  high melting 

poin t ,  high thermal s t z b i l i t y ,  and good mechanical p rope r t i e s .  

Several  methods for f a b r i c a t i n g  m i t e r i a l s  ( e spec ia l ly  po lyc rys t a l l i ne  

ceramics) i n t o  dense p e l l e t s  a r e  described i n  t h e  l i t e r a t u r e .  36'39in 
general  a l l  these  Eethods cons i s t  i n  the  appl ica t ion  of hea t  and/Gr pres -  

sure  over a per iod of time. 

taneously or  i n  sequence. 

The hea t  and pressure may be appl ied s b u l -  

Forming methods can be divided i n t o  th ree  groups: 

1. Cold-forming, which usual ly  cons i s t s  of t h e  appl ica t ion  of 

pressure t o  the  mater ia l .  Cold-forming methods include 

s l i p  cast ing;  extrusion;  i n j ec t ion  mdding; d i e  pressing; 

i s o s t a t i c  pressing; v ibra tory  compaction. The compacts pro- 

duced by press ing  may be subsequently heated t o  y i e ld  higher 

d e n s i t i e s .  

2. Hot-forming, which cons i s t s  i n  t h e  simultaneous appl ica t ion  

of hea t  and pressure;  t he  hot-forming methods a r e  hot-pressing 

by uniax ia l  pressure,  b i a x i a l  pressure,  or i s o s t a t i c  pressure 

with gas or l i q u i d  medium or with semif luid "sand"; 

swaging. 

Melt-casting, which cons i s t s  of t h e  appl ica t ion  of heat,  bu t  

w i t h  no pressure appl ied.  

ho t  

3. 

The applicati.on of pressure i n  any hot-  o r  cold-forming method sometimes involves 

a high energy-rate procedure such a s  pneumatic im2action, explosion, or  
e l e c t r i c a l  discharge.  

All t h e  meth0d.s of cold-forming, hot-forming, and ne l t - cas t ing  were 

Tne following metnods were evaluated for  use with s t r o n t i m  f u e l  forms. 

t e s t e d  experimentally: d i e  pressing - heat  t r ea t ing ;  i s o s t a t i c  press ing  - 
heat  t r ea t ing ;  m i a x i a l  hot  pressing;  b i a x i a l  hot-pressing;melt-casting. 
The niethods of i s o s t a t i c  hot-pressing and pneumatic impaction a"; high tem- 

pera tures  were evzluat.ed by v i s i t i n g  m d  consul t ing with other  workers , 
and other  methods were evaluat.ed by 2 l i t e r a t u r e  search. 
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From t h i s  study, severa l  general  conclusions were drawn with reference 

t o  forming of strontium f u e l s .  

by f i r i n g )  which requi res  expensive and complicated equipment, the cold-f6nning 

With the  exception of i s o s t a t i c  press ing  (followed 

methods have two primaxy advantages over the hot-pressing method f o r  SrTi03: they 
hot  c e l  an the a re  ex e s i y  

a r e  simple too%r@/$owever, he i e n s i z i e s  a&e?eX w i %  cold-pressing a r e  - - 
and 

low, Athe r ep roduc ib i l i t y  and dimensional cont ro l  a r e  poor. 
These f a c t o r s  a r e  d i f f i c u l t  t o  regula te  even with c lose ly  cont ro l led  and 

reproducible powders. 

p a r t i c l e  s i z e  (a  c r i t i c a l  parameter i n  cold-forming methods) i s  not  fea-  

s i b l e .  I n  the  case of i s o s t a t i c a l l y  pressed samples, i f  the  pressure 

exceeds t h e  s t rength  of t he  p a r t i c l e s ,  high m f i r e d  (green) d e n s i t i e s  

can be dbtsined. 

cont ro l  of dimensions- 

I n  the  case of strontium f u e l s ,  t he  cont ro l  of 

The small addi t iona l  shrinkage on f i r i n g  allows good 

The hot-forming method (except i s o s t a t i c  hot-pressing) has two d i s t i n c t  

advantages over t h e  cold-forming or melt-cast ing methods: improved 

dimensional accuracy of the  compact formed and adap tab i l i t y  of tine method 

t o  a wide v a r i e t y  of mater ia l s .  

vantage t h a t  two mater ia l s  can be allowed t o  r e a c t  t o  produce t h e  des i red  

compound a s  t h e  compact i s  being formed ( r e a c t i v e  hot-pressing) . I s o s t a t i c  

hot-pressing gives  poor dimensional cont ro l  unless  t he  powder i s  prepressed 

t o  d e n s i t i e s  g rea t e r  than 85% of theo re t i ca l ;  t h i s  is  not poss ib le  with 

the  g'Sr power f u e l s  invest igated.  I n  addi t ion,  i s o s t a t i c  hot-pressing 

i s  d i f f i c u l t  and expensive f o r  ho t - ce l l  operztion. 

The hot-forming method a l s o  has the ad- 

Uniaxial  or b i a x i a l  hot-pressing can be accomplished r ead i ly  i n  a 

hot  c e l l  w i t h  moderate equipment cos t .  

Melt-casting methods a r e  more appl icable  t o  mater ia l s  t h a t  nelt  be- 
0 low 1200 C than with cur ren t  strontium fuels having high melting poin ts  

(SrzTiO.4, 166ooc; SrTi03, 204OOC; and SrO, - 2 h O " C ) .  The melt-casting method w a s  not 
considered competitive with hot-pressing. I n  general  the  d e n s i t i e s  ob- 

t a ined  by cas t ing  a re  low due t o  high void volumes and t o  formation of 

cas t ing  "pipes ." 
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Strontium Titanate  ( 4 )  

Both cold-press and s i n t e r  and hot-press techniques have been used f o r  

0 forming mul t ik i locur ie  S r T i 0 3  p e l l e t s ,  but  the cold press  and s i n t e r  method 

f a i l e d  t o  produce SrO p e l l e t s  of adequate densi ty .  Since 1966, most of the  

SrTi03 and SrO p e l l e t s  were formed with the hot-press technique. A hot press  

f o r  radioact ive mater ia l  i n  a hot c e l l  w a s  designed and fabricated4' f o r  use 

at FPDL, as wel l  as a s m a l l  hot press  fo r  laboratory or  glove box operation4= 

(Figs.  5 and 6 ) .  

The i n i t i a l  hot-pressing t e s t s  on 3rTIO were done on nonradioactive 
the Oak Ridge 3 

t i t a n a t e  i n  equipment at,Y-12 P lan t  Development Division. These tests in- 

d ica ted  t h a t  e s s e n t i a l l y  t h e o r e t i c a l  d e n s i t i e s  could be obtained or, 2-in. - 
d i a  compacts by h o t - p e s s i n g  a t  130C% for 30 n!in with a pressure of S5GO 

psi. The d e n s i t i e s  obtained were 5.00 g/cn3 (cal .culated densi ty  = 5 .05) .  
Tne SrTi.03 was f r e sh iy  p rec i2 i t a t ed  and calcined powder. 

was appl ied  t o  the  press  a t  t he  s ta r t  of t he  hea t ing  cycle.  

F u l l  pressure 

Subsequent t e s t s  over a wide range of condi t ions and with var ious 

powders l e d  t o  severa l  conclusions. 

f i c a t i o n  are discussed separately.  

The f a c t o r s  t h a t  cont ro l  t h e  densi-  

While a hot-pressing procedure is  r e l a t i v e l y  in sens i t i ve  t o  t h e  h i s t o r y  

of t'ne powder, it hgs been observed t h a t  s l i gh t ly  higher d e n s i t i e s  fo r  given 
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press ing  condi t ions can be obtained with f r e s h l y  prepared powder. 

next h ighes t  . dens i t i e s  a r e  obtained w i t h  aged SrTi03 powder, and t h e  lowest 

with h ighly  s in t e red  o r  previously hot-pressed and crushed mater ia l .  

I n  general  the  higher t h e  temperature a t  which the  p e l l e t  is  pressed 

The 

the  higher the  dens i ty  (up t o  lOW$ of t h e o r e t i c a l )  or  t he  sho r t e r  t h e  

time and the lower the  pressure t o  obtain a given densi ty .  

tu re  should never exceed 145O0C.  
decreases i n  densi ty  with extensive fragmentation. This i s  presumed t o  

be due t o  a so l id - so l id  phase t r a n s i t i o n  a t  t h a t  temperature. 

dens i f i ca t ion  of a l l  powders t e s t e d  was s u f f i c i e n t l y  r ap id  f o r  press ing  

times of less t h a t  1 h r  t o  be required.  

The tempera- 

A t  t h i s  temperature the  p e l l e t  rap id ly  

A t  i350°C, 

The pressure t h a t  can be appl ied t o  a d i e  i s  l i m i t e d  by the  d i e  geo- 

metry and the  s t rength  of t h e  graphi te .  

adequate f o r  a pressing; t i m e  of l e s s  than 1 hr .  

p s i  on h-in.-dia compacts a r e  considered p rac t i cab le .  

of 4 thousand psi,when s t rength  considerat ions permit, 

pressing t i m e  required.  

r a t e  a t  9 0  t o  1000°C. 

A pressure of 4 thousand p s i  is  

D i e  designs f o r  4 thousand 

Pressures i n  excess 

w i l l  reduce %he 

S in te r ing  of SrTiO3 powder occurs a t  an appreciable  

For t h i s  reason t h e  press ing  should be s t a r t e d  a t  

goooc. 
Strontium t i t a n a t e  p e l l e t s  of 2-in. diameter were hot-pressed t o  es-  

s e n t f a l l y  t h e o r e t i c a l  dens i ty  under the  following conditions:  

Maximum teraperature 

Pre s sure 

1200oc 

1000 p s i  a t  ~ O O O ~ C ,  
increas ing  t o  4000 p s i  
a t  1200Oc 

Time a t  maximum temperature 1 h r  

3 The t h e o r e t i c a l  densi ty  of pure S f l i O  

sitjj of f iss ion-product  9 G S ~ i 0  with t h e  Mg, C a ,  and Ba impuri t ies  i s  

5.05 g/cn3. 

i s  5.11 g/cm . The ca lcu la ted  den- 3 
3 

Future appl ica t ion  of SrTiO3 nay requi re  sources wi%h diameters of up 

S t r o n t i m  t i t a n a t e  t r e a t e d  a t  high temperatures (1200 t o  l&OG°C, t o  5 in .  

t he  temperatures f o r  ho t  pressing)  i n  a neu t ra l  or  reducing atmosphere under- 

goes a reduction i n  the  oxygen stoichiometry.  

SrTiO has the  composition SrTiO 
a re  j e t  black. 

severely s t r a ined  arid subjec t  t o  crecking. 

Under reducing condl t ions,  

P e l l e t s  of reduced SrTiO 3 (Ref.  41 ) .  2.99 3 
If the p e l l e t s  a r e  or' high dens i ty  and reduced, they a re  

Annealing cannot be accomplished 



at<2000°C. 

both ac t ive  and ir;acl;ive SrTi03. 

SrTiO a re  highly s e n s i t i v e  t o  t h e r g a l  shock, and also f requent ly  crack. 

To help maintain the  i n t e g r i t y  of t h e  p e l l e t s ,  severa l  conditions of the  

P e l l e t s  of SrTiO3 3-i.n. i n  diarneter have been hot-pressed from 

A l l  3- in .  -&a rad ioac t ive  pe l le t s  h m e  ex3ibj tt.d a extensive cracking due t o  thennal gradients .  P e l l e t s  of inac t ive  

' 3  

preparat ion and f ab r l ca t ion  procedure were s tudied i n  or  r t o  determine 
t i e  observation 

t h e i r  influence on cracking. 

densi ty  p e l l e t s  (q4.0 g/cm ) a r e  much l e s s  l i k e l y  t o  crack. 

The only s ign i f i can t  r e s u l t  is , , that  low- 
3 

Two methods were t e s t e d  successful ly  on 1-iri .  -dia p e l l e t s .  These 

were (1) inclusion of randomly or ien ted  5 - m i l  wire,  1/4- in .  long, iK the  

p e l l e t s ,  and (2)  jacket ing the  p e l l e t  with platinum wire gauze. The wire 

gauze i s  mechanically he ld  i n  t h e  surface of the  ~ c l - l e t .  

required t o  demonstrate the  a p p l i c a b i l i t y  of e i t h e r  techniqule t o  4-in-dia pellets. 
A late;: technique w a s  dkveloped,using n icke l  wire screens incorporated. Ir, the 'ciori- 
z m t a l  plane. This has been used on p e l l e t s  as  la rge  as 4 i n .  d i a  (30CW) with gc66 

Further work is  

4 success. The cos t  savings r e l a t i v e  t o  platinum are  s ign i f icant .  

I n  the hot pressing procedure the 

/ powder i s  f i r s t  pre-pressed and the p e l l e t  charge i s  added incrementally 

t o  t h e  P t - l ined  d i e  body holding the  bottom pur-ch. After the  addi t ion  of 
a 

each 20% increment, the  powder is  pressed a t  2000 psi  with a s t a i n l e s s  

s t e e l  punch. Af te r  a l l  t he  charge has been added, t h e  platinum sleeve 

is folded down and the  top  punch inser ted .  

the  pre-pressed powder, a platinum cap may be placed on top  of t h e  powder 

before the  sleeve is folded down. The top por t ion  of the  sleeve i s  notched 

t o  allow fo ld ing  of the  excess platinum so as t G  e i t h e r  cover t h e  powder 

of hold the  cap i n  place.  

(Depending on the  height  of 

The loaded d i e  body i s  removed from the  pre-pressing assembly and in-  

s e r t ed  In to  the  hot  press; 

(shown a t  r i g h t )  a r e  then in se r t ed  on top  of t h e  d i e  body t o  a l ign  t k e  system. 

Thermocouples a re  in se r t ed  through penetrat ions i n  the  guide collai. so t h a t  

they contact t he  d i e  body. The hot  press  i s  then r a i sed  t o  the  v e r t i c a l  

pos i t ion  and a set; of b ra s s  shims and mica in su la to r s  a r e  placed betweer, 

the  graphi te  dr ive  punch and the  hydraulic press  ram. 

the gdide c o l l a r  and drive .punch 

The hot  press  is 



heated by means of 8 r ad io  frequency motor generator  t o  llOO°C, then a pres-  

sure  of 4000 p s i  i s  imposed. While t h e  pressure i s  s t i l l  on the  system, 

t h e  h o t  p re s s  temperature is r a i s e d  t o  12OO0C 

ture a r e  maintained f o r  1/2 hour., The pressure i s  then r e l i eved  and the  

hot  p re s s  i s  cooled t o  approximately 30OoC. During a l l  per iods i n  which the  
hot  p re s s  i s  above 300°C,a flow of argon i s  maintained through the  hot  press 

and the pressure and tempera- 

cevi ty .  

The d i e  body i s  removed from the  hot  pres, and placed i n t o  the  pre-  

press ing  assembly. A s t e e l  d r ive  punch i s  used t o  extrude the  punches and 

p e l l e t ,  rl a r e  allowed t o  drop i n t o  a handling t r a y .  The completed pel- 

l e t s  a r e  weighed and measured. A r i n g  gage with I.D. i d e n t i c a l  t o  the  cap- 

sule is used t o  check diameter and roundness of t h e  p e l l e t .  

which 

The capsules are degreased and the capsules and caps a re  wrapped i n  p l a s t i c  

f o r  i n se r t ion  i n t o  the c e l l .  

p r e s s - f i t  lkd i s  f i t t e d .  

the cap evenly i n t o  the capsule, thus forming an even weld area.  

capsules are  f i n a l l y  welded, l eak  tes ted,  and assayed ca lor imet r ica l ly .  

Handling too l s  used i n  the c e l l  a re  made of s t a i n l e s s  s t e e l .  

P e l l e t s  are  inser ted  i n t o  the capsules and the 

The f l a t  p l a t e  and the taper  on the cap serve t o  force 
The loaded 

During 

p e l l e t  f ab r i ca t ion  and capsule loading, no water i s  used i n  the c e l l  and 

no organic mater ia l s  a re  allowed t o  contact the fue l .  Since the d i e  bodies 
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are made of graphi te ,  some graphi te  w i l l  adhere t o  the  platinum sur faces  of 
t h e  p e l l e t s ;  t k - i s  can be seen a s  d isco lora t ion  on t h e  p e l l e t s .  P e l l e t s  

a r e  brushed with s t a i n l e s s  s t e e l  brushes,  bu t  no other  cleaning i s  done on 

them. Conpleted p e l l e t s  are s to red  on aluminum oxide t r a y s  and p e l l e t s  arid 

capsules a r e  handled with s t a i n l e s s  s t e e l  too ls .  

------During we1ding)the capsules a re  he ld  i n  2 bras s  c h i l l  block. 

ton  swabs a r e  used t o  clean weld a reas  

contamination. 

detergents ,  weak n i t r i c  ac id ,  and water. 

Cot- 

and paper smears a r e  used t o  de t ec t  

\ 
Decontarrinrztion so lu t ions  used for f i n a i  capsule c l e a n k g  a r e  

Strontium Oxide ( 4 )  
Three 202 W "SrO heat  sources were prepared by hot pressing. Four batches 

of -35 kCi of 'OSrC03 each were prepared, and the dr ied  'OSrC03 powder w a s  

calcined i n  air  a t  1200°C f o r  a minimum of 24 hr.  The p e l l e t s  were of exce l len t  

appearance with no change i n  appearance o r  dimensions a f t e r  10 days. 

Experience indicated t h a t  most of .the dens i f ica t ion  occurs a t  l e s s  than 

8 0 0 " ~ .  

at room temperature and increasing t o  1200°C. 

a t  a r a t e  of 100°C/hr from 750 t o  85O"c, full dens i f ica t ion  i s  a t t a ined  a t  850" 

C. However, i f  the temperature i s  r a i sed  t o  above 1200°C before pressure i s  

Tests were made with f u l l  pressure applied t o  the d i e  punch, beginning 

If the temperature i s  increased 

applied, the dens i ty  does not exceed 4.4 g/cm3 even if the temperature i s  in- 

creased t o  1 6 0 0 " ~ .  The above experiments were done i n  a vacuum hot press  with 

a capacity f o r  up t o  1- in . -dia  p e l l e t s .  The r e s u l t s  of the above experiments 

suggest t ha t  e i t h e r  a l a rge  change occurs i n  the surface energy of the powder 

a t  about 850°c or a s in t e r ing  a id  which e x i s t s  as an impurity i n  the SrO powder 

i s  destroyed a t  tha t  temperature. The l a t t e r  i s  believed t o  be more l i k e l y .  

S m a l l  amounts of e i t h e r  Sr(OH)2 or SrC03 could be present and account f o r  the 

low-temperature s in te r ing .  As a matter of precaution, the p e l l e t s  a r e  heated 

t o  1200°C following dens i f ica t ion  t o  calcine any Sr(OH)2 or SrC03 t h a t  might 

be present.  
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Estimates from thermodynamic data p red ic t  t h a t  SrO w i l l  no t  r eac t  with 

carbon t o  produce strontium carbide a t  temperatures of l e s s  than -1500~~. 
. Since the  f i n a l  procedure does not  require  a temperature i n  excess of 12OO0C, 

tests were made on hot  pressing SrO d i r e c t l y  i n  graphi te  d i e s  ins tead  of 
molybdenum-lined d ies .  

and none was found. 

and punch mater ia l  were encountered. 

t o  provide pro tec t ion  from moisture when p e l l e t s  a r e  f ab r i ca t ed  i n  a i r .  

The SrO p e l l e t s  were analyzed f o r  strontium carbide 

No problems of s t i ck ing  of t he  SrO t o  the  graphi te  d i e  

The only need for  a platinum l i n e r  i s  

a 

When p e l l e t s  a r e  formed by hot-pressing i n  an i n e r t  atmosphere ( e .g . ,  

argon),  small bubbles of t h e  gas a t  the  pressing pressure can be trapped 

i n  the  p e l l e t .  

cause an increase i n  the  pressure ins ide  the  capsule. With vacuum hot-pres- 

s ing , th i s  p o s s i b i l i t y  i s  avoided,and the  p e l l e t s  have a higher density.  

The gas may subsequently d i f fuse  i n t o  the  void volume and 
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Source Encapsulation and Testing ( 3 )  

The f i n a l  s t e p  i n  the preparat ion of a heat  source i s  t o  encapsulate the  pellete 

i n  a su i t ab le  metal  t o  hold the p e l l e t s  i n  the des i red  loca t ion  t o  prevent 

absolutely/tshFeread of rad ioac t ive  ma te r i a l  t o  the envi roment .  The r e s u l t i n g  cap- 

su l e s  m u s t  be l e a k  f ree ,  thermally and s t r u c t u r a l l y  stable, and capable of de l ive r -  

ing the designed quant i ty  of heat t o  the generator elements. They a l so  must be 

r e s i s t m t  t o  chemical a t t ack  by the rad icac t ive  f u e l  and  by the  environments 
and 

e n c a n t e r e d  during saurce fabrication,,> normal use, and i n  c red ib le  accidents  

a f t e r  source fabr ica t ion .  

Source f ab r i ca t ion  s tud ie s  at ORNL include considerat ion of the heat flow 

m d  the temperature d i s t r i b u t i o n  within the source. The designers of a generator  

genera l ly  require  that a spec i f i ed  heat  f l u x  be del ivered at a given temperstaye. 

These requirements m w t  be n?et without c rea t ing  excessive temperature anywhere 

i n  the source. High temperature reduces the s t rength  of s t r u c t u r a l  materials and 

increases  corrosion r a t e s .  It can a l s o  cause melting o r  movement of the radio-  

ac t ive  f u e l  by v o l a t i l i z a t i o n .  Extremely high temperatures could occur i n  

heat  sources of poor design. 
may 

Large temperature drops/ develop at in t e r f aces  between l a y s r s  of encapsulat-  

ing  ma te r i a l  a d  a t  the in t e r f ace  between t h e  f u e l  and the capsule. The number 

of i n t e r f aces  should be minimize2,and ca lcu la t ions  mus t  show t h a t  the m a x i m u m  
I 

poss ib le  temperature i s  not  excessive.  



Large temperature di3ferences can e x i s t  be%ween tine surface and the  i n t e r i o r  

of the radioact ive f u e l  (with o r  without a d-iluent o r  matrix ma te r i a l )  i n  heat  

sources. 

tkroushout tYe radioact ive mater ia l ,  t o  the  surface.  
t u re s  can r e s u l t .  

These grad ien ts  a re  created by the flow of heat, generated 

Very high i n t e r n a l  tempera- 

A t  the Fresect s t a t e  of generator development, the  m a x i m u m  tempera%ure designated 
f o r  the surface of the s t ron t ium t i t a n a t e  capsules i s  <lOGO°C. 

i t  i s  -500°C. The m a x i m u m  i n t e r n a l  temperature ce.n be lowered by thc: configuration 

of the capsule, by d i l u t i o n  with a good conductor (cermets), o r  by the  introduct icn 
of me ta l i i c  laminers i n t o  the SrTiO3. 

I n  s~Ap-7 generators  

Welding of "Sr Containers42 (4)  

Inert-Gas, Tungsten-Arc Welding ( 5 )  
The primary f u e l  container f o r  present-day "Sr sources i s  a 

-L 

- 

Hastelloy a l l o y  C capsule, 

cess.  

a r e  i t s  exce l len t  seawater corrosion res i s tance  and s a t i s f a c t o r y  weldabi l i ty .  

-However, i n  one case, a source prepared for 6 Si-Ge thermoelectric con- 

v e r t e r  was encapsulated i n  a TZM (9$ Mo, 0.5$ Ti, 0.14 Z r )  inner  capsule and 

Hastelloj- X outer  container .  Other than f o r  the  cornor, choice of Has te l loya l loy  

C a s  an  encapsulating mater ia l ,  there  has been no s tandardizat ion i n  capsule- 

weld design. The j o i n t  design and the  weld penet ra t ion  requirements have 

been s e t  l a r g e l y  by the  p a r t i c u l a r  appl ica t ion  r a t h e r  than by l i m i t a t i o n s  

i n  source f ab r i ca t ion  technology. 

type of weld i s  not general ly  required.  Thus, t he  c h a r a c t e r i s t i c  of 90SrTi03 

containers  has been a p a r t i a l  penetrat ion weld produced by the  iner t -gas  

tungsten-arc process.  I n  most cases the  xeld-joint design has been some 

modification of tile edge-type of "trepanned" design (FiS. 7) .  
i s  employed f o r  several  reasor&. F i r s t ,  it i s  a r e l a t i v e i y  low-res t ra in t  

j o i n t  which minimizes any tendency toward cracking due t o  slirinlkage as the  

weld cools. 

welded by the  iner t -gas  tungsten-arc pro- 
a l l o y  

The main reasons f o r  t he  choice of' Xastelloy,,C a s  the  primary container 

no gas builas up in the capsule m-d 
Since 'OS, i s  not an alpha-emitter ,/a fu l l -pene t ra t ion ,  pressure -vessel 

This design 

This i s  p a r t i c u l a r l y  imsortant i f  t h e  cap and capsule body are  :. f a i r l y  massive. 

type j o i n t  would almost invar iab ly  crack dJe  to the  r e s t r a i n l n g  efr"ect of the  

r e l a t i v e l y  cool and therefore  s t rong mater ia l  surrounding the  weak weld inetal 

I n  t h i s  case,  a p a r t i a l  pene t ra t ion  weld i n  a p l a i n  b u t t -  
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a s  it at tempts  t o  cont rac t  during cooling. This tendency i s  aggravated by 

the  presence of the  unwelded port ion of the  j o i n t  which a c t s  as a b u i l t - i n  

crack s t a r t e r  a t  t he  root of the  weld. 

The second reason f o r  use of t h i s  jo i i i i  design i s  t h a t  t h e  shape of t h e  

weld bead can be observed e a s i l y .  

t he  amount of weld penet ra t ion  being obtained, which i n  t u r n  allows him t o  

cont ro l  t h e  process during t h e  operation. 

From t h i s ,  t h e  experienced welder can judge 

The t h i r d  reason f o r  preference of the  edge-type weld j o i n t  design 

is t h a t  no f i l l e r -me ta l  i s  required.  

the edge-type j o i n t  can be thought of' a s  providing i t s  own f i l l e r  n e t a l .  

Open groove-type j o i n t s  which require  f i l l e r  metal a r e  not  general ly  des i r -  

ab le  f o r  t h i s  appl ica t ion  becsuse the  added complexity of t h e  wire feeding 

equipment and wire handling adds t o  the  d i f f i c u l t y  of welding i n  a ho t - ce l l  

and requi res  addi t iona l  space. 

Compared with a f l a t  butt-ty-pe j o i n t ,  

The chief reason f o r  considering such a weld 

would be the  need f o r  add i t iona l  weld metal gene t ra t ion .  However, if a 

weld of g rea t  depth i s  t o  be obtained by one of these  methods, t h e  weld must 
a l s o  be qu i t e  wide. 

on a comparatively small wel-dment ( t h e  capsule) and the  r e s u l t  would l i k e l y  

be ,unac ceptable dis tor t ,  i on. 

Ths a tremendous mount  of weld metal would be required 

When the  welding gas must be of known composition, pu r i ty ,  and pres-  

sure ,  a closed-chamber welder i s  used, which has provisions f o r  evacuating the 

system, introducing the gas, rrieasuring the temperature and press-ure, remotely 

pos i t ion ing  the  electrode,  viewtng the  welding operations,  and cooling the 

source. (A t yp ica l  assembly i s  shown i n  Fig. 8 . )  
If the  welding atmosphere need not be c lose ly  control led,  open tungsten-  

a e r t - g a s  (TIG)  welding can be used. 

f -  - - " .- - - -  Most remote welding techniqiles employ a f ixed  

e lec t rode  with the  source being ro t a t ed  i n  a chuck. 

radiat ior l  and many alpha emi t te rs  can be welded with a hand-held torch  i n  

Sources with -Jery low 

a glove box. 
i n e r t -  

I n  welding these sources by t h e  conventional/gas tungsten-arc process,  

it has been found useful  t o  have the  welder maintain complete cont ro l  m e r  

the  welding current .  This i s  very des i rab ie  if f o r  some reason an inaccu- 

r a t e  estimzte was made 03 the  preheat iag e f f e c t  of t he  f u e l  p e l l e t s .  How- 

ever,  2.s grea te r  assurances of weld penetrat ion and overa l l  qua l i ty  a r e  

required because cf a developed welding procedure which adecpately takes  

1 1 
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i n t o  account t he  e f f e c t  of capsule preheat ,  operator "control" can become 

an uncontrolled var iab le .  

developed and car r ied  out semiautonlatically on a program-controlled welding 

power supply. 

obtained. 

Thus, the t rend  i s  toward a welding procedure 

By t h i s  nethod, a grea te r  assurance of weld q u a l i t y  can be 

I n  addi t ion  t o  the  l eak - t e s t ing  procedures, 

o ther  inspect ion procedures a re  used t o  b e t t e r  assure  the  qua l i t y  of 

t h e  welded capsule. 

samples," one of which i s  welded immediately p r i o r  t o  the  fueled capsule 

o r  capsules and another immediately a f t e r .  These sample capslde welds a r e  
normally of the  same j o i n t  configuration as the  acti lal  capsule, bu t  do not 

always mock up t h e  fueled capsule completely. 
no t  be of f u l l  height  nor be completely machined. 

These include the  inspect ion of "qua l i ty  assurance 

For instznce,  the  sample may 

?The exmiinat I on of these  samples usual ly  includes dye o r  fluorescent. 

penetrant  inspection c f  t he  weld area f o r  c r i c k >  c:r p i t s ,  and a l eak  t e s t .  

Tiley a r e  subsequently sectioned f o r  metallographic examination of the  welds . 
This i s  done t o  v e r i f y  the  weld penetrat ion and quality a t  e i t h e r  two sec t ions  

of weld 180' apa r t  o r  four sec t ions  90' shor t .  

sonable assurance of the  fueled capsule weld qua l i t y  i f  the  sample weldicg 

adequately mocks up %he fueled capsule. 

This  procedure can give rea-  

Electron-Bean Welding ( 5 )  
I f  welds a r e  needed w i t h  penetrat ion s i g n i f i c a n t l y  grea te r  than t h a t  

which can be obtained by the  techniques described. above, electron-bean 

welding i s  adapta5le t o  ho t - ce l l  use. Electron-beam welding i s  prefer red  ever 
adding f i l l e r  wire t o  conventional welds because of the  drawbacks c i t e d  

above f o r  f i l l e r -wi re  addi t ions and because the  electron-bean process is  very 

amenable t o  remote operations.  Since the  beam can be manipulated e l ec t ro -  

magnetically, no mechanical devices a r e  necessary. Figure 9 i s  a photo- 

graph of the  electron-beam welding equipment; the  chamber, vacuum systen,  

and electron-bean gun ( l e f t  s ide  of p i c tu re )  would be posi t ioned i n - c e l l  

and the  cont ro l  console and power supply would be posi t ioned out-of-cel l .  

A t y p i c a l  weld on a Hastelloy A capsule i s  shown i n  Fig. 10 

0.300-in.-tbick cap t o  a O.25O-in.-thick walled capsule. 

cont inui ty  of t h e  e lec t ron  beam weld a r e  inspected by a pulse-echo ultra- 
sonic method. The rcethod shows defec ts  i n  t h e  weld of t h e  order of the  

s i z e  of t h e  r e f l e c t e d  sound wave length.  

alloy C 
jo in ing  a 

The depth and 
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Leak Testing ( 4 )  

Radioactive mater ia l s  for use a s  r ad ia t ion  o r  hea t  sources milst be en- 

capsulated i n  a manner which w i l l  prevent t h e  r e l ease  of r a d i o a c t i v i t y  during 

normal operat ions or under p o t e n t i a l  accident  condi t ions.  

encapsulated i n  welded metal conta iners  and an important requirement i s  a 

demonstration t h a t  t h e  welded closure i s  free from s i g n i f i c a n t  l eaks .  

of l eak  t e s t i n g  a t  FPDL a r e  usua l ly  l i m i t e d  t o  those procedures wMch can 
be performed by renote  means using manipulator-operated equipment. These 

methods involve immersion i n  some type of l i q u i d ;  however, i n  

cases  where immersion methods a r e  unsui table  because the  source has  a high 

thermal output or t h e  encapsulating method i s  incom;patible with the  t es t  

l i q u i d ,  a 85fi l e a k - t e s t  procedure is  used.43 

Most sources a r e  

Methods 

Examination of Used Sources ( 3 )  

The SNAP-TA generator fueled w i t h  "SrTi03 w a s  received i n  1967, a f t e r  5-1/2 

years of service,  for defueling and inspect ion from the U.S. Coast Guard S ta t ion  

a t  Cur t i s  Bay, Maryland, where it had been i n  operation s ince December, 1961, i n  

a navigat ional  

r u s t  deposited evenly over the surface.  

The outer case was unchanged except for a t h i n  f i lm  of 

Radiation readings of 20 mr/hr beta-  

gamma were measured a t  5 in .  from the top of the shielding case. 

power output measured was 4.2 W(e) as of Apri l  20, 1967 E r i g i n a l  design, 10 W(eu  

The i n t e r n a l  pressure of the generator as determined during per iodic  serv ic ing  

was 18.5 p s i a  i n  April,  1967, compared with 15.9 p s i a  i n  March, 1964. 

samples of the generator fill gas were analyzed by m a s s  spectrometry. 

sults of the  ana lys i s  are given i n  Table 8. 

The m a x i m u m  

Two 

The r e -  



Table 8.  MASS SPECTROMETRIC ANALYSIS 
OF SNAP-TA GENERATOR FILL GAS 

Amount,vo1 6 
Compound Sample 1 Sample 2 

Hydrogen 

Helium 

Me thane 

Water 

0.04 

74.5 
0.14 

1.45 

0.02 

75.3 
0.01 

1.17 

Hydrocarbons T 0.01 c 0.02 

Oxygen 0.28 0.16 
Argon 23.1 22.9 
Carbon dioxide C0.004 0.02 

Nitrogen and carbon monoxide 0.51 0.42 

The weld on the  generator casing cover was ground off ,  and the  gecera- 

t o r  casing was separated from the  b io logica l  sh ie ld ,  which was a l a rge  

alloy 
uran im cup completely encased i n  1 / 4 - i n ~ t h i c k  HastelloyAC p l a t e .  

generator with the  casing was l i f ts3 out of the  sh i e ld  and examined. 

was no v i s i b l e  evidence t h a t  the  Eaztelloy , generator casing had been a m l -  

gmaated by the  mercury heaL-transfer 1r!e3iun i n  which the  casing had flohtc-d 

for  5 years .  

The 

There 
alloy C 

The mercury was removed frgm ins ide  the  b io log ica l  sh i e ld  and the  Xastelloy a l icy  C 

sh i e ld  l i n e r  w3s examir,ed v i sua l ly .  There was no evidence of amalgamzion. 

The generator was defueled i n  one of the  FPDL c e l l s  on Apri l  25, 1967, 
an& the  fuel capsules were inspected. The in su la t ion  block was found t o  be broken, 

but no o the r  physical  damage t o  the  

generator was noted. 

removal of t he  top  p l a t e .  

b io logica l  sh l e ld  was 750 mr/hr. 

frcm the  c e l l ,  a smcsr t e s t  of t 5 e  cu ts ide  l i p  

ins ide  snears read L jGO a/Kin. 

KO r sd ioac t ive  contamination was detected during the  

The maximdm radia t ion  reading a t  the  top  of the  

When tkc  defueled generator vas removed 

read 1200 d/mir,, end a l l  

170 w a s  detected on any of the  smears. . 
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A core sec t ion  of the  b io logica l  sh i e ld  was examined microscopically.  

er (50% Pb - 50% Sn) which had been used t o  bond It was found t h a t  t he  so 

t h e  uranium and Hastelloy,C t o  form a hea t - t ransfer  path had only -1-mil 

penetrat ion on the  s ide  exposed t o  mercury and on the  s ide  exposed t o  the  

marine atmosphere. 

was no bond t o  the  Hastelloy a l l o y  C. 

aSPoy 

The so lder  was well bonded t o  the  uranium, but  t he re  

The nickel-plated uranium top  plug of the  b io logica l  sh i e ld  was sub-  

j ec t ed  t o  a standard AEC water-vapor corrosion t e s t .  

of exposing the  p la ted  plug t o  sa tura ted  water vapor a t  92.5OC for 20 h r .  

The t e s t  was performed f i v e  times f o r  a t o t a l  exposure of 100 h r .  

vas no evidence of corrosion o r  penetrat ion of the  nickel  p l a t e .  

The t e s t  cons i s t s  

There 

Each SNAP-7A f u e l  capsule contained s i x  "SrTiO p e l l e t s  and a number 
3 a l l o y  

of Hastelloy,, spacers encapsulated i n  a welded Hastelloy4C capsule. Tne 

capsules were e s s e n t i a l l y  iden t i ca l  i n  f u e l  content 

genient . 
and arran-  

All the  s'SfliO, used i n  these  sources was prepared 

during August, 1961 , from the same "Sr(IV0 ) 
t h ree  batches of gOSfliO with power concentrations of 0.231, 0.233, and 

0.Ug W/g were used. The ca lcu la ted  compositions of these f u e l  batches,  

based on t he  o r i g i n a l  feed ana lys i s  and decay t o  August, 1967, Ere given 

i n  TaSle 9. 
the  cold-pressing and s i n t e r i n g  method. Two 90Sfli0 batches which were 

de f i c i en t  i n  t i tanium dioxide yielded p e l l e t s  with an average power densi ty  

feed mater ia l .  Portions of 3 2  

3 

All t he  p e l l e t s  used i n  t h e  SNAP-7A sources were made by 

3 

Gf 0.73 w/cn 3 j t h p  '7$ excess Ti02 mater ia l  yielded p e l l e t s  with an aversge 

power densi ty  of 0.92 W/cm 3 . All p e l l e t s  were i n t a c t  when loaded i n t o  the  

c a p s d e s  . 

Capsule Inspection (4)  
Each of t h e  four capsules was removed from t h e  generator and given a - .  

smear tes t . ;  EO s ign i f i can t  c o n t a i n a t i o n  was detected.  M1 t he  c a p s d e s  

appeared t o  be i n  exce l len t  condition; a l l  were discolored t o  a d u l l  grey. 

No defec ts  i n  the  weld a reas  could be detected by v i sua l  inspection. The 
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Table 9. . CALCULATED COMPOSITION OF goSrTi03 FUEL a 
Batch Consti tuent,  w t  % Power toncen- Rat io  

--;-- No. Sr Ca Ba Zr Ti 0 t r a t i o n ,  W/g SrO:Tio2 3oSr:Sr  

' 17 38.1 2.9 0.2 6.0 26.2 26.6 0.199 0.95 0.47 

0.93 0.47 0.201 18 38.5 2.9 0.2 6.0 25.9 26.5 

19 36.1 2.7 0.2 5.7 27.9 27.4 0.189 1.07 0.47 

diameter of the capsules was measured by passing them through 1.900 in.  ( o r i g i n a l  

1.872 i n . )  I D  r i ng  gages (1 and 4 in.  long) .  

( o r i g i n d  5.198 i n .  ) . 
The maximum height measured 5.21 in .  

Leak Tests  (4)  

The capsules were indiv idua l ly  l eak  t e s t e d  by t h e  hot-water air-bubble 

method; no l eaks  were detected.  

with 55Kr. 

1 x 

Two capsules a t  a t i n e  were l eak  t e s t e d  

originally 
The 85Kr leak  tests revehl-ed no l e a k s  ( l i m i t  of de tec t ion ,  

The capsulesAhad been welded i n  he l iun  a t  3C p s ig .  

a 
cm3/sec). 

He a t  Output (4 ) 

The water-jacketed calorimeter w a s  used t o  determine the heat outputs of the 

four capsules. 

loading data  and corrected for decay from September, 1961) a r e  compared 

below with those experimentally de t emined  (on Apr i l  27, 1967): 

The ca lcu la ted  heat  contents (based on o r ig ina l  

Calculated hea t  output ,  W Experimental hea t  output ,  W 

.4 

54.9 56.6 
54.6 56.6 

54.8 56.6 

219.3 226.5 

55.0 569 7 

- - 

The 3% di f fe rence  i n  t o t a l  hea t  output i s  probably due t o  overcorrec- 

t i o n  Tor 89Sr contr ibut ion.  



Ins ide  Capsule and P e l l e t  Examination (4)  
Figure 11 shows t h e  unopened capsules with t h e  weld made i n  t he  hot  

a 
cel l .  

Each capsule was openet! by c u t t i n g  through t h e  w a l l  a t  a poin t  
hot c e l l .  

1 cm below the end welded i n  the  / The ca2sd.e was inverted and the  capsule 
and p e l l e t s  

body was l i f t e d  o f f  t o  expose t he  spacers and the  fEel .  SpacersAwere marked 

f o r  i d e n t i f i c a t i o n  as they were removed from the capsule.  

After t.he p e l l e t s  and spacers  were removed, t h e  capsules were brushed 

t o  remove any loose mater ia l .  

cen ter  of t h e  capsule body. 

1 cm from the  end. The two w e 1 6  sec t ions ,  cen ter  sec t ion ,  and se l ec t ed  

spacers from each capsule were t ransfer red  t o  t h e  High Radiation 

Level Examination Laboratory (HRLEL) f o r  meta l lurg ica l  inspect ion.  

A 2-cm-high r i n g  sec t ion  was cu t  from t h e  

The o ther  (shop) weld was cu t  of f  t h e  capsule 

There was no v i s i b l e  evidence of mechanical damage o r  chemical a t t a c k  

on t h e  ins ide  capsule sur faces  o r  on the  spacers.  The f u e l  p e l l e t s  and 

spacers were e a s i l y  removed from the  capsules.  

seen on the  disassembled caps7de p a r t s .  

t he  package, with specimens shielded only by t h e  t h i n  metal wal l s  of t h e  

package, was 300 mr/hr; t h i s  reading ind ica t e s  t h a t  r e l a t i v e l y  - l i t t l e  %Sr 

No re s idua l  f u e l  could be 

The maximum rad ia t ion  reading on 

was re ta ined  i n  the  specimens. 

O f  t i e  24 p e l l e t s  (Fig.  U ) ,  15  were completely i n t a c t ,  7 were cracked 

across  the  diameter, 1 was s l i g h t l y  chipped, and 1 was broken i n t o  se-feral 

pieces.  One ha l f  of the broken p e l l e t  was i n t a c t  and the other  ha l f  was broken 

up ( t h i s  p e l l e t  had i n i t i a l l y  cracked d iamet r ica l ly  as had the  7 other  p e l l e t s ) .  

There was no detectable  change i n  the color  of the p e l l e t s .  

No s ign i f i can t  dimensional changes i n  the  p e l l e t s  could be noted. The t o t a l  

weight of f u e l  mater ia l  recovered w a s  1127 g, of which 1123 g w a s  as p e l l e t s  

(o r  individual  p ieces)  and 4 g as loose powder as compared with 124 g o r i g i n a l  

loading. 

Metal lurgical  Examination of Capsules (4)  

a V i s u a l  examination of the four disassembled SNeS-TA capsules (with the a id  

of a remote stereomicroscope) disclosed no evidence of gross incompatibi l i ty  







or  weld defec ts .  

The components of capsule No. 4 were selected f o r  metallographic examination, 

which included a typ ica l  sec t ion  through the bottom and upper closure welds, 

as wel l  as a sec t ion  taken through the w a l l  of the capsule a t  about midlength, 

and through several  spacers t h a t  had been placed between the "SrTi03 p e l l e t s .  

Examination of the closure weld revealed a minimum penetrat ion of 0.085 in .  

A minimum penetrat ion of 0.180 in .  w a s  measured on the bottom weld and there  

was no evidence of any microstructural  defects .  

Metallographic examination of the  capsule w a l l  disclosed no evidence of 

incompatibil i ty;  the inner and outer surface regions appeared t o  be iden t i ca l .  

Examination of the spacers yielded s i m i l a r  r e s u l t s .  

Summary (4 )  

There w ? s  no serious de te r io ra t ion  of these  sources during t h e i r  5-1/2- 

year l i f e .  

i n  intverest,5.ng: 

wh.tle only 2 of the  15 low-density, t i t ana te -de f i c i en t  p e l l e t s  broke (E-  

The d i s t r 3 x t i o n  of the  broken p e l l e t s  according t o  f u e l  batcZ 

6 of the  9 high-density, t i t t inate-excess p e l l e t s  brcke,  a 
a e c t i n g  t,he yell-e'i t h a t  vas only chi9ped). S i n i i a r  e f f e c t s  have been ncited 

previously both wlt'n cald-pressed, s in t e red  p e l l e t s  and, more mrkedly ,  with 

hot-pressed p e l l e t s .  



PHYSICAL AND CHEMICAL PROPERTIES1l 

Sr metal SrTi03 S r0 SrF2 S r 2 T  io4 a Property 

0.315 
47.0 

0.294 
43.8 

4.99 
4.93 

1.57 
(1.4)  

1860 

7.6 

0.142 

0.513 
76.5 

0.487 

72.7 

2.6 

2.5 

1.33 
- 

772 

250 

0.247 
36.8 

0.235 
34.1 

5.11 

5-03 

1.26 
1.0 

2040 

9.2 

0.435 
64.8 

0.411 
61.2 

4.975 
4.63 

2.17 
1 .6  

2457 

5.5 

0.124 

~ 1 3 ~  

0.360 
53.7 

0.336 
50.0 

4.29 
4.20 

1.54 
(1.4)  

1463 

4.2 

0.167 

Power densi ty ,  w/cm3 

Theoret ical  

Actual or  estimated 

MP,  "c 

Therma 1 conductivity 
a t  500"c, 
cal/crn.sec "C x io3 
Specif ic  heat  
( 500"c) , cal /g .  "C 0.0719 0.157 

(at 25°C) 
Coefficient of 
thermal expansion/"C 

x io5 2.0 1 .21C 1.63 1.17' 
( a t  25 "c) 
2.44 
( a t  30"c) 

S o l u b i l i t y  i n  H 2 0 ,  Reacts 
m / l  x io4 vigorously 9 1.7 

Leach Rate 

SrO: 1.49 g/cmZ-day b20 at 4.4 cm/min) 

SrTi03:LnR = -0.5235 ant_ - 2.5987 
R = leach r a t e ,  mg/cm2-day 

t = time days 

a)The values i n  the f u l l  repor t  a re  referenced; b )  95% "Sr, 90% theore t i ca l  
dens i ty ;  c )  0-1400°C. 



for 
Biological  'Tolerances ?OSr - - 

Maximum Pcimissible  Body Burdens ar?d klaximum Permissible Conccntrations 

for Radionuclides i n  A i r  and i n  Water f o r  Occupational Exposure 

Maximum permissible  con 
burden i n  t o t a l  For 4 0 - h r  week For 168-hr week 

Organ of reference Max. permissible  - 
-- (c r i t i ca l  organ 

underscored) body, q(@) Water A i r  Water .Ai.; 

4 x 10-6 3 x 10'10 10-6 10- 1 0  - 2 - 
20 10-5 9 x 10-10 4 x 10-6 3 x 10'16 (Sol) [El Body I 

GL ( L L I ) "  10-3 3 x 1 0 - ~  s x io-'+ 10- 

s 10-9 2 10-9 

10-3 2 x 10-7 4 x 1 0 - ~  6 x - 
. _  

*Abbreviations GI and LLI  re fe r  t o  the  g a s t r o i n t e s t i n a l  t r ac t  and lower large 
a 

i n t e s t i n e ,  respec t ive ly .  

a 
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, 
COMPATIBILITIES OF INACTIVE STRONTIUM COMPOUND WITH CONTAINER YiTERULS 

Source m a t e r i a l  Container m a t e r i a l  
R r f r a r t c r y  - a e c a l s  and Superalloys 

expo su r  e Hastel loy,X Haynes,2j  Ni-o-ne1 N-155 Mo Nb Ta W TZM 

10000c, 1000 hr SR NR No. SR M R N R  SR NR NR 
1000°C, 5000 h r  MR MR SR NR 
1000°C,  10,000 h r  MR MR m N R  SR SR 

Y 4 a l l o y  Strontium metal  (Sr) a l loy  

Stront ium oxide (SrO) 
loOO°C, 1000 h r  SR 
1850°c, 168 h r  

Strontium-9$ beryl l ium 
oxide (SrO-% BeO) 

looO°C, 1000 hr  M R .  

SR SR NR NR SR SR 
SR MR SR SR 

MR SR NR N R N R  
Strontium f l u o r i d e  (SrF2) 

loOO'C, loo0 h r  SR SR SR SR NR SR SR 

Strontium d i s i l i c i d e  (SrSi2)  

Strontium t i t a n a t e  (SrTiOs) 

looooc, 168 hr DR DR DR DR DR DR DR DR 

looO°C, 1000 h r  SR SR SR SR NR N R N R  NR 
1850"c, 1000 h r  NR SR SR NR 'MR 

Legend: It3 - Negligible  or no r e a c t i o n  (compatible)  
DR - Destruct ive r e a c t i o n  

SR - S l i g h t  r eac t ion  
MR - Major r e a c t i o n  

A nuniber of on t h e  and tempera- 
t u re ;  f o r  example, Haynesi25 w i t h  strontium metal showed 
no a t t a c k  a t  10C3"C up t o  1000 h r  but f e l l  i n t o  t h e  major 
r eac t ion  c k s s i f i c a t i o n  a f t e r  5OCO and 10,000 hr a t  1000°C 
This i nd ica t e s  t h a t  HaynesR5 should probabfy 'not-be con- 
s idered  f o r  use with strontium metal at temperatures >lOOO°C 
and times -000 hr. 

Afte r  exposure of 2036 hr  a t  925°C t o  i n a c t i v e  l i q u i d  
strontium n e t a l ,  it w a s  found t h a t  molybdeaum and 
s t a i n l e s s  s t e e l  321 showed good compat ib i l i ty  w i t h  
l i q u i d  strontium metal;  t h a t  wrought i r o n  and Haynes a l l o y  No. 25  $met. were worthy of f u r t h e r  study; and t h a t  Has te l loy  C, 

. --\ f l  - - ---- -=-.-: a l l o y  No:,.; .\. 
------- ___ _I- 

- -  - _ _  L _ _  z. 

b and t i t an ium had dissolved 
strontium metal. 

, 
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FLOW MEASUREMENTS WITH RADIOISOTOPES (2 )  

Robert H. Lafferty,  Jr. 

Supplementary Keywords: t racer ;  flow measurement; ion iza t ion  of gas; industry;  

industry, e l e c t r i c ;  hydrology; isotope d i lu t ion ;  ac t iva t ion  analysis ;  ac t ivable  

t r ace r ;  instrument; comparison; apparatus; bibliography; hydrogen-3; sodium-24; 

chromium-51; cobalt-60; bromine-82; krypton-85; iodine-131; iodine-132; 

xenon-133; gold-198. 
.. >> 

1 Abstract .  Methods of measuring f low with radioisotopes a re  reviewed. Various 

" nonradioactive flow meters a re  reviewed i n  an introductory sect ion t o  put the 

methods using isotopes i n  the proper perspective.  The advantages, disadvantages, 

and r e l a t i v e  cos ts  of various methods are  compared. Radioisotopes may be used 

t o  measure flows of l i qu ids  o r  gases i n  a va r i e ty  of ways: as  t r a c e r s i t 0  
ionize a gas and then measure the flow r a t e  of the ions; o r  w i t h  various mechani- 

c a l  flow meters t o  ind ica te  the movement of the flowing mater ia l .  The precis ion 

and accuracy of flow measurements using radioisotope t r ace r s  i s  a l so  discussed. 

- Author's note: In  Isotopes and Radiation Technology 4(2) :  93-108 (Winter 1966- 
1967 i s  an exce l len t  review a r t i c l e  by C. G. Clayton on the measurement 

of flows of l iquidsand gases using radioisotopes.  

a r t i c l e  acknowledges tha t  he received considerable help from Clayton's a r t i c l e  

and other publ icat ions by Clayton and h i s  associates  at the UKfWl. 

The author of the present 



The measurement of flow of l i qu ids ,  gases, and so l id s  i s  a very 
, 

important f ac to r  i n  industry,  commerce, and i n  our everyday l i f e .  

These measurements range from r e l a t i v e l y  simple small-scale appl icat ions 
1 

such as the  water flow t o  our homes or the  gasoline i n t o  our automobile 

o r  the  measurement of t he  flow i n  a 36-in. -diameter, 1,500-mile-long 

petroleum pipe l i n e .  Obviously most of these measurements a r e  made 

with permanently i n s t a l l e d  ind ica t ing  or recording meters. 
w i l l  probably 

Measurement of flow with radioisotopes / never be competitive 

with conventional flow meters i n  most rout ine appl icat ions.  However, 

under the following s i tua t ions ,  a radioisotope technique [measuring flow 
o r  

i s  the  preferred method: 

( a )  when precis: flow rates a r e  needed 

( b )  when an occasPona1 measurement of the  flow i n  a pipe 

i s  needed and no permanent flow meter i s  avai lable  ( i . e . ,  f o r  

research on a process) 

( c )  when ca l ibra t ion  of a conventional, permanent meter i s  required.  

This paper describes isotope methods f o r  the  measurement of flow 

of l i qu ids ,  gases, s o l i d s ,  and s lur r ies ,wi th  the  primary emphasis on 

l iqu ids  and gases. It covers flow measurements i n  both closed conduits 

and open streams. The majority of radioisotope methods f o r  flow 

measurement use the isotope as a t r a c e r ,  but  a f e w  other  nontracer techniques, 

such as gas ionizat ion or use of the isotope i n  a 

mechanical device, a r e  a l so  discussed. The use of isotopes t o  follow 

the movement of sand i n  r ive r s  and harbors and of ground water i s  not 

included. 
thoroughly 

192 These subjec ts  have been covered4in severa l  recent conferences. 
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Although flow measurements are frequent ly  made i n  v e n t i l a t i o n  and leak- 

detect ion s tud ie s ,  such s tud ie s  w i l l  not be discussed here s ince  they a l s o  

have recent ly  been reviewed. 394 

Survey of Flow Measurement Techniques ( 3 )  

The use of radioisotopes i s  only one of a l a rge  number of 

techniques ava i lab le  for measuring flow. Most 

of the  other  techniques have been discussed i n  d e t a i l  i n  standard works 

on measurement systems ,5’6 but  the  main methods a re  summarized here 

t o  put  t r a c e r  and i so top ic  methods ,, i n t o  
the  proper perspective.  

To simplify t h i s  discussion, techniques of measurements are  separated 

i n t o  5 main types: (1) meters t h a t  measure the  ve loc i ty  of the  f l u i d  

d i r e c t l y ;  ( 2 )  meters t h a t  measure the  f l u i d  flow by noting the  pressure 

drop obtained when flow i s  cons t r ic ted ;  (3 )  meters t h a t  measure the  flow 

by observing the  a rea  required f o r  a given flow t o  take place; (4) meters 

t h a t  are su i t ab le  only for open streams; and ( 5 )  t r a c e r  methods. 

Direct Measurement of Velocity ( 4 )  

The most d i r e c t  way t o  measure f l u i d  flow i s  t o  use 
ac tua te  

the  moving l i q u i d  t o  E. some type of measuring device. The simplest  

of these devices i s  a vane t h a t  hangs by a p ivot  from the  t o p  of a pipe and 

i s  immersed i n  the flawing l i qu id .  The grea te r  the  f l u i d  flow the  

g rea t e r  the  displacement of the  vane from,,perpendicular by the  force of 

the  flowing l iqu id .  / 

the 

However, because 
of the  obstruct ion the  vane o f f e r s  the  

stream, the re  w i l l  be an appreciable pressure drop across  t h e  meter. 

To overcome the pressure drop of the  fixed-vane meter, a number of 

vanes on a wheel can be subs t i t u t ed  s o  t h a t  the  flow causes the  vane 

paddle wheel t o  ro t a t e .  With a device such as t h i s ,  t he re  i s  very l i t t l e  



83 

pressure drop involved, and t r a n s l a t i n g  t h e  motion of t h e  wheel i n t o  

flow r a t e  i s  simpler than with a f ixed vane. 

For l a r g e r  flow rates, a f l a t  vane wheel w i l l  not be s u i t a b l e ,  and 

the  f l a t  vanes a re  replaced by h e l i c a l  vanes or a turb ine  r o t o r  with 

t h e i r  axes p a r a l l e l  t o  t h e  d i rec t ion  of flow. Such meters have low 

pressure drop and can measure very la rge  flows. For the  turbine- type 

ro to r ,  t he  flow r a t e  i s  frequent ly  determined by placing a magnet i n  t h e  

r o t o r  and measuring the  a l t e rna t ing  current  generated i n  an ex t3rna l  c o i l .  

The magnetic flow meter i s  a r a t h e r  spec ia l  type of a ve1oi:ity flow 

meter which requires  t h a t  t he  l i q u i d  whose flow i s  being measured be 

a conductor of e l e c t r i c i t y .  This meter uses the  p r inc ip l e  t h a t  

t h e  flowing l i q u i d  cu t  the  l i n e s  of force of an electromagnet,thus 

generating an e l e c t r i c  current;  the  e l e c t r i c  current s o  generated i s  

proport ional  t o  the  flow rate.Such a meter w i l l  not measure very low 

flow rates. Faraday unsuccessfully attempted t o  use t h i s  p r inc ip l e  

with the  Ear th ' s  magnetic f i e l d  t o  measure the  flow of the River Thames 
i n  London. 

Pressure D i f f e r e n t i a l  Methods ( 4 )  

Probably the  most common types of flow meters a re  those meters 

i n  which some type of cons t r i c t ion  i s  placed i n  the  l i n e  where t h e  

l i q u i d  i s  flowing and the  r e su l t i ng  pressure drop i s  measured. "he 

flow r a t e  can be determined from the  pressure drop by a su i t ab le  

ca l ibra t ion .  The flow may be cons t r ic ted  by an o r i f i c e  p l a t e ,  a P i to t -  

s t a t i c  tube,  a Venturi tube,  or a flow nozzle. 

The o ldes t  and most common form of pressure-d i f fe ren t ia l  device 

i s  the  o r i f i c e  p l a t e  flow meter. 

meters i n s t a l l e d  a re  of t h i s  type. 

It has been estimated t h a t  85% of all 

Even the Romans of Caesar's time used 



t h i s  device for  con t ro l l i ng  the amount of water del ivered i n t o  the 

var ious channels of t he  water supply system and t o  householders. 

Because of i t s  simple form,the o r i f i c e  p l a t e  i s  easy t o  manufacture 

accurately,  and therefore  it i s  cheaper i n  comparison with other devices 

involving pressure d i f f e r e n t i a l s . I t s  chief drawback i s  t h a t  it 

causes a higher pressure drop i n  the  flowing l i q u i d  than any of the  other  

devices,  and it cannot be used when t h e  pressure head causing the 

flow is  already low. 

The P i t o t - s t a t i c  tube flow meter i s  an L-shaped tube t h a t  i s  inser ted  

i n t o  t h e  f l u i d  flow with i t s  open end facing i n t o  the  stream of t h e  f l u i d  

( F i g * l ) -  The f l u i d  impinging on the  tube r e s u l t s  i n  an increase i n  
i n  the P i t o t  tube 

p r e s s w e n t h a t  can be compared t o  the  average pressure of the  stream; from 

t h e  pressure difference,  t h e  flow can be deduced. The P i t o t  tube ac tua l ly  

measures the  ve loc i ty  of the  f l u i d  a t  /point, but by t ravers ing  the stream 
with the tube 

a 

,and measuring the  ve loc i ty  a t  severa l  po in ts ,  one can obtain the average 

ve loc i ty .  From t h i s  and the cross-sect ional  area, the  flow can be derived. 

The P i t o t  tube causes e s s e n t i a l l y  no pressure drop i n  t h e  flowing f l u i d  

but  can only be used a t  f a i r l y  high flow ve loc i t i e s .  It i s  usually 

used as a temporary device t o  determine the  range of flows of a system p r i o r  

t o  i n s t a l l a t i o n  of a permanent metering system. 
(Fig. 2 )  

The ven tu r i  tubeAconsists of 5 p a r t s :  an i n l e t  r i ng  Of the  Same 

diameter as the upstream pipe,with a s ide  hole f o r  measurement of t h e  

s t a t i c  pressure;  an entrance cone which includes an angle of 21°,joined t o  

the  i n l e t  by a smooth curve; a shor t  cy l ind r i ca l  t h r o a t , f i t t e d  with a 

s ing le  hole t o  measure th roa t  pressureb.joined t o  the  entrance cone by a 

smooth curve; an e x i t  cone which includes an angle of 10' t o  30°; and an 

and 
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Fig. 1. Single hole P i t o t  tube. 

a 
Exit 

diameter 

holes 

Fig. 2. Venturi tube. 
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o u t l e t  f lange. 

o r i f i c e  p l a t e s  or nozzles; however, because of i t s  l e n g t h , i t  cannot 

always be i n s t a l l e d  i n  ex i s t ing  l i n e s ,  and it i s  the  most expensive of 

a l l  t h e  pressure-d i f fe ren t ia l  devices. 

The Venturi  tube has a much lower pressure drop than 

The f l a w  nozzle i s  e s s e n t i a l l y  a very sho r t  Venturi tube having a 

bell-shaped entrance cone and no e x i t  cone. It i s  cheaper than a 

tube and may be i n s t a l l e d  i n  an ex i s t ing  l i n e  with very l i t t l e  

t rouble .  Since the  nozzle has no e x i t  cone, it causes a high pressure 

drop,although not as high as t h a t  from an o r i f i c e  p l a t e .  

Variable-Area Meters ( 4 )  

The most familiar form of a v a r i a b l e a r e a  flow meter i s  the  

rotameter. In  t h i s  type of flow meter, a f l o a t  or bob i s  suspended i n  

t h e  flowing l i q u i d  and the flow i s  through a tapered tube with the  wider 

opening at the  top. A s  the  f l u i d  flow increases ,  t he  pos i t ion  of the  

bob r i s e s  s ince  t h i s  w i l l  increase the a rea  of the  annular space open 

t o  f l a w .  Rotameters are avai lable  f o r  measuring a wide va r i e ty  of 

flows of both l i q u i d  and gases. 

A modification of t h i s  type of flow meter i s  the o r i f i c e  and 

plug meter i n  which the  gas flows through an o r i f i c e  tha t  has a 

tapered plug seated i n  it. In  t h i s  case 

the  higher t he  plug w i l l  r i s e ,  thus opening a l a r g e r  annular space t o  the 

flow. 

a1so)the higher the flow r a t e ,  

Open-Channel Flow Meters (4)  

The two most widely used forms of measuring open-channel flow 

are the  weir and the  venturi  flume. 



The weir i s  one of t h e  o ldes t  flow meters known t o  man. 
and 

It cons is t s  of a dam t h a t  i s  b u i l t  across the  open channel,,,the water t o  

be measured flows across the  top. The depth of flow over the  top  of t he  

dam i s  a measure of t he  flow r a t e .  Weirs a re  usua l ly  c l a s s i f i e d  by the  

shape of t he  channel through which t h e  l i q u i d  flows and a re  usually 

rectangular o r  t r i angu la r .  
(Fig. 3 )  

The ven tu r i  flume,,consists of a contraction i n  the  c ross -sec t iona l  

a rea  through which the  l i q u i d  t o  be metered i s  flowing. A contraction 

of t h i s  descr ip t ion  can be constructed i n  a channel w i t h  any cross-sectional 

form, and various types of contractions may be used t o  s u i t  ind iv idua l  

p r a c t i c a l  conditions. 

appearance t o  a rectangular ven tu r i  tube,with the  top open. I t  

Thus, t h e  plan of a Uenturi flume i s  similar i n  

has a gradual contraction t o  the  narrowest or t h roa t  sec t ion  and a gradual 

expansion t o  the  f u l l  width of t he  channel. A s  i n  t h e  case of t h e  

Ven tu r i tube ,  t h e  downstream expansion allows f o r  head recovery. 

design Of t he  flume, t h e  a c t u a l  instrument required By c a r e m  

t o  ind ica t e  the  flow may be simplified.  If the-channel is  designed 

i n  such a way t h a t  the  depth i n  the  e x i t  channel at  a l l  r a t e s  of flow i s  

l e s s  than a ce r t a in  percentage of t he  depth i n  t h e  entrance channel, t h e  

flume w i l l  function as a free-discharge o u t l e t .  Under these conditions, 

the  upstream depth i s  independent of t he  downstream conditions,  and t h e  

depth of water i n  t h e  th roa t  w i l l  maintain i t s e l f  a t  a ce r t a in  c r i t i c a l  

value 

r a t e  of flow. When t h i s  i s  so ,  t he  quant i ty  of water flowing through 

the  channel i s  a function of t he  upstream depth only. 

a t  which the  energy of t he  water i s  a t  t he  minimum,whatever t he  
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Fig. 3 .  Semicircular-type Venturi flume. 
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Tracer Methods (4)  

Probably t he  f irst  person t o  use a t r a c e r  method t o  determine f l a w  

w a s  t h e  C m m m n  who threw a s t i c k  i n  t h e  r i v e r  t o  see i f  t h e  r i v e r  

was flowing too  fast t o  wade. Since t h i s  time,man has put many d i f f e r e n t  

substances i n  flowing channels t o  f ind  out how f a s t  they a r e  movicg. 

The requirements for a good flow t r a c e r  a re :  

1. It should not be present i n  high or var i ab le  concentration i n  

t h e  stream. 

2. It  must be s t a b l e  t o  dissolved substances or gases, t o  suspended 

s o l i d s ,  t o  l i g h t ,  and t o  mater ia l s  forming the  stream banks and 

bed. 

3. The t o x i c i t y  must be low. 

4. It should be capable of accurate determination a t  l o w  

concentration. 

5. I ts  s o l u b i l i t y  should be high. 

Among the  mater ia l s  t h a t  have been used as t r a c e r s  t o  measure flow 

a re  soluble salts of sodium, potassium, and l i thium; dyes, pa r t i cu la r ly  

fluorescent ones; bac t e r i a ;  and radioisotopes.  Although radioisotopes 

a re  frequently thought of as being the  only use fu l  t r a c e r  f o r  flow 

measurement, t h i s  i s  not so. I n  a recent bibliography on measurement 8 

of flow by sa l t -d i lu t ion  and sa l t -ve loc i ty  techniques, only about 70 

of over 200 references involved radioisotopes as the  t r a c e r .  The sal t -  

d i l u t i o n  method f o r  flow measurement was originated’ i n  1863; t h e  salt- 

ve loc i ty  method w a s  developed’’ i n  1922; t h e  f i r s t  proposal’’ t o  use 
a1 t hough 

an isotope was made i n  1922, t he  i so top ic  method was not ac tua l ly  
I .  

tested12 u n t i l  1943. . 



two 
The ~ bas i c  methods. of measuring flow of f l u i d s  with t r a c e r s  a r e  

t h e  sa l t -d i lu t ion  method and the  sa l t -ve loc i ty  method. These two 

general  methods a re  discussed next without reference t o  t h e  t r a c e r s  t h a t  

might be used. 

( 5 )  Salt-Dilution Method. F lu id  flow by the  sa l t -d i lu t ion  method may 

be determined i n  two bas i c  ways. I n  the  constant-rate i n j ec t ion  method, 

a soluble t r a c e r  so lu t ion  is  in j ec t ed  i n t o  the  flowing stream at a r a t e  q 

and a concentration C1 .  Downstream a t  a point where the  t r a c e r  has been 

completely mixed, t h e  concentration, C2,  of t he  t r a c e r  component i n  t h e  

stream i s  determined. The r a t e  at which the  t r a c e r  i s  in j ec t ed  i s  

equal t o  t h e  r a t e  a t  which it passes t h e  sampling poin t .  

where C i s  the  i n i t i a l  concentration of t h e  t r a c e r  i n  t h e  stream and Q 
i s  the h o w  r a t e .  Thus 

Usually C1>>C2 and C 2 > > C o  so Eq. 2 reduces t o  

Q = qC2 5 ( 3 )  

If the  flow i s  turbulent and complete mixing has resulted,  

t h i s  method i s  completely independent of conduit dimensions or any 

v a r i a t i o n  i n  these dimensions. Since only t h e  concentration of the 

t r a c e r  a t  t he  sampling poin t  i s  needed, t h e  sample can be taken from 

a branch pipe. 

The o ther  method used t o  determine flow by the  sa l t -d i lu t ion  method 

i s  t o  sudden1.y i n j e c t  a volume, V ,  of t r a c e r  i n t o  the  stream as a 

cloud. Then downstream a t  a point where t h e  t r a c e r  is  completely mixed, 
(4 

a concentration-time curve i s  obtained f o r  t h e  e n t i r e  cloud as it passes. 



The flaw can then be ca lcu la ted  from t h e  r e l a t ionsh ip  

vc 1 (4) & =  
,,'"(c2 - C g ) d t  

where C 1 ,  Cz, and C O  have the  same meanings as i n  Eqs.  1 t o  3 -  

i n t e g r a l  represents t he  t o t a l  a rea  under t h e  t imeeoncen t r a t ion  curve 

with t h e  background subt rac ted  and can be obtained from a graphical 

i n t eg ra t ion  of a continuous record of time vs  concentration. 

The 

There a re  severa l  
,, advantages of the  sudden in j ec t ion  method over the  constant-rate 

i n j ec t ion  method: 

1. 

2. 

3. 

4. 

no 
It i s  more economical of equipment since,apparatus for continuous 

t r a c e r  i n j ec t ion  is  . required. 

It  i s  l e s s  s e n s i t i v e  t o  sampling pos i t ion  provided t h a t  adequate 

mixing i s  obtained,since the  requirement of operating i n  a 

region of constant concentration no longer appl ies .  

By mixing samples removed during t h e  t r a n s i t  period and analyzing 

a s ingle  composite Sample, Only one measurement i s  required. 

Operation of t h e  constant-rate i n j e c t i o n  method depends c r i t i c a l l y  

on removal of samples during the  period of constant concen- 

t r a t ion .  No such r e s t r i c t i o n  appl ies  t o  t h e  sudden-injection 

method; only an approximate knowledge of t h e  t r a c e r  d i s t r ibu t ion  

i s  required. 
( 5 )  

Salt-Velocity Method. The bas i c  p r inc ip l e  of t h i s  method, sometimes 
r e f e r r e d  t o  as "peak-to-peak timing," i s  simpler 
than any of t he  other t r a c e r  methods. 

i n j ec t ed  i n t o  the  flow, and then t h e  time f o r  the  cloud t o  pass between 

two detectors downstream , i s  measured. Allen:' i n  proposing t h e  method, 

A cloud of t he  t r a c e r  i s  suddenly 

o r i g i n a l l y  detected the  passage of a s a l t  cloud i n  t h e  pipe a t  two 

loca t ions  by measuring t h e  e l e c t r i c a l  conductivity of t h e  so lu t ion .  



The method has t h e  main advantage tha t  ususa l ly  simpler de tec t ion  equip- 

ment can be used than that required f o r  the sa l t -d i lu t ion  method; however, 
p r i n c i p a l  

i t s  ,, disadvantage is  t h a t  it depends on an accurate  

knowledge of the cross-sect ional  area of the  conduit. 

Radioactive Tracer Measurements ( 3  ) 

A s  was discussed i n  the  last sect ion,  the use of chemicals t o  t r a c e  

flow of streams i s  a technique tha t  i s  w e l l  over 100 years  o ld .  One of 

t h e  major drawbacks of t h i s  method i s  the extremely la rge  amount 

chemical t ha t  must be added t o  a stream s o  t h a t  it can be detected by 

chemical or physical  methods. Because of t h i s  object ion,  Joly,  i n  1922, 

suggestedl l  

concentrations than o ther  chemicals and i t s  use should be considered i n  

the s a l t - d i l u t i o n  methods. Joly ca lcu la ted  t h a t  300 g of pitchblende 

dissolved i n  n i t r i c  ac id  would provide s u f f i c i e n t  radium t o  be detected 

i n  measuring the flow rate of an average stream. He never t r i e d  h i s  

suggested method. I n  1943, Hess t r i e d  the  method with radium and 

found t h a t  it worked, although he found t h a t  he had t o  use more 

of 

a 
t h a t  rad ioac t ive  so lu t ion  could be detected at much lower 

radium than Jo ly  had ca lcu la ted .  
used 

The f i rs t  ar t i f ic ia l  radioisotope was,, in 1946 when Karrer, 

Cowie, and Eetz13 used 24Na, prepared w i t h  a cyclotron, w i t h  the salt- 

d i l u t i o n  method t o  measure condenser water flow i n  a power p l an t .  

The spec ia l  advantages of radioisotopes as t r a c e r  f o r  the measure- 

ment of flow rate are 

(1) high s e n s i t i v i t y  of de tec t ion .  Very small amounts can be de- 

t ec t ed  i n  s i t u  and can be accura te ly  measured i n  t h e  f i e l d  or 

laboratory.  
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(2)  Accurate measurement. Measurements are equal ly  accurate  i n  

c l e a r ,  t u rb id ,  pol luted,  or sa l ine  water-provided tha t  elementary 
j -  j 

precautions a r e  taken against  losses  by adsorpt ion.  

(3) f i w  background l e v e l s .  The na tu ra l  r ad ioac t iv i ty  of 

water i s  negl ig ib le  f o r  f l o w  measurements involving gama-act ive 

t r a c e r s .  

( 4 )  &sy measurement. Measurements can be made on ex i s t ing  equip- 

ment w i t h  a minimum of modification. Frequently the  measurement 

can be made from outs ide the conduit o r  pipe.  

( 5 )  fiw pressure drop. Since in j ec t ion  devices and measurement 

equipment are simple, e s s e n t i a l l y  no pressure drop i s  induced i n  

the  flowing l i qu id .  

The disadvantages of using radioisotope t r a c e r s  include 

(1) Health considerat ions.  These would probably be analagous t o  

tox ic  problems encountered w i t h  chemical t r a c e r s .  

(2)  Handling problems associated w i t h  gamma-active isotopes.  These 

become ser ious only when making flow measurements a t  r a t e s  

above 1000 f t3/sec.  

(3) dicensing.  I n  the  United States,a l icense  t o  use isotopes may 

be needed from the  USAEC. 

(4) N e c e s s i t y  f o r  discontinuous / measurements. 
This i s  t r u e  of a l l  salt- 

d i l u t i o n  and sa l t -ve loc i ty  methods. 

Radioisotopes can be used as t r a c e r s  w i t h  any of the t r a c e r  methods 
!A*) 

mentioned i n  the  previous section-i  .e constant-rate  in jec t ion ,  sudden 

in j ec t ion ,  o r  peak-to-peak t iming. I n  addi t ion t o  these  methods, there  

* I  

i s  another method t h a t  i s  only usable w i t h  radioisotopes as t r ace r s ;  

t h i s  i s  the  total-count14 o r  total-sample method .15 
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Total-Count Method (4) 
-E 

The total-count  method uses a sudden i n j e c t i o n  of the t r a c e r ,  but  

t h e  t r a c e r  concentration,,by evaluat ion of the 
being measured 

ins tead  of 

i n t e g r a l d ( C 2  - C O )  d t  (see Q.  4) only the t o t a l  count measured by a 

de tec tor  downstream from t h e  in j ec t ion  point  i s  determined. 

00  

The de- 

t e c t o r  may be i n  the  stream i n  the case of an open channel or on the 

edge i n  t h e  case of a pipe.  For any given amount of t r a c e r ,  t h e  

number of counts recorded i s  inversely proport ional  t o  the flow rate, 

expressed mathematically as 

Q = F/N ( 5 )  

where Q i s  t h e  flow rate, N i s  the  number of counts recorded, and F i s  

a propor t iona l i ty  constant which i s  c h a r a c t e r i s t i c  of t he  isotope,  the 

I :  A 

r e l a t ionsh ip  
counter,  and t h e  geometrical between t h e  counter and the stream. 

I n  p rac t i ce ,  F i s  determined by measuring the number of counts 

obtained on t h e  counter from a known concentration of the t r a c e r  under 

the same geometric condi t ions as those under which the flow measurements 

are made. Since reproducing the geometry of the counter and stream i s  

d i f f i c u l t  i n  making measurements on open streams, of ten  it i s  more con- 

venient t o  pump a sample i n t o  a bucket i n  which the counter i s  placed 

and then r e tu rn  the sample t o  the  stream. 

The total -count  method has several advantages over other flow 

measuring methods. 

(1) No equipment need be i n s t a l l e d  ins ide  the piping or the flow 

system. 

3 h e  total-count method has been patented by the Cal i forn ia  Research 

Corporation. 16 
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(2)  

i s  needed t o  make a measurement. 

(3 )  

t o  be known. 

(4) 

f a c t o r ,  F, i s  known,the system can be arranged t o  measure flow 

rate d i r e c t l y .  

The p r inc ipa l  disadvantage i s  tha t - the  counting time i s  l imi ted  t o  

I n  comparison t o  the s a l t - d i l u t i o n  method,much less isotope 

The spec i f i c  a c t i v i t y  of t h e  t r a c e r  so lu t ion  does not have 

An instantaneous reading i s  obtained and i f  the  c a l i b r a t i o n  

t h e  time required f o r  the t r a c e r  t o  pass the de tec tor )  

s t a t i s t i c a l  accuracy w i t h  which N can be determined. 

Resumd of Radioisotope Tracer Methods 

which a lso  limits the  

(4) 
Clayton and coworkers17 have c l a s s i f i e d  radioisotope t r a c e r  methods 

i n t o  t h e  following system: 

Constant-Rate In j ec t ion  Method. This method i s  t h e  same as the 

s a l t - d i l u t i o n  method i n  which a radioisotope i s  continuously 

in j ec t ed  i n  the  flowing stream and then f u r t h e r  downstream the  

concentration of t he  isotope i s  determined. 

Sudden In j ec t ion  Methods. I n  these methods the isotope 

i s  introduced r ap id ly  i n t o  the flow as a wave 

i s  determined at a point downstream. 

ways tha t  the wave can be measured, each characterized by the  method 

and then the wave 

There are four  d i f f e r e n t  

of measurement: 

Continuou&gmsle -Method. Samples are withdrawn at regular  i n t e r v a l s  

and counted. The counts f o r  e a c h s Y l e a r e  p lo t t ed  aga ins t  t i m e  and 

the  concentration i s  determined by measuring the  a r e a  under the curve. 

Tota l  Sample Method. A s ing le  sample i s  withdrawn over a long 

enough period of time t o  cover the  passage of t h e  t r a c e r  and then 
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... 

by taking 
the  average concentration i s  determined ,, a sample from the la rge  

sample. 

Total-Count Method. A counter i s  placed i n  the flow o r  on the edge 

of t h e  stream and the  flow i s  determined by the  t o t a l  counts reg is -  

t e r ed  on the  counter. 

I s o t o p e = v e l o c . ~ , t ~ _ M d . .  This i s  the  radioisotope equivalent of 

the sa l t -ve loc i ty  method i n  which the flow i s  determined by meas- 

ur ing the  t i m e  it takes t h e  pulse t o  move between two counters.  Use 

of 
requi res  a knowledge of 

t h i s  method/the cross-sect ional  a r ea  of the  conduit. 

Clayton'' has summarized the  c h a r a c t e r i s t i c s  of the  main methods of 

measuring flows i n  Table 1. 

Table 1. A comparison of Methods of Flow Measurement 

Operating 
Method Accuracy ( 5 )  Range Comments 

Current meters +1- 2 >2 f t / s e c  Delicate.  Requires 
ca l ib ra t ion .  Pipe 
diameter required.  
Continuous measure- 
ment f o r  short  time. 
No head loss. Pro- 
por t iona l  t o  ve loc i ty  

P i G t  t r ave r se  22 >2 f t / s ec  Tedious. Involves 
accurate t raverse  
of pipe along a num- 
ber  of diameters. 
Diameter required.  

Standard o r i f i c e  k1.5 No l i m i t  pro- Inexpensive. Clean 
p l a t e s  viding pressure f l u i d s  required.  
Calibrated o r i f i c e  Up t o  ca l ibra-  difference can Large l o s s  of head. 
p l a t e s  t i o n  standard. be monitored Mostly used i n  smaller 

pipes (up t o  -32-in. 
diameter - usual ly  
l e s s ) .  Continuous 
measurement . 
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%ble ' 1 continued 

Method 

-~ 

Operating 
Accuracy ($) Range Comments 

Venturi flume k1.5 

Gibson method +2 

Chemical d i l u t i o n  

Chemical ve loc i ty  

Isotope d i l u t i o n  

Isotope ve loc i ty  

+2 

f2 

Expensive, s m a l l  
ioss  of head. Can 
be used f o r  "d i r ty"  
f l u i d s .  Continuous 
me a sureme n t  . 

Determined by Pipe dimension along 
appl ica t ion  t e s t  sec t ion  requi red .  

Involves emergency 
c los ing  of pipe flow. 
In te rmi t ten t  measure- 
ment. 

No l i m i t  In te rmi t ten t  measure- 
ment. No l o s s  of 
head. Not dependent 
on cross- s ec t iona l  
area. Suf f i c i en t  
pipe length required 
t o  give complete mix- 
ing  of an in j ec t ed  
t r a c e r .  Not appl i -  
cable t o  salt water. 

No l i m i t  In te rmi t ten t  measure- 
ment. No los s  of  
head. Depends on 
knowing cross- sec t ion  
a rea .  Su f f i c i en t  pipe 
required f o r  mixing. 
Not applicable t o  
salt water. 
Same as 

f o r  chemical d i -  
l u t i o n  but much smaller 
in j ec t ion  volume re-  
quired.  Applicable 
t o  salt water. 

h k1.5 No l i m i t  

<+1 
Same as 

l o c i t y  but smaller 
in j ec t ion  volume re-  
quired.  Applicable 
t o  salt water. 

No l i m i t  ,, f o r  chemical ve- 
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Accuracy and Prec is ion  (3) 

I n  t h e  in t roduct ion  it w a s  t ha t  radioisotope t r a c e r  methods 

should be used when prec ise  flow rates are needed or when a method i s  

mentioned 

needed t o  c a l i b r a t e  another flow meter. 

t r a c e r  methods are both prec ise  and accura te .  

This implies t ha t  radioisotope 

Clayton and coworkers have 

t e s t e d  t h i s  assumption under a number of conditions and have found t h a t  

it i s  t r u e .  

Closed Conduits ( 4 )  

The f irst  test  made by Clayton’’ and h i s  coworkers w a s  on the  isotope 

d i l u t i o n  method. For t h i s  tes t  they used a rec i r cu la t ing  system at t h e  

National Engineering Laboratory, East Kilbride,  Glasgow. This system 

has a 700-ft-long, 20-in.-diameter p ipe l ine  i n  which the flow can be 

varied from 1 t o  20 ft3/sec,  and t h e  flow can be d iver ted  i n t o  a tank 

suspended from a weighbridge so that  the  mass flow rate can be measured 

w i t h  an o v e r a l l  accuracy of CO.l5%. 

For t h e  isotope d i l u t i o n  tes t ,  24Na w a s  used as t h e  t r a c e r  and w a s  

in jec ted  i n t o  the  center  of t he  pipe at  a constant r a t e  w i t h  a spec ia l  

pump t h a t  w i l l  be described i n  a later sec t ion ,  Sample s 

were taken at the  pipe a x i s  and co l lec ted  i n  2 . 5 - l i t e r  polyethylene 

b o t t l e s  at 100 f t  (60 d i ame ted ,  183 f t  (110 diametes), and 366 f t  

(220 diameter3 from the poin t  of i n j ec t ion .  

were made and 5 samples were obtained from each sampling poin t .  Flow r a t e s  

t e s t e d  were between 5 and 18 ft3/sec,  and the  r e s u l t s  from the isotope 

For each t e s t  ,J 5 i n j e c t i o n s  

d i l u t i o n  method were compared t o  the  values obtained by weighing. 

it w a s  found tha t  mixing was not adequate at  t h e  6O-diameter$sampling 

poin t ,  sampling at t h i s  point was discontinued i n  the  later tests.  

Since 
ts 

The 

mean e r r o r  of t h e  r e s u l t s  with samples taken at 110 diameteswas 1.50’%, 
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the standard devia t ion  ?1.15% and the  spread i n  t h e  e r r o r s  w a s  from +0.55% 

t o  -2.26%. 

t h e  standard devia t ion  w a s  +1.68% and the spread w a s  from +1.59$ t o  

With samples taken at 220 diametes, the mean e r r o r  w a s  1.56%, 

-2.14%. 

I n  a second t e s t  at the  National Engineering laboratory,  Clayton2' 

determined the  accuracy of t h e  isotope ve loc i ty  method using a 20-in. 

pipe having a 180" bend i n  it. This loop was a l s o  designed so t h a t  the 

water flow could be measured absolu te ly  by d ive r t ing  the  flow i n t o  a 

tank on a weighbridge. I n  t h i s  t e s t I a n  i n j e c t o r  ( t o  be described 

i n  a later sec t ion )  w a s  used t o  give an instantaneous pulse of isotope 

i n t o  t h e  center of t h e  pipe.  Sodium-24 w a s  used as a t r a c e r  and i n  most 

of the experiments the two de tec to r s  were separated by 125 f t  (75 diam- 

e t e d  and the first de tec to r  was 190 f t  (115 diameted  from t h e  poin t  
r a t e  

of In j ec t ion .  Clayton20 r epor t s  t ha t  at low f l o w A  6 t o  7 f t3 / sec)  t h e  

means of t h e  three experiments were within 0.2% of t h e  absolute flow r a t e ,  

and that at higher flow ?, (15 t o  18 f t3 / sec ) , t he  means deviate by 0.8% 

from t h e  absolute flow. These accuracies were achieved when t h e  f l o w r a t e  

r a t e s  

r a t e .  

w a s  measured by timing the peak from one de tec to r  t o  the o ther ,  and it 

d id  not matter whether t h e  de t ec to r s  were separated by the  180" bend or 

not .  
ra te  

When experiments were made i n  which the flow,was determined by 

measuring t h e  t i m e  it took t h e  peak t o  get from the  i n j e c t o r  t o  the  

f i rs t  detector,  t h e  e r r o r  rose  t o  about 4%. 

Clayton2' made another series of t e s t s  using a 4-in.-diam pipe 

loop and a weigh tank f o r  absolute ca l ib ra t ion .  

from 0.12 t o  0.26 f t3 / sec ,  he found t h a t  the constant-rate-injection, 

I n  these t es t s  at flow r a t e s  

total-sample, and isotope-velocity methods a l l  showed accuracies w e l l  

within +O.5$.  The accuracy of t h e  to ta l -count  method was s l i g h t l y  

i n f e r i o r  t o  t h i s .  
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Schuster and Hansen 2 2 j 2 3  of the U.S.  Bureau of Reclamation, i n  work 

sponsored by t h e  USAEC Division of Isotopes Developnent,have measured 

f lowA'of  about 300 ft3/sec by i so topic  methods i n  6- t o  7-ft-diameter 

penstocks and have compared them t o  flowr,determined by an o r i f i c e  flow 

r a t e s  

r a t e s  

used 
A 82Br and the  isotope-velocity, continuous - meter. These workers 

sampling, i so tope-d i lu t ion ,  and to ta l -count  methods. The percent 

average devia t ion  between these  isotope methods and the o r i f i c e  flow 

meter,as w e l l  as the standard deviation of t he  isotope methods)are given 

i n  Table 2.  I n  general  the isotope methods deviated by 2% or less from 

t h e  flow meter. The i n j e c t i o n s  were made at four  po in t s  on the  p ipe ' s  

circumference,either at t h e  w a l l  or 8 i n .  from the wal1,in a device t o  

be described i n  a later sec t ion .  Samples i n  the continuous-sampling and 

isotope-dilution methods were taken e i t h e r  from four  poin ts  on the c i r -  

cumference o r4a  s ingle  tube at  0.54 or 0.04 of t h e  rad ius  from t h e  pipe 
from 

w a l l .  

Open Stream (4)  

Fewer t e s t s  t o  determine the  accuracy and prec is ion  of radioisotope 

methods f o r  open stream flow measurement have been made than those de- 

scribed above f o r  pipe flow. 

Research Laboratory used 24Na and compared the flow measurement using 

Smith and coworkers24 at the  UKAEA Wantage 

t h i s  isotope i n  the continuous sample method w i t h  the flow rate measured 

with a w e i r .  A t  flows up t o  6 f t3 / sec  they found tha t  the  l i m i t s  of 

accuracy were between +0.3% and +0.6$. 

Clayton and Smith2' compared the  isotope -d i lu t ion  and continuous- 

sample techniques f o r  measuring the  flow,of four streams with 24Na and 
r a t e s  

82Br as t r a c e r s  and found that both methods were reproducible and d i f f e r  

systematically by 3 .l%. 



Table 2. Deviation between Isotope Methods and Or i f i ce  Flow Meter 

Method Ve l o c i  t y * Continuous Sampling Tota l  Count 

Mixing Length, d i a .  14 45 82 36.5 105.5 105.5 105.5 105.5 919 

Sample Location 4 points 0.54R 0.04R 0.54R 0.04R Turbine 

Nmber of Measurements 8 17 8 7 8 8 7 7 7 

Average Deviation, % 1.6 2.0 2.4 2.4 1.5 1.6 2 .1  3.6 1.5 

Standard Deviation,% 1.6 1.8 1.2 2.6 1.8 1.9 1.7 2.2 1.6 
~~ ~~~ * 

I n  t h e  ve loc i ty  method the  mixing length gives t h e  d is tance  t o  the  f i rs t  counter; t he  
d i s t ance  between the  f irst  and second counter w a s  22 diameters i n  a l l  cases .  

P 
0 
P 
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HUl114J26’27 has compared r e s u l t s  of flow measurements m a d e  w i t h  t h e  

t o t a l  count method with measurements made w i t h  t r a d i t i o n a l  flow meters 

and f i n d s  t h a t  t h e  two methods are usua l ly  within about 5% of each o the r .  

Choice of Radioactive Tracer ( 3 )  

I n  an  earlier sec t ion , the  general requirements f o r  any t r a c e r  were 

reviewed : it  should not be present i n  the  stream being meas- 

ured;,,stable t o  o ther  materials i n  t h e  stream being measured. low t o x i c i t y ;  
it should have 

i t  should be i t  should have 
’ As 

i t  should be 
,,easy t o  determine accurately;  and,high s o l u b i l i t y .  A l l  of these requirements 

are involved i n  choosing a rad ioac t ive  t racer ,  and the  

following add i t iona l  f a c t o r s  must be considered: t he  radioactive half-  

l i f e ,  t h e  type and energy of emitted r ad ia t ion ,  t he  maximum permissible 

l e v e l  i n  drinking water ( t h i s  i s  a spec ia l  form of t o x i c i t y ) ,  and t h e  

a v a i l a b i l i t y  and cos t .  Since radioisotope t r a c e r s  a r e  usually used i n  

smaller concentrations than  o ther  chemical substances, the  sorption 

of t he  isotope by o ther  materials i n  a stream can cause t rouble  and 

should be observed ca re fu l ly .  

The i so topes  that are most frequently used as t r a c e r s  i n  measurement 

of l i q u i d  flow are 24Na, 82Br, 1321, 1311, 51Cr, lS8Au, and 3H. 

flow measurementsp85Kr, 133Xe, and 82Br as methyl bromide are m o s t  fre- 

quently used. 

I n  gas- 

Tables 3 and 4 give the  rad ioac t ive  and r ad io tox ic i ty  

p rope r t i e s  of these  compounds. 



28,23 Table 3. Isotopes Most Frequently Used as Tracer f o r  Liquids 

Decay Scheme MPC* 
Isotope H a l f  - L i f e  B, MeV 77 MeV VC i/ cm3 

'*Na 

82Br 

' ~ r  

lS8Au 

3H 
a 

15 h r  

35.4 hr 

8.06 days 

2.3 hr 

27.8 days 

2.70 days 

12.3 years  

0.44 (99%) 
Others 

0.61( 90%) 
Others 

0.72 t o  
2.12 
Others 

0.97(99%) 

0.018 

0 - 55 (72%) 3 10'~ 
0.62(44$) 
0 78( 83%) 
and others  up 
to 1.47(7%) 

0.36( 82%) 2 x 
Others 

0.52(16%) 6 x 
0.65- 0.67( 112%) 

Others 
0.77( 76%) 

0.32(10$) 0.02 
X-rays 

0.41 ( 96%) 5 x 

- 0.03 

* 
The MPC ( m a x i m u m  permissible concentration) i s  given f o r  exposure 
f o r  168-hr week. 

Table 4. Isotopes Most Frequently Used as Tracer f o r  Gases28723 

Decay Scheme MPC 
Isotope H a l f  - L i f  e B, MeV Y, MeV VC i / em3 

asxi: 10.7 years  0.67('99%) 0.51( 0.42%) 3 x 

133xe 5.3 days 0.34 0.081 (36%) 3 x 

82Br See Table 3 above 4 10'~ 
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The choice of the best t r a c e r  f o r  any appl ica t ion  w i l l  usual ly  involve 

a compromise of various f a c t o r s .  The pros and cons of the isotopes l i s t e d  

above and i n  Tables 3 and 4 are discussed below. 

Sodium-24 ( 4 )  

The 2.75-MeV gamma emitted by sodium-24 makes it very easy t o  determine 

i n  the f i e l d  by counting; however, when the  isotope i s  in jec ted  i n t o  a 

stream or pipe, considerable shie1dingJ.s required because of these  hard 

gammas. Clayton and coworkers used t h i s  isotope successful ly  i n  pipe- 

flow measurements using both the i s o t o p e - d i l u t i ~ n ~ ~  and isotope-velocity2' 

of  the in j ec to r  sample 

methods. I n  work with stream flows over long dis tances , they found t h a t  

24Na was 

Bromine- 82 (4 ) 

sorbed over a 2- t o  5-hr period i f  i n e r t  N a C l  w a s  not added. 

The short  h a l f - l i f e  and high-energy-gama emission (1.47 MeV) of 

t h i s  isotope makes it very use fu l  f o r  flow tes ts  that can be run quickly.  

Schuster and H a n ~ e n ~ ~ J ~ ~  used it i n  most of t h e i r  work w i t h  tu rb ine  pen- 

stock flows and Clayton25 used it and compared it w i t h  24Na, 32P, and 3H 

i n  open stream flow measurements. It can a l s o  be measured 

e a s i l y  i n  the  f i e l d .  

Iodine- 131 (4  ) 

This isotope i n  the  form of the  iodide i s  reported as having uncer- 
sorpt ion 

tain,,behavior at  very low concentrations.  However i t s  h a l f - l i f e  i s  ex- 

tremely convenient f o r  stream discharge measurements. It requi res  l e s s  

shielding on in j ec t ion  i n t o  a stream or pipe than 24Na and 82Br. 

Iodine-132 (4) 

For very shor t  experiments measuring flow, 1321 ( T 1  = 2.3 hr) 
2 

has been suggested by Clayton25 and used by Smith and 

Clark.30 This isotope i s  conveniently obtained i n  the  f i e l d  by e lu t ion  



from 13*Te (Ti = 78 h r )  adsorbed on an  alumina column. The short  

h a l f - l i f e  of  t h i s  isotope permits consecutive experiments without i n t e r -  

ference from previous in j ec t ions .  

Chromium- 5 1 (4 ) 

2 

This isotope * i s  frequent ly  used as the  ethylenediaminetetraacetic 

ac id  (EDTA) complex, ’ a form of t h e  isotope suggested by Lacy and 

de Laguna.31 I n  a double- t racer  experiment t e s t i n g  groundwater flow, 

Knutsson, LJunggren, and Forsberg3* showed t h a t  the  flows of t h e  EDTA-51Cr 

complex and t r i t i a t e d  water (HTD) were i d e n t i c a l .  Heemstra, Watkins, 

and A M n ~ t r o n g , ~ ~  on t h e  other  hand, showed t h a t  t h e  EDTA-51Cr complex 

w a s  not a good t r a c e r  t o  use i n  studying t h e  flow of br ine  through per- 

meable sandstone. 

GOM-198 (4)  

The 0.41-MeV garmna ray  from t h i s  isotope makes it pa r t i cu la r ly  

su i t ab le  f o r  flow measurements of open streams by t h e  total-count  method. 

<-- H ~ l l * ~ w d  Temblin and Peterka34 have used t h i s  isotope i n  t h i s  way. 

It i s  usual ly  used i n  t h e  form of gold chlor ide.  

reported some evidence i n  t h e i r  experiments t h a t  t he  gold w a s  

Tcmblin and Peterka34 

sorbed on the aqua t i c  weed i n  t h e  channel where they were 

measuring flow rates. 
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T r i t i u m  (Hydrogen-3) ( 4 )  

Hydrogen-3 i n  t h e  form of HTO should be an i d e a l  t r a c e r  for water 

because i t  i s  e s s e n t i a l l y  the  same as water and p r a c t i c a l l y  i s  not subject 

t o  sorption. 

32P i n  open-stream flow measurements a n d k h a t  it w a s  convenient t o  i n j e c t  

Clayton and Smith25 compared it with 2 4 N a ,  8 2 B r ,  and 
found 

i n  the  f i e l d  because of t he  weak b e t a  r ad ia t ion ;  however, t he  chief 

drawback i s  
the 

t h a t  it cannot be determined i n  the f i e l d  becauseAof weak b e t a  

r a d i a t i o n  and must be taken t o  t h e  laboratory. Knutsson, 1-junggren, and 

Forsberg 32 t e s t e d  HTO and 51Cr-EDTA together i n  a double-tracer experiment 

on t h e  flow of groundwater and found t h a t  the  movements of the two isotopes 

were iden t i ca l .  I n  t h i s  case they considered the  tritium 

as the  standard t h a t  was proving t h a t  51Cr-EDTA could be used. 

The most se r ious  objection t o  the  use of tritium i n  streamflow 

measurements i s  i t s  poss ib le  in te r fe rence  with the  da t ing  of groundwaters 

by cosmic-ray-produced tritium. This objection i s  not too serious because 

generally the  hydraulic connection between r i v e r s  and groundwater systems 

i s  i n  the  opposite d i r ec t ion ,  i . e . ,  groundwater feeds the  r i v e r s  and 

cons t i t u t e s  t h e i r  base flow. 

Activable Tracers ( 4 )  

I n  some instances it w i l l  not be convenient o r  poss ib le  t o  use a 

radioisotope as a t r a c e r  i n  t h e  measurement of flow r a t e s .  This may be so, 

p a r t i c u l a r l y  i f  t h e  stream i n  which the  flow,,is being measured i s  used as 
r a t e  

a source of drinking water. I n  these  cases it may be poss ib le  t o  use 

a s t a b l e  isotope o r  compound and then determine the  amount of t h e  t r a c e r  

t h a t  i s  present by ac t iva t ion  analysis.  I n  two recent a r t i c l e s ,  Greene 

reviewed t h i s  technique; i n  the  f i r s t  paper,35 he d e a l t  with general  

aspects of the  technique and i t s  use i n  medicine and pol lu t ion  s tudies .  

The second a r t i c l e ,  discusses uses i n  hydrology. 36 



Two papers reviewed by Greene a r e  p a r t i c u l a r l y  per t inent  t o  flow 

measurement work. Gardner and Dunn used sodium and manganese sal ts  37 

and then determined them by ac t iva t ion  i n  the  O a k  Ridge Graphite Reactor. 

I n  t h e  ac t ivable  t r a c e r  t e s t s  they used the  total-sample techniques 

and checked the  method with the total-count method,using Ig8Au as the  

t r a c e r .  

The second paper on flow measurement w a s  by Kobayashi andNukazawaS 

who used a double-tracer technique f o r  measuring r i v e r  flow. I n  t h i s  

study, these  workers used 2 4 N a  as a t r a c e r  t o  ind ica te  when t h e  non- 

radioact ive N a B r  or NH4Br w a s  about t o  a r r i v e  a t  t h e  sampling s t a t i o n ;  

then they would t&e continuous samples and analyze the  samples by 

neutron ac t iva t ion  of the  82Br .  By using a combination of a rad ioac t ive  

and nonradioactive t r a c e r  they were able t o  i n j e c t  very small amounts of 

radioact ive t r a c e r  i n  the  stream and l imi ted  t h e  number of ac t iva t ion  

analyses t h a t  were required f o r  t he  determination of flow rate. 

Krypton-85 (4 )  

This isotope i s  used more frequent ly  than any other  i n  determining 

flow rates of gases because of i t s  high s p e c i f i c  a c t i v i t y ,  ease of 

handling and s torage,  long ha l f - l i f e ,  and low t o x i c i t y .  It i s  almost a 

pure be t a  emi t te r  and therefore  the  counter must be 

placed i n  t h e  gas flow stream or a sample must be removed f r o m t h e  

stream f o r  counting. 

and the  total-count method t o  measure the  flow of gas i n  a high-speed 

gas react ion vesse l ,  and F r i e s  has used it, a l so  with the  t o t a l  count 

method t o  measure the  flow of noncondensible gas i n  a synthe t ic  

ammonia p lan t .  

Berry, Clayton, and Webb3’ have used t h i s  isotope 
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xenon-133 (4 ) 

Although 133Xe has not been used as frequently as EB5Kr  i n  many 

ways it i s  a b e t t e r  t r a c e r  f o r  gas flow measurement work than i s  85Kr. 

Spec i f i ca l ly  it has a shor t e r  h a l f - l i f e  and i s  a gamma emi t te r  so 

t h a t  it i s  e a s i l y  counted i n  t h e  f i e l d .  

Johnson4i used t h i s  isotope w i t h  t h e  d i l u t i o n  technique t o  determine 

flows i n  a chemical p lan t .  I n  some of h i s  t e s t s  he determined the  

J33Xe by d i r e c t  on-line counting and i n  some he concentrated the  133Xe  

by condensing it i n  a l i q u i d  nitrogen t r a p  and then counting the  trapped 

xenon. 

Bromine-82 (4)  

To take advantage of t he  good r ad ia t ion  pro e r t i e s  of 82Br)some 
of e thy1 bromige 1. 7 

workers have used t h i s  isotope i n  t h e  formi JohnsonqL repor t s  tha t  he has 

had t rouble  w i t h  t h i s  mater ia l  i n  a wet stream because of hydrolysis and 

Clayton because the  8 5 K r  w a s  18 chose 8 5 K r  r a t h e r  than e t h y l  bromide 

ava i lab le  a t  much higher spec i f i c  a c t i v i t y .  

In j ec t ion  of Tracer (3) 

One of t h e  most important f a c t o r s  i n  achieving accurate flow measure- 

ments w i t h  t r a c e r s  i s  t o  i n j e c t  t he  t r a c e r  i n t o  the flow i n  such a way t h a t  

complete mixing of the  t r a c e r  w i t h  the stream i s  achieved. If mixing of 

the t r a c e r  and t h e  stream i s  not achieved, obviously, t he  measurement of 

t h e  flow rate w i l l  e i t h e r  be too high o r  too  low. 

complete mixing app l i e s  either t o  cons tan t - in jec t ion  o r  sudden-injection 

methods,although it i s  much more important i n  constant-injection methods. 

This requirement f o r  



I n  t h i s  sec t ion ,  the e f f e c t s  of var ious methods of i n j ec t ion  on mixing 

d is tance  are discussed f i rs t ;  a descr ip t ion  of 

methods for t h e  continuous in j ec t ion  of a t r a c e r  i n t o  a l i q u i d  flow follows; a 

discussion of methods of instantaneous in j ec t ion  of t r a c e r s  t o  a l i qu id  

i s  then given; and the sec t ion  ends w i t h  a descr ip t ion  of some methods 

tha t  are used t o  i n j e c t  a t r a c e r  i n t o  a gas .  Most of t he  i .njection 

methods are intended f o r  i n j ec t ion  i n t o  closed p ipes  and conduits,since 

in j ec t ion  i n t o  open streams i s  usual ly  as simple as pouring a b o t t l e  of' 

t r a c e r  i n t o  the  stream or re leas ing  the  t r a c e r  from a Mariotte f lask or 

other  simple devices.  Sometimes i n  a wide stream the in j ec t ion  i s  made 

using a trough device so t h e  t r a c e r  can be, 
i n j ec t ed  i n t o  

the full w i d t h  of the 

stream at the  same time. 

Mixing Distance 

Many workers 

quired t o  achieve 

(4 1 
have attempted t o  ca lcu la te  the minimum dis tance 

complete mixing of t r a c e r  and the flowing medium 

i n  streams and pipes. Taylor has made a very complete t h e o r e t i c a l  

re- 

both 

ana lys i s  

of d i f fus ion  of t r a c e r s  both i n  the case of laminar42 and turbulent4? flow, 

H u l l 2 7  has proposed the formula f o r  ca l cu la t ing  the m i n i m u m  d is tance  re- 

quired for complete mixing as 

where L 

and Q i s  the flow,:in f t3/sec.  

i s  the minimum length i n  feet required f o r  complete mixing min 
ra te  

I n  stream flow measurements made by H u l l ,  

' t h i s  formula seemed t o  work. 

and Peterka34 found t h a t  it w a s  not very sa t i s f ac to ry .  Most workers 
expect t o  

i n  the  f i e l d  now f e e l  t h a t  to,,accurately pred ic t  mixing lengths  t o  

However, Clayton and Smith25 and Timblin 

44 
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a f a c t o r  of l e s s  than 2 i s  probably overly opt imist ic .  The only way t o  

be sure  t h a t  proper mixing has been achieved i s  t o  take severa l  samples 

across the  stream and check t h a t  a l l  t h e  analyses agree within experimen- 

t a l  e r ror .  

Clayton, B a l l ,  and Spackman" have made t e s t s  of various methods of 

i n j ec t ion  of t h e  t r a c e r  t o  a id  mixing. I n  khese t e s t s ,  they were working 

with a 10-cm tube and constant ly  in jec ted  t h e  isotope. The in j ec t ion  

posi t ions chosen were (1) single  o r i f i c e  a t  t he  pipe wall;(2) s ing le  o r i -  

f i c e  on the  pipe axis; (3) four o r i f i c e s  a t  t h e  pipe wa1l;and ( 4 )  four 

o r i f i c e s  a t  0.63 t h e  radius  of the  pipe. Ten samples were then taken a t  

d i f f e ren t  pos i t ions  i n  the  pipe and each sample was counted and 
and 

t h e  d i f fe rences in  counting rateswere compared. I n  every test,,,at a l l  flow 

r a t e s ,  t h e  in j ec t ion  a t  0.63 of t he  pipe radius  achieved the  f a s t e s t  mix- 

i ng . .  The r e s u l t s  of a t y p i c a l  run a r e  shown i n  Fig. 4. 

I n  another experiment, Clayton t e s t e d  the  e f f e c t  of mixing ef f ic iency  

by in j ec t ing  the  isotope i n t o  t h e  intake of a mixed flow (pa r t  cen t r i fuga l ,  

p a r t  a x i a l )  pump. 

w a s  8.2 ft3/sec. 

I n  t h i s  t e s t , a  20-in. pipe was used and the  flow r a t e  

Samples were taken across 2 diameters of t he  pipe a t  

90" t o  each other j u s t  beyond t h e  discharge of t he  pump and showed t h a t  

even i n  t h i s  short  dis tance the  t r a c e r  was completely mixed. Clayton 

warns, however, t h a t  these  r e s u l t s  cannot be extrapolated t o  otherAtypes. 
PUP 

Constant In jec t ion  Methods ( 4 )  

For t h e  most accurate continuous in j ec t ion  of tracer, a precis ion 

Claytonlg and coworkers s ing le  s t r o k e  displacement pump i s  required. 

have described such a pump and have t e s t e d  it extensively (Fig. 5 ). This 

pump operated with a synchronous motor and has an accurately machined 
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Inject ion - 

Fig. 5. Constant velocity injection pump. 



cylinder.  The measured e r r o r  i n  t h e  in j ec t ion  r a t e  of t h e  pump i s  l e s s  

than  +0.05$; other spec i f ica t ions  a r e  

Diameter 2.751 _+ <0.001 i n .  

Volume 46 in.3 

Linear ve loc i ty  of p i s ton  

Maximum permissible back pressure 

0.804 in./min 

200 lb/in.2 

output 4.78 in.  3/min 
(1.30 ml/sec) 

Clayton and Evans have described a more recent  version of t h i s  pump 

(Fig. 6 )  t h a t  has a carrying handle, portable lead  sh ie ld ing  and a gear 

s e l ec to r  t o  provide the  option of t h ree  d i f f e r e n t  i n j e c t i o n  speeds. 

> 

A common p rac t i ce  i n  water flow measurement using rad ioac t ive  t r a c e r  

techniques i s  t o  i n j e c t  t h e  t r a c e r  i n t o  an intermediate pipe containing 

water t h a t  i s  continuously pumped i n t o  t h e  conduit. This "secondary" 

c i r c u i t  has a flow r a t e  s eve ra l  times t h a t  from the  in j ec t ion  

pump and thus provides a c a r r i e r  f l u i d  f o r  t h e  small volume of t r a c e r .  

The water i n  t h e  secondary c i r c u i t  can be supplied from an independent 

source, or  drawn from t h e  main conduit by means of a "secondary pump" and 

then  reintroduced i n t o  t h e  conduit. Variations i n  flow r a t e  i n  t h e  secon- 

dary c i r c u i t  a r e  not important,provided t h a t  t h e  t r a n s i t  time of t h e  t r a c e r  

i n  t h e  secondary c i r c u i t  i s  sho r t  compared with t h e  t r a n s i t  time i n  t h e  

main f l u i d .  

The use of a secondary c i r c u i t  has seve ra l  advantages. Pr inc ipa l ly ,  

t h e  l a r g e r  flow r a t e s  avoid the  p o s s i b i l i t y  of small o r i f i c e s  becoming 

blocked and t h e  increased momentum avai lab le  a t  t h e  point of i n j ec t ion  

i n t o  t h e  main flow enables t h e  t r a c e r  t o  be in jec ted  wel l  away from t h e  
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Fig. 64 Modified constant rate injection pump. 



wall. The d i l u t i o n  of t he  t r a c e r  which occurs i n  the  secondary c i r c u i t  

(-1/1000) 

distance . 
and t h e  increased momentum a l s o  he lp  t o  reduce t h e  mixing 

The use of high-velocity j e t  i n j ec to r s  with the  secordary c i r c u i t  

can be used t o  spread t h e  t r a c e r  l a t e r a l l y  and consequently reduce mixing 

dis tance.  Two designs a re  i l l u s t r a t e d  i n  Fig. 7 .  Each J e t  i s  arranged 

so t h a t  t h e  amount of t r a c e r  which i s  in jec ted  i s  propor t iona l  t o  the  flow 

i n  the  entrained region a t  t he  end of t he  jet .By use of 

f i c e s  with t h e  long s ides  about 20 times 

and by arranging t h e  long s ides  t o  be i n  the.plane of flow, a la rge  j e t  

range can be obtained. 

be achieved. 

t o  only a small force from the  f l u i d  i n  the  duct,  but s a t i s f ac to ry  opera- 

t i o n  i s  more d i f f i c u l t  t o  achieve than i n  t h a t  shown i n  Fig.7a 

some of t h e  j e t s  a r e  d i rec ted  through regions of increasing and decreas- 

48 

rectangular  o r i -  

t he  short  s ides ,  

By d i r ec t ing  t h e  j e t  upstream, impact mixing can 

has the  advantage of being subjected The design i n  Fig.7b 

because 

i n g  ve loc i ty  p ro f i l e .  

t o  i n j e c t  t h e  t r a c e r  i n t o  the  secordary c i r c u i t  which i s  then used t o  

dr ive t h e  j e t s ;  i n  t h i s  way a high momentum can be obtained. I n  the  

designs of Fig. 7 , t h e  secondary flow i s  obtained from the  main f l u i d  

using an annular channel outside t h e  j e t  probe. 

When j e t  in jec tors  a re  used it i s  most convenient 

23 Rather than i n j e c t  t h e  t r a c e r  with a motor, Schuster and Hansen 

used 

of flow r a t e s  through penstocks. 

loca t ion  was -35 p s i  and they d id  t h e i r  i n j ec t ion  using about 70 p s i  

ni t rogen pressure.  

compressed ni t rogen and t h e  system shown i n  Fig. 8 i n  t h e i r  s tud ies  

The penstock pressure a t  t he  in jec t ion  

To make a measurementlthey put a measured amount of 
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Fig. 8. Continuous injection system using compressed 
nitrogen pressure. 
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t r a c e r  i n  t h e  s t e e l  cylinder through valve A, and f i l l e d  t h e  cylinder 

with water. They then pumped a i r  with a t i r e  pump through t h e  s igh t  

g l a s s  and water t r a c e r  mixture by opening valves B and A and closing 

valves C and E. Two t o  t h r e e  minutes were s u f f i c i e n t  f o r  good mixing. 

The capacity of t h e  cylinder was 3.7 l i t e r s  and it was usually f i l l e d  

with about 3 l i t e r s  of t racer -water  mixture. The cylinder was volu- 

me t r i ca l ly  ca l ib ra t ed  and provided wi th  a gage g l a s s  s ca l e  . fo r  de t e r -  

mining t h e  volume in jec ted .  Timing was done wi th  a stopwatch. To make 

a t r a c e r  i n j e c t i o n  they  applied nitrogen pressure through valve C and a 

regula tor  while valves A and B were closed and valves E and D were open. 

The so lu t ion  of t r a c e r  was in j ec t ed  a t  about 5 ml/sec through a four-way 

manifold i n t o  t h e  penstock flow. 

Instantaneous In j ec t ion  ( 4 )  

Any of t h e  devices described above for continuous in j ec t ion  may a l s o  

be used f o r  instantaneous in j ec t ion  i f  t h e  in j ec t ion  i s  made f o r  a very 

sho r t  period of time-say 1 or  2 seconds. In j ec t ions  such as t h i s  a r e  
(8W.l)  

s u i t a b l e  f o r  flow determination by t h e  total-count method but may not be 
, 

s a t i s f a c t o r y  f o r  t h e  isotopecvelocity method. Another i n j e c t o r  t h a t  has 

been used successfu l ly  i n  t h e  to ta l -count  method i s  a modified spa rk le t  

b o t t l e  (Fig. 9) t h a t  i s  designed f o r  making carbonated water. The b o t t l e  

was modified by adding a valve and pressure gage t o  t h e  o u t l e t  a f t e r  

f i l l i n g  with t h e  t r a c e r .  

CO, car t r idge  i s  screwed down t o  admit t h e  gas, and 

The .bo t t l e  i s  then  connected t o  the  l i ne ,  a 

t h e  valve i s  opened; 

a drop i n  t h e  pressure gage ind ica tes  when t h e  in j ec t ion  i s  complete. 



BOTTLE 

PRESSURE 
GAGE 

Fig. ,9. Pressurized inje.ctor f o r  l i q u i d  t r a c e r  

I f  f a s t e r  i n j ec t ions  a r e  needed than those t h a t  can be obtained w i t h  

t h e  above-methods, Clayton" has described a device t h a t  w i l l  i n j e c t  t h e  

t r a c e r  so lu t ion  i n  15 milliseconds. (Fig. 10). The radioisotope i s  in t ro -  

duced i n t o  the  s ide  arm e i t h e r  as a l i q u i d  from a separate container or 

i n  a small g l a s s  ampoule which can be broken by t h e  s t r i k e r .  

i n j ec t ed  i s  -1 m l .  

The volume 

Once t h e  radioisotope has been introduced t h e  instrument i s  actuated 

by r a i s i n g  t h e  cocking handle u n t i l  t h e  t r i g g e r  engages. 

handle i s  then pushed down and t h e  spr ing  compressed aga ins t  t h e  bottom 

The cocking 

of t h e  spring compartment which i s  held i n  pos i t ion  by t h e  t r i g g e r .  

Rotation of t h e  l eve r  through 30" r e t a i n s  t h e  l eve r  i n  t h i s  

pos i t i on  by means of a bayonet socket. 

cocked 



I20 

Lift 
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I 

Fig.10. High speed in j ec to r .  



To e j e c t  t h e  solut ion i n t o  t h e  pipe, t he  t r i g g e r  i s  pressed, t he  

spr ing dr ives  the  pis ton down and t h i s  i n  t u r n  rap id ly  dr ives  the  volume 

of l i q u i d  out through t h e  in j ec to r  valve(which i s  normally closed by a 

small compression springk 

valve closes ,  t he  tension of t he  re turn  spring being chosen t o  complete 

A s  soon as  t h e  l i q u i d  has been expelled,the 

t h e  operation of i n j ec t ion  i n  approximately 1 5  milliseconds. 

When the  in j ec to r  i s  re-cocked; radioact ive solut ion again f i l l s  

t he  reservoi r  so  t h a t  a second in jec t ion  can be made. The operating 

p a r t s  of t h e  in j ec to r  

made of s t a i n l e s s  s t e e l  t o  minimize corrosion. 

and those coming i n t o  contact with l i qu id  a re  

To measure flow i n  d i f f e ren t  diameter pipes it i s  necessary t o  

change only ._ the  * i n j ec to r  end, so t h a t  t he  in j ec to r  valve i s  always on 

the  center l i n e  of t h e  pipe. 

Gas In jec t ion  ( 4 )  
i s  d i f f i c u l t ,  

Since continuous in j ec t ion  of gases i n t o  a flowing gasA most 

determinations of gas flow are  made by e i t h e r  t he  isotope-velocity o r  

total-count  method. Both of these methods require  sudden in j ec t ion  of 

t he  gas t r a c e r  i n t o  the  gas stream. 

t o  measure na tu ra l  gas flow i n  a pipe l i n e  i s  t h a t  described by Kniebes, 

Burket,and S taa t s  (Fig. 11). The in j ec to r  holds the  t r a c e r  gas i n  the  

50 m l  cen t r a l  port ion and the  two check valves, which operate w i t h  a 50-lb 

pressure different ia1,al low the  t r a c e r  t o  be blown in to  the  na tu ra l  gas 

flow but prevent flow i n  t h e  other d i rec t ion .  

18 <---- Clayton 

wave i n  t h e  flowing gas i f  

A t y p i c a l  i n j ec to r  f o r  gas t r a c e r  

YO 

points out t h a t  such an in j ec t ion  can introduce a shock 

compression r a t i o s  grea te r  than 10 t o  1 
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50 ml 
volume 

Check valve 

To picleline 

F i g . l l .  Gas t r a c e r  i n j ec to r  

a re  used i n  t h e  in j ec to r .  He has suggested an in j ec to r  t ha t  introduces 

no shock wave (Fig.l-2) i n t o  the  flowing gas. 

t o  an in j ec to r  suggested by Taylor43 f o r  l i q u i d  inject ion.  

perpendicular t o  t h e  d i r ec t ion  of gas flow contains two chambers-each 

having t h e  diameter of t h e  pipe. 

t r a c e r  gas)and when the  t r i g g e r  i s  re leasedl the  spr ing  propels t he  chamber 

containing the  t r a c e r  i n t o  the  gas f l 0 W l A  With t h i s  method the  3 ml of gas 

This i n j ec to r  i s  similar 

A p i s ton  
c. -J . ./ 

A, 
The upper chamber,,,is f i l l e d  with t h e  

replacing chamber B. 

i n  t he  chamber i s  inser ted  i n t o  t h e  gas flow i n  2 t o  3 milliseconds. 



Fig. 12- High-speed i n j e c t o r  for radioact ive 
gases. When the  t r i g g e r  i s  released,  the  
spr ing  drives the  chamber, (A) which i s  f i l l e d  
with a radioact ive gas,  i n t o  the  main stream, 
replacing t h e  sec t ion  (B)  normally present.  

G a s  Flow Measurements by Induced Ionizat ion ( 3 )  

Another radioisotope method f o r  measuring gas flow i s  t o  observe 

the  movement of a cloud of ions produced i n  the gas by alpha or be ta  

p a r t i c l e s .  The ions a re  detected by put t ing  2 e lectrodes i n  the  gas f l o w ,  

impressing an. e l e c t r i c a l  po ten t i a l  on the  e lec t rodes ,  and observing t%e 

current fiow caused by the  ionized gas. 

proposed by Blake5' i n  1928 and a number of  patents  and papers have been 

This method w a s  o r i g i n a l l y  
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published on d i f f e r e n t  va r i a t ions  of it; but  a t  t he  moment,no commercial 

instruments based on it  are available and it i s  l i t t l e  used i n d u s t r i a l l y .  

This lack of commercial acceptance seems odd when one,considers  a f e w  

advantages t h a t  t h i s  method has over t r a c e r  methods: 

(1) no r ad ioac t iv i ty  i s  added t o  t h e  flowing gas; 

( 2 )  measurements may be made continuously; and ( 3 )  instantaneous changes 

i n  flow can be detected.  Compared t o  most conventional flow meters,it 

induces much less pressure drop i n  t h e  flowing gas. Methods based on the  

. ion iza t ion  of gas may be of t he  continuous-ionization or the pulsed-ionization 

type.  

made a r a the r  comprehensive t h e o r e t i c a l  and p r a c t i c a l  study of both types 

of methods. 

I n  1968, T ~ u d o i r e ~ ~  published a PhD t h e s i s  i n  which he 

Clayton and Webb52 have a l s o  published a s i m i l a r  study of 

t he  continuous-ionization method. 

Continuous Ionizat ion Methods (4)  

The bas i c  design of the  continuous ion iza t ion  system i n  which the  

ion iza t ion  source i s  upstream of the  de tec tor  as proposed by Blake5' i s  

shown i n  Fig. 13. A t  low flow rates the  ions move toward the  de tec tor  bu t  

recombine before  a r r iva l .  As  the  flow r a t e  

increases , ions s tar t  t o  reach the  

de tec tor  and current  starts t o  flow. 

METALLIC 
CONTA:N4NG 0-C AMPLIFIER 
B €MI I TER 7 

I-- 

GAS+ 

t o  increase as t h e  flow rate increases .  

Fig. 13. Basic diagram of flow- Mellen53 received a pa ten t  on a flow 
measuring system with ion iz ing  
source upstream of t he  de tec tor .  meter t h a t  had 2 de tec tors ,  one on each 

s ide  of t he  source. The de tec tors  were 



a close enough t o  the  source t h a t  when the re  w a s  no gas flow there  w a s  a 

s m a l l  cur ren t  flow i n  each de tec tor .  This type  of flow meter 

’ obviously measures both amount and d i r ec t ion  of flow. 

Lovelock and W a ~ i l e w s k a ~ ~  have described an omnidirectional anemometer 

which measures both speed and d i rec t ion  of t h e  wind. This device cons is t s  

of 2 concentric spherical,open,work cages with a c e n t r a l  spher ica l  e lec t rode  

coated with 210Po. It w i l l  measure wind v e l o c i t i e s  of 0 t o  

1000 ft /min. 

Obermair5’ described t h e  system shown i n  Fig. 14 i n  which the Source 

and de tec tor  are located at t h e  same place i n  the  gas stream. I n  t h i s  type 

of flowmeter, t h e  faster the  gas i s  

flowing, the  smaller the  current  ind ica ted  

by t h e  ion iza t ion  chamber because 

more of t h e  ions w i l l  be swept away 

before  they can conduct a current .  

IWl iE3 CAS 

a 
ALPHA RAOIOACTIVE 

PARTICLES MArERIAL 

rcig. 14. :*leasurement of gas flo~* 
by induced-ionization system v i t h  
ion iz ing  source and de tec tor  a t  the  
same poin t .  

Pulsed-Ionization Method ( 4 )  

The p r inc ip l e  of t h i s  method i s  the same as- the,, isotope-velocity method 
Previously described 

except tha t ,  ins tead  of the t i m e  f o r  an isotope t o  move between two poin ts  
me as UT ed, 

being / t he  flow time of a cloud of ions i s  measured. The method as 
w a s  

o r ig ina l ly  s u g g e ~ t e d ~ ~ ~ , w i t h  a spark source being used t o  give the  pulse  of 

ions;  however, radioisotopes are j u s t  as s a t i s f a c t o r y  and much safer i f  t he  
a 

flow ofAflammable gas i s  t o  be measured. 
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The apparatus used i n  t h i s  method i s  shown i n  Fig. 15. Toudoire5' 

i n  h i s  work on pulsed ion iza t ion  methods s tudied both mechanical modulation 

of t h e  ion beam as shown i n  Fig. 1 5  and modulation of t h e  beam by pu t t ing  

another p a i r  of co l l ec to r  e lectrodes i n  the  gas stream between the  source 

and co l l ec to r  and varying the  current  t o  discharge a l l  of the  ions p a r t  

of t he  t i m e .  

T I 
TRANSIT-TIME 

MODULATOR 

pig.  15. Tulsed ionizatfon method of 
gas-flow measurement. 

Nontracer Uses of Radioisotopes f o r  Flow Measurements (3)  

Radioisotopes have been combined with more conventional flow measurement 

methods such as def lec t ing  s t r i p s ,  hinged gate;, r o t a t i n g  p rope l l e r s ,  or 

rotameters t o  measure flow. Most of these appl icat ions have been i n  

systems where high temperatures, pressures  o r  cor ros ivena ture  of t h e  

l i q u i d  made transmission of a conventional s i g n a l  d i f f i c u l t .  

I 

Source on an E l a s t i c  Sheet (4) 
One of t he  simplest  of these  mechanical-radiation measuring devices 

was described by Shumilovskii and M e l ' t t ~ e r ~ ~  and i s  shown i n  Fig. 16. 

The source (3) 

flow r a t e  increases  the  source moves along the  path.indicated by the  dot ted 

curved l i n e  a t  the  bottom u n t i l  it reaches a point  on t h e  axis of t he  

i s  suspended on a sheet  i n  the  f l u i d  flow. A s  t he  



a col l imator  (4) and t h e  de tec tor  ( 5 )  A t  t h i s  po in t  t h e  reading of t he  r ad ia t ion  

i n t e n s i t y  w i l l  be a t  a maximum. Further increase i n  flow w i l l  r e s u l t  i n  

a decrease i n  rad ia t ion  in t ens i ty .  The output meter i s  ca l ib ra t ed  i n  terms 

of volume flow. 

Fig. 16. Keasuring t h e  volume f l o v  of a l i q u i ?  f ron  
the  pos i t ion  of an e l a s t i c  sheet .  

Hinged Gate with Radioactive Source (4) 
Clayton and Webb58 have es tab l i shed  the  general  cha rac t e r i s t i c s  of 

a flow meter based on a hinged gate  and radioact ive source (F ig .  17). 

The gates  i n  these  devices may be s o l i d  o r  have various s ized  holes  i n  

them depending on the  flow r a t e .  The rad ia t ion  de tec tor  used w a s  a s m a l l  
the  

cadmium s u l f i d e  c rys t a l .  If,range of flow rates t o  be measured va r i e s  

widely, two de tec tors  may be used as shown. For the  lower end of t he  range, 

de tec tor  B should be used; a t  t he  upper end of  t he  range de tec tor  A would 

function. Clayton and Webb estimate t h a t  such a meter could be used i n  

aeasuring gas flows between 1 and 1000 f t 3 / h r .  
a 
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Fig. 17. fIinged---gate method o f  f lov  
measurements. 

Rotating Propel le rs  with Sources ( 4 )  

Another type of mechanical flow meter t h a t  used radioisotopes t o  

e x t r a c t  the  s igna l  i s  a r o t a t i n g  p rope l l e r  with a source embedded i n  

one vane. Such a flow meter has been described by Shumilovskii, Gushchin, 

and T o l o k o n n i k o ~ ~ ~  (Fig.  18). 

frequency meter t h a t  counts the  number of pulses  of rad ia t ion  "seen" by t h e  

I n  Fig. 18 t he  measuring device(3)is a 

.e 

pig. 18. 
f 1 ow-me t e r . B I O C ~  2izgran of a frequent:,- t>Tz 

counter[2~ these counts are 

recorded on meters (5) and(6) 

One of which i s  graduated i n  

u n i t s  of instantanous flow r a t e  

and the other  as t o t a l  volume 

flow. This meter w a s  designed 

t o  operate i n  corrosive atmos- 

phere o r  high pressures .  

Carlson, Cederberg, and 

;junggren6O use a similar 

propel le r  device t o  measure the  



flaw of water i n  the  downcomer of a b o i l e r  operat ing a t  2000 p s i  and 

520" t o  540°C. They imbedded two 6oCo sources one of 10 m C i  and t h e  

other  of 3 m C i  d isplaced 120' r e a l t i v e  t o  each other.  

pa t t e rn  of rad ia t ion  t h a t  appeared on the  detector they were able  t o  

determine not only the  rate but  a l s o  the  d i r ec t ion  of flow. An 

i n t e r e s t i n g  p a r t  of t h i s  study w a s  t h a t  they used an isotope-velocity 

method with **Br as a t r a c e r  t o  check the  flow rate determined with t h e  

propel le r .  

By recording the  

Rotameter with Radioactive Float  (4)  

Cameron, B e r r y ,  and Taylor6l used a t r a d i t i o n a l  g lass  rotameter 

enclosed i n  a s t a i n l e s s  s t ee l  tube and a f l o a t  with 80 p C i  of 6oCo 

embedded i n  it t o  measure low flowr: at  3OO0C and 2000 ps i .  They placed 

a s c i n t i l l a t i o n  counter a t  t h e  bottom of t h e  flow meter and thus as the  

rates 

rate 
flow4increased and the  f l o a t  rose,  the  rad ia t ion  recorded by the  counter 

f e l l .  This meter could measure flow rates from 0 t o  100 cm3/min and 

a t  a flow r a t e  of 50 cm3/min had an e r r o r  of f 1 cm3/min. 
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THE APPLICATION OF NUCLEAR TECHNIQUES TO THE 

RECOVERY OF FADED PHOTOGRAPHS ( 2 )  

By R. M. Chatters and Camille Jacobs* 

Supplementary Keywords : ( INDUSTRY , REPRODUCTION / C H L O R I N E - ~ ~  / 
ACTIVATION, NEUTRON / ARTIFACT / AUTORADIOGRAPHY / REACTOR / SILVER-llOM/ 
NICKEL-63 / COPPER - 64 / SILVER-108 / IODINE-131 / MERCURY-203 ) 

Abstract. Faded paper photographs, t in types ,  and glass-plate negatives 

can be upgraded through neutron act ivat ion of t h e  res idua l  s i l v e r  i n  t h e  

faded objects and subsequent exposure of photographic fi lm o r  paper t o  t h e  

radiat ions from the long h a l f - l i f e  'lomAg s o  produced. The nuclear technique 

i s  presented as one method of faded photograph recovery---not as the only 

o r  necessar i ly  b e s t  method f o r  s o  doing. 

( I n t  r oduc t i on ) 

Through chemical action and the ravages of time, many photographs have 

been threatened with discarding and destruction because the  images have 

faded. 

l ists  hydrogen su l f ide  , s u l f u r  dioxide , rubber cement , water-absorbing glues 

and pastes ,  plywood, composition boards such as Masonite and Prestwood, 

newsprint papers, and sodium t h i o s u l f a t e  (hypo) among the  chief c u l p r i t s .  

The causes of fading are  legion. Vestal,' i n  a recent paper, 

Fortunately, a number of techniques have been developed t o  recover 

endangered materials of archival  value. Recovery by d i r e c t  photography 

and chemical treatment2y3 has long been pract ieed;  however, chemical recovery 

"Radioisotope and Radiation Laboratory, College of Engineering 

Research Division, Washington S t a t e  University, Pullman, Washington 99163. 
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methods cannot always be appl ied without damage t o  t h e  photographs. Thus 

a "nondestructive" technique was needed t h a t  would permit t reatment  without 

degradat ion or t o t a l  des t ruc t ion  of t h e  photographs r equ i r ing  recovery. 

Ostroff  3 y 4 y 5  has repor ted  t h a t  neutrons from a r e a c t o r  were used t o  produce 

r ad ioac t ive  s i l v e r  i n  photographic images and t h a t  autoradiographs were made 

from t h e  ac t iva t ed  photographs. The r a d i a t i o n  emit ted by t h e  a c t i v a t e d  

s i l v e r  served t h e  same purpose as o ther  a r t i f i c i a l  r ad ian t  energy sources or 

sunlight---to expose x-ray f i l m  from which a new negat ive w a s  obtained. 

Ostroff  reported t h a t  h i s  samples were a c t i v a t e d  f o r  per iods from only 

seconds t o  minutes and the  exposure t o  t h e  f i l m  w a s  l i m i t e d  t o  seve ra l  

minutes, with t h e  exposure t o  f i lm  being made as quickly as poss ib le  af ter  

i r r a d i a t i o n .  With ' the a s s i s t ance  of Sayre,  a number of rare o ld  

(ca .  1835-40) photographs on which images were near ly  completely gone 

were subjec ted  t o  t h e  neutron t reatment .  The c l p r i t y  of  t h e  r e s u l t i n g  new 

photographs w a s  q u i t e  spec tacular .  

6Y7 

More r ecen t ly  , Houtman8 i n  t h e  Netherlands has inves t iga t ed  t h e  advantages 

of t r e a t i n g  t h e  image s i l v e r  i n  photographic p r i n t s  with rad ioac t ive  so lu t ions .  

H e  has reported t h a t  he obtained good r e s u l t s  when he used so lu t ions  

containing 2o  3Hg, 1 3 1 1 ,  6 3 N i ,  64Cu,  and 36Cl. 

showed t h a t  combinations of i so topes  such as 203Hg and 13'1 l e a d  t o  b e t t e r  

r e s u l t s  than e i t h e r  of t h e  i so topes  when used alone. Houtman f e l t  

t h a t  t he re  were s e v e r a l  advantages t o  h i s  technique,  i . e . ,  "contaminants 

Same of h i s  experiments 

of t h e  photographs have no inf luence and o ther  i so topes  than those  of 

s i l v e r  (hard  B and y e m i t t e r s )  can be used." Addit ional  advantages l i e  

i n  t h e  f a c t  t h a t  t h e  inves t iga to r  can more e a s i l y  con t ro l  t h e  amount of 

r a d i o a c t i v i t y  which i s  appl ied  t o  t h e  photograph. 



The above method has the  same disadvantage t h a t  accompanies chemical 

recovery of photographs---through wetting, it may damage the paper p r i n t ,  

9 cardboard backing, or, i n  t h e  case of t in types ,  the  enamel coating. 

However, the  method should be very good f o r  the  recovery of la rge ,  faded 

glass-plate negatives, which do not f i t  w e l l  i n t o  a l l  reactor  i r r a d i a t i o n  

tubes. 

For the  past  several  years,  Wagner'' and h i s  associates at Ohio 

S t a t e  University have been experimenting with methods f o r  the  restora-  

t i o n  of vintage 35mm cel lulose n i t r a t e  motion p ic ture  film. 

i s  a formidable one. Wagner has considered the  use of neutron act ivat ion 

recovery of the f i lm but because of the bulk of mater ia l  t o  be t r e a t e d  

re jec ted  the technique on the bas i s  t h a t  "neutron act ivat ion would necess i ta te  

working with a mass of radioactive mater ia l  beyond the  l i m i t s  of sa fe ty ,  

t i m e ,  and economic f e a s i b i l i t y . "  For individual  frames, the  technique 

would doubtless be of r e a l  service,  but f o r  f u l l  cans of film it 

appears a t  the moment t o  be impractical. 

The task  

Long Exposure Method ( 3 )  

The approach t o  the problem of recovery of faded photographs by 

the present authorsg d i f f e r s  e s s e n t i a l l y  from t h a t  described by Ostroff 

i n  t h e  length of i r r a d i a t i o n  and exposure times. 

State  University s tudies  were extended t o  include t intypes,  glass-plate 

negatives, and old documents. The r e s u l t s  of research on old documents 

a re  not included i n  the  present report ,  but preliminary r e s u l t s  show 

great  promise. 

A l s o ,  the  Washington 

Instead of a short  i r r a d i a t i o n  time of the  t e s t  photographs 

followed by immediate short  exposures of photographs t o  film, optimum 

r e s u l t s  on paper photographs (Figs.  1-4) were obtained when photographs 
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were i r r a d i a t e d  f o r  per iods up t o  1 5  min at 1013 n/cm2*sec. This was 

followed by s torage  of t h e  ''hotr' photographs f o r  up t o  8 days and 

exposure of t h e  f i lm  t o  the  i r r a d i a t e d  photographs for 24 h r .  

most s a f i s f a c t o r y  film w a s  Kodak I n d u s t r i a l  X-Ray me M. 

The 

The p r inc ipa l  

reason f o r  t h e  d i f fe rence  i n  procedure w a s  t h a t  where Ostroff  had h i s  

photographs exposed t o  t h e  shor t -ha l f - l i fe  (2 .4  / )  'P8Ag, i n  t h i s  work 
min 

t h i s  shor t -ha l f - l i fe  i so tope  w a s  allowed t o  decay completely. Then 

the  longer-half- l i fe  (260 day) llomAg was used f o r  exposure of t he  X-ray 

f i l m .  This delay procedure a l s o  el iminated the  sho r t -ha l f - l i f e  

rad io iso topic  forms of ch lor ine ,  bromine, and iodine which were a 

matter of concern t o  Ostroff  because of t h e i r  presence i n  some photo- 

graphs. These elements decayed very e a r l y  and were not a problem i n  

the  Washington S t a t e  Universi ty  research,  whereas, with the  

immediate-exposure technique of Ostroff  and Sayre,  they  might a f f e c t  

t he  f i n a l  product. 

For most of t he  experimental work, old s tereographic  views, popular 

at the  tu rn  of the  century,  were found t o  be very use fu l  because 

one of t he  p a i r  of photographs served as t h e  "control." The o ther  photograph 

w a s  i r r a d i a t e d  i n  the  r eac to r  and used f o r  making a new photograph. 

Thus, comparison between a t r e a t e d  and an unt rea ted  photograph became 

more meaningful. Several  examples of s tereographs,  even though not  

faded, were copied by means of neutron ac t iva t ion  (F igs .  2 j  3, 4, and 5 ) .  

Each w a s  ac t iva t ed  a t  a f l u x  of 1 0 l 3  n/cm2*sec f o r  15  min and then 

exposed t o  x-ray f i lm  f o r  4 h r  before developing. 

used t o  produce Figs.  1, 2 ,  and 5 s to red  f o r  7 days and t h a t  f o r  

The ac t iva t ed  photographs.  
were 

making Fig.  3 f o r  8 days and Fig.  4 f o r  119 h r  before  exposure t o  the  f i lm .  
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Fig. 1. "Standing Boy.'' Photograph on l e f t  i r r a d i a t e d  with neutrons 
t o  produce photograph on t h e  r i g h t .  

._ - -_ - - - - 

Fig. 2. 
photograph a t  the  r i g h t .  

"Biddie and the  R a t . "  Stereograph ( l e f t )  i r r a d i a t e d  t o  produce 



Fig. 3. "Hello Dad! What's t h e  matter? You seem put out." Stereograph 
( l e f t )  t r e a t e d  i n  same manner as Fig. 2. 

........... __ ...... . . . . .  

Fig. 4. "Basalt Field." Stereograph ( l e f t )  i r r a d i a t e d  t o  produce 
photograph a t  the  r i g h t .  
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11 Fig. 5. For heaven's sake,  Maria, give us a res t !"  Stereograph 
( l e f t )  i r r a d i a t e d  t o  produce photograph a t  t h e  r i g h t .  Resul t ing 
photograph not equal  i n  q u a l i t y  t o  t h e  o r i g i n a l .  
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I n  each f igu re  i n  t h i s  paper,  t he  photograph a t  t h e  l e f t  shows the  

appearance of t h e  o r i g i n a l  un t rea ted  photograph. With the  exception of 

t h e  t i n t y p e ,  each was a brown. tone. 

The most s t r i k i n g  r e s u l t s  (Fig.  6 )  of t he  research were obtained 

on a small t i n type  photograph from which the  image had become almost 

completely o b l i t e r a t e d  due t o  having been wetted and scratched.  This 

photograph w a s  exposed i n  t h e  nuclear  r eac to r  a t  a f l u x  of 10l3 n/cm2*sec 

f o r  a per iod of 180 min, bu t  because of t he  a c t i v a t i o n  of t he  i r o n  backing, 

t h e  photograph was s to red  f o r  1 5  days before exposing t h e  x-ray f i lm  t o  

i t . f o r  a per iod of 48 h r .  

t he  sub jec t  of t he  photograph i s  now 94 years  old. 

This t in type  w a s  made about 90 years  ago, as 

When presented with 

a copy of t h e  upgraded photograph, she expressed h e r  pleasure a t  see ing  

h e r s e l f  again i n  he r  " f avor i t e  dress." 

The negat ives  produced from i r r a d i a t e d  paper photographs are 

p o s i t i v e  p r i n t s  on f i l m  and requi re  a second negat ive t o  be produced 

from them before preparing paper p r i n t s .  On t h e  o the r  hand, a negative 

obtained following exposure of the  dlm t o  an ac t iva t ed  t i n type  i s  a 

t r u e  negat ive and can be used d i r e c t l y  t o  produce a paper pos i t i ve  p r i n t .  

(The d i f fe rence  i s  t h a t  i n  a pos i t i ve  p r i n t ,  t h e  dark image i s  s i l ve r ,wh i l e  

i n  a t i n type  t h e  dark image i s  the  black enameled i ron  s ince  such p i c tu re s  

a re  made by a r eve r sa l  p rocess . )  

When preparing p r i n t s ,  it w a s  impossible t o  p red ic t  i n  advance 

what t he  autoradiograph cont ras t  would be. Each p i c t u r e  w a s  a 

separa te  experiment i n  i t s e l f  and required ind iv idua l  handling during 

exposure t o  photographic paper and subsequent development. 

Further ,  as i s  shown i n  Fig.  2 ,  in t imate  contact  between a l l  p a r t s  

of the  neutron-activated photograph and the  x-ray f i lm w a s  o f t en  d i f f i c u l t  
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Fig. 6. 
neut ron- i r rad ia ted  t o  produce photograph on t h e  r i g h t .  

"Dr. Wilder 's  Mother." Faded and damaged t i n t y p e  on t h e  l e f t  
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to a 

photograph md x-rw film w a s  not possible because of 851 rn 

(wrinkled OF folded 1 phot qraph , 
resulted. W types, which were often bent o r  ed--+s was the ' 

of unifollolity l a  tEre f i n a l  i m a g e  

used in Fig- &--the problem w a s  magnified severalfold. 

A t t  t o  upwade t h e  ste=,o 5n Fig. 5 were t o  no aFail; in fa&, 

Heutron activation of" B f&e! glass negative proidu@ed results which 

be applted t o  the recovery of these old plates. Hwmer$ because the 

s were too large t o  go i a t i a  tubes, 

experimental plates w e r e  cut into 1 fn. x 2 153. segments. Hence, the 

solution tagging od of EEoutaaa or the use of B tunnel 

system sa& as has been available to S q r e  for neutron activakim 
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LABELING OF COPPER W I R E  WITH 'lomAg FOR SUBSEQUENT IDENTIFICATION ( 3 )  
* 

L. C. Bate and F. F. Dyer* 

Supplementary Keywords: forensic  investigation; t racer ;  mater ia l  t racing;  

d i f f e r e n t i a t i o n .  

Abstract. Labeling of copper e l e c t r i c a l  cable w i t h  'lomAg was demonstrated 

as a su i tab le  technique for  use i n  subsequent i d e n t i f i c a t i o n  of such cable i n  

case of t h e f t .  The 'lomAgfiis applied inside the cable, i .e. ,  on the surfaces 

of the wires t h a t  a re  twisted together t o  form the cable, with a hypodermic 

needleA 

can be detected by monitoring with a survey type rad ia t ion  meter. 

, i n  solution, 

and allowed t o  dry. 
The l a b e l  i s  not removed by several  years of simulated weathering and 

The tech- 

nique can be car r ied  out by a semiskilled person w i t h  a minimum of t ra ining.  

( In  t r od uc t ion ) 

Copper wire s to len  from storage areas of power companies and remote power 

l i n e s  i s  d i f f i c u l t  t o  i d e n t i f y  even i f  subsequently located.  The s to len  wire 

may even be cut  i n t o  pieces 1-1/2 t o  3 f t  long, burned t o  simulate scrap, and 

sold t o  a junkyard. Therefore a permanent label ,  which w i l l  not be detached 

under weathering conditions or when the  wire i s  burned, i s  needed together 

w i t h  an easy, rapid i d e n t i f i c a t i o n  method f o r  the l a b e l  at such time as the 

labeled wire may be located. 

A radioisotope t h a t  may be readi ly  attached t o  copper wire and l a t e r  

i d e n t i f i e d  by a survey meter appeared t o  of fe r  promise as a label .  The technique 

of applying such a label ,  i t s  permanence a f t e r  being applied, and a method f o r  

ident i fying it  l a t e r  were thus investigated.  

* Analytical  Chemistry Division, Oak Ridge National Laboratory. 



Procedure ( 3 )  

Since copper wire may not be s to len  fo r  some time---several months t o  a 
(-1 

year a f t e r  being l abe led - the  h a l f - l i f e  of the radionuclide used should be 

f a i r l y  but not excessively long, and a radionuclide with a ha l f - l i f e  of about 

1 year was  decided on. For detection of the radioactive l a b e l  i n  a p i l e  of 

scrap, the radionuclide should be one tha t  emits energetic gamma rays and 
preferably a large number of gammas per dis integrat ion.  
was selected because it (1) has a desirable  ha l f - l i f e  (t+. = 270 d),  (2) emits 
e ight  gamma rays with energies exceeding 600 keV and branching r a t i o s  exceeding 
lo%, and ( 3 )  has chemical propert ies  such tha t  i t s  ions tend t o  be readi ly  
reduced and form a s tab le  deposit on copper. The nuclides losRu and lS2Ir were 
a l so  considered b u t  thought t o  be l e s s  sui table  than 'lomAg. 

The nuclide llornAg 

Because s i ze  000 wire---37 strands of wire twisted in to  a 3/lc-in.-dia 

cable---is the most of ten stolen,  work was concentrated on t h i s  material .  A 

few tests were made on single-strand wire of 1/8 in.  dia .  

Labeling Technique (4  ) 

About 0.2 m l  of solut ion i s  placed between the strands of a copper cable 

so  that the l i qu id  flows in to  the air space inside the cable. The r a t e  of pene- 

t r a t i o n  of l i qu id  between the strands w a s  found t o  depend on the ac id i ty  of the 

solution. A solution of 0.5 - M HNO3 appeared t o  give optimum deposition. 

8- The radioactive t racer  was di luted t o  100 pCi/ml and adjusted t o  0.5 M - 
acidi ty .  This solution w a s  introduced between the strands of the cable w i t h  

e i the r  a disposable pipet  or  a hypodermic needle. Usually the solution w a s  simply 

allowed t o  dry i n  order t o  deposit the 'lomAg, but sometimes formaldehyde was 

added t o  enhance deposition. Electrodeposition w a s  a l so  tested,  the e l e c t r i c a l  

po ten t ia l  being applied by attaching the negative terminal of a 6-v ba t te ry  t o  

the  cable and the posi t ive terminal t o  a wire i n  contact with the solut ion 

inside a disposable g lass  pipet,  the solutionAallowed t o  run gradually 
being 

between the cable strands. In  label ing a large amount of cable, in jec t ion  of 

the label ing solution would be repeated a t  specified in te rva ls  along the wire. 

After the solution had dried, the cable was lacquered with Sherwin-Williams 

c l e a  lacquer #AA 13505, which i s l spec i f i ca l ly  made f o r  coating copper and i s  
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phosphorescent under ce r t a in  type of l i g h t .  The rad ioac t iv i ty  i n  the cable 

was measured, the cable wiped with a damp cloth, and the rad ioac t iv i ty  re- a 
measured t o  determine the amount removed. When thoroughly dry, the cable was 

flushed with water again and recounted. To t e s t  the permanence of the l abe l  

under simulated f i e l d  and weathering conditions, the cable was placed i n  the 

south window of a laboratory, where it  stayed i n  the sunlight fo r  a year and 

a half ,  a f t e r  which it  was wiped, and both wipe and cable were recounted. To 

simulate burning, the cable was then flamed w i t h  a burner and flushed w i t h  

water, rad ioac t iv i ty  measurements being made a f t e r  each of these procedures. 

I n  the f i e l d  t e s t s ,  a Victoreen survey meter 3 ft from the cable i n  a 

scrap p i l e  w a s  used for  detect ing 45 pCi of 'lornAg. 

Results ( 3 )  

In f ive  t e s t s  (as described above) on 37-strand copper cable, 

losses  averaged 4.5% (7.6% i f  the high values fo r  t e s t  C are excluded) (Table 1). 

Sunlight, by reducing the 'lomAg ions t o  metal l ic  s i lver ,  should improve the 

bonding of the t racer  t o  the cable. 

'lomAg a 

An HN03 concentration of 0.5 - M i n  the 

deposition solution resul ted not only i n  b e t t e r  deposition b u t  i n  be t t e r  re ten t ion  
than did 0.1 M. 

Turning the cable on i ts  horizontal  axis, with the same side of the cable 
resul ted 

facing the detector, ~ i n  changes i n  the count r a t e  (Table 2 ) .  This apparently 

i s  due t o  changes i n  the amount of radiat ion tha t  can be "seen" by the detector  

through the cracks between the strands, since afterAheating the cable tends t o  
being 

unwind s l igh t ly ,  leaving l a rge r  cracks between the strands than before. Because 

the t r ace r  i s  coated on i n t e r i o r  surfaces, the angle t o  the counter apparently 

has a la rge  e f f ec t  on the count r a t e  observed. 

In  a few t e s t s  on s ingle  strands of wire, a f t e r  deposition of the t racer  

on the surface of the wire under several  conditions, the wires were damp wiped 

t o  determine the amount of 'lorn& that  would remain a f t e r  handling, as would 

occur i n  in s t a l l a t ion .  As  would be expected, re tent ion was  ra ther  poor b u t  



Table 1. PERMANENCE OF ''Om& LABEL ON COPPER CABLE 

'lomAg remaining, $ of deposited 
After After After After 

1st wash 2nd wash burning 3rd wash 

Material HN03 conc. 
i n  d o s i t '  solu%on, wn t e s t e d  - 

Cable A 0.1 96 
Cable B 0.1 99 
Cable C 0.5 106 
Cable D 0.5 93 

* 

Cable E 

Aver age 
* 0.5 96 

982: 

a m  
k k  
Lda, 
PI 

0-3 m m  
a, ca 

U C  
Ld 

92 92 85 
94 94 89 
10 5 109 108 
94 96 96 

~ * 
Values cons is ten t ly  >loo$ probably due t o  e r r o r s  i n  posit ioning the 

cable 30 cm above the detector  fsee Table 2). 

*-IC 
Error values show the range f o r  the f i v e  cables. 

Table 2. COUNT RATE VARIATION WITH HORIZONTAL ROTATION OF COPPER CABLE 
Change i n  angle, . Count ra te ,  Change i n  angle, Count ra te ,  

degrees c/min degrees c/min 

0 374,579 100 332,225 
20 
40 
60 

361,995 

326,076 
347,170 

120 358,588 
14 0 379,28 5 
160 378,384 

Table 3. RETENTION OF ''Om& ON SURFACE OF SINGLE 
STRANDS OF W I R E  AFTER DAMP WIPING 

'-lorn& remaining a f t e r  wiping, 
% of deDosited Wire 

.L 

No lacquer Lacquered 

A s  i s  43.4 68.7 
Sanded 63.9 83.6 

Formaldehyde used i n  "WAg deposit ion 
~~ 

As i s  46.8 
Sanded 68.2 

83.6 
82.1 
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was markedly improved by application of a lacquer coating (Table 3 ) .  

"as-is" wire had an oxide film, which w a s  i n  some cases cleaned by sanding. 

The 

In  half  the tests formaldehyde was added t o  reduce the s i l v e r  ion on the copper 

wire and improve the bonding. 

Field Test (4)  

A f i e l d  t e s t  using 45 pCi of 'lomAg plated on a copper wire was performed 

t o  demonstrate the a b i l i t y  t o  locate  the radioactive l a b e l  i n  a p i l e  of copper 

scrap. When the 

a rea  was monitored with a Victoreen radiat ion instrument, i t  was possible t o  

de tec t  the radioactive material  at about 3 f t .  This should be an extreme 

case since i n  actual. pract ice  the labeled material. should be d is t r ibu ted  through- 

out  the p i l e  ra ther  than at the bottom. 

The 'lorn& source was placed under a p i l e  of copper scrap. 

Each l abe l  would contain 20 pCi of 

''Om&, and a p i l e  of scrap would l i k e l y  have several  labeled pieces. 

course, scanning a t  a distance closer than 3 f t  would,,be possible. 

f u l  monitoring of a scrap p i l e , t he  presence of one piece of labeled scrap 

O f  
p r  ob ab1 y 

With care- 

should be detected. 

Safety (3)  

The radioactive t racer  can be applied t o  the copper by a person with a 

minimum amount of t ra in ing  i n  the handling of radioact ivi ty ,  the proper solut ion 

being made up i n  the laboratory pr ior  t o  the label ing operation. 



RADIOISOTOPIC X-RAY GAGE FOR DETERMINING PARTICLESIZE DISTRIBUTION* (2) a Supplementary key:words: measurement and control  system; measurement, other; 

industry; source, x-ray; prome thium-147 

A radioisotopic gage for determining weight-size d is t r ibu t ion  of par t ic les  

i n  the  so l id  phase of a suspension has been designed and tested.  Such an 

instrument is needed f o r  use in  powder technology t o  give the  weight d i s t r i -  

bution of powder samples i n  suspension quickly and re l iab ly .  The new ins t ru-  

ment, which is simple t o  operate and economic i n  cos t ,  hopefully w i l l  f i l l  

a 

t h i s  need f o r  a wide var ie ty  of powders. Because of the c:on:;tancy of the x- 

ray beam, corrections do not have t o  be made for  source in tens i ty  variations 

during operation. 

The instrument (Fig. 1) contains a 147Pm x-ray source and a proportional 

counter, located on opposite sides of a s e t t l i n g  tank. The in tens i ty  of the  

transmitted x-ray beam, determined by the counter, is proportional t o  the 

weight f rac t ion  of par t ic les  smaller thizn the Stokes' diameter applicable t o  

the time and depth of fall. Iience the cumulative weight percentage of w.;~.-r- 

:; i.:e p r t i c l e s  is  obtainable from the in tens i ty  r e a d i n s .  

In  operation, the in tens i ty  of the transmitted beam is determined f irst  

wi th  c l ea r  l iquid i n  the tank, and then the powder under study i s  added and 

the suspension s t i r red.  The sed-ntation rate is determined by scanning the 

tank, moving the  source and counter upward (by a smll  e l e c t r i c  motor) during 

a preset  t i m e ,  which depends on t h e  mterial under study. The graph obtained, 

of t i m e  vs . in tens i ty ,  is converted t o  x-ray density (i .e., log of in tens i ty) ,  

which is  proportional t o  the powder concentration. The x-ray density for 

several  mdterials with par t ic les  of micro-meter dimensions was shown t o  vary 

++Summary of "A New X-ray Sedimentometer" by T .  Allen and L. Svarovsky, 
J. Phys . E .  (London) 3 :  458-60 (1970). 
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l i nea r ly  with concentration of the mterial i n  the range 0 t o  0.1 vol 4 
(Fig. 2 ) .  a Values were reproducible with bronze powder i n  cyclohexanol and i n  

50$ glycerol-water . 
In the experimental set-up used, the sedimentation tank was made of Perspex, 

and the windows (for  b e a m  def in i t ion) ,  of lead. Except for the brans source and 

detector holders, the 1:e:;t of tk: :::qij i.;nmnt vas of s.to.inless ;:;teel. 

p ropor t iona l  counter (1-309 V )  vas xenon-f i l l e d .  

'!'he 

The principle of t h i s  gage is similar t o  one developed under contract  

t o  the lEAECts Division of Isotopes Development for  determining the amount of 

sediment suspended i n  a flowing stream (Isotopes and Rad. Technol. 11: 358-62 

( 1967 1 
' I  7 (M.G.)  
I 
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13C Helps Reveal Carbohydrate Stzucture 

Supplementary Keywords: chemistry, organic; biology; t racer ;  molecular s t ruc ture ;  

reac t ion  mechanism; da ta  handling; enriched s tab le  isotope use; economics. 

Carbon-13 nuclear magnetic resonance (NMR) spectroscopy is  being 

0 

used t o  study carbohydrate s t ruc ture .  A .  S. Perlin w i t h  B. Casu and 

H. J. Koch a t  McGill University, Montreal, a r e  pioneering the work. 

Improvements i n  instrumentation have overcome problems associated 

with the  low n a t u r a l  abundance (1.1%) of 13C. This  s tab le  isotope 

i s  a valuable t r a c e r  for  organic mechanism and biological  s tudies;  

and 13C-NMR data a r e  a n  important addition t o  proton-NMR data. If 

the  demand increases f o r  13C-enriched chemicals t o  be used i n  such 

work, t h e i r  current high cost  may decrease. 

The aspects of carbohydrate 13C-NMR spectroscopy being studied by 

D r .  Per l in  and associates  include chemical s h i f t s ,  delocalization, 

subst i tuent  e f f e c t s ,  interact ion energy, chemical reac t iv i ty ,  and 

or ientat ion of subst i tuents .  

a r e  time-averaged by computer t o  obtain average s ignals  from many 

Spectra a r e  measured a t  25.15 MHz and a 
scannings of 13C i n  i t s  n a t u r a l  abundance. 

I n  s tudies  of chemical s h i f t s  t y p i f i e d  by work w i t h  the anomers 

a- and f3-D-glucopyranose (glucose), it was  learned t h a t  change of 

OH-1 from a n  equator ia l  or ientat ion i n  the  B-anomer t o  a n  a x i a l  o r i en -  

t a t i o n  i n  the  0-anomer causes increased shielding of most carbons i n  

t h e  molecule, an e f f e c t  t h a t  i s  accompanied by decreased shielding of 

the appended protons. T h i s  interact ion causes changes i n  bond polar- 

izat ion throughout the  molecule. 

These readjustments o f  electron densi ty  del ineate  a s t ra in-de-  

loca,l ization process / response t o  s t e r i c  compression caused by the 
i n  

a x i a l  hydroxyl group. The NMR spectra  r e f l e c t  the  r e s u l t  as a change e 



i n  t h e  13C and proton chemical s h i f t s  on going from the  equa to r i a l  

t o  t h e  axial o r i en ta t ion .  The d a t a  taken f o r  carbohydrates i nd ica t e  

t h a t  t h e  dependence of chemical s h i f t  on s t r u c t u r e  follows general ly  

understandable pa t t e rns  and corresponds c lose ly  with t h e  f indings 

by o thers  of 13C sh ie ld ing  and 'H deshielding e f f e c t s  f o r  isomeric 

cyclohexane de r iva t ives .  

P e r l i n ' s  study of t h e  influence of numerous func t iona l  groups 

a.nd subs t i t uen t s  on 13C. chemical s h i f t s  of carbohydrates showed t h a t  

e l e c t r o n i c  e f f e c t s  a r e  very prominent and general ly  conform t o  those 

expected from t h e  behavior of  other  c lasses  of compounds. 

I n  considering in t e rac t ion  energy, Pe r l in  proposes t h a t  t he  r e l -  

a t i v e  s t a b i l i t i e s  of  isomeric compounds should be r e f l e c t e d  i n  t h e i r  

13C chemical s h i f t s ,  t h a t  is , /overr iding polar  influences a r e  absent ,  

t h e  experimentally determined s h i f t s  should be a measure of energy 

i f  

d i f fe rences  o f  s t e r i c  o r ig in .  He and h i s  assoc ia tes  have shown f o r  

a number of  sugars t h a t  energy d i f fe rences  between anomeric and 

diastereomeric  sugars,  o r  between geometric and p o s i t i o n a l  isomers 

of cyclohexanes, p a r a l l e l  the  r e l a t i v e  o v e r a l l  sh i e ld ing  s t a t e s  o f  

t h e i r  13C nuc le i .  He suggests tha t  13C a n d  other  chemical-shift  data 

may a i d  i n  assess ing  t h e  r e l a t i v e  contr ibut ions of repuls ive  and 

s t a b i l i z i n g  in t e rac t ions  within molecules. 

Electron-density and  bond-polarization changes revealed by 

13C-NMR spectroscopy should permit comparison of  sugar chemical 

r e a c t i v i t y  a s  a funct ion of t h e i r  e l e c t r o n i c  ground s t a t e s .  

Proton spin-spin s p l i t t i n g  of 13C i s  found t o  depend markedly 

on o r i en ta t ion  of subs t i t uen t s .  For example, the  a x i a l  H-1 p-glucose 



couples only w i t h  t h e  appended 1 3 C - l ,  whereas the  equa to r i a l  11-1 
a 

of t h e  %anomer couples t o  a t  l e a s t  two other  I3C nuc le i .  There- 

fore ,  long-range C-H coupling may be a n  independent c r i t e r i o n  f o r  
* 

conformation. 

It appears t h a t  13C-NMR spectroscopy should become increasingly 

important i n  t he  study of t h e  s t r u c t u r e  and  stereochemistry of carbo- 

* 
Condensed from "Carbon-13 NMR Gives Sugar Stereochemistry, 
and Engineering News, June 8, 1970, pp. 78-79. 

Chemical 
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A Simple Neutron Radiography Set* 

Supplementary keywords (source,  neutron; californium-252; economics; 

indus t ry)  

Successful  neutron radiography with a very small neutron source 

o f  252Cf ,(140 pg) has been announced. The USAEC, who sponsored i ts  

development, hopes eventual ly  t o  provide such sources f o r  about $70. 

The a n c i l l a r y  equipment i s  simple--a bucket of t a p  water, some small 

shee ts  of metal f o i l ,  a c a s s e t t e ,  and a box of x-ray f i l m .  Radio- 

graphs of  s h e l l s  taken through a lead box of 6-mm w a l l  th ickness  

(Fig.  1) and of  a combination lock (Fig.  2) a r e  t y p i c a l .  The radio-  

graphs show c l e a r l y  the  powder contents of t h e  s h e l l s  and t h e  com- 

b ina t ion  mechanism of  the  lock. Coarse-grained radiographs requi re  

only a 20-min exposure; f ine-grained radiographs may requi re  over- 

n ight  exposure. 

should someday soon be ab le  t o  have h i s  very own radiography se t - -  

one t h a t  i s  simple, s a fe ,  and automatic and t h a t  requi res  l i t t l e  

a t t en t ion .  

With a small investment (< $300), any manufacturer a 

(HR) 

Fig.  1. Radiograph of  s h e l l s .  Fig.  2 -  Radiograph o f  a combination 
lock. * 

From J. P. Barton and M. F. Klozar, "Your Own Personal Neutron 
Radiography Se t ,  " Materials  Evaluation 27(12) : a 12A (1969). 
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The Ca.rbon-14 Dating of Iron 

By N. J. van der  Merwe 
Assistant Professor of Anthropology 
S t a t e  Universi ty  of  New York, Binghamton 

The Universi ty  of Chicago Press ,  Chicago, 1969(137pp., $7.00, hardback) 

' Supplementary keywords: metallurgy, fe r rous ;  a r t i f a c t ;  geophysics; 

t r a c e r ;  mater ia l  t r ac ing ;  technique; h i s to ry ;  theory,  appl ied;  textbook; 

t h e s i s  ; bibliography. 

Not of ten  i s  t h e  i n t e r r e l a t i o n  of d iverse  d i s c i p l i n e s  presented 

The isotope 14C so in t r igu ing ly  as i n  The Carbon-14 Dating of I ron.  

binds together  archaeology, h i s to ry ,  metallurgy, and chemistry i n  t h i s  

sho r t  and f a sc ina t ing  account of  Professor van der Merwe's doc tora l  

t h e s i s  research a.t Yale. By t e x t  and cha r t ,  t h e  s ign i f icance  of  t he  

r o l e  of  carbon i n  i ron  metallurgy i s  presented v iv id ly .  The reader  

comes t o  f e e l  conversant with t h e  d i f fe rences  among bloomery i ron ,  

wrought i ron ,  c a s t  i ron ,  and s t e e l  and then t o  understand how t r easu res  

came t o  be--such as Merovingian and Viking swords whose surface t ex tu re  

c rea t e s  a n  inipress,ion of  l i g h t  and dark bands, or  Damascus blades,  

which have a surface l i k e  watered s i l k .  I n t e r e s t i n g  h i s t o r i c  f ac t s  

a r e  revealed--one of  man's e a r l i e s t  sources of i ron was of ex t r a t e r -  

r e s t r i a l  o r ig in  (meteor i tes ) ;  i ron was once f o r t y  times as valuable  

as s i l v e r .  

The s igni f icance  of  D r .  van der Merwe's research i s  t h a t  it 

re su l t ed  i n  t he  successfu l  development o f  a method f o r  t he  1 4 C  da t ing  

of  i ron a r t i f a c t s  prepared with charcoal  ( coa l  contains no 14C)  and 
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a l s o  demonstrated the  a p p l i c a b i l i t y  of 14C measurements 

of  i ron  s l a g  and of  copper s l a g  as wel l .  The technique 

t o  t h e  da t ing  

i s  a means t o  

knowledge about t h e  types of ores ,  fuels ,and reducing agents used 

throughout h i s to ry  i n  i ron metallurgy. I n  l i e u  of a charcoal  specimen, 

an  i ron  specimen may be equal ly  valuable t o  an  archaeologis t ;  i n  l i e u  

of both,  a s l a g  specimen may be j u s t  as usefu l .  For t h e  me ta l lu rg i s t ,  

knowledge of  t he  f u e l  and flux involved i n  t h e  smelting operat ion,  as 

we l l  a s  of t h e  s l a g  produced from it, i s  e s s e n t i a l  i n  recons t ruc t ing  

t h e  meta l lurg ica l  process.  For t he  h i s to r i an ,  t he  h i s to ry  of fue ls  

used i n  i ron  metallurgy and the  h i s to ry  of charcoal  production can be 

deduced from t h e  14C data .  

Professor van der  Merwe descr ibes  the  method i n  d e t a i l  and, among 

h i s  data ,  presents  i n t e r e s t i n g  r e s u l t s  from Iron Age archaeological  

s i t e s .  

(HPR) 
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Radiography Using Photo-Nuclear Reaction* (3) 

Supplementary Keywords: autoradiography; ac t iva t ion ,  photon; comparison; Japan. 0 
A method of radiography developed a t  the  Radiation Center of Osaka Prefecture  

. using the  photonuclear r eac t ion  e l imina tes  the sca t t e red  photons generated i n  the  

sample. A metal p l a t e  i s  placed a t  the pos i t i on  occupied by the  x-ray f i l m  i n  

ordinary radiography, and the object  i s  i r r a d i a t e d  with high-energy gamma o r  

x. rays .  The metal p l a t e  is ac t iva t ed  only by the components of higher energy 

than the  photonuclear threshold,  and sca t t e red  photons do not a f f e c t  the  metal  

p l a t e .  After  the i r r a d i a t i o n ,  a film i s  placed i n  contact  with the  metal p l a t e  

f o r  a time and developed by autoradiography technics  l i k e  those i n  neutron 

radiography. The con t r a s t  and d e f i n i t i o n  of the p i c t u r e  were shown t o  be much 

b e t t e r  than those i n  ordinary radiography. ( 1”111; ) 

* 
Abstract  of a r t i c l e  ( i n  Japanese) by Junich i ro  Furuta and E i i c h i  Hiraoka 

i n  Journal  of N. D. I. (Hihaki Kensa) 17(3): 99-104 (1968). 0 
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AEC PARTICIPATION IN THE DEVELOPMENT OF WOOD-PLASTIC COMPOSITES ( 2 )  

By Ralph E. Greene 

Supplementary Keywords: industry; industry, wood; industry, plastics; review, 

technical; polymerization; physical property; modification, material; economics; 

review, historial; pilot-plant scale; plant scale; comparison; 

cobalt -60. 

Abstract: 

development and evaluation of wood-plastic composites (WC) is reviewed. 

The sponsorship of USAEC’s Division of Isotopes Development in the 

Partic- 

ular attention is given to the industrial evaluation program, conducted under 

AEC contract to Lockheed-Georgia Company; and process problems including veneer 

technology, shell (surface ) loading technology, surface depletion, and nonuniform 

impregnation are discussed. The final AEC contracts, which were f o r  the precise 

evaluation of improvement in physical properties of WPC, are also reviewed briefly. 

( Introduction ) 

At the time of the writing of this review, there are four United States 

companies (American Novawood Corp., ARC0 Chemical Co., Radiation Machinery 

Corp., actively engaged in producing wood-plastic materials. Although the U. S. 

Atomic Energy Commission was highly instrumental in the development of this 

and Radiation Technology, Inc. ) 
A 

new industry, the state of the art of the production of this new material had 

evolved t o  such an extent that further developmental support was not warranted 

and would possibly / competitive with research sponsored by private capital. 

Undoubtedly, cummercial refinement of both the process and the product has gone 

have been 

well beyond the state where AEC-sponsored development had progressed, but, 

since this is proprietary information, the latest techniques of production will 

not be found in the literature until and unless protected by patents. 
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Nevertheless ,  importance of $he r o l e  played by AEC i n  the  development of 

wood-plastic composites must no t  be underestimated i n  the  s t a r t i n g  of t h i s  new 

indus t ry .  Not only has  the  AEC,,sponsor. t he  development of t he  product,  bu t  
helped 

i t  has  a l s o  conducted s t u d i e s  t o  eva lua te  both the phys ica l  p r o p e r t i e s  of t he  

material and t h e  economic p o s s i b i l i t i e s  of the  process .  This  r e p o r t  w i l l  a t tempt  

t o  review the  AEC's p a r t i c i p a t i o n  i n  the e n t i r e  program. 

The p repa ra t ion  of wood-plastic composites (WPC) i s  b a s i c a l l y  a simple 

process--- the air  i n  the  wood i s  removed by evacuation, then  the  wood i s  impreg- 

na ted  wi th  a monomer, and t h e  impregnated wood i s  irradiated, usua l ly  with 

6oCo, f o r  a time s u f f i c i e n t  t o  completely polymerize the  mdnomer. 

f i n a l l y  

A 

This  g ives  

a new type of product with many enhanced phys ica l  p r o p e r t i e s .  

The f i r s t  mention i n  the  l i terature  of AEC-supported work i n  t h i s  f i e l d  

and probably t h e  f irst  work i n  t h e  United S ta t e s ,  w a s  

a br ief  mention i n  a 1956 Brookhaven Nat ional  Laboratory repor t . '  This r e p o r t  
a 

descr ibed  a br ie f  a t tempt  t o  ob ta in  an impregnated wood wi th  increased  r e s i s t a n c e  

t o  moisture  and improved dimensional s t a b i l i t y .  Birch wood was impregnated wi th  

methyl methacrylate  and i r r a d i a t e d  t o  a t o t a l  dose of 4 .1  Mrad. 
* 

The treated 

~-~ * 
Orig ina l  re ference  l i s t e d  dose i n  the  now obsole te  Mrep u n i t s .  Conversion 

based on 1 rad  = absorp t ion  of 100 e r g s  of r a d i a t i o n  energy/g absorbing material, 

one r e p  = absorp t ion  of 33 e r g s  of r a d i a t i o n  energy/g absorbing ma te r i a l .  
a 



samples contained 30% polymer 

These workers speculated that 
a and swelled the same amount as untreated samples. 

if a water-soluble monomer, capable of penetrating 

the cell walls, were to be polymerized in place to a water-insoluble polymer by 

gamma radiation, a truly water-insoluble product might be obtained. 

In the early ~o's, work on the development of wood-plastic combinations was 

under way at the Engineering Experimental Station, West Virginia University, 

Morgantown, under the direction or' J. A. Kent. In 1961, L. T. Harmison, also 

at West Virginia University, published a thesis2 entitled "Gmma Irradiation of 

Wood: Development of Wood-Plastic Combinations" and work began under Kent on a uSA.EC 

Division of Isotopes Development (DID) contract for the preparation of .wood- 

plastic combinations using gamma irradiation to induce polymerization. Kent et al. 

reported on this work at an AEC-sponsored symposium3 on radiation-induced polymeri- 

zation and graft polymerization held at Battelle Memorial Institute in November 

a 1962. In March 1963 Kent et al. published a report4 covering the period 

Nov. 1, 1961 to Oct. 31, 1962 on the DID contract work. Ballantine5 reviewed this 
work in Isotopes and Radiation Technology. This report covered 
four phases of the development of WPC: (1) physical testing of WPC; (2) impreg- 

nation of wood with monomers; (3) chemical aspects including polymerization 

rates, dose-rate dependence of polymerization rates, effects of additives, etc.; 

and (4) the effects of gamma irradiation on certain physical properties of wood. 

In September of that year (1963) an 

lished. This work continued to demonstrate the enhancement of physical properties, 

interim report6 of contract work was pub- 

shear strength, static bending strength, hardness, compression strength, and the 

reduction of water absorption and dimensional changes. Extraction of polymers 

from WPC indicated little if any grafting to the wood substrate in tests up to that 

time,but the molecular weights of polymers formed in the wood were higher than 

those in ordinary bulk polymerization. Two other publications by Kent et al. 

also appeared in the 1963 literature and described the preparation of WPC with 

7 1  8 

a variety of woods and monomers. 
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The work t o  t h a t  time l e f t  no doubt as t o  the  improved p rope r t i e s  of t h i s  

new material over,wood; however, the economic aspec ts  of the production of WPC 
un t rea t ed  

had not  been evaluated.  Therefore D I D  cont rac ted  wi th  

Arthur D. L i t t l e ,  Inc.  t o  s tudy the  t echn ica l  and economic cons idera t ions  f o r  

i r r a d i a t e d  wood-plastic materials. The findings'of t h i s  s tudy were published i n  

September 1964 and showed t h a t  WPC should f i n d  u t i l i t y  i n  high uni t -cos t  products  

whose raw-material cos t  i s  a small segment o f  the  o v e r a l l  manufacturing c o s t .  

These p o t e n t i a l  app l i ca t ions  were i d e n t i f i e d  as those i n  which the a e s t h e t i c  

q u a l i t i e s  of wood c o n s t i t u t e  an important property i n  the f i n a l  appl ica t ion- - -  

f o r  example, s p e c i a l t y  f loor ing ,  commercial and i n s t i t u t i o n a l  seat ing,  f ab r i ca t ed  

units f o r  cons t ruc t ion  (window sashes and d iv iders ,  doors, s ta i r  t reads ,  counter 

tops,  e t c . ) ,  fu rn i tu re ,  spor t ing  goods (gol f  club heads, gunstocks, e t c . ) ,  and 

s p e c i a l t y  items ( c u t l e r y  handles and sa lad  bowls). 

market (about a $1-2 x lOS/year) t h a t  WPC items would be l i k e l y  t o  capture  was 

expected t o  be r e l a t i v e l y  s m a l l  and would depend on cost-performance charac te r -  

The po r t ion  of t h i s  t o t a l  

i s t i c s .  This r epor t  recommended both a commercial development program and an 

appl ied research program t o  e s t a b l i s h  the  commercial u t i l i t y  of t he  product.  

To f a c i l i t a t e  end-use t e s t ing ,  Arthur D. L i t t l e ,  Inc.  suggested s o l i c i t a t i o n  of 

poss ib le  sample products from manufacturers, t reatment  / samples w i t h  the most 
of the 

promising monomer a t  the optimum l e v e l  of loading, and r e tu rn  of the samples t o  

the p o t e n t i a l  manufacturer for t e s t i n g .  A condensed (This  w a s  l a t e r  done.)  

vers ion  of the Arthur D.  L i t t l e  r epor t  i s  given i n  Isotopes and Radiation 

Technology. lo 

Closely following the  Arthur D.  L i t t l e ,  Inc.  repor t  was a cont rac t  r epor t  

of A i r  Reduction Company, Inc. on labora tory-sca le  production of WPC using 

v i n y l  ch lor ide  l i q u i d  monomer both under pressure a t  room temperature and a t  

- 7 8 " ~  without the use of a pressure vesse l .  

(v iny l  ch lor ide  ) composites showed improved p rope r t i e s  i n  comparison with unt rea ted  

wood and measurements of s eve ra l  phys ica l  p rope r t i e s  were made. 

The radiat ion-processed wod--poly a 



Kent et al.12 in May 1965 again reported on work progressing at West Virginia 

University, exploring additional polymer systems, refining the data on dose rate 

dependence of the polymerization reaction, incorporating studies of additional 

0 

species of wood into the program, and continuing the measurement of mechanical 

properties, including toughness and abrasion resistance, neither of which was 

previously investigated. 

Further studies with carbon tetrachloride as a promoter for the radiation 

polymerization of methyl methacrylate showed that important reductions in radiation 

requirements were possible and a number of polymer dyes were investigated to 

determine their effects on the appearance of wood-plastic combinations. 

I 

It was 

found that many dyes accentuate the wood grain while at the same time imparting 

attractive colors to the wood. 

Industrial interest.continued to grow and in September 1965 the Atomic Indus- 

trial Forum in cooperation with the U. S. Atomic Energy Commission sponsored an 

information meeting at Chicago on irradiated wood-plastic materials. 

ings 130f this meeting were available in March 1966. 

Proceed- 

In addition to reviews of 

AEC-sponsored work, papers were presented by representatives of plastics, furniture, 

plywood, sporting goods, engineering,and wood-plastic manufacturing companies. 

Between December 1.965 and June 1966 three AEC contract reports on commercial- 

ization studies in the Northeast, South,l5 and Pacific Northwest and 

Great Lakes Regions1" of the United States were published. Another contract for 

5tn engineering study and cost analysis leading to a conceptual design for a 

small-scale pilot plant for the processing of plastic-impregnated wood was completed17 
in June 1966. 

Industrialo Evaluation of Radiation-Processed WPC ( 3 )  
While these studies were going on, DID had contracted (on the basis of competi- 

tive bids ) with Lockheed-Georgia Company to conduct a cooperative Government-industry 

*Physical properties of WPC prepared with CC14 promoter were not given. 
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program f o r  the evaluation of radiation-processed wood p l a s t i c s  i n  a var ie ty  of 

end-product applications.  

pudding" project .  

0 This contract  was what might be termed a "proof of the 

On July 16, 1965, the AEC issued an inv i ta t ion  t o  the wood-products industry 

t o  evaluate radiation-processed wood-plastic materials.  Responses t o  t h i s  announce- 

ment and requests for  par t ic ipa t ion  i n  the program were received from 181 companies. 

The responses were c lass i f ied  in to  24 categories, and companies were selected t o  

allow representation i n  the program f o r  the l a rges t  possible cross sect ion of 

pr'oduct applications.  

the end of t h i s  review) f o r  par t ic ipat ion,  s i x  elected t o  withdraw, three did 

not send wood fo r  processing, and one submitted a nonwood material  tha t  was not 

Of the 78 companies selected by the AEC (see Table 3 at 

processed because of technical d i f f i c u l t i e s ;  therefore, 68 companies par t ic ipated 

i n  a l l  phases of the program. Each of these supplied wood t o  be processed in to  

WPC, which was then returned t o  the suppliers.  Participants,  i n  turn, returned 

t o  the Lockheed-Georgia Company an evaluation of the products, based i n  many 

instances on r e su l t s  obtained by applying the same standard production techniques 

as f o r  untreated wood of the same or  similar species. The findings of t h i s  evalu- 

ation18 are presented i n  some de ta i l ,  and process problems and the technology 

needing fur ther  development are  discussed. 

In  the Lockheed program, methyl methacrylate was used exclusively as the 

monomer and all wood was givep a f u l l  impregnation, which r e su l t s  i n  a high 

p l a s t i c  content i n  the resu l tan t  WPC. Background information was not adequate 

t o  allow changes i n  the impregnation process t o  control monomer loading, and the 

la rge  quantity Q f  wood processed required treatment of several  species from several  

companies i n  each process run. 

Over 8000 l b  of WC, involving 41  woods, was processed i n  t h i s  program. Wood 

forms t rea ted  indluded rough and planed lumber, dimenlsioned parts,  plywood, m u l t i -  

l ayer  laminates, and veneers. Wood s izes  ranged from 5 in.  by 7 in.  by 5 f t  t o  

3/32 by 7/16 by 2 in.  Approximately 20 board f e e t  
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( o r  equiva1.ent) was processed f o r  each p a r t i c i p a t i n g  company. P a r t i c i p a n t s  

were asked t o  supp1.y k i ln -d r i ed  wood so  t h a t  a t  l e a s t  one process ing  

v a r i a b l e  could be e l imina ted  from t h e  program ana lys i s .  For a l l  processed 

batches,  s e l ec t ed  samples were weighed a t  Lockheed before  and a f t e r  t r e a t -  

ment t o  provide es t imates  of process  qua1.ity cont ro l .  No work was dcne on 

t h e  t r e a t e d  ma te r i a l  by Lockheed except t h a t  a number of p ieces  were planed 

a f t e r  processing t o  remove sur face  v a r i a t i o n s  so t h a t  t h e  t reatment  could 

be  evaluated v i sua l ly .  

p a r t i c i p a n t s  f o r  t h e i r  eva lua t ion .  

A l l  t r e a t e d  ma te r i a l  was returned t o  t h e  r e spec t ive  

No s p e c i a l  equipment was used i n  

processing any wood; s p e c i a l  equipment was ind ica ted  f o r  on ly  one 

mater ia l - - -veneers  less than  1/16 in. t h i c k .  Few d a t a  .were 

ava i l ab le  f o r  processing veneers a t  t h a t  tinie, and no work had been done 

wi th  s i zab le  p ieces .  However, / demand f o r  t h e s e  .mater ia l s  precluded 
t p a r t  i c i p m  t 

t h e i r  exclusion from t h e  program. 

The r e s u l t s  of' t h e  eva lua t ion  progr'am a r e  b r i e f l y  summarized i n  

Tables 1 and 2. I n  Table 1 an e n t r y  under t h e  "Yes" column f o r  ' h a t e r i a l  

Acceptable" i n d i c a t e s  t h a t  the  WPC mate r i a l  showed p r o p e r t i e s  t h a t  would be 
(designated by number). 

The s u i t a b l e  f o r  t h e  s p e c i f i c  app l i ca t ion  of t h e  p a r t i c u l a r  company 
A 

"Part ly"  column shows companies t h a t  found t h e  ma te r i a l  acceptab le  f o r  

lim-ited u s e  i n  t h e i r  product or  t h a t  f e l t  soiae problem must be solved 

before  t h e  ma te r i a l  become acceptable .  The "No" column obviously indic .z tes  

companies t h a t  found t h e  ma te r i a l  u n s a t i s f a c t o r y  f o r  t h e i r  s p e c i f i c  app?i  P T I -  

t i o n s .  

t h a t  a cos t  of $1.50 p e r  full board f o o t  f o r  WPC can be t o l e r a t e d  i n  t h e  

s p e c i f i c  app l i ca t ion .  

could ~ 

A 

An e n t r y  under t h e  "Yes" colunn f o r  "Cost Acceptable" i n d i c a t e s  
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Table 1 Suitability of Wood-Plastic Combinations for  Product  

Applications t -- 
Material Acceptable st Acccptal * Eva1 uotion 

In co m pi et 8 
z- 
N O  

7 

40 - 
49 
14 
77 

1 1  

8 
33 

- 

67 

66 
41,c 

16 

Product - 
'.lo 

ppl 

40 - 

77 - 
1 1  
18 

56 
43 

- 
76 

'es Partly 

50 

- 

14 

- 

11,24,€ 
33 

39 

3 
11,3C 

48 

55 

44 
35 
67 
50 

66 

' 

r :obi nets 
Bank & store fixtures 
Store display 
T.V. &stereo ' 

61 
6G 

.-_L 

looring 
Solid lumber 
Truck decks 
Veneer 

62,51 , 43 
49 

62 

:urniture . 
Household, case goods 
Household, juvenile 
Household, s l i d  wood 
Laboratory 
Office 
Outdoor tables 
Restaurant 
School, tablet arms 
Stadium seats 
Veneer overlays & inlays 

18* 
24,Il 

39 
36 

36 

36 

3/62 

56* 
43 

3*, 42 
1 1 *  a 

48*, 76" -- 
55* 

Gift  Items --- 
69 

-c- 
G unstoc ks 

Handles 
Brush 
Cutlery 
Garden tool, crnall 
Putty knife 
Shovel 
Striking tool, ax, homme 

44* 

50* 

- 

49 
Mi I lwork 

Furniture parts 
Stair treads 
Windows 

78 

52 

59' 

Mi sce I I aneo us 
Architectural gril!es 
Beverase cases 
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Table 1 {continued) 

Mi sc e I 1 m e 0  us (Continued) 
Casket parts 
Cooling tower parts 
Concrete forms 
Cutting boards 
Door knobs 
Drop hammer boards 
Dry k i ln spacer sticks 
Ladder rails 
Picture frames 
Printing plate mounts 
Rai 1 road crossing timbers 
Rules, log 8, cordwood 
Signs, carved outdoor 
Shoe heels 
Shoe lasts 
Suction box covers 
Templates, carving machin 
Trusses, st ruc t ura I 
Yacht parts 

Musi cal Instruments 
Ciarinet bodies 
Guitar ports 
Organ R piano parts 
Reccrders (woodwinds) 

Plywood 8, Veneer 
Plywood panels 
Veneer, moulded 
Veneer, loose 

Sports Equipment 
8aseball bats 
3illiord equipment 
Cond I e pi ns 
Golf club heads 
Water sk is  

Textile Machinery 
20b bi  ns 
Picker aprons 
Picker sticks 

_I 

Material Acceptable - 
Yes 

71 
71 

42 

27 

72 - 

38 

Partly 

-- 

5 
55,57 

7 

53 

13 

- 
No 

64 

49 

25 

54 

75 
68 
47 

- 

26,7C 

26,7C 
I 

1 

2 
15 
73 

.- 

I 
7 

Yes 

Y 

71 
71 

II 

38 

I- 

- 

64* 

49* 
5* 

55*, 57* 

25* 

68 
47* 
42 * 

53* 

13* 
27* 

72* 

30*, 26*, 70 
32* 

9,26*, 70* 

'1 
12 
2* 

1 s* 
73, 

45* 
1 o* 

u 

L 
No 

21 

7 
54 

75 

Evaluat'ion 
Incomple tc 

21 

17 
49 

6 
71 
71 

63 

27 
34 
72 

10 
29,65 

t Numbers designate individual companies l isted in table 3 a t  the end 

4 Did not comment on cost  of mater ia l  
of this review 



Table 2 EVALIJATJONS OF WPC CHARACIERISTKS 

Number Of. Companies 

Charac teristic 
Partly 

k c  c e p t a b ! 6 
Not 

Acceptable 
No 

Comment Acc cp tab I e 

*-- --OB ma-."- .-YILv.I--Vln--.L 

Machinability 

Sawing 

Planing 

Sondi ng 

Turning, carving, e t c  . 
Dri I I i ng 

.-*------- 
Adhesive eonding 

39 

46 

35 
35 
50 

27 

21 
31 

25 

1 1  

12 . 

-- 
0 2 54 

52 9 0 7 Corn pa tibilitye 

Wsight Increosc 

h is ture  Absorption 

And Stability 

-, 

-u--- _I 

- c 

Unifornii ty (3f 

P l a s t i c  Loading 

12 14 39 3 

15 6 3 44 

- 

57 10 0 1 

- 
3 8 57 0 Warpage 

Stain Resistance 

_I_- 

8 57 3 0 

dl 
NINIUII" 

* Compatibility of WPC processing with convcntionally bonded mater ia l s .  



P r o p e r t i e s  Evaluated (41 

Per t inen t  p r o p e r t i e s  common t o  many evaluutioris a r e  shown i n  t h e  f irst  

of Table 2. 
column 

The figures give t h e  number of companies t h a t  found a 

p a r t i c u l a r  proper ty  acceptable ,  p a r t l y  acceptable ,  or not acceptab le ,  or  

offered no cormnetit. Considcrable i n t e r p r a t a t i o n  by Lockheed was necessary 

t o  c3ass i fy  t h e  canments on p r o p c r t l e s  a f f e c t i n g  f a b r i c a t i o n .  
15) 

Machjning P rope r t i e s .  Most p a r t i c i p a n t s  found t h e  muchining p r o p e r t i e s  

of WPC s a t i s f a c t o r y  and i n  some cases, exce l l en t .  Some adjustment i n  

normal woodworking procedures was f r equen t ly  necessary.  

was required;  sharp c u t t i n g  edges wcre essent ia l ,  making carb ide  too1.s 

h igh ly  d e s i r a b l e ;  and slower feed  r a t e s  were requi red  because of t h e  

increased hardness  of WPC. Grea tes t  d i f f i c u l t y  was experienced I n  drillinC.t, 

Grea ter  power 

because t h e  b i t  became clogged with WPC d r i l l l n g s .  

p l a s t i c ,  f u r t h e r  accentua t ing  t h e  clogging. 

of d r i l l  b i t  helped t o  decrease t h e  problem so t h a t  WPC could be success-  

f u l l y  d r i l l e d .  

a b l e  t o  sand WPC s a t i s f a c t o r i l y ;  however, some found t h a t  r e s u l t s  were b e s t  

Heat sof tened  t h e  

Changes i n  f e e d  r a t e  and type  

Over 90$ of t h e  p a r t i c i p a n t s  who comrnentcd on sanding were 

with sharp abras ives  ( s i l i c o n  carb ide)  and t h a t  adjustments i n  feed  r a t e s  

and depth of cut  were des i r ab le ,  expec ia l ly  f o r  drum sanders.  
( 5 )  

Adhesive Rondi nc;. The p r i n c i p a l  d i f f i c u l t i e s  a s soc ia t ed  with adhesive 

bonding were experienced with ma te r i a l s  t h a t  were bonded o r  laminated before  

be ing  converted t o  WPC; many p a r t i c i p u n t s  repor ted  delamination, s p l i t t i n g ,  

o r  cracking a t  t h e  glue l i n e .  

s t r u c t i o n ,  bonding must be performed a f t e r  t h e  wood i s  processed.  

Hcsul ts  sug[:cst t h a t ,  f o r  t h i s  type  of con- 

Most p a r t i c i p a n t s  reported success i n  obta in ing  good adhesive bonds 

to t h e  processed ma te r i a l ;  however, t h s s e  successes  slere accornplishea 

with epoxy, phenol-resorcinol  , and polyvinyl a c e t a t e  adhesives;  melamine 

and urea adhesives cave g,enc.rally poor results. 
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Loos and Kent,” i n  work subsequent t o  the Lockheed evaluation, studied the 

fastening of wood-plastic combinations by both adhesives and mechanical fas teners .  

They found t h a t  resorcinol-based adhesives gave the b e s t  r e s u l t s  of the glues 

tes ted;  poly (vinyl  ace ta te ) ,  urea--formaldehyde, and casein adhesives formed 

s a t i s f a c t o r y  glue bonds w i t h  WC as long as the polymer loading w a s  not too high. 

Poly (v inyl  a c e t a t e )  and urea--formaldehyde formed a b e t t e r  bond when the moisture 

content of the WPC was low, and the authors suggest t h a t  some formulation a d j u s t -  

ments t o  match the moisture diffusion r a t e  of the glue t o  t h a t  of the WPC would 

probably improve bonding propert ies .  

( 5 )  
Mechanical Fastenings. Standard wood-fastening techniques must be 

modified vheu used f o r  WC. The t a p e r  of a conventfonal wood screw requi res  

a matching p i l o t  hole ; otherwise t h e  s t r a i g h t  unthreaded por- 

t i o n  of t h e  shank tends  t o  s p l i t  t h e  WPC. 

shank sheet-metal screws, although clclse control  of t h e  p i lo t -hole  s i z e  

Results were bes t  with s t r a i g h t -  

was required.  Several p a r t i c i p a n t s  reported t h a t  t h e  screw-holding power 

of WPC was superior t o  t h a t  of wood. Na i l ing  of WPC was unsat is.- 

f a c t o r y  because of s p l i t t i n g ,  but only two p a r t i c i p a n t s  s t a t e d  t h a t  t h e  

lack  of n a i l a b i l i t y  would be a primary consideration. 

Loos and Kent1’ a l s o  found mechanical fasteners,  i . e . ,  wood screws and other 

threaded fasteners,  qui te  s a t i s f a c t o r y  for  WC. They, too, d id  not advise nai l ing.  

Three threaded type i n s e r t s  as well  as a standard tapped hole and b o l t  were 

evaluated, and all gave high performance i n  fastening WPC. 
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(5.) 
Wei&t Increase.  Somewhat,more than  ha l f  of t h e  p a r t i c i p a n t s  offered 

no comment on t h e  g r e a t e r  weight of W C .  About bo$ thought t h a t  t h e  i n -  

c rease  i n  weight was e i t h e r  not acceptable o r  only p e r t l y  acceptable, while 

less than  5 s  found t h e  weight increase  acceptable.  One of t h e  mi9 objec t -  

i ons  t o  t h e  g r e a t e r  weight was t h e  r e l a t e d  increase  i n  shipping cos t .  Some 

o t h e r  ob jec t ions  were t h a t  f o r  some hand t o o l s  and spor t ing  goods t h e  item 

was t o o  heavy f o r  easy  handling o r  t h e  balance was changed. ?Two r a t h e r  

amusing comments were received from manufacturers of bowling p i n s  and 

water sk is - - - the  WPC candlepins were almost t o o  heavy t o  knock over and t h e  

water s k i s  were t o o  heavy t o  f l o a t .  
1 

(5 1 
Other Proper t ies .  The major i ty  of comments on moisture r e s i s t a n c e  

ind ica ted  it t o  be s a t i s f a c t o r y .  O f  t h e  t h r e e  p a r t i c i p a n t s  who d i s q u a l i f i e d  

t h e  ma te r i a l  because of moisture absorption, t u o  could t o l e r a t e  e s s e n t i a l l y  

no moisture absorption i n  t h e i r  product. It should be mentioned, however, 

t h a t  t h e  moisture absorption r a t e  f o r  hTC is  less than  t h a t  f o r  untreatcr! 

wood. 



Data on chemlcal and s t a i n  r e s i s t a n c e  of W C  m a t e r i a l s  were repor ted  

by t h r e e  p a r t i  c i p m t  s ,  A l abo ra to ry - fu rn i tu re  manufacturer repor ted  t h a t  

t h e  e f f e c t s  of s h o r t  exposures t o  conunon l abora to ry  chemicals, except f o r  

s t r o n g  bases  and some s t rong  ac ids ,  were e a s i l y  removed by l i g h t  sanding 

and buf f ing .  

exposures t o  30 common m a t e r i a l s  found it t o  be unaffected by 

21 of t h e s e  ma te r i a l s  but  s t a ined  somewhat by nine h igh ly  colored ma te r i a l s .  

'"Wo companies who evaluated t h e  r e s i s t a n c e  of WPC t o  long  

Warpagd was repor ted  by a few companies; however, experience i n d i c a t e s  

t h a t  warpage i n  s o l i d  s tock  gene ra l ly  i s  not a problem. 

Veneers (41 
I n t e r e s t  i n  veneers was high,but t h e  13 companies who submitted veneer  

samples f o r  processing almost a l l  repor ted  t h e  processed veneers t o  t e  

unsa t i s fac tory .  

ing,  bu t  some manufacturers submitted t h e  veneer a l r eady  bonded t o  a back- 

ing m a t e r i a l ,  

success fu l ly  reported favorably  on the  increased hardness,  s t r eng th ,  and 

abras ion  r e s i s t ance .  The most f requent  comment was t h a t  t h e  veneers  

warped, cur led ,  or s p l i t  dur ing  working. Surface e f f e c t s - - - v a r i a t i o n s  i n  

moncimer loading a t  t h e  sur face  on veneers less than  1/16 in , th i ck - - -  were 

d i f f i c u l t  t o  remove)and some p a r t i c i p a n t s  reported sanding 

t h e  veneer i n  a t tempts  t o  remove these  sur face  blemishes,  

veneer  t o  core  material gave some t roub le  : 

t h e  veneer, and urea and melamine adhesive6 csused s v c l l i n g  and blistex*irig.  

However, epoxy adhesives gave gocd results. Some p a r t i c i p a n t s ,  by 11~~Ji.f '~i  

s tandard  techniques,  were a b l e  t o  f a b r i c a t e  t h e  more r ig id  KPC veneers;  

fo r  extlillple, one p a r t i c i p a n t  used a h o t  press t o  so f t en  and f l a t t e n  t h e  

Most veneer was submitted a s  a s i n g l e  shee t  f o r  process-  

Those companies t h a t  were a b l e  t o  bond and work t h e  veneer 

through 

Bonding of 

r e so rc ino l  adhesive bled through 



vencer)and another used heat t o  edge-bond D c i r c u l a r  surface with WPC 

veneer and t o  mold ihe  vericcr i n t o  ai1 i r r egu la r  shape. 

It must be rea l ized  t h a t  there  has been l i t t l e  devel.opment I n  t he  

technique of working with t h e  t h i n  and f r a g i l e  W C  veneers and no attempt 

was made t o  provide special  devices f o r  handling these mater ia ls  i n  t h i s  

program. 

foo t  - cost  14) 

In the  Lockheed evaluation, a cost  of $1.50 per  f u l l  boargwas used. 

This cost i s  t h e  same a s  t h e  mirrimum developed i n  t h e  Vitro Engineering 

evaluation. The Vitro economic evaJ.uations of product cos ts  based on 
17 

a 3000-lb/hr production f a c i l i t y  ind ica te  t h a t  t he  impregnation and 

rad ia t ion  cos ts  f o r  t h e  methyl nethacrylate  would be -$O.O35 per  pound. 

Monomer costs  f o r  methyl methacrylate f omula t  ions would be -$o. 086 per  

pound of product. 

be -$0.121 per pound, r e su l t i ng  i n  a cost  per  board foo t  ( 5  lb/bd f t ) ,  

Total  conversion cos ts  (excluding wood cos t )  would 

f o r  methyl methacrylate-wocd combination, of $0.60 (excluding wood cost  ). 

With the assumption t h a t  / 
cost  (less marketing cost and profit) would be $0.95 per board foot .  

addl t ional  costs  f o r  marketing and p r o f i t  sre,  of course,  re la ted  t o  the 

average wood costs  are  
$0.35; per  board foot,  t h e  t o t a l  product 

Tk;e 

individual processor’s t r a d i t i o n a l  method irf accounting, but f o r  es t imat-  

ing purposes t h e  projected costs  ranged between $1.50 and $2.50 per  board 

foot  f o r  a broad range of wood species.  

Kent e t  a1.20’21 have examined other polymer systems, the incorporation 

of additives i n t o  the monomers, and the r e l a t ion  of dose r a t e  t o  t o t a l  dose 

required for complete polymerization i n  order t o  obtain possible reductions 

i n  the cost  of WPC as well  as t o  achieve other advantages. They found tha t  

i n  the systems studied the radiat ion dose required was a function of the 

0.3 power of the r ad ia t ion  in tens i ty .  They a l s o  found that using some 



di f fe ren t  monomer addi t ives  could reduce some costs ;  however, the physical 

propert ies  of such systems have not been evaluated. 

Process Problems ( 3 )  
As a r e s u l t  of the evaluation program conducted by Lockheed, i t  becomes 

apparent t h a t  widespread appl icat ion and commercialization of the WPC process 

depends heavily on the reduction of two fac tors  which a re  i n t e g r a l l y  related---  

cos t  and weight. Since one board foot of WPC costs,  wi th  marketing and p r o f i t ,  

$etween $1.50 and $2.50 and contains 2 lb or  more of p l a s t i c ,  both weight and 

cos t  would be s i g n i f i c a n t l y  reduced i f  only the outer or top surface of the 

wood were impregnated with p l a s t i c .  

and s h e l l  loading ( f u l l y  impregnated wood surface)---offers a solut ion t o  

Development of two technologies---veneer 

t h i s  problem. 

WPC Veneer Technology ( 4 )  
Both the weight and cost  would be s igni f icant ly  decreased i n  a veneer or  

paneling w i t h  only a top layer  of WPC. 

Although t h e  cos t  would not be decreased i n  direct; proportion t o  t h e  

thickness  of WPC veneer used, t h e  cos t  should be much less than t h e  $1.50 

p e r  board f o o t .  

expensive monomer, isobutyl  

f o r  a 1/24-in. thickness,  exclusive of t h e  cos t  of t h e  veneer. 

16 Rohrmann estimated t h e  cost  of WC veneer using a more 

methacrylate, t o  be $0.12 p e r  square foot 

Also, 

the  f inishing cos ts  f o r  WPC veneer would very possibly be l e s s  than those f o r  
conventional veneer. 
were contacted stated that if the color, hardness, and general  improved dur- 
a b i l i t y  of the  WPC could be ensured throughout the veneer sheet,.an addi t ional  
cost  of $0.10 t o  $0.20 per square foot  could be tolerated.  

He a l s o  reports  t h a t  qua l i ty  furn i ture  producers who 

Boyle e t  al.22 have recent ly  demonstrated a b i l i t y  t o  produce veneers by 
i r r a d i a t i o n  of a s tack of impregnated veneer sheets separated by Saran Wrap. 
The s tack w a s  clamped between sheets of g lass  during the i r rad ia t ion .  The 
t rea ted  veneer was s t i f f e r  than untreated stock and somewhat more b r i t t l e  
across the grain; however, surface depletion was  s l i g h t  and a good surface 
l u s t e r  could be obtained with l i g h t  sanding. 

The weight increase from a t h i n  F P C  surface l a y e r  of veneer, i. e., 

Not only does t h e  use of a 1 t o  2 0z/ft2 would scarcely be noticed. 

WPC surface veneer make t h e  product less c o s t l y  t o  f a b r i c a t e  a s  compared 

t o  c l e a r - t h r o u a  impregnation, but a l s o  t h e  l i g h t e r  weight maintains 

shipping c o s t s  comparable with those of conventional products. 



S t i l l  another advantage of WPC surface veneer i s  t h a t  fewer conven- 

t i o n a l  woodworking techniques would need t o  be changed. 
should 

l a y e r  not d u l l  t o o l s  a s  quickly A S  s o l i d  W C  dur ing  cu t t i ng ,  and many of A 

t h e  f a s t en ings  arid bondings would be made 011 t h e  unt rea ted  s ide ,  where 

The t h i n  WPC surface 

conventional p r a c t i c e s  could s t i l l  be followed. 

S h e l l  Loading TechnologL (4)  

I n  preparing i r r e g u l a r  shapes of WPC ma te r i a l s ,  some of t h e  same 

advantaGes of WPC-surfaced veneers could be achieved if t h e  impregnation 

of wood shapes could be 1i.mited t o  a 1/8- t o  1/4-in.  sur face  l a y e r .  This 

would, of course, decrease t h e  weight and cos t  of monomer as compared t o  

f u l l y  impregnated WPC items; yet t h e  product would r e t a i n  many of t h e  

advantages of f u l l y  impregnated WPC, e. g., sur face  hardness, abras ion  

r e s i s t ance ,  and depth of f i n i s h .  The p a r t i c i p a n t s  t h a t  submitted gun- 

s tocks  f o r  treatment were concerned about e i t h e r  t h e  t o t a l  weight o r  t h e  

uniformity of t h e  weight increase.  Shell-type monomer loading should 

f i n d  app l i ca t ion  i n  some s o l i d  f u r n i t u r e  pieces,  spo r t ing  goods ( b a s e b a l l  

ba t s ,  bowling pins)) and o the r  pre-shaped wood items ( s c r o l l  work, s a l a d  

bowls, o r  door knobs). 

on s h e l l  loading. They f i n d  t h a t  some polymer should be i n  t h e  core t o  

prevent t h e  more heav i ly  loaded ou te r  l a y e r s  from "shelling-off;' which 

has  been observed i n  t h e  use of thermosett ing p l a s t i c s  f o r  t h e  s h e l l  t r e a t -  

ment of bowling p ins .  
s he 11 -loaded 

Polymer d i s t r i b u t i o n  i n  a, , loblolly p ine  sapwood 

specimen i s  shown i n  F ig .  1. 
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Surface neplet ion (4) 

Although t h e  WPC process i s  qu i t e  s a t i s f a c t o r y  f o r  many items made 

from s o l i d  lumber and f in i shed  t o  dirnensi-on a f t e r  processing, t h e r e  s t i l l  

remains a problem of sur face  deple t ion  of mcnomer t h a t  € 5  p a r t i c u l a r l y  

not iceable  arid d e s t r u c t i v e  t o  veneer arid preshaped 

This l a y e r  i s  l i g h t e r  i n  co lo r  and love r  i n  dens i ty  than  f u l l y  impregnated 

wood and ~sua l1 .y  extends 1/32 t o  1/8 i n .  i n t o  wood surfaces p a r a l l e l  and 

t a n g e n t i a l  t o  t h e  g ra in  d i r ec t ion ,  and from 1/8 t o  1/2 i n .  i n t o  su r faces  

perpendicular t o  t h e  gra in  d i r e c t i o n  (end g ra in ) .  

s o l i d  p i eces  of W C .  

This depleted l a y e r  

must be ranoved t o  reach t h e  f u l l y  impregnated wood, and i n  sane cases  

with veneer, t h e  t o p  l a y e r  may be sanded through before f u l l y  impregnated 

ma te r i a l  i s  reached. 

16'18 This surface dep le t ion  e f f e c t  i s  undoubtedly r e l a t e d  t o  t h e  

v o l a t i l i t y  of t h e  methyl methacrylate monomer ( b . p .  -212'F). 

polymerization con t r ibu te s  t o  t h i s  problem, and Vi t ro  Engineering made 

The hea t  of 
17 

r a t h e r  extensive s t u d i e s  of temperature increase  during polymerization, 

p r o b a b i l i t y  of a runaway reac t ion ,  con t ro l  of temperature, and hea t  t r a n s -  

f e r  ana lys i s .  Unpackaged wood presents  t h e  best poss ib le  arrangement f o r  

hea t  t r a n s f e r ;  t h i s  arrangement i s  unsa t i s fac tory ,  however, because monomer 

t r a n s p o r t  from t h e  wood t o  t h e  i r r a d i a t i o n  c e l l  can r e s u l t  i n  a depos i t  of 

polyner on 011 sur faces  wi th in  the i r r a d i a t i o n  chamber. The V i t r o  con- 

ceptua l  

metal product conta iners  cooled by a water spray a s  they  pass  t h e  

soiirce . To ccnf i rm t h e i r  engineering conclusions, V j  t r o  

had Lockhccd-Georgia perform f o u r  lu rgc-sca le  experiments wi th  a product 

designs of both a p i l o t  f a c i l i t y  and production f a c i l i t y  recommend 
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c a r r i e r  t yp ica l  of t h e  s ize  considered i n  t h e  Vi t ro  r epor t  so t h a t  t h e  

expericiental  da t a  could be d i r e c t l y  r e l a t e d  t o  t h e  V i t r o  f a c i l i t y  design.  

I n  a l l  f o u r  of t h e  t es t s  t h e  maxirnmi temperatures reached were i n  excess  

of 200°F (from 230°F 

r e l e a s e  problems and t h e  r e s u l t i n g  p l an t  design were subs t an t i a t ed  by 

t h e s e  experiments, and Vi t ro  concluded t h a t  a zoned r a d i a t i o n  source 

us ing  water  cool ing  i s  t h e  bes t  poss ib l e  choice  f o r  a p l an t  design.  

t o  R high of 277'F). The conclusions about hea t  

One problem r e l a t e d  t o  cool ing  t h e  product c a r r i e r s  with w a t w  while 

i n  t h e  r a d i a t i o n  zone i s  whether or  not some of t h e  monomer, vo la t i l i zed  

from t h e  impregnated wood by t h e  hea t  of polymerization, w i l l  condense on 

t h e  water-cooled surface,  and, being i n  t h e  r a d i a t i o n  zone, polymerize 

on t h i s  su r f ace .  With repeated use any buildup of polymer 

would s e r i o u s l y  a l t e r  t h e  h e a t - t r a n s f e r  c h a r a c t e r i s t i c s  of the  / c a r r i e r s ;  
therefore ,  rou t ine  maintenance procedures will be required t o  remove polymer 
buildup. 

product 

This problem will probably e x i s t  w i t h  v o l a t i l e  monomers where 

any t ype  of cool ing may be used i n  the  r a d i a t i o n  zone. 
16 

Rohnnann. suggests  t h e  use of a l e s s  v o l a t i l e  monomer, f o r  example 

i sobu ty l  methacrylate  (b.p. -3llOF a s  compared t o  -212'F f o r  methyl 

methacry la te ) ,  f o r  veneers and preshaped p i eces .  

t es t  a t  Rattelle-Northwest,  

I n  a s i n g l e  smal l - sca le  
16 veneers were processed i n  a simple manner 

w i t h  r ad ia t ion ,  us ing  i sobu ty l  methacrylate  t o  prepare specimens of f u l l y  

impregnated 1/24-in.  - t h i c k  veneer w i t h  e s s e n t i a l l y  no sur face  o r  end-grain 

dep le t ion ;  however, Rohnnann emphasizes t h a t  t h i s  vas a s i n g l e  smal l - sca le  

t es t ,  and t h e  process  cannot be claimed a s  s u i t a b l e  f o r  veneers ,  
Kent e t  al.20 have shown that c e r t a i n  add i t ives  ( p l a s t i c i z e r s )  can lower 

the  hea t  of polymerization i n  some monomer systems and i n  some systems may 
s i g n i f i c a n t l y  reduce the  r ad ia t ion  requirements. However, they ind ica t e  

t h a t  the  phys ica l  p rope r t i e s  of a WPC with high p l a s t i c i z e r  concentrat ion 

need t o  be evaluated. 



Nonuniform ImpreEliat i.on (4) 

Ancjther process problem mentioned by many p a r t i c i p a n t s  was inadequate 

impregnation of wood pieces---ei ther  t h e  weight gain was t o o  small or t h e  

wood was not uniformly impregnated. Currently ava i lab le  research and 

devel-opment r e s u l t s  do not, f o r  a l l  species of conunercial in terest ,  provide 

adequate data  f o r  (1) impregnation c h a r a c t e r i s t i c s  of' each wood species  

with respect t o  uniformity of monomer d i s t r i b u t i o n ,  (2 )  range of p l a s t i c  

loadings c h a r a c t e r i s t i c  of f u l l - c e l l  impregnation f o r  each species,  ( 3 )  

processing cycles t a i l o r e d  t o  each wood species  f o r  thermoplast ic  monomers, 

and ( 4 )  estimates of t h e  percentage of adequately t r e a t e d  mater ia l  normally 

achieved i n  processing randomly selected woods of each species.  Undoubtedly, 
commercial producers a re  acquiring these data as needed. 

Recommendations and Conclusions from Evaluations . (3) 
f The one s ingle  f a c t o r  common tom";ny t%e reports  14'%as t h e  recognition 

and i n t e r e s t ,  espec ia l ly  by f u r n i t u r e  manufacturers, i n  t h e  development 

of WPC veneer. Many of t h e  f u r n i t u r e  workers feel  t h a t  t h i s  is  t h e  econom- 

i c a l  way of applying WPC t o  t h e i r  products. Once t h i s  technique i s  

developed, t h e  use of WPC f o r  edging s t r i p s ,  legs,  e t c .  w i l l  probably be 

more widely/ 
accepted. 

Although these reports  indicate  t h a t  much i s  s t i l l  t o  be 

done i n  developing WPC veneer techniques, the  p o s s i b i l i t y  e x i s t s  t h a t  t h e  

a r t  of producing these  veneers i s  more advanced than reported.  I n  any 

case the t rue  s t a t e  of veneer development i s  d i f f i c u l t  t o  assess  because 

some of t h i s  work i s  undoubtedly being done by commercial WPC producers 

and the results a re  therefore unavailable. 

w a s  
The use of W C  f o r  f loor ing  / considered i n  a l l  t h r e e  regional  Coil- 

mercia3.1 zat  ion reports  14'16 as well  as i n  the Arthur D. L i t t l e ,  Inc., 

report.' WPC appears t o  have good physical propert ies  f o r  
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flooring, and there are  no apparent technical problems i n  manufacturing and in-  

s t a l l a t ion .  

Obviously the problems of cost, surface depletion, nonuniform impregnation,and 

weight have been solved f o r  the production of parquet WPC flooring, since four 

companies are now commercially producing t h i s  product. 

trade names of t h e i r  products are: 

ARC0 Chemical Company---a subsidiary of Atlant ic  Richfield Company (PermaGrain); 

Radiation Machinery Corporation (Gammite ); and Radiation Technology, Inc. (Radwood). 

Cost appeared t o  be the main deterrent  t o  i t s  widespread use. 

These companies w i t h  the 

The American Novawood Corporation (Gammapar); 

Vitro concluded from t h e i r  study tha t  there are  suf f ic ien t  research data 

available t o  proceed w i t h  the design and construction of a pi lot-plant  WC f a c i l i t y .  

The plant of t h e i r  conceptual design can accommodate a five-fold increase---from 

200 t o  1000 lb/hr. 

or l a rge r  i s  a l so  feasible,  but there was no indication of such a need a t  the time 

of t h e i r  investigation. How much, if any, of Vi t ro ' s  engineering went i n t o  the 

four commercial plants  now i n  existence i s  not generally known, b u t  undoubtedly 

the Vitro report  was examined. One company, The American Novawood Corporation, 

ac tua l ly  s t a r t ed  commercial production 

the Vitro report17 became available i n  June 1966. 

They believe tha t  a production plant of 3000 lb/hr capacity 

w i t h  6oCo before 

Lockheed concluded tha t  duplication of the evaluation program with d i f fe ren t  

par t ic ipants  w a s  not indicated at the time t h e i r  report  was published because the 

technology of WC had not advanced su f f i c i en t ly  t o  ensure that  such evaluations 

would produce anything other than the same comments and data  derived from the f irst  

program. 

"follow-on" evaluation, and worthwhile data could probably be derived from such 

Almost half  the companies expressed i n t e r e s t  i n  par t ic ipat ing i n  a 

a program with a l imited number of companies from the present program. Lockheed 

recommended that  such a program be conducted, oriented toward the reduction of 

surface effects ,  production of WPC veneers, and improvement of impregnation 

technology. 



Final  Contracts ( 3 )  

The USAEC Division of Isotopes Development concluded i t s  sponsorship of WPC 

deve lopent  with two contracts  awarded t o  Research Triangle I n s t i t u t e  and West 

Virginia  University, respectively,  t o  conduct a study t h a t  would more prec ise ly  

evaluate the improvement i n  the physical and mechanical propert ies  of wood-plastic 

combinations as compared with untreated wood. Research Triangle I n s t i t u t e  sub- 

contracted par t  of t h i s  cooperative e f f o r t  t o  North Carolina S ta te  University. 

For t h i s  physical-mechanical property evaluation North Carolina S ta te  

University both col lected and tes ted the specimens, West Virginia University 

d id  the impregnation and i r rad ia t ion ,  22 and Research Triangle I n s t i t u t e  performed 

the da ta  analysis  .24 

The basic  objective of t h i s  research was t o  assess the nature and magnitude 

of the changes i n  a selected group of physical  and mechanical propert ies  measured 

on c e r t a i n  wood-plastic combinations as a function of the polymer loading, i . e . ,  

the amount of polymer i n  the wood r e l a t i v e  t o  the maximum possible amount. a 
The scope of t h i s  study w a s  intended t o  be as comprehensive as possible by  

including as many monomer systems and t e s t s  of the physical and mechanical proper- 

t i e s  of wood as seemed feasible .  

The four monomer systems selected were methyl methacrylate (loo$), methyl 

methacrylate (88%) - Phosgard*(E%), styrene (60%) - a c r y l o n i t r i l e  (40%), and 

e t h y l  acrylate  (80%) - a c r y l o n i t r i l e  (20%). 

Four nomin'al loadings of each of the four monomer systems were used i n  t r e a t -  

ing .the specimens. Based on the theore t ica l  void volume available , the desired 

monomer loadings were O%, 4376, 66$, and loo$ of maximum loading. 

unimpregnated, unirradiated controlsy, A 6oCo source was used t o  e f f e c t  polymeri- 

zation. 

I n  addition, 
were included. 

and 
The t e s t s  (including many standard tests, ,selected t o  give as much informa- 

t i o n  as possible about the changes i n  the propert ies  of wood with the addition of a 
the p l a s t i c s  ) were s t a t i c  bending, vibrat ion (dynamic modulus of e l a s t i c i t y ) ,  

compression perpendicular t o  the grain, tension perpendicular t o  the grain, 
*Flame retardant  organophosphorus compound. 
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and 
toughness, hardness, abrasion,/ dimensional 

e f f ic iency  and rate. of change). 

change i n  water vapor (ant i -swel l  

In  the se lec t ion  of species for  t h i s  study, consideration was given t o  woods 

t h a t  were wel l  known and commonly used, represented both the hardwood and softwood 

groups, possessed d i f fe ren t  densi ty  ranges, var ied i n  penetrabi l i ty ,  and possessed 

the p o s s i b i l i t y  of being upgraded o r  improved by the addition of a p l a s t i c .  

species selected were l o b l o l l y  pine (Pinus taeda),  eastern white pine (Pinus 

The 

strobus),  yellow poplar (Liriodendron t u l i p i f e r a ) ,  and northern red oak (Quercus 

rubra) .  

Compared with e a r l i e r  work, t h i s  s e r i e s  of t e s t s  w a s  much more comprehensive. 

More species of t rees ,  more monomer formulations, and a broader spectrum of physical- 

mechanical t e s t s  were investigated t o  provide a basis for  the comparative evalua- 

t i o n  of the influence of wood species, monomer formulation, and polymer loading 

on mechanical and physical propert ies  of wood-plastic combinations. 

nized and emphasized, however, t h a t  the s e r i e s  of t e s t s  and comparisons w a s  not 

It i s  recog- 

a l l  inclusive---others could have been proposed tha t  would be 

f o r  p a r t i c u l a r  applications.  

qui te  valuable 

A s t a t i s t i c a l  analysis  of the r e s u l t s  of these t e s t s  established trends of 

the modification of mechanical propert ies  as a function of loading. . 

Properties tes ted  were of i n t e r e s t  i n  a wide v a r i e t y  of applications.  The 

s t a t i c  bending t e s t s  indicate  the s t i f f n e s s  and breaking s t rength i n  bending of 

the various wood-plastic combinations a t  d i f fe ren t  l e v e l s  of loading. This  infor-  

mation i s  of p a r t i c u l a r  value i n  s t r u c t u r a l  and furni ture  design. Increase i n  

toughness i s  of value where impact strength i s  important, e.g., sport ing goods, 

t o o l  handles, e tc .  Abrasion resis tance and hardness a re  of par t icu lar  value i n  

flooring, furni ture ,  and paneling. Compression perpendicular t o  the grain i s  

important i n  s t r u c t u r a l  design and general u t i l i t y  and tension perpendicular t o  

the grain i s  re la ted  t o  the ease of s p l i t t i n g  of the material .  The r e s u l t s  from 

the r a t e  /dimensional change i n  water vapor t e s t s  should be of i n t e r e s t  t o  most 

users of wood, espec ia l ly  those i n  f looring and furn i ture  manufacture. The 



relatively poor dimensional stability of wood (with respect to moisture) is one 

of its most limiting characteristics. 

wide use, but it reveals information that may be useful in nondestructive testing 

of wood-plastic combinations. The particular combination of properties obtained 

in wood-plastic combinations may a l s o  suggest applications for the material for 

The vibration test is not presently in 

which wood is not now used. 

The greatest,improvement in properties of wood polymer as compared to untreated 

wood was achieved for the following: side hardness (up to 11-fold increase), 

abrasion resistance (up to 7-fold increase), and compression perpendicular to 

grain (up to 6-fo1d' increase ). 

Perhaps the most interesting results were the high anti-swell efficiencies 

of the wood-styrene and acrylonitrile combinations. 

60-70%---100$ would indicate no swelling of the wood polymer. 

The efficiencies were up to 

It is apparent from the results of this study that wood-plastic composites 

possess a unique set of properties in comparison to other improved wood products. 

Perhaps the most salient feature of the composites is that strength increases, 

together with excellent dimensional stability, can be achieved without reduction 

of toughnessor abrasion resistance which is found in most other forms of improved 

wood. In fact, in certain specific composites, toughness and abrasion resistance 

can be enhanced. 

A disadvantage of the wood-polymer composite systems, of the type studied 

in this in~estigation,~~'~~ is the high added polymer content which is required 

to attain the maximum property value. In this regard, except for surface hardness 

and related properties, the enhancement of mechanical strength and stiffness is 

not especially efficient in terms of the amount of added polymer required. 
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This disadvantage again emphasizes tha t  commercial exploi ta t ion of WPC w i l l  

have i t s  grea tes t  po ten t ia l  w i t h  the development of technology f o r  production of 

veneers, surface-treated (shell-loaded) materials, or  where only th in  sections of 

W F C  are  required---for example, / f looring where the t o t a l  thickness of the parquet 

t i l e  i s  about one-fourth inch. Fully loaded, massive shapes w i l l  probably be 

i n  

economically feas ib le  only in  special  applications.  Nevertheless, the f ac t  t ha t  

four companies are  now commercially producing WC a t t e s t s  t o  the merits of 

the product. Again i t  i s  s t ressed that  the technology developed by the commercial 

manufacturers, which i s  of a proprietary nature, probably far exceeds tha t  developed 

under AEC sponsorship. 
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No. Conpony No. Comp3riy No. Coillp::ny 
-. -- I --- 

Founders Furni:ure Co. 
24 Plcojont Gcil:len, b!. C. 

Adirondock Bats, lnc. Otis L. BmyCill Furniiure 

Marion, N. C. 

Eranrwick Co:pra tion 
h\u,kegc*n, Micl;. 

1 Dolgeville, N, Y. 1'1. Coniporiy 

2 
Gariiljle Brotlxt-s, Inc. 
Louisvi I I c, Ky . 
G corgis- Pc t i I i c C3 rp . 

26 Savannah, Go. 

27 

25 Americuii Products, Inc. 
Central Folls, R. 1. 12 

American Scatirig Co. 
G o n d  Ropids, Mich. C. G. Conrc, Ltd. 

Ell:hart, Incl. 

F. C. Cook & Co., lnc. 
Bucl:llanrlon, W. Va, 

Chorlcs Cox Corp. 
Melilphis, Tcnn, 

CustomwoxJ Mfg . Co , 
Albuquerque, b!. M. 

3 
13 

Gibun, Inc. 
Kolamczca, Mi&. 

Goshm Mig. Co.t 

Ande rstn Co r p  ra tion* 
Bayprt, Minri. 

Andcrson-Tully Compony 
Memphis, Tenn. 

Atclrewn, Top:!:o And 

4 

I4 

28 Goshen, Ind. 5 

E. ti. JacobsMfg. Co. 
15 

6 Sante Fe Roilroad 29 Charlotte, 14. C .  
a 

Jamestovirr Venccr e, Chicago, I l l .  I t  

Rowns Picture Froniing Co. 30 Plywood Corp. 

Bouid Conipony 
Detroit, Mich. 

Eisen Brothers, In:. 

7 Forth Amboy, N. J. De trei t Drop Hammer &mestown, N. Y. 
** 17 

Georse 0. Jenkins CO. 
6 r id9 ewa t e r ,  Moss . 
Keller Products, Inc, 
Marichester, N. H.  

31 Baumri t :e :  Corpra tion 
New York, N. Y. 

6oise Cosccde Product '* Hobokcn, N. J. 

Boise, I d a h  19 

Bw/inon- Dum Mfg . Co . 33 Furniture Conipmy 
Statesville, N. C. 
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I V .  ISOTOPIC HEAT AND POWER DEVELOPMENT 

DTIE: This will be updated 193 
before publishing. 

ORNL ISOTOPE KILOWATT PROGRAM ( 2 )  

A. P.  Fkaas* 
Supplementary Keywords: energy source; conversion, thermoelectric.  

I n  Apr i l  1967 a conference’ i n  Washington, D.  C. ,  on energy sources 

included discussions on rad io iso topic  power sources. The e n e r a  output 

of sources then ava i l ab le  w a s  l e s s  than 0 .1  kW, although higher power 

sources were even then under development. 

I n  1968 Oak Ridge National Laboratory s t a r t e d  work on a program** t o  

evaluate various types of rad io iso topic  energy conversion systems f o r  the 

production of 1 t o  10 kW of e l e c t r i c  power f o r  terrestrial and undersea 

app l i ca t ions .  

i ng  ana lys i s  comparing the  p r i n c i p a l  i so top ic  f u e l s  and t h e  p r i n c i p a l  types 

The f irst  phase of t h e  program---a parametric and engineer- 

of energy conversion systems p lus  preparation of conceptual designs f o r  t h e  

more a t t r a c t i v e  systems---was completed2 i n  t h e  summer of 1969. 

I n  October 1969 ORNL was asked t o  proceed with a de ta i l ed  engineering 

study of t h e  th ree  most promising systems adeveloped i n  Phase I, i . e . ,  a 

5-kWe organic Rankine-cycle system, a 3-kWe steam Rankine-cycle system, 

and a 2-kW thermoelectric system. A program f o r  a 3-year e f f o r t  f o r  e 

calendar years 1970 - 1972 was planned, following reexamination of t h e  

conceptual designs presented i n  t h e  Phase I repor t  and consideration of 

poss ib le  improvements. The objec t ive  i s  t o  evolve by December 1972 a set 

of designs f o r  two prototype power p l a n t s  w i t h  a c l e a r  de l inea t ion  of t h e  

development required i n  each case, including t h e  cost  and t i m e  for t h e  

*Program Director,  Reactor Division, Oak Ridge National h b o r a t o r y .  

**For t h e  U.S. Atomic Energy Commission Division of Reactor Development 

and Technology and t h e  Naval F a c i l i t i e s  Engineering Command. 



var ious  program s t eps .  Because of l i m i t e d  funds and the d e s i r a b i l i t y  of 

narrowing t h e  f i e l d  t o  a s ing le  Rankine cycle  system, p a r t i c u l a r  a t t e n t i o n  

w a s  given t o  t h e  r e l a t i v e  merits of t h e  organic and steam Rankine-cycle 

systems. 

Organic Rankine-cycle System ( 3 )  

The Rankine-cycle system under study (F ig .  l), except f o r  t he  regene- 

r a t o r ,  i s  a conventional system with the  tu rb ine ,  generator ,  and b o i l e r  

feed pump on a s ing le  s h a f t .  The regenerator  increases  the  system eff i -  

ciency by recovering the enthalpy d i f fe rence  between the  superheated and 

sa tu ra t ed  vapors. 

Review of ava i l ab le  information on organic working f l u i d s  indicated 

that Dowtherm A wits t h e  only organic f l u i d  t h a t  had been s tudied s u f f i -  

c i e n t l y  at var ious operat ing temperatures i n  the  U.S.A. t o  be used without 

extensive t e s t i n g .  

has  been d i r ec t ed  toward the  space power p l a n t ,  where the  f l u i d  must with- 

stand temperatures of at least 6 5 0 " ~  and preferab ly  700°F. However, naval 

power u n i t s  encounter lower temperatures,  and t h e  design study was d i r ec t ed  

Most of the work on Dowtherm A Rankine-cycle systems 

toward the  use of Dowtherm A a t  about 6 0 0 " ~ .  A t  t h i s  temperature,thermal 

degradation should not be ser ious  even for periods of as long as 5 y e a r s .  

To decrease t h e  o v e r a l l  s i z e  of  t he  power u n i t ,  a new system configu- 

r a t i o n  was evolved.3 It appears t ha t  both the cos t  of f a b r i c a t i n g  t h e  

i so tope  capsules and the  s i z e  and weight of  t he  heat  block--shield assembly 

can be decreased by increas ing  t h e  diameter of t he  f u e l  capsules  and the  

length  with a corresponding decrease i n  the number of f u e l  capsules  from 

19 t o  7, compared t o  those i n  the  Phase I design.  Low-carbon i r o n  w a s  

se lec ted  as the  sh i e ld  material, and a heat  block--shield assembly w a s  
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Fig. 1. Organic Rankine cycle system: ( a )  flow diagram and ( b )  preliminary 
de s ign  . 
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evolved (Fig.  2 )  t h a t  w i l l  s a t i s f y  not only t h e  requirements of t he  organic 

Rankine-cycle system, but a l s o  those of t he  steam Rankine-cycle and thermo- 

e l e c t r i c  systems. 

An i n i t i a l  i nves t iga t ion  of t h e  thermal insulation--thermal fuse 

problem l ed  t o  t h e  hope t h a t  a ceramic foam type of thermal in su la t ion  

could be chosen t o  give good thermal in su la t ion  at  normal operating temp- 

e r a t u r e s  and ye t  m e l t  out i f  the  temperature should be increased t o  200°F 

above the  design temperature. Tests of t h i s  material showed t h a t  t h i s  

approach w a s  not s a t i s f ac to ry ,  and a d i f f e r e n t  concept---the use of a 

l a rge  number of l aye r s  of aluminum wire screen---was inves t iga ted .  

Preliminary r e s u l t s  ind ica te  t h a t  t h i s  screen should s a t i s f y  both t h e  

thermal in su la t ion  and thermal fuse requirements. 

Steam Rankine-cycle System ( 3 )  

The p r inc ipa l  problems,other than the turb ine  generator associated 

w i t h  t he  steam Rankine-cycle system presented i n  the Phase I study; appear 

t o  be those of system con t ro l  and t h e  de t a i l ed  performance c h a r a c t e r i s t i c s  

of the r een t ry  tube b o i l e r .  Preliminary s tudies  ind ica te  t h a t  there i s  a 

good p o s s i b i l i t y  t h a t  an exceptionally simple but unorthodox cont ro l  sys- 

tem can be used w i t h  a very high degree of r e l i a b i l i t y .  One such system 

(Fig.  3 )  contains a thermosta t ica l ly  cont ro l led  valve i n  the l i n e  between 

t h e  feed-water pump and t h e  once-through b o i l e r .  Connections would be 

such t h a t  as the  radioisotope decays and the  heat generation rate decreases, 

t h e  valve would gradually close,  decreasing t h e  feed-water flow rate. 

Thermoelectric System ( 3 )  

All t he  thermoelectric power un i t  configurations presented i n  the  

Phase I study have serious shortcomings---they a r e  e i t h e r  too l a rge  and 



Fig. 2. Heat block-shield: (a) diagram and (b) preliminary design. 
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V. APPLICATIONS I N  LIFE SCIENCES 

DUAL-RADIOISOTOPIC METHOD FOR DIAGNOSIS OF PULMONARY E ~ O L I S M *  

Supplementary Keywords: lung; medicine; ven t i l a t ion :  scanning; d i f f e r e n t i a t i o n ;  

flow measurement; xenon-133; iodine-131; indium-113m 

A simple and s e n s i t i v e  method t o  a id  i n  the  diagnosis  of pulmonary embolism 
by d is t inguish ing  i t  from other  causes of perfusion abnormality 

cons i s t s  i n  determining both pulmonary a r t e r i a l  blood flow w i t h  1311 or 

and v e n t i l a t i o n  r a t e  with 133Xe. 

1 13mIn 

That the  dua l  procedure i s  more accurate  than 

determination of blood flow alone was indica ted  by r e s u l t s  of t e s t s  on 20 subjec ts .  

Ten of these subjec ts  had documented pulmonary embolism i n  which the  embolic 

lung was under-perfused and we l l  ven t i l a t ed ,  while i n  5 p a t i e n t s  with o ther  

pulmonary diseases ,  abnormali t ies  of v e n t i l a t i o n  equaled or  exceeded those 

of perfusion. Five were cont ro ls .  The method i s  simple t o  perform and 

gives  a low rad ia t ion  exposure t o  the p a t i e n t  so  t h a t  i t  may be repeated t o  
follow the  course of d i sease  or the  e f f i cacy  of treatment.  The t o t a l  time f o r  
per fus ion  scanning i s  45 min and v e n t i l a t i o n  scanning 30 min or l e s s .  

a 
The pulmonary a r t e r i a l  blood flow i s  determined from a perfusion scan. 1 

purpose, 
For t h i s  I\ 300 pCi of 1311-labeled human serum albumin macroaggregates or 3 m C i  

of l l ? C n - l a b e l e d  i r o n  hydroxide p a r t i c l e s  of 25  t o  50 p d i a  i s  in j ec t ed  i n t r a -  

venously. These p a r t i c l e s  a r e  temporarily trapped i n  the a lveolar  c a p i l l a r i e s  

and p recap i l l a ry  a r t e r i o l e s ,  and perfusion images a r e  made, requi r ing  3 t o  8 min 

( lo5  t o  3 x lo5  counts).  The 
9 The reg iona l  v e n t i l a t i o n  i s  estimated w i t h  13%e. 

pat ient '  b rea thes  out t o  r e s i d u a l  volume and then breathes  i n  t o  t o t a l  lung 

capac i ty  from a spirometer containing 50 m C i  ( 5  mCi/ l i ter)  of 13%e gas i n  a i r .  

Since most p a t i e n t s  i n s p i r e  2 t o  5 l i t e r s  of the  rad ioac t ive  mixture, 10 t o  25 

m C i  of 133Xe i s  t r ans fe r r ed  temporarily t o  the  lungs.  

b rea th  f o r  5 t o  15 sec, and images a r e  obtained with lo5  counts. 

The p a t i e n t  holds h i s  

* a Abstract of paper by G. L. DeNardo, D. A. Goodwin, R. Ravasini, and P. A. Die t r ich ,  

The Vent i la tory  Lung Scan i n  the  Diagnosis of Pulmonary Embolism, New England 

J. Medicine ( i n  press ) .  
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The pa t i en t s ,  e i t h e r  s i t t i n g  up o r  l y ing  down, were scanned w i t h  an Anger 

s c i n t i l l a t i o n  camera, using a diverging multichanneled col l imator .  A p o s t e r i o r  

and both l a t e r a l  views of the  ches t  were obtained and, i n  some instances,  an 

a n t e r i o r  view. 

I n  a l l  t e n  p a t i e n t s  w i t h  embolism the  perfusion p a t t e r n  was l e s s  normal and 

uniform than the  v e n t i l a t i o n  p a t t e r n  (Fig. 1). 

pulmonary diseases---primarily chronic obs t ruc t ive  pulmonary disease---the 

abnormality i n  the  v e n t i l a t i o n  pa t t e rn  was equal  t o  or  g rea t e r  than tha t  of the  

I n  the  f ive  p a t i e n t s  w i t h  o ther  

perfusion pa t te rn .  The v e n t i l a t i o n  lung scan thus  ind ica t e s  whether the 

reg iona l  perfusion de fec t s  a r e  assoc ia ted  with abnormal ven t i l a t ion ,  while i n  

embolism without i n f a r c t i o n  the  embolic lung area  appears under-perfused but 

wel l  aerated.  

assoc ia ted  with s i g n i f i c a n t  perfusion abnormalit ies.  

the  ischemic regions a r e  a l s o  poorly ven t i l a t ed .  Although o ther  condi t ions that  

might produce the  p a t t e r n  of normal v e n t i l a t i o n  with abnormal perfusion have not 

been p rec i se ly  defined, 

observations suggest that  t h i s  p a t t e r n  may be s p e c i f i c  f o r  pulmonary embolism. 

This i s  r e f l ec t ed  on lung scans by r e l a t i v e l y  normal v e n t i l a t i o n  

I n  other  pulmonary d iseases  

t h e o r e t i c a l  considerat ions and l imi t ed  empir ical  

A €3 C 

HEART 

Fig. 1. Sketches of a n t e r i o r  views of th ree  p a t i e n t s  showing ( a ,b )  perfusion 
and ( c )  v e n t i l a t i o n  scans. 



RADIOISOTOPES AND RICE (2)  
textbook; material  tracing; comparison; t r ace r :  

Supplementary Keywords : mutatimf grain; a g r i c u l t u r e ;  x-ray machine; a d c e l e r a t o r  ; 
conference;  worldwide; cobalt-60; nitrogen-15; phosphorus-32. 

With r i c e  t h e  s t a p l e  d i e t  o f  abou t -ha l f  o f  mankind, t h e  importance 

of  any measures taken t o  inc rease  crop y i e l d s  and decrease  production 

c o s t s  cannot be overest imated.  Two recen t  pub l i ca t ions  o f  t h e  IAEA 

(Vienna, A u s t r i a )  desc r ibe  p r o j e c t s  i n  t h i s  f i e l d :  

Rice F e r t i l i z a t i o n ,  A 6-year i so tope  s tudy on n i t rogen  and phos- 
phorus f e r t i l i z e r  u t i l i z a t i o n ,  Tech. r p t .  No. 108 (177 pp. $5.00). 

Rice Breeding wi th  Induced Mutations. 11, r e p o r t  o f  meeting i n  
Oiso, Japan, 12-14 August 1968, Tech. r p t .  No. 102 (124pp., $4.00). 

Both p r o j e c t s  were c a r r i e d  out  under the  sponsorship o f  t h e  J o i n t  
FAO/IAEA Divis ion of  Atomic Energy i n  Food and Agr icu l ture  and of  t h e  

Agr i cu l tu re  sec t ion  o f  t h e  IAEA Laboratory a t  Se ibersdorf ,  t h e  pa r t i c? -  

pants  be ing  mainly s c i e n t i s t s  from t h e  major r ice-producing coun t r i e s  

o f  t h e  world. There were about 20 and 35 p a r t i c i p a n t s  i n  t h e  f e r t -  

i l i z e r  and mutations conferences,  r e spec t ive ly .  

A unique f e a t u r e  of  t h e  f e r t i l i z a t i o n  p r o j e c t  w a s  t h e  annual 

meeting of  t h e  p a r t i c i p a n t s  t o  compare and d i scuss  t h e  r e s u l t s  obtained 

from t h e  most r e c e n t  f i e l d ,  greenhouse, and l abora to ry  experiments and 

t o  p lan  t h e  program f o r  t h e  next  growing sea.son. The s tudy  cons is ted  i n  f i e l d  
of  

a p p l i c a t i o n  / f e r t i l i z e r s  l abe led  w i t h  32P and I 5 N  i n  var ious  

chemical forms, i n  d i f f e r e n t  l oca t ions  w i t h  r e spec t  t o  t h e  p l an t -  

roo t ing  zone, and a t  var ious  times dur ing  t h e  growing season and then  

determining t h e  amounts of  t h e s e  i so topes  i n  t h e  crops.  

d i r e c t  measurement o f  t h e  f e r t i l i z e r  uptake under  f i e l d  condi t ions .  

This gave a 

Crop y i e l d s  were a l s o  determined. 

The r e s u l t s  o f  t h e  f e r t i l i z a t i o n  s tudy  w i l l  a l low more e f f i c i e n t  
a n  

u t i l i z a t i o n  o f  f e r t i l i z e r  and,improvement i n  a g r i c u l t u r a l  p r a c t i c e s .  

For example, phosphate was more e f f i c i e n t l y  used when placed on t h e  
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sur face  than  when p u t . e i t h e r  shal lowly o r  deep i n t o  t h e  ground. 

Superphosphate app l i ed  i n  nu r se r i e s  had no e f f e c t  on phosphorus u t i l i -  

za t ion  a f t e ' r  t r ansp lan t ing ,  and l a t e  app l i ca t ion  and s p l i t t i n g  o f  

app l i ca t ion  s l i g h t l y  decreased phosphorus u t i l i z a t i o n .  Nitrogen 

from ammonium sulfate,  urea ,  o r  monoammonium phosphate--ammonium 

s u l f a t e  was u t i l i z e d  b e t t e r  when p laced  5 t o  15 cm below t h e  su r face  

a t  t r a n s p l a n t i n g  time than  when placed on t h e  su r face ,  while  sodium 

n i t r a t e ,  ammonium n i t r a t e ,  and n i t r i c  phosphate were i n e f f i c i e n t  sources  

of  n i t rogen .  

pH d i d  no t  a f f e c t  t h e  n i t rogen  u t i l i z a t i o n .  

Late a p p l i c a t i o n  w a s  b e t t e r  than e a r l y ,  and t h e  s o i l  

The 1968 meeting on r i c e  breeding w a s  t h e  fourth* meeting of 

. p a r t i c i p a n t s  *on a program i n i t i a t e d  i n  1964 t o  increase  q u a l i t y  and 

quan t i ty  of r i c e  crops.  

r ays ,  fast- and thermal-neutron beams, and x rays---and chemicals 

Mutations induced by both radiation---60 Co  gamma 

were d iscussed .  Deta i led  t a b l e s  of data on mutant c h a r a c t e r i s t i c s  

a r e  presented  i n  t h e  proc'eedings. 

(MG) 

* 
See I&RT 6: 319(1969) f o r  review of r e p o r t s  on e a r l i e r  work. 



FROSTBITE EVALUATION WITH 1311-RISA (2)  
* 

A rad io iso topic  technique f o r  eva lua t ing  f r o s t b i t e  has been reported from 

Albany (N.  Y . )  Medical College. 

rabbits , cons i s t s  i n  i n j e c t i n g  10 pCi of 1311-labeled human RISA ( rad io iodina ted  

serum albumen) i n t o  an eax vein and counting,at  5-min in t e rva l s ,  the  a c t i v i t y  i n  

The procedure, as t e s t e d  on New Zealand white 

the  animal 's  f r o n t  paw, which had been frozen. The uninjured f r o n t  paw as we l l  

as e n t i r e l y  normal animals, were used as cont ro ls .  The method w a s  t e s t e d  both 

immediately a f t e r  exposure of the paw t o  cold and 24 h r  l a t e r ,  s ince  human 

paws of 

A 

f r o s t b i t e  cases  a r e  usua l ly  seen by a doctor a f t e r  the  damaged t i s s u e  has thawed. 

Preliminary da t a  showed a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe rence  i n  the  

r a d i o a c t i v i t y  counting p a t t e r n  i n  the damaged and undamaged paws (Fig. 1). 

Indica t ions  a re  t h a t  t h i s  method of de t ec t ing  t issue damage---and thus of p red ic t -  

ing t i s s u e  loss---could be usefu l  i n  evaluat ing methods of t r e a t i n g  f r o s t b i t e .  

* D e  B. KettelkamJ), c. J. BertUCh, and P. Ramsey, Radioisotope (1311 RISA) 

Evaluation of Damage i n  F ros tb i t e .  An Experimental Study, J. Bone and J o i n t  

Surgery 51-A( 4 ) : 717-27 (1969). 

Supplementary Keywords: medicine; diagnosis;  skin; t r a c e r .  



220% 

I,,q 

TIME AFTER 1311-RISA 
INJECTION, days 

Fig. 1. Radioact ivi ty  count r a t e ,  per  microcurie of 
1311 in jec ted ,  i n  paws of New Zealand white 
r a b b i t s  ( A )  damaged by f reez ing  with r e s u l t i n g  
t i s s u e  l o s s  and ( B )  undamaged. 



Molecular Radiation Biology by Hermann Dertinger and Horst Jung, Heidelberg 

Science Library Vol. 12, t ranslated from the German by R. P. 0. Hflber and P. A. 

Gresham, Springer-Verlag, New York, 1970 (237 pp., 365 references).  

Supplementary Keywords: textbook; review, technical;  

theory, applied; microbiology; industry; industry, food; industry, 

pharmaceutical ; t racer  ; hydrogen -3 ; c arb on-14 ; phosphorus -32 ; s ul f UT -3 5 .  

Many uses of ionizing radiat ion depend ult imately on the e f f ec t  of radiat ion 

on materials a t  the molecular leve l .  -Dertinger and Jung review not only the 

theore t ica l  bases of radiat ion e f f ec t s  b u t  a l so  some spec i f ic  effects ,  e.g., 

the actions of radiat ion on enzymes and bacteria,  which are of i n t e re s t  t o  the 

food and pharmaceutical processors, and the act ion of radiat ion on viruses, 

which is  of i n t e re s t  t o  ant i toxin manufacturers. Several types of applied 

radiat ion are  considered---gamma, x, electron, proton, C6+ (and u l t r av io l e t ) .  

Likewise some discussion i s  included of the action of energy from radioisotope 

tracers---e.g., 3H, 1 4 C , *  32P, and 35S---along with the e f f ec t s  of O2 and heat.  

As  a basic review of the subject t h i s  book should be useful t o  radioisotope 

a 
users i n  general. 

P 

a 

c 
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Radia t ion  S e n s i t i v i t y  of Toxins and A n i m a l  Poisons, Proc. Panel Bangkok, 19-22 May 
1369 (STI/PUB/243), IAEA Vienna 1970 (118 pp., $4.00) 

Supplementary Keywords: indus t ry ;  indus t ry ,  pharmaceutical;  p repara t ion ,  labeled 

ma te r i a l ;  indus t ry ,  food; conference.  

Many snake venoms, because of t h e i r  p r o t e i n  nature ,  are r e l a t i v e l y  s e n s i t i v e  

t o  r a d i a t i o n  and can o f t en  be de tox i f i ed  by an i r r a d i a t i o n  technique. O f  i n t e r e s t  

t o  persons i n  many f i e l d s  i s  the  gene ra l  review (111 re fe rences )  presented  here  of 

t he  e f f e c t  of r a d i a t i o n  on b i o l o g i c a l  p rope r t i e s ,  s ince  o the r  t ox ins  of b a c t e r i a l  
by the  Panel  L- rd and p l a n t  o r i g i n  are s i m i l a r l y  a f fec ted .  S p e c i f i c  s u b j e c t s  discussednincluded o 

E 
.. 

r a d i a t i o n  s e n s i t i v i t i e s  of i nd iv idua l  systems such as Clostr idium botulinum tox ins  

and cobratoxin.  

E-l 
Q 

Not only t h e o r e t i c a l  a spec t s  of de tox ica t ion  b u t  a l s o  possibl-e 

p r a c t i c a l ' a p p l i c a t i o n s  were considered, e.g. ,  de tox ica t ion  of cobra venom. 

<The  / r e s u l t s  of i n v e s t i g a t i o n s  presented  at the  meeting i n d i c a t e  the  f e a s i b i l i t y  

of  using ion iz ing  r a d i a t i o n  f o r  de tox ica t ion  of t ox ins  and venoms of b a c t e r i a l ,  

fungal,  and animal o r ig in ,  and i t s  poss ib l e  / 
usefu lness  

i n  the  p repa ra t ion  of antivenoms. 

The e l imina t ion  of b a c t e r i a l  t ox ins  from foods tu f f s  by i r r a d i a t i o n  does not  

seem t o  be promising s ince  the  tox ins  i n  food a r e  h igh ly  p ro tec t ed  by o the r  com- 

ponents present .  

One paper d iscussed  l a b e l i n g  of snake venom with va r ious  rad io iso topes .  In 

pr inc ip l e ,  a l l  methods a v a i l a b l e  f o r  l a b e l i n g  p r o t e i n s  i n  v i t r o  and i n  v ivo  could 

be app l i cab le  f o r  l a b e l i n g  tox ins  and venoms. More a t t e n t i o n  should be pa id  t o  

working out s u i t a b l e  methods f o r  l a b e l i n g  tox ins  and venoms, and t o  t h e i r  use i n  

biochemical, phys io logica l ,  pharmacological and immunological s t u d i e s  of t o x i n  

a c t i o n  as w e l l  as .of ant igen-ant ibody i n t e r a c t i o n .  

(MG) 
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Medical Radionuclides: Radiation Dose and Effects  (AEC Symposium Series 20).  

Proc. Symp. Oak Ridge Assoc. Univ. Dec. 8-11, 1969, edi tors :  R. J. Cloutier, 
L.. -z,  

C. Lowell Edwards, W. S. Snyder, and E. B. Anderson. $3.00. (CONF-691212) 

(CFSTI) 528 pp, June 1970. 

Ever since the introduction of radionuclides fo r  diagnostic purposes, the 

trend has been t o  decrease radiat ion dosage t o  pa t ien t  (and hazard t o  medical 

staff personnel) with increase i n  spec i f i c i ty  and sens i t i v i ty  of the t e s t  

procedure. 

A t  a Dec. 1969 conference the h is tory  of dosimetry procedures was presented, 

and pr inciples  involved i n  modern dosimetry pract ices  were discussed. Consider- 

a t ion w a s  given t o  pa t ien t  doses resu l t ing  from ce r t a in  spec i f ic  diagnostic 

procedures, e.  g., cisternography using '3'I-labeled human serum albumin, ls3Xe 

techniques, and 3H-labeled thymidine procedures. 

techniques on various organs and tissues---blood, kidneys, gas t ro in tes t ina l  t r a c t ,  

The effects  of radioisotopic a 
and bone and marrow---were presented, and design of new radiopharmaceuticals 

and the future of radioisotopic diagnostic procedures were discussed. Radio- 

isotopic  considerations were l imited t o  e f f ec t s  of radioactive iodine therapy 

and polycythemia vera treatment w i t h  radioisotopes. 

therapy 

A 

Approximately 150 persons, mostly from the U.S.A., par t ic ipated.  

The pr inted proceedings of the conference became available within 6 months, 

and the edit ing,  makeup, and pr int ing are  excellent.  

(MG) 

--- Supplementary Keywords: conference; medicine; diagnosis; dosimetry; t racer .  
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Neutrons From 'H and 3H May Fight  Cancer* 
Supplementary Keywords: source, neutron; acce lera tor ;  medicine; therapy. 

The fusion of  zH and  % m a y  be t h e  source of neutron beams f o r  

cancer therapy. 

neutron beam i s  being developed a t  t he  Universi ty  of Wisconsin. 

beam w i l l  a t t a c k  anoxic c e l l s  t h a t  a r e  r e s i s t a n t  t o  x- and gama  rays .  

The NIH-funded p ro jec t  i s  d i r ec t ed  by D r .  Max L; M. Boone, head of 

t h e  Radiotherapy Department of t h e  Univers i ty ' s  hosp i t a l s ,  and D r .  

Charles A .  Kelsey, Associate Professor of Radiology. D r .  Boone has 

achieved good r e s u l t s  with neutron therapy a t  Hammersmith i n  London, 

b u t  t h e  cyclotron neutron source he used w a s  expensive and unwieldy. 

A low-cost compact machine t o  de l ive r  a 14-megavolt 

The 

(fm 

* 
From Chemical and Engineering News, June 8, 1970, p. 61. 
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SHIPPING CASK EVALUATION* (2 ** 
R. D. Seagren 

Abstract. Radioisotope sh ipping  cask  r e g u l a t i o n s  are reviewed, and sources  of  

information needed by the  sh ipper  are reviewed. a 
indus t ry ,  t r a n s p o r t a t i o n ;  b ib l iographyj  Supplementary Keywords: 

i ndus t ry ,  nuc lear  energy; sa fe ty ,  conta iner ;  
phosphorus-33, krypton-85; strontium-yu; molybdenum-99; curium-244. 

- 

( In t roduc t ion )  
I n  January 1969 t h e  United S t a t e s  Department of T ranspor t a t ion ' s  (DOT) new 

p a c k q i n g  requirements  for r a d i o a c t i v e  n a t e r i a l  went i n t o  effecfu. 

regula t ions 'a re  i n  s u b s t a n t i a l  conformity wi th  t h o s e  of t h e  I n t e r n a t i o n a l  Atomic 

Energy Agency (IAEA).2 Radioact ive material i s  now c l a s s i f i e d  i n t o  seven 

groups,  depending on t h e  r a d i o t o x i c i t y  of t h e  i so tope  concerned. 

miounts of mare t o x i c  ILaterial and l a r g e r  axounts of less t o x i c  imterisl 

may be shipped i n  t h e  same type  of package. 

d iv ided  i n t o  two types :  Type A and Type B. "y-Fe A packages are  l i m i t e d  

t o  small amounts of r a d i o a c t i v e  material, which i f  released i n  t h e  w e n t  

of a package being destroyed would not  have c a t a s t r o p h i c  conse2TJences. 

Type B packages are  f o r  shipments of sonewhat larger m c u n t s  cf rad io-  

active materid and are designed t o  con t s in  t h e  r a d i o a c t i v e  m a t e r i a l  

when sub jec t ed  t o  a series of consecut ive  hypo the t i ca l  shipping acc iden t s .  

These 

Sllialler 

Shipping packzges a r e  now 

F igure  1 shows a t y p i c a l  Type A package, which i s  considered 

adequate containment for,  e.g., 1 m C i  of most a lpha  emitters--- 

--- 50 m C i  of 90Sr ,  3 Ci of 33P, o r  

20 Ci of 99M0A provided r a d i a t i o n  requirements  are m e t .  

is designed t o  meet what i s  termed ' I  norinal" condi tiom of t r a n s p o r t  . 
These inc lude  exposure t o  t h e  equiva len t  of a 30-min cloud-burst ,  f o l -  
lowed by t h e  equiva len t  of a f a l l  off' t h e  t a i l g a t e  or" a t r u c k ,  a 1-ft 

drop onto each corner  of t h e  package, imgact of a 13-lb s t ee l  rod 

from t h e  he ight  of 40 i n .  , and a compression load  

of t h e  package for a pe r iod  of 24 h r .  

This  package 

5 t i m e s  t h e  welg>t 

F igu re  2 shows t y p i c a l  exanples of Type B packages,  s u i t a b l e  for ,  

e .g . ,  20 C i  of most alpha, einitters, 20 Ci of 

'OS,, 200 Ci of 33P, 200 C i  of 99Mc?, 
are designed t o  meet 

s tand  a ser'es of  consecut ive hypo the t i ca l  Fccciden';s. The s e r i e s  of 

o r  50,000 C i  of 85i6,. 

normal condi t ions  of t r s n s c c r t  snd a l s o  t o  with- 

These packgel ;  

a c c i d e z t s  ere a ? O - f t  drop onto  an uryieldir ,g  s u r f a c e ,  a 40-in. &op 

Tenn., June 2-3, 1970, sponsored by  the  USAEC's Division of  I so topes  Development 
and the  Atomic I n d u s t r i a l  Forum. 
i n  a f u t u r e  i s s u e  of I so topes  and Radiat ion Technology. 

**Isotopes Divis ion,  Oak Ridge Nat ional  Laboratory.  

*Presented a t  Radioisotope Production Technology Development Meeting a t  Oak Ridge, 

A second a r t i c l e  i n  t h i s  a r e a  w i l l  be presented  
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FIBERBOARD INSERTS 

TOP SECTION OF 
LEAD CONTAINER 

ALUMINUM CAN 

BOTTOM SECTION OF 
LEAD CONTAINER 

DECAPPER 

&BSORBEN.T PAP€ 
WADDING - 

Fig .  I.. Disposable Coctainer  f o r  So l id  Mate r i a l s .  
(Lead sh ie ld ing  - 1/1+ 2nd 1 / 2  i n . )  

onto a 6-in.-diz s tee l  p i n ,  exposure t o  a 30-min o i l  f i r e ,  and immersion 

i n  50 ft of w - t  a er.  

Quant i t ies  of r a d i o a c t i v e  m a t e r i d  l a r g e r  than  t h c s e  s p e c i f i e d  for 
Type B packages must be shipped i n  packages e s p e c i d l y  approved by t h e  

AEC and the Departnent of Transpor ta t ion .  

t h e  a u t h o r i t y  of a Bureau of Explosives p e - n i t  can no longer  be i lsed. 

Packages formerly shipped under 



Tungsten-Shlelded Cask 

' Double-Lead-Shielded Cask 

formed-plastic fire and 

Uranium-Shielded Cask 

SHIPPING CONTAINERS 
ORNL ISOTOPES DEVELOPMENT CENTER 

New shipping cantairers have been develcped la  meet 
the new safety standmds o! the U.S. Departmer.t of 
Transportation !or the packaging a i  large quantities 
of radioactive materials. This IS part of a continuing 
program l a  insure rcliaoility of  shppmg cantamers 
and la establish de:;gn 5:andards !or improved 
pachaging of radioactive materials. 

a. \ 
\'L" , 

Radioactive gas cylinder with 

t I . .  3 
.' . 

xi. &-- . ,- ". 
v& *- , *.:w:- -- 

Lead-shielded cask with fire 
and impact shield 

impact shield Fig. 2. Typical Type I3 Packages. 

Regulatory Requirenentz ( 3 )  
- -  

Radiation regdat ions  evolved 

during this century as knowledgeable persons becme aware of the hazards 
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cf r ad ia t ion .  

advent of the  nuclear energy program, j u s t  p r i o r  t o  World W a r  11, a whole 

I n i t i a l l y ,  they  d e a l t  wi th  X rays  and radium, but  with the  
L dE: Do 

not  change 
t o  "before 

a 
new regu la to ry  e f f o r t  dea l ing  with r a d i a t i o n  s a f e t y  came on t h e  scece.  - 
Operating experience 

apparent t h e t  regula tory  d i r e c t i o n  of r a d i a t i o n  s a f e t y  w a s  ii t h e  publ ic  

i n t e r e s t ,  not only f o r  the  hea l th  and welfare  of mankind, but,,for a l l a y i n g  

fears and overcoming r e luc t ance  t o  accept t h i s  l i t t l e -unde r s tood  form of 

energy. 

during t h e  Manhattan P ro jec t  made i t  

a l s o  

The AXC and t h e  Publ ic  hea l th  Service were i n i t i a l l y  instrumental  i n  

e s t ab l i sh ing  s tandards f o r  r a d i a t i o n  s a f e t y .  I n  recent  years  possibly 

every execut ive branch of t h e  Federal  government and p r e s i d e n t i a l  commission, 

as we l l  as o f f i c i a l s  of 50 s t a t e s  and many c i t i e s  and count ies ,  have had something 

t o  add t o  r ad ia t ion  s a f e t y  regula t ions .  -..) .- __ - --- - .  

[Trade 

regula tory ,  dea l  wi th  r a d i a t i o n  and rad icac t ive .mater ia l .  

o rganiza t ions  have developed tar i f fs ,  o r  agreements, which,though not 

' It i s  apparent t h a t  r e p l a t o r y  personnel a t  a l l  l e v e l s  of goverrnent 

are s e n s i t i v e  to t he  many warnings regarding t h e  r e a l  and sometimes imagined 

hazards of r a d i a t i o n ,  and it i s  of ten  easy t o  conclude t h a t  sone regula- 

t i o n s  a r e  born of f e rn ,  by wel l  meaning but not necessa r i ly  knowledgeable 

people . This  f e a r  of t h e  unknown has been 
instrumental  i?, t h e  d e v e l o p e n t  of t h e  most highly regulated indus t ry  

i n  our h i s to ry .  

?The bas i c  r egu ia t ion  on packaging, 49 CFR, 
includesthe Hazesdous Mater ia ls  Regulations of t he  DOT. 

F- A second s e t  of r u l e s  i s  found i n  T i t l e  10, 

which i s  t h e  regula t ions  s e t  f o r t h  by t h e  AXC, Pzzt 71 or" which i s  

e n t i t l e d  "Fcckagicg cf 3 d i o a c t i v e  Mater ia l  f c r  Transport  .I' Another s e t ,  

- i s  t h e  T i t l e  46, 
Coast Guard Regulations, Pa r t  146 of which is e n t i t l e d  "Transportation 

o r  Storage of Zxp13sives o r  Other Garigerous A r t i c l e s  o r  Substances ana 

Conbustible Liquids cn i3oard Vessels." 

For Ty-pe A ptickzging regula tory  rcquiremerts  are minimal. Essen t i a l ly  , 
and 0 t h e  shipper c e r t i f i e s  t h a t  h i s  package i s  strong,,  t i g h t  

r e q u i r a e n t s  of noma2 condi t ions of t r a n s p o r t .  

and meets t he  



Type B packaging is  a d i f f e r e n t  case .  The user  must f u r n i s h  t o  t h e  

DOT 

s e r i e s  of four  consecutive hypothe t ica l  acc idents  (drop,  puncture , f i r e ,  

and immersion). 

comparative data, o r  a c t u a l  t e s t  r e s u l t s .  If t h e  Hazardous Mater ia ls  

Regulations Board of t h e  DOT decides t h a t  t h e  

proof t h a t  t he  package w i l l  withstand t h e  
a 

This  proof may be e i t h e r  engineering eva lua t ions ,  

package complies wi th  r egu la t ions  and i s  indeed s a f e ,  it w i l l  i s s u e  a 

s p e c i a l  permit ,  s t a t i n g  condi t ions  of use and modes of t r anspor t  t o  be 

used. I n  some cases ,  t h e  WT w i l l  ask t h e  

Divis ion of Mater ia ls  Licensing a t  AEC Headquarters t o  review the  

eva lua t ion .  

Packages t o  contain q u a n t i t i e s  of r ad ioac t ive  material l a r g e r  than 

TypeB q u a n t i t i e s ' s r e  handled i n  a s t i l l  d i f f e r e n t  manner. 

r equ i r e  t h a t  a l i censee  submit an eva lua t ion  of such a package t o  the  

Division of Material Licensing f o r  approval.  This  evNuat ion  must demon- 

strate compliance all appl icable  requirements of 10  CFR 71. It i s  

genera l ly  a formal engineering ana lys i s .  Let m e  po in t  out t h a t  an ana lys i s  

should cover t h e  i e t t s r  as we l l  as t h e  s p i r i t  of t h e  

r egu la t ion .  A s t r a i g h s o r w a r d ,  honest ly  presented,  f u l l y  documented 

eva lua t ion  of a package t h a t  i s  

much t o  e l imina te  the  game of "20 Questions'' t h a t  some regula tory  groups a r e  some- 

times thought /After the  AEC has issued a l i c e m e  amendment o r  o ther  form 

of approval ,  a p e t i t i o n  for  a s p e c i a l  permit must be submitted t o  t h e  

Off ice  of Hazardous Materials of the  DOT i n  

t h e  format of 49 CFR 

j u s t i f i c a t i o n  f o r  a s p e c i a l  permit ,  why the  publ ic  in te res t  would be 

served, and t h e  basis upon which t h e  p e t j t i o n  would prcvide an adequate 

and reasonable  degree of s a fe ty .  The Off ice  makes 

AEC regula t ions  

with 
A 

a 
s ince re ly  bel ieved t o  be adequate w i l l  do 

t o  play.  

170. This s e c t i o n  of t h e  regula t ions  r equ i r e s  

! 

i 

I 

a t e c h a i c a l  review of t h e  p e t i t i o n  and then forwards it t o  t h e  adminis- 

t r a t o r s  of t h e  modes of t r anspor t  involved. The Highway, Rai l road,  o r  

Aviat ion Administrations as wel l  as t h e  Coast Guard reviews the  p e t i t i o n  and 

e i t h e r  approves or disapproves it .  

issued.  

If approved, a s p e c i a l  permit i s  
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Developments ( 3 )  

The Divis ion of I so topes  Development supports  a cont inuing program of 

package design,  development , and evaluat ion as p a r t  of t h e  Source Safe ty  

Tes t ing  F'rogrm. 

material packaging t o  determine whether they  meet performance s tandards 

developed by t h e  AEC, DOT, 

and t h e  IAEA. Since t h e  Isotopes Civ is icn  of 

The ob jec t ive  of t h i s  program i s  t o  eva lua te  r ad ioac t ive  

Oak Hidge National Laboratory is  respons ib le  fo:. a l l  t h e  Laboratory's  

shipments of r ad ioac t ive  material, it handles and eva lua tes  all types  of 

psckaging and 

cep t s  of package design. 

f i re  and impact s h i e l d  f o r  t r acspor t ing  lead-shielded casks.  

shows a tungsten-shielded cask f o r  

has been instrumental  i n  t h e  development of s eve ra l  new con- 

Figure 3 shows a laminated fir plywood and maple 

Figure 4 

ORNL-OYK. 60-10458 

m t e r i d  r equ i r ing  up t o  4 i n .  of 

lead sh ie ld ing .  Tke 

sh ie ld  i s  an i s o s t a t i c a l l y  pressed 

and s i n t e r e d  tungsten a l l o y .  A 

t h i r d  design i s  a double lead- 

sh ie lded  cask. The purpose cf t h i s  

ORkL-DWG 68-7481 

~ 2 . 5 - i n .  STEEL STRAP 

.3-in. STEEL 
ANGLE 

Fig. 3. Lminated F i r  Plsn;ooi! and Fig. h .  Tungsten-Shielded Cask 
Maple F i r e  an? Impact Shie ld .  (380 lb). 



design i s  t o  improve f i r e  and impact r e s i s t a n c e .  

u t i l i z e s  a laminated uranium cons t ruc t ion  as t h e  r a d i a t i o n  s h i e l d  and 
A f o u r t h  des ign  

e l s o  o f f e r s  improved f i r e  and impact r e s i s t a n c e .  F igu re  5 
shows a new des ign  concept being developed f o r  s h i e l d i n g  fast 
neutrons emi t ted  from some of t h e  t ransuranium elements.  The 

s h i e l d i n g  c o n s i s t s  of t h e  l i t h i u m  hydroxide monohydrate form, which 

o f f e r s  approximately t h e  same s h i e l d i n g  e f f e c t i v e n e s s  as 

water. F i r e  r e s i s t a n c e  i s  accomplished by t r a n s p i r a t i o c  

cooling, t he  material being about h a l f  water. 

. . . .  - ........ _-. ..... I 

O R U L Q W  66-12553 

Fig. 5 .  Shipping Carrier f o r  Bulk  Shiprnent of hO;! 
Microspheres and Fueled PuO, Cspsuies . 
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DTIE: Do not  change Design ( 3 )  

Bios t o  des igning  a new package o r  eva lua t ing  an old one, 

- 
t o  "Before. __-  - 

a 

user should f i rs t  examine t h e  DOT r e g u l a t i o n s  
t o  determine i f  t h e r e  a re  packages t h a t  have a l r e&y  been approved f o r  

use i n  t r a n s p o r t i n g  t h e  material under cons ide ra t ion .  

are referred t o  as " s p e c i f i c a t i o n  con ta ine r s . "  The DOT r e g u l a t i o n s  niay 

be purchased from t h e  Superintendent  of Documents, Washington, D .  C .  as 

T i t l e  49 of t h e  Code of Federa l  Regulat ions.  

Such packages 

If t h e r e  are no s p e c i f i c a t i o n  con ta ine r s  t h a t  f i t  h i s  need, the 

user should t h e n  examine t h e  AEC Direc tory  of Shipping Conta iners ,  

assembled by t h e  C iv i s ion  of Cons t ruc t ion ,  AEC Headquarters.  

Thi d i r e c t o r  be purchased f'rom t h e  Superintendent  of Documents, USGPO, Was%ington, y.' 20402 
Many of t h e  packages l i s t e d  i n  t h i s  d i r e c t o r y  have been approved f o r  use 

under t h e  a u t h o r i t y  of a s p e c i a l  permit 

permission and r e g i s t r a t i o n  by t h e  p o t e n t i d .  u se r  wi th  t h e  Of f i ce  of 

and r e q u i r e  only t h e  ovner ' s  

Hazardous Materials for t h e i r  use.  
the user If a package must be designed,  I\ may be i n t e r e s t e d  i n  examining 

t h e  Cask Designers 'Guide, i s sued  by t h e  Nuclear Zafety Information Center3 

a t  Oak Ridge Nat ional  Laboratory.  

sponsorship of t h e  Divisior,  of i ieactor Developmect and Technology, con ta ins  

information a des igner  needs t o  ensure  t h a t  h i s  package meets t h e  per- 

This  gu ide ,  developed under t h e  

foraance  s t acda rds  r equ i r ed  by t h e  appropr i a t e  Federa l  r e g u l a t i o n s .  It 

may be purchased iYom t h e  Clearinghouse f o r  Federa l  S c i e n t i f i c  an3 

i 

t 

I 

: 
Technical Infcrmatioo,  S p r i n g f i e l d ,  Va. (see f r o n t  cover of I so topes  and Radiat ion Tech- , 

nology). ! 
h o t h e r  source of design information i s  t h e  Nuclear Sa fe ty  Informaticn 

Cen te r ' s  s t o r a g e  of docur?ent a b s t r a c t s  on magnetic t ape  a t  The Cent ra l  

Coroputer F a c i l i t y  i n  Oak Ridge. This  Center ope ra t e s  e r o u t i n e  program of 

s e l e c t i v e  d isseninLt ion  of information t o  i n d i v i d u a l s  according t o  t h e l r  

p a r t i c u l a r  i n t e r e s t .  It has issued zn Indexed B ib l iog raph j  on T r a m p o r t a t ,  

acd Handling cf R e d i E c t i v e  Materiais* which con ta ins  many a b s t r s c t s  of docu- -3 

! 

ments ccncerning package design acd eva lua t ion .  This  in format ion  i s  a v a i l -  

able a t  no c o s t  f'rom t h e  Buclear Sa fe ty  Information Center .  

A new package des igc  o r  an e x i s t i n g  package eva lua t ion  m u s t  f irst  meet 

t h e  requirements of normal cor?ditions of t r a n s p o r t .  L i f t i n g  devices ,  
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tie-downs, and package c losures  must be adequate t o  withstand the  rough 

handling t h a t  packages r ece ive  i n  r a i l ,  t r u c k ,  and a i r  f r e i g h t  depots  as 

we l l  as i n  t r a n s i t .  The mere ex is tence  cf a. r ad ioac t ive  l a b e l  on a package 

does not necessa r i ly  guarantee t h a t  it w i l l  be handled l i k e  a c r a t e  of 

eggs. Sna tch- l i f t ing ,  Eccidental  fa l ls  from loading dccks or  t a i l g a t e s ,  

and load s h i f t i n g  are examples of t r anepor t  condi t ions t h a t  must be 

considered. The primary aims of package design are t o  sh i e ld  and t o  

conta in  r ad ioac t ive  meterial when t h e  packages are exposed t o  t n e  wide 

range of environmental condi t ions  as spec i f i ed  i n  t h e  r egu la t ions .  

a 

Severa l  avenues mav be used t o  meet the  requirements of the  consecutive 
hy-pothe t i ca l  accidents .  As shown i n  Fig.  2,  pack- 

ages may be placed i n  f i r e - r e s i s t a n t  o a t e r  coc ta ine r s  t h a t  have impact 

r e s i s t a n c e ,  e.g., s tee l - re inforced  wooden cases  o r  

. steel  drums f i l l e d  wi th  vermicul i te ,  f iberboard ,  o r  foamed p l a s t i c .  

The design cf  impact and f i r e  s h i e l d s  is  we l l  understood, s ince  they 

have been t e s t e d  and accepted i n t e r n a t i o x a l l y .  

age design i s  t h e  asaw.pti.on t h a t  ou ter  s h e l l s  w i l l  rupture  o r  be punctured 

Another concept of pack- 

as a r e s u l t  of t h e  impact acc idents .  I n  t h i s  case ,  loss 

Figure 6 shows a of sh ie ld ing  may occur i n  t h e  subsequent 30-min f i r e .  

lead-shielded package based on a th ree - she l l  ) ? k e p t .  The design provides 

inner  and outer  s h e l l s ,  p lus  a t h i r d  s h e l l  t h &  i s  posi t ioned a p p r o x b a t e l y  

2 i n .  i n s i d e  the  outer  one; t h i s  arrangement provides f o r  two separa te  

chambers t o  contain t h e  lead  sh ie ld ing .  Under accident  condi t ions ,  brezch- 

ing  of t h e  outer  s h e l l  and subsequent l o s s  of the ou te r  l aye r  of l ead  would 

not necessa r i ly  cause t h e  cask t o  f a i l  t h e  requi red  c e s t s .  

e f fec t iveness  wmld not be s u b s t a n t i a l l y  reduced, and t h e  loss of l ead  

would c r e a t e  an air gap t h a t  would decrease the  e f f ec t ive  heat input  t o  the 

inner  cav i ty  of the  package. 

a 

The sh ie ld ing  

As shown i n  Fig.  7 ,  a s i m i l a r  concept l in  which puncture of t h e  ou te r  

s h e l l  may be allowed i n  an zccident l is  u t i l i z e d  i n  seve ra l  French packages. 

A l a y e r  of w e t  p l a s t e r ,  with 26% free water ,  i s  poured between a l ead  

s h i e l d  and t h e  outer  s h e l l .  

ou te r  s h e l l s  p e r f o r a t e  by v i r t u e  of f u s i b l e  plugs and t h e  p l a s t e r  dries, 

forming rn i n su la t ing  l a y e r  around t h e  l ead  sh ie ld .  

i n d i c a t e  t h a t  t h e  l a y e r  o f f e r s  adequate p ro tec t ion  fYom impact followed 

by a. f i re .  

If these  packages are involved i n  f i r e s ,  tfie 

Resul t s  of t e s t s  a 
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Fig. 6.  Double Envelope Carrier.  
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Fig.  7. Example of French Shielded Package. 

The B r i t i s h  hzve pa ten ted  a f i r e  s h i e l d  which u t i i i z e s  t h e  evapora t ive  

cool ing  e f f e c t  of t h e  thermal  decozpos i t ion  of hydrz tea  s o d i m  b o r a t e ,  

better kiiown as Twenty Mule Team Borax. 

water . 
This  d.ecahydrate con ta i c s  48% 
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Since packages u t i l i z i n g  l ead  as r a d i a t i o n  sh ie ld ing  have poor 

thennal  accident  r e s i s t a n c e ,  many des igners  are looking a t  re inforced  

concre te  , steel ,  and uranium as answers t o  r egu la to ry  requirements.  

These materials o f f e r  so lu t ions  t o  s p e c i f i c  sh i e ld ing  o r  t r anspor t  

problems. Cer ta in  types or' concrete  o f f e r  neutron sh ie ld ing;  s t e e l ,  

although not s o  e f f e c t i v e  a gamma sh ie ld ing  as lead,  has exce l l en t  

impact and thermal r e s i s t a n c e ;  and uranium, with twice t h e  sh ie ld ing  

e f f ec t iveness  as lead, i s  a leading  contender with i t s  impact and 

thermal r e s i s t a n c e  and with t h e  reduced weight of equivalent  sh ie ld ing .  

Heat t r a n s f e r  i s  a prime design cons idera t ion  f o r  r ad ioac t ive  mate- 

rial packaging. 

a i r ,  but  they  must withstand so ia r  heat ing as we l l  2s d i s s i p a t e  i n t e r n a l  

thermal decay hea t .  As i n  nos t  equipment design work, trzde-off's have 

t o  be made. 

Not only must packages remain e f f e c t i v e  i n  130'F ambient 

A package in su la t ed  t o  withstand a 30-min f i r e ,  w i l l  n a t u r a l l y  

be l i m i t e d  as t o  t h e  amount of thermal decay energy it may s a f e l y  

contain.  Tackages u t i l i z i n g  metal sh i e ld ing ,  but  without i n s u l a t i o n ,  

a r e  exce l len t  f o r  t h e  d i s s i p a t i o n  of i n t e r n a l  t he rna l  decay hea t .  

The use c f  cool ing f i n s  on the  ou te r  sh?U of a package increases  

t h e  thermal d i s s i p a t i o n  c a p a b i l i t i e s .  The aniount Gf thermal decay energy 

t h a t  a package w i l l  e f f e c t i v e l y  contair? must 5e determined i n  order  t o  

g e t  regula tory  approval.  

I 
i 

? 

Fabr ica t ion  ( 3 )  

The f a b r i c a t i o n  of packages should be we l l  documented, and mater ia l s  

should be crdered by s p e c i f i c a t i o n .  Shop p r a c t i c e  should be by appropr ia te  

codes, such as t h e  ASMJ3 Pressure Vessel Code and t h e  Standards of t h e  

American Welding Society.  

Qusli ty con t ro l  procedures developed by t h e  Department of Defense z.nd 

NASA are r ap id ly  being recognized by AEC and EOT regula tory  personnel as 

s tandards and guides i n  evaluat ing assembly Frof ic iency  i n  t h e  fabr ica-  

t i o n  of packages. 

Nondestrcctive t e s t i n g  should be spec i f i e6 .  

t 



. . . - .  T e s t i n g  ( 3 )  

~. 

Over t h e  pas t  10 years  extensive package t e s t i n g  has been c a r r i e d  

- out  both i n  t h i s  country and abroad. 

- t h e  l i t e r a t u r e ,  and 1 information i s  

would 

This t e s t i n g  i s  w e l l  documented i n  
the  

avai l -able  from the  re ferences  i n  the  

Bibliography on Transportat ion mentioned above. It i s  highly probable 

t h a t  a search of t h e  l i t e r a t u r e  ,, r evea l  conpasat ive test ,  data t h a t  a r e  

~ l i c @ l ~ a n  be ex t rapola ted  t o  apply t o  most e x i s t i n g  packages and packages 

t o  be f ab r i ca t ed  i n  t h e  near fu tu re .  P r io r  t o  t e s t i n g  a. package, 
could 

t h e  coaparat ive da t a  approach,be used as a means of Keeting regule-  

t o r y  requirements - - -e . ,  

similar o r  equal t o  

t o  withstand h,ypothetical acciderits  , although more c o s t l y ,  w i l l  genera l ly  

use t h e  t e s t  data of a package design t n a t  i s  
under consideration. 

t he  design,, An engineering evaluat ion of a package 

s u f f i c e .  

prototy-pe are genera l ly  necessary t o  answer the  quest ions and a l l e v i a t e  

I n  t h e  case of novel cr unusual packages, documented t e s t s  on a 

t h e  doubts r a i s e d  by regula tory  personnel.  A compkndium of package t e s t -  

_ i n g  f a c i l i t i e s  under A C C  con t ro l  has been issued by and is ava i l ab le  from 
5 

t h e  Divis icn cf  Construct ion,  AEC Headquarters. Information may be ob- 

- ta ined  f ron  this Division on a v a i l a b i l i t y  of these  f a c i l i t i e s  and p r i c ing .  

A7proval (3) 

The request  f o r  approval of t h e  regula tory  bodies  f o r  packages should 

be as b r o d  8s poss ib l e  wi th  regard t o  both present  and possibly f u t u r e  

condi t ions of Use. Except i n  unusual ca ses ,  t he  user should not l e t  himself be 
ams tr ung 
by reques t ing  approval for s p e c i f i c  c u r i e  q u a n t i t i e s  of s p e c i f i c  radio-  

i so topes .  For l a r g e r  t h a c  Type B q u a n t i t i e s ,  p a n ?  q u a n t i t i e s  or  

thermal-watt q u a n t i t i e s  should be requested, e.g., 100 W of any so l id ,  

n o n f i s s i l e  rad io isc tope .  Some regula tory  p r s o n n e l  a r e  r e l u c t a n t  t o  give 

appro-Jal on t h i s  b a s i s ,  bu t  many of t h e  pzickxes now i n  use were 

/” 

approved on t h i s  broad-coverage b a s i s .  Disregarding t h e  d i f f e rence  

i n  r a d i o t o x i c i t y  and sh ie ld ing  requirements,  it s tands  t o  reason t h a t  a 

package t h a t  w l l l  contain 100 W 

t a i n  1 ~ 8 :  w of 2 4 ‘ ~ m .  

of 6oCo w i l l  j u s t  as e f f e c t i v e l y  con- 
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to &e& tihe arithmetic. The 

h v e  to &e the seri 
health and welfare of the  people this country. 

closing, permit ne to quote from a l e t t e r  From one of the AEC 

In secer:t months, the public 'has shown an increasing ccncem It 

we take ream l e  action t o  veri* our work." 
I '&eEeveb.this statement echoes the prevailiug sentiment 

the nuclear energy f i e l d .  

e=> 
-- 
2. 

' T i t l e  kgi Code of R d e r  

Regulations for the Safe Transport ~ o f  Radioactive mterids, 1 
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ABROAD 
DEVELOPMENTS~ON RADIOISOTOPE-POWERED CARDIAC PACEMAKERS~ (2 ) 

Martha Gerrard 

Supplementary Keywords: energy source; medicine; therapy; plutoni ~m-238; 
promethium-147; safety; hear t ;  nuclear ba t te ry ;  France; England; Australia.  

France (3) 

On ,April 27, 1970, a t  the Broussais  Hospital i n  Paris,  a cardiac pacemaker (Fig.1) 

t ha t  uses 238Pu as the energy source was 

The stimulator i s  7 cm d i a  and 3 cm thick.  The se r i e s  now being constructed 

i n  a 58-year-old pat ient .  

has a 23-mm-dia generator and the s t a in l e s s  s t e e l  has been replaced wi th  titanium, 

so  tha t  the stimulator thickness i s  decreased and the weight i s  only about 160 g. 

The heat source i s  a 150-mg 238Pu tablet ,  whose 87 years ha l f - l i f e  gives the 

apparatus a useful l i f e  of about 10 years, compared t o  l e s s  than 2 years f o r  

cardiac st imulators based on chemical ba t t e r i e s .  The source i s  9 mm d i a  and 

10 mm high, and the helium expansion volume i s  60 mm3. The thermal power i s  

75 mW. It i s  doubly encapsulated---one capsule of tantalum and one of platinum, 

each 1 mm thick and electron-welded. 

The sealed source assembly and the thermoelectric converter---two rod- 

shaped bismuth t e l lu r ide  semiconductors---are inside an electron-welded s t a in l e s s  

s t e e l  capsule, 1 mm th ick  and 27 mm dia. The e l e c t r i c  power i s  200 pW at  0.5 V. 

This power i s  fed t o  an electronic  c i r c u i t  t ha t  uses 160 pW, w i t h  a useful 
The electrodes are  epoxy clad. 

l i f e  of more than 10 years. The source power l o s s  i s  0.5 mV per month.,,, The 

generator has undergone prolonged and severe mechanical and thermal t e s t s ,  and 

numerous safety t e s t s  have been made on the sealed capsule---leak t ightness 

and shock, crushing, and f i r e  res is tance.  

The electronics  include a hysteresis  type pacemaker r e l ay  with magnetic 

tr iggering. 

0.92 msec a t  6.8 V with an energy of 41.6 pjoules. 

The implanted s t imu la to r  'de l ivers  t o  the p a t i e n t ' s  hear t  pulses 0: 

The measured stimulation 
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threshold w a s  0.54 pjoules with myocardiac electrodes implanted on the r i g h t  

vent r ic le  (xiphoumbilical path) .  The pulse frequency corresponds t o  a period 

of 816 msec, o r  73 per minute. 

A t  contact with the stimulator, very close t o  the 238Pu, the gamma and 

neutron doses a re  1.9 and 1.2 mrem/hr, respectively.  

an average of 21mm from the st imulator surface---these doses are 0.25 and 

0.17 mrem/hr. 

s ign i f icant  b io logica l  changes being noted. 

l a t o r  a re  heated < 0.1"C above normal. 

On the p a t i e n t ' s  skin--- 

Two dogs have car r ied  similar sources f o r  1 year without any 

Tissues i n  contact with the stimu- 

The myocardial electrode wires implanted i n  the pa t ien t  have undergone 

t e s t s  i n  an accelerated test uni t .  A single-thread- platinum wire i r rad ia ted  i n  

nonjoined s p i r a l s  underwent 332 mil l ion flexions with a 7-mm radius of curvature 

and a 45 degree angle without breaking,while a l l  other types of wires used f o r  

pacemakers had already broken. 

The stimulator implanted i n  the pa t ien t  i s  checked every month. The stimulator 

de l ivers  a pulse only when the beat  of the hear t  i t s e l f  i s  below the st imulator 

c ontr ol t hre s hold. 

The '=Pu source was deveioped by Rene Berger and Rene Boucher, Commissariat 

a 3 'Energie Atomique, Fontenay-aux-Roses; the thermoelectric converter by M. Alais, 

Societe Alcatel, Paris; the e lec t ronic  c i r c u i t s  and controls  by P ie te r  Mulier, 

Medtronics,Minneapolis, USA, who now market 

reached an agreement4 with ALCATEL t o  market the 238Pu pacemakers on an exclusive 

basis ,  possibly by 1975(pending USAEC approval). 

c l i n i c a l  application were done by Professor Armand Piwnica, with Professor C.  

Dubost, Hopital Broussais, Par is .  

conventional pacemakers and have 

Animal experimentation and 

United Kingdom (3) 

Two successful animal implants of nuclear-powered hear t  pacemakers have 

taken place i n  the U.K.5 

Friday, 13th February, 1970, and the second i n  a Glasgow hospi ta l  on 20th March, 

The f i r s t  was carr ied out i n  a London hospi ta l  on 



1970. Both animals---dogs---have so  far responded well. The nuclear ba t te ry  

contains 238Pu and i s  2 in .  long and about 0.5 in.  across. 

1 oz and i s  designed t o  las t  f o r  a minimum of 10 years. There i s  no radiat ion 

It weighs about 0 
hazard t o  the patient,  or  t o  anyone else ,  from the s m a l l  quantity of plutonium 

used and the ba t te ry  i s  f u l l y  encapsulated t o  prevent the escape of radioactive 

mater ia l  or  a t tack  from body f l u i d s .  

The ba t te ry  was developed a t  Harwell i n  close collaboration wi th  the I n s t i t u t e  

of Cardiology and the National Heart Hospital. Active discussions are  going on 

with a U.K. firm about the manufacture and marketing of the ba t t e ry  at home and 

overseas, assuming tha t  the exhaustive t r ia ls  now proceeding w i l l  prove the 

device before i t s  use i n  pat ients .  

Austral ia  (3) 

The Nuclear Research Centre at Lucas Heights i s  assessing the p o s s i b i l i t i e s  

of radioisotopic pacemakers i n  collaboration with the National Heart Foundation.' 

Contrary t o  developments i n  the U. S. and i n  Europe where mainly 238pu heat 

sources are used, the Australian concept i s  based on 147Pm, a l te rna te  layers  of 

147Pm and s i l i con  crystals being used to  generate e l e c t r i c i t y .  

heat source i s  expected t o  be about 200 pW. The developer, F. C. Gate, hopes 

eventually t o  be able t o  generate a 40-pA current at 5 V. 

7 The power of the 

Safety ( 3 )  

A jo in t  group of experts has been established8 t o  d r a w  up sa fe ty  guidelines 

f o r  the design and construction of  radioisotopic pacemakers and t o  examine tech- 

nical ,  legal ,  and administrative problems a r i s ing  from t h e i r  wide use. The 

group w i l l  be composed of spec ia l i s t s  on the safety of nuclear pacemakers from 

the ENEA Study Group on Isotopic Batteries,  Canada, United Kingdom, and United 

S ta tes  as well as members of the ENEA Health and Safety Committee. They w i l l  

investigate various face ts  of the problem, for  example, how the plutonium ba t te ry  

would hold up i n  an airplane crash, accidental  cremation, or other accidents. 

The need for such study i s  indicated by, t o  mention only a single incident, the 

d i f f i c u l t y  experienced by France ' s  f i r s t  nuclear pacemaker recipient  when she 
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ISOTOPE GROUP OF SWEDEN CELEBRATES 10 U S  OF OPERATION 

On May 26, 1970, I so tope  Techniques Laboratory ( I T L )  of Stockholm observed 

i t s  t e n t h  year of s e r v i c e  t o  indus t ry .  Seligman, of the IAEA, w a s  a f ea tu red  

speaker. '  He b r i e f l y  reviewed the  h i s t o r y  and economics of i so tope  use and pre-  

d i c t e d  a cont inuing expansion i n  t h i s  f i e ld .  He said, i n  p a r t :  

"There w i l l  be a b i g  inc rease  i n  the  use of i so topes  and r a d i a t i o n  f o r  t h e  

well-known a p p l i c a t i o n s  and a number of new ones w i l l  develop. 

prediction---companies l i k e  ITL a r e  s t i l l  at the beginning of an exponent ia l  

graph which f o r  the  next  10 years  

If I may m a k e  a 

o r  even a genera t ion- - -wi l l  no t  change i t s  

d i r e c t i o n .  
l a r g e  

4 "Let  us sum up wi th  what t he  f u t u r e  w i l l  b r i n g  f o r  r a d i a t i o n  sources.  

If we leave  a s ide  the  a l r eady  e s t a b l i s h e d  i n d u s t r i e s ,  l i k e  s t e r i l i z a t i o n  of 

medical products  and c ross  l i n k i n g  of polyethylene as w e l l  as the  cur ing  of  

pa in t ,  we can foresee  the  cur ing  of rubber l a t e x ,  t he  butadiene g r a f t i n g  of poly- 

v iny lch lo r ide .  The sulphoxidat ion of a lkanes t o  produce de te rgents ,  a l though 

not  looking too  good, has already been claimed t o  be a success  by a t  l e a s t  one 

country.  

polykeytones and the  copolymerization of e thylene  wi th  v i n y l  a c e t a t e  might r e s u l t  

i n  novel e las tomers .  

materials from polyethylene o r  Teflon by g r a f t i n g .  

The copolymerization of e thylene  and carbon monoxide might give new 

A new f i e l d  may be the  product ion of novel ion-exchange 

"On the  s t e r i l i z a t i o n  f r o n t ,  we can prevent  the  formation of' a lgae growth, 

f o r  example, i n  cool ing water.  It may a l s o  have an inf luence  i n  the  fermentat ion 

indus t ry .  Some work i s  proceeding on t ransmutat ion doping f o r  p/n junc t ions  t o  

the  advantage of mic roc i r cu i t ry .  

"Radiation-chemical syn thes i s - - - l i ke  the  c h l o r i n a t i o n  of methane, toluene, o r  

benzene---may a t  l a s t  become an economic propos i t ion ;  a l s o  the  oxida t ion  of to luene  



mcessary for 8 t d s a  have a direc c t  

n-induced reactPoms. This e further 

f u t m  b d establishment of P r c a l  industry h i c h  I p e -  
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AVAILABILITY OF ISOTOPES AND SERVICES ( 2 )  

ORNL Enriched S tab le  I so tope  Inventory ( 3 )  

(DTIE: This t a b l e  w i l l  be s e n t  i n  l a te r . )  

I s o t o p i c  Separa t ions  (3 )  

(DTIE: This information w i l l  be sen t  i n  l a t e r . )  
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GE Announces A v a i l a b i l i t y  of "Mo (3)  
Co., Va l l ec i to s ,  Cal. 

F i s s ion  product "Mo i s  now a v a i l a b l e  from General E l e c t r i c , :  The isotope,  

which i s  299.995 pure and has a s p e c i f i c  a c t i v i t y  of )5 thousand Ci/g, i s  the  

pa ren t  of 99?Cc, which i s  used i n  medicine t o  d e t e c t  l e s i o n s  i n  the  bra in ,  

kidneys, lungs,  l i v e r ,  and o ther  organs. The "Mo was introduced a t  a p r i c e  

of $225 per  cu r i e ,  p re -ca l ib ra t ed  f o r  four  days from the  da t e  of scheduled 

de l ivery ,  wi th  a packaging charge of $100. 

New Isotope Shipping Container (3)  

Aeroquip Corporation/Marman Divis ion,  11214 Exposi t ion Boulevard, Los 

h g e l e s ,  Calif. 90064, o f f e r s  a new i so tope  shipping conta iner  which incor -  

po ra t e s  a 1- in .  Conoseal J o i n t  cl.osure. 

f o r  remote welding, permi ts  c l ean  assembly, and i s  inexpensive enough t o  be d i s -  

carded a f t e r  one use. 

The new capsule  e l imina te s  the n e c e s s i t y  

Lockheed t o  Close Nuclear Lab. ( 3 )  

Lockheed-Georgia i s  closing,  at least  temporarily,  i t s  nuclear  l abora to ry  

i n  Dawsonville, Ga. This labora tory ,  acquired from the  U. S. Government i n  

1965, opened i n  1957 f o r  r e sea rch  on nuclear-powered a i r c r a f t  and was l a t e r  

used f o r  s tudy of e f f e c t s  of r a d i a t i o n  on equipment, f o r  nuc lear  equipment 

development , and f o r  wood- irr a d i a  t i on r e  search  . 



Corne l l  Course i n  Radiat ion Techniques i n  A n i m a l  Sciences 

A t r a i n i n g  course on advanced techniques involving r ad io i so topes  and radi- 

(3)  

a t i o n  i n  animal sc ience  and v e t e r i n a r y  medicine w a s  sponsored a t  Corne l l  Uni- 

v e r s i t y  i n  I thaca ,  N. Y., by the  I n t e r n a t i o n a l  Atomic Energy Agency and the  

Food and Agr icu l ture  Organization. Twenty s c i e n t i s t s  and educa tors  from 19 

coun t r i e s  a t tended  the six-week ses s ion  from J u l y  20 through September 4, 1970. 

The’U. S. Atomic Energy Commission assisted i n  making arrangements f o r  t h e  

course.  

Professor  C. L. Comar, Head of Phys ica l  Biology and Di rec to r  of the  

Laboratory of Radiat ion Biology and a pioneer  i n  such techniques B s o t o p e s  and 

Radiat ion Technology 4(1y, w a s  d i r e c t o r  of t h e  course and respons ib le  f o r  i t s  

organiza t ion  and adminis t ra t ion .  He a l s o  l e c t u r e d  on p r i n c i p l e s  and p r a c t i c e s  

of r ad io i so tope  usage i n  b i o l o g i c a l  research .  This  t r a i n i n g  course w a s  t he  

a n i n t h  sponsored by the  FAO-IAFA i n  the  United S t a t e s  f o r  fore ign  s tudents .  

Directory o f  High-energy Radiotherapy 

Centres ,  1970 ed. , IAEA, 
Vienna, 1970 (203 pp, $5.00) 

The second e d i t i o n  of  t h e  Direc tory  ( f i r s t  e d i t i o n  i n  1968) 

l i s t s ,  by c i t y ,  1670 cen te r s  i n  some 80 count r ies  where r ad io i so tope ,  

both “OCo and 137Cs, and o the r  high-energy t e l e the rapy  equipment 

(e .  g. be ta t rons ,  l inear  a c c e l e r a t o r s  , and Van de Graaff machines) 

a r e  i n s t a l l e d .  Besides such information as address ,  energy of source 

and dose r a t e ,  model and manufa,cturer of  equipment, and personnel  

employed, d e t a i l e d  t a b l e s  a r e  given showing d i s t r i b u t i o n  of cen te r s  

by country,  number o f  u n i t s  i n s t a l l e d  per  year ,  and o the r  appropr i a t e  

breakdowns of data. 

The book should prove u s e f u l  f o r  anyone doing t e l e the rapy  work. 

Supplementary Keywords: medicine; therapy; a c c e l e r a t o r ;  worldwide; 

c o b a l t  -60 ; ce s im-137. 
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AEC ACTIVITIES ( 2 )  

AEC Lab Develops Nuclear Probe t o  Spot Minerals on Ocean Floor 

A neutron probe,based on 252Cf, f o r  d e t e c t i o n  of minera ls  on t h e  ocean 

floor has been s u c c e s s f u l l y  demonstrated by s c i e n t i s t s  a t  the  Atomic Energy 

Commission's P a c i f i c  Northwest Laboratory a t  Richland, Washington. The undersea 

(3) 

probe can determine gold, s i l v e r ,  copper, manganese, and some 25 o the r  elements 

i n  q u a n t i t i e s  as low as 1 oz/ton i n  3 t o  5 min. 

opera te  from e i t h e r  a su r face  s h i p  or submersible veh ic l e .  

uses ul t ra- low l e v e l  and r a p i d  neutron a c t i v a t i o n  ana lys i s .  

The device i s  designed t o  

The new technology 

The 252Cf emits  

neutrons which, when absorbed by the  elements i n  quest ion,  induce a gamma 

r a d i a t i o n  t h a t  i s  p ropor t iona l  t o  the  amount of element present .  

I n  t h e  i n i t i a l  t e s t ,  200-lb minera l  samples conta in ing  gold, si lver,  

copper, and manganese were placed on the  ocean bottom at Sequim Bay, Wash. The 

elements were de t ec t ed  / t h e i r  amounts measured wi th  a probe conta in ing  0.2 mg 

of 252Cf. 

and 

The ca l i forn ium source was i n  a sea l ed  s t a i n l e s s  s t e e l  cy l inde r  

approximately 0.5 i n .  d i a  and 3 in .  long, l oca t ed  a t  the  end of the  probe. 

A 1- or 2-min exposure of an a r e a  a f e w  inches i n  diameter on the  ocean floor 

i s  required,  followed by a s i m i l a r  count ing per iod  wi th  the  de t ec to r .  

no environmental  problem - t he  r e s i d u a l  r a d i o a c t i v i t y  i n  the  ocean floor 

There i s  
, >,. I 

i s  nondetectable  s e v e r a l  hours a f t e r  t h e  i r r a d i a t i o n .  

Bat te l le -Nor thwes t ' s  r e sea rch  and development program c a l l s  f o r  t he  develop- 

ment of a working prototype instrument which can be used f o r  mapping minerals  

a t  depths  of a thousand f e e t .  



2 5 2 ~ f  Information Center (3)  

A 252Cf information cen te r  has been e s t ab l i shed  at the  A E C ' s  Savannah River 

P lan t .  

gram, as w e l l  as t echn ica l  quest ions about 252Cf, have made it  necessary t o  

The growing number of i n q u i r i e s  about the  252Cf market eva lua t ion  pro- 

c e n t r a l i z e  and make r e a d i l y  ava i l ab le  such information. A cur ren t  bibl iography 

of published l i t e ra ture  on 252Cf w i l l  be maintained. Questions w i l l  be d i r e c t e d  

t o  appropr ia te  groups f o r  answers. 

Information regarding p a r t i c i p a t i o n  i n  the  market eva lua t ion  program, 

copies  of the  brochure and progress  r epor t s ,  and information and answers t o  

quest ions about 252Cf may be obtained by telephoning 803-824-6331, e x t .  C-252, 

or wri t ing  t o  

Manager 
Savannah River Operations Off ice  
U,. S. Atomic Energy Commission 
Post Office Box A 
Aiken, South Carolina 29801 

F i r s t  Space Atomic Bat te ry  t o  Begin Tenth Year of Operation (3)  

The f i r s t  space atomic ba t te ry ,  developed by the AEC, i s  heading i n t o  i t s  

t e n t h  year i n  o r b i t .  The g rape f ru i t - s i ze  rad io iso tope  thermoelectr ic  generator,  

SNAP-3A; w a s  launched June 29, 1961, from Cape Kennedy on a naviga t iona l  

s a t e l l i t e ,  and the generator  has a l ready  operated fou r  years beyond i t s  f i v e -  

year design l i f e .  It was designed t o  convert  t he  heat  given o f f  by the  238Pu 

f u e l  d i r e c t l y  i n t o  2.7 W of e l e c t r i c i t y .  The prime cont rac tor  w a s  t he  Martin 

Company, Baltimore. 

Development of the  SNAP series has continued, with SNAP-27 placed on the  

moon i n  1969 b e e  Isotopes and Radiation Technology 7(4) :  443-7; 449-51 (Summer 

1970,); and PP- i n  t h i s  i s s u d .  
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AEC Exhibi ts  Continue (3) 

a "Life Science Radiation Laboratory, an Atomic Energy Commission t r ave l ing  

exh ib i t  fea tur ing  l i v e  demonstrations of the  use of r a d i a t i o n  i n  research, 

began showings on J u l y  17 at the Columbus, Ohio,Center of Science and Industry.  

The exh ib i t  uses l i v e  animals, insects ,  f i s h ,  and growing p l a n t s  as wel l  as 

inorganic  mater ia l s  t o  i l l u s t r a t e  b e n e f i c i a l  uses of r ad ia t ion  i n  biology, 

agr icu l ture ,  and medicine. Demonstration experiments include exposing garden 

seeds, plants ,  and inorganic mater ia l s  t o  rad ia t ion ,  and using rad io iso topes  a:: 

t r a c e r s  t o  follow a c t i v i t i e s  of animals and in sec t s .  The spec ta tor  and the  

demonstrator study the r e s u l t s  together .  

"Your Stake i n  the Atom'' Exhibit  ( 3 )  

"Your Stake i n  the  Atom," the  AEC's t r ave l ing  educat ional  program designed 

p r i n c i p a l l y  f o r  s t a t e  and l o c a l  fairs, began i t s  t en th  season on the  road on 

Ju ly  29 at  the Central  Wyoming Fa i r  and Rodeo i n  Casper. 

showing was the  f irst  of e i g h t  appearances at fa i rs  i n  f i v e  western s t a t e s ,  

with the  season continuing through e a r l y  November. "Your Stake i n  the  Atom" 

i s  operated f o r  the  AEC by Oak Ridge Associated Univers i t ies  (ORAU), Oak Ridge, 

Tenn., and cons i s t s  of 100 l i n e a r  f e e t  of co lo r fu l  and animated display panels 

explaining the  n a t i o n ' s  nuclear energy research and development programs. 

Housed i n A ,  geodesic "Exhibidome, " 50 f t  d i a  and 25 f t  high, the  exh ib i t  i s  

manned by a s p e c i a l l y  t r a ined  science teacher-demonstrator and includes a 

demonstration of remote-controlled mechanical hands. 

The four-day Casper 

a 

a 
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AEC Revises Inspection and Maintenance f o r  Radiography Equipment (3) 
, 

The Atomic Energy Commission plans a change i n  i t s  regulations t o  require 

l icensees  doing radiographic work t o  have programs f o r  the inspection and main- 

tenance of radiography equipment. Under a proposed amendment t o  Par t  34, CF'R, a. 

l icensee authorized t o  use sealed radioactive sources i n  radiography would be 

required t o  have an inspection and maintenance program f o r  the radiographic 

exposure devices and storage containers which he uses.  The l icensee could e i t h e r  

incorporate the recommendations of the equipment manufacturer i n t o  h i s  program 

or could independently prepare ins t ruc t ions  f o r  consideration by the Commission. 

The l i c e n s e e ' s  program f o r  inspection and maintenance of radiography equipment 

would be subject t o  periodic inspection by the Commission's Division of Corn- 

pliance . 
The proposed amendment i s  intended t o  reduce the number of rad ia t ion  ex- 

The new regulations posures a t t r ibu tab le  t o  improperly maintained equipment. 

would be e f fec t ive  within 60 days a f t e r  publication of notice i n  the Federal 

Register on June 26, 1970. 

(DTIE: This item may require revis ion a f t e r  Aug. 1970.) 

Supplement my Keywords : regulation; sa fe ty  . 

AEC Advisory Committee (3) 

Three new members have been named t o  AEC' s  Advisory Committee on Isotopes 

and Radiation Development: Vincent P. Guinn, chemistry professor a t  University 

of California a t  Irvine; Bernard Manowitz, head of the Brookhaven National 

Laboratory Radiation Division; and Edwin A. Wiggin, technical pro jec ts  manager 

for the Atomic Indus t r ia l  Forum. Ira L. Morgan, d i r e c t o r  of the University of 

Texas Center f o r  Nuclear Studies, has been appointed chairman. 
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GENERAL ( 2 )  

Food I r rad ia t ion  i n  Canada ( 3 )  

Supplementary Keywords: food preservation; industry; industry, food; review, 

The s t a tus  of the food ii-.m&i?,t-.icxi program i n  C a i i a C ~ !  :./Es revieveil r c c e n t l ; ~  

1 
~ G T  Nuclear Canada. Canada has approved the use of radiat ion on three foods, 

but  no pr ivate  f i rm i n  the  country i s  operating an i r r ad iz to r  f o r  t h i s  PuqJOSe.  

An abortive ettempt t o  s e l l  i r rad ia ted  potatoes on a commercial bas i s  was a 

setback. In  Canada, as i n  the  United States ,  the government i s  emphasizing 

high p r i o r i t y  projects  a t  the  expense o€ exploratory studies.  

2 

The top p r i o r i t y  s tudies  supported by Atomic Energy of Canada Ltd. (&EL) 

pe t i t i on  ciztc have been the  radurization of f r e sh  f i s k  ctixi cvisceratcd poultry. 

w i l l  be supplemented w i t h  data from the WLherlands f o r  i r rad ia ted  chicken an& 

from the  Tnited K i s g d . m  for i r rad ia ted  f i s h .  Chickens are  i r rad ia ted  t o  

0.7 Pkad. The fish---haddock---will be 2;Lven doses of 200 krads, .;",bough researc‘n 

ir, Canada has shorn tha t  high-quality f i l l e t s  %ve an extended shelf- l i fe  after a 

dose of only 100 kr23s. 

The AECL mcbile i r r ad ia to r  vias dsec! iii 1965 t o  t r e a t  scallo;js, p la ice ,  and 

yel!.o;J flGond?r. A dose of 225 krads increased the she l f - l i f e  of sceilops by 8 days. 

.tcr Eankrupted by Cro; ;.‘ailme, Isotog. - .?ad. Techml . ,  
4(2) : 203 (:?inter 1966-19.57). 
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Salmonella studies have shown that a dose of 500 krads w i l l  el iminate t h i s  

pathogen from ground beef without a f fec t ing  the  Vitamin A content. The same 

proved t r u e  of Staphylococcus aureus i n  cured mats. 

University of Manitoba shared tha t  a dose of TOO krads w i l l  reduce t h i s  pathogen 

Salmonella' research a t  t h e  

. 
adequately 

a dose of more than 400 krads i s  needed t o  control  salmonella i n  skim milk powder, 

i n  a frozen egg substrate.  The University of Alberta shared that 

bu t  t h i s  dose causes development of an off--flavor. 

Other products being studied dnclude mushrooms and strawberries.. A p e t i t i o n  

has been submitted t o  the  government t o  approve mus'nrooms; i t  includes data from the 

Netherlands, which has cleared the  use of radiat ion t o  r e t a rd  cap opening of mush- 

rooms. Because of t he  short  growing season i n  Canada, strawberries do not have 

the  high p r i o r i t y  on obtaining clearance there  t h a t  they do i n  the  United S ta tes .  

Other s tudies  are underway on blueberries,  cherr ies ,  and cranberries.  Doses used 

are up t o  500 krads. 

i n  pH and ac id i ty ,  b u t  there  are changes i n  pec t in  and sugars. 

Apple juice has been i r rad ia ted  up t o  600 h a d s  with no change 

Related programs using radiat ion i n  agr icu l ture  involve the  use of low doses 
on seeds 
A t o  st imulate growth and the s t e r i l i z a t i o n  of d i e t s  f o r  laboratory animals. Crops 

studied included sweet corn, tomato, l e t tuce ,  egg plant ,  onion, cucumber, strawberry, 

rutabaga, green beans, f i e l d  corn., barley, flax, spring ?&eat, durum wheat, oats, end 

gresses. 3nco~inging  r e s u l t s  have been Gbteined uioh cucai iers  and s t raxberr ies .  

In addi t ion t o  laboratory animal diets,  pcul5ry feed has been trezted,,with L k a d  
successfully 

t o  redme s a h o n 3 i . h  infection: (m4) 
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a 6oCo Sewage Treatment P lan t  I n s t a l l e d  

A sewage t rea tment  p l a n t ,  designed and cons t ruc ted  by Energy Systems, Inc . ,  

of Melbourne, F l a . ,  has  been i n s t a l l e d  at a campground near  Palmdale, Fla. The 

g a m a  r a d i a t i o n  from 6oCo degrades up t o  95% of t h e  de t e rgen t s  p re sen t ,  whether 

biodegradable o r  n o t .  Algae growth i s  i n h i b i t e d .  There i s  no r e s i d u a l  a c t i v i t y ,  

and opera t ion ,  s ince  s t a r t u p  i n  March 1970, has  been economically competi t ive 

wi th  convent ional  sewage t rea tment  processes .  

equipment can be added t o  e x i s t i n g  t rea tment  p l a n t s .  

The “OCo source and accessory 

Amersham Receives Queen’s Award  ( 3  1 

For the  second time i n  t h r e e  years  t he  Queen’s Award t o  Indus t ry  has  been 

made t o  the  U. K. Atomic Energy Authori ty .  It was awarded t o  t h e  Au thor i ty ’ s  

Radiochemical Centre, Amersham, for t echnologica l  innovat ion i n  the  product ion of 

the  r ad io i so tope  1 4 C  and i t s  compounds. 

Award f o r  export  achievement and for t echnologica l  innovat ion i n  the product ion 

for sale of r ad io i so topes  for use i n  indus t ry .  

I n  1967 t he  Centre rece ived  t h e  Queen’s 
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New Technique for  Nondestructive Determination of Protein Quality 

A new technique f o r  determining the qual i ty  of protein---for example, 

t ha t  i n  cerea l  grains---is  announced by the Lawrence Radiation Laboratory (LFZ) 

at  Berkeley, Calif., operated by the Univ. of Calif. (UC) f o r  the USAEC. 

Melvin P. Klein, physicis t  at LRL, and L. N. Kramer, graduate student i n  chemistry 

a t  UC, developed the method. Proteins are composed of more than 25 di f fe ren t  

amino acids, some of  which are "essential ,  I '  i .e. ,  they cannot be synthesized 

by the human body. The new method iden t i f i e s  the individual acids, while 

previous methods have determined only the t o t a l  protein.  

( 3 )  
\ -  ,> 

The instrument used i n  the new procedure i s  an x-ray photoelectron spec- 

trometer. Cereal grains under study are  exposed t o  the radiat ion from an 

x-ray source i n  the instrument. A s  a result,, e lectrons are emitted with 

energy pat terns  typ ica l  for  each of  a number of amino acids. 

not need t o  be destroyed. A portion of a seed can be tes ted and,if the sample 

i s  promisingJthe remainder of the seed can be planted and will grow. 

way mutants can be selected on a s c i e n t i f i c  

basis, and faster progress i n  developing the desirable grains may r e su l t .  

has been estimated tha t  a 10 t o  20% increase i n  quantity and qual i ty  of 

proteins i n  grains could have an enormous impact on world food supplies without 

changing agr icu l tura l  or d ie ta ry  habits.  

Seed samples do 

a 
In t h i s  

ra ther  than a t r ia l -and-error  

It 

Supplementary Keywords: biochemistry; nu t r i t ion ;  x-ray machine; agr icul ture;  

measurement, other. 
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