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ABSTRACT 

il 
I 

OBJZCT 

in the *,,$l J cation of readioactive tracer methods to the esti- 
mation of l iquid  agent ground contamination in certaln field 
experimente involving mustard (H) filled munltions. 

RESULTS 

T) 5 ect of this report is  to describe techniques used 

I, The radiotracer method of H ground contPmlnation 
, ,  assessment has been developed into a standard procedure in 

.. which quantitative radioactivity measurements are performed 
py means of Oeiger-Mueller tubes. 

assessment has been oompared with other methods of H ground 
contamination assersnont and has been found to be the most 
precise or any method used previously. 

2. The raUiotracer method of H ground contamination 

i 1. 
/ I  
I /  
, .  3. Technlquea have been develpped allowing a whole 
, .  radiotracer field te5t evaluation to be made more rapidly than 

that of any prevlouslg h o r n  method except the drinnell 
photoelectric photometer procedure. 

4. Steps havs been undertaken, but not completed, to 
develop modifled radioactivity measurement apparatus which 
will speed up the radiotracer assessment of large scalo f i e l d  
experiments. 

5. A large amount of exparlance and information regarding 
the operation of electronic appqratus of special application 

to this problem has been gainee. 

CONCLUSIONS 

! The following conclusions are made on the basis of evidence 

1. 

preeented or referred to in this raport: 

ha8 antiquated 811 methods used previously in the solution of 
the contamination evaluation problem except t h e  photoelectric 
photometer ma thod. 

The radiotracer method of e.valuating ground contadnation 
I 
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mcthoa. 

mu,.n raethcrds of &round conti.,:iinzitisn ; ;sstmfl&nt.  

sen . . t t iv i ty  tn-an hny o t h e i  lcnown m t h o u .  

o,)t;rstion and a,J;r&ratuS than m y  oL' tlk otilc? ,nL tnoa3. 

c o s t l y  i o r  1arc;e s ch le  t e s t i n ,  t h m  t.ny of. .the othel ' j ,  b u t  
ttLere is sone i n u i c a t i o n  b&se.LL on IcnovilLd,e conceimin:, tnc 
GEVC Loliment of' asnufactur lnb processes lor ,dLutonium t h a t  
this c o s t  chn be . reat ly  reduceci. 

3 .  Tne r ad io t r ecc r  method i s  tn,. mst ..rc;ise t ~ i  ..11 

4 .  The r-diotracer rnotbJil is capubl; oi grt;-.tcr r l t tcct ion 

5. The r ad io t r scLr  :nethod is soiiewh:lt mor: comjlex in 

6 .  Tile r ;diotrsccr  mbtnou 13, st  tli, , J r tscnt  t h e ,  sort 

I* . 

- 7. The r a d i o t r s c e r  agLjaratus is, i n  )art, i n  &n exce l len t  
I '  . bstbte of develo,>mcnt a t  the $resent  tiroe, a d  iurnishes a ' 

firm founu..tion f o r  f u t u r e  development. 

I\ECOt.l.XEN DXTIONS 

1. Consideration should be tJvc;ll t o  the p o s s i b i l i t y  of 
the use of  the r a d i o t r a c e r  method i n  the problem other  than 
a r e a l  r a d i o a c t i v i t y  measurements. 

2 .  Neto t i a t ions  should be undertaken with t h e  Government 
bgency responsible  f o r  the  operbt ion o f  jlutonium mmufhcturinL 
p l a n t s  f o r  the  aurpose of obtaining va r i sus  d e s i r a b l e  radio- 
tracer ma te r i a l s .  

i n  a11 rhdiotrscer measurements, a ue+rt:nent o r  section of 
rcseilrch shoula Le orkanizea which y l i l i  nsve tm resgon- 
s i b i l l t y  of  i n v s s t i g a t i n b  the extension of raaiotracer tcch- 
niqucs a d  developing'new hpgaratus for tile s:,udp mu measure- 
ment of' r ad ioac t ive  phenomena. 

3 .  Because spec is l izcc i  e lec t ron ic  i ;g>&retus  is uscd 

-2- 
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I. INTRO3UCTIOi4 

A .  Objec t  

The ob jec t  of tliis repor t  i s  t o  descr ibe tcchni,ues 
useJ i n  the  appl ica t ion  <,f radio&c Live t r a c e r  :.lethods tc: the  
cstimz ti .m of li<,uid H grsund contaninhtian i n  c e r t z i n  f i e l d  
ex;)rrimen t s  invcl.vin& vari,:us H-f i l led  ami  t i o i l s .  

B. k u t n m i t v  

P ro jec t  B 6a, l e t t e r  SPCVB 471.6, dated 9 beceinbor 
1943.  

11. HISTOHICtlL 

Tlie study of lF.,uiri If ground cuntmin&tio; i  hxs been 
d i f i ' i c u l t  because of' l i m i t a t i o n s  im,,osed by avai lab le  tech- 

, ni.4ue.s of c:uantitstion. P r a c t i c a l l y  a l l  standard prac t icc  no:v 
includes the a d d i t i m  of a t r a c e r  of one s o r t  or a n o t h e r  t o  thc 
l i i u . i d  agent in c)rder t o  assist i n  de f in ins  a t  . l e a s t  the 
sha:;;ci of' the .Li.;~ui'l-c3ntnminat~~ z c a .  O r g m i c  uycs, such 2.: 
Riociarnine 5 &se and ViEtoria Slue ll Ease Vi-ru :Lriy inccrp- 
rjrrited i n t c  FI scun-$les i n  iauniti.ms t: be used f o r  f i e l d  t c s t s ,  
and Later,  co lbr imet r ic  a a l y 3 e s  of thi. 6 y e  h n t e n t  r,f ;I 
picktxi up t?n :lie $ l & t e s j  h b s  Jrbent and. even tihe r id1  
:;f -the c . i n t adna tcd  a r m ,  were maae i n  ,,.rder t.. attempt ZU-J 
estim:.ti,xi 31% tile de,rcc ,:I C. nta:;-,iriati:n im.).nstxl n th.2 ai-ca. 
Ur;:mic dye3 hcve Seen sh.;vm t 3  be unrr:.LiLble ab tc&wrs iur 
l i t l u i d  II because af fadint, due t., c i imiza l  r$&cti...n v i t h  
s u - i l  -r (;UE tfi the u t i  .m .,f tiie s~mli,;it. kc .ord in ; ly ,  thi. 
us:: ~ i '  : ne ta l  ccmpouncis G:-,hble i n  il v w s  ac lv~~cutv i  a; + tr:,zci' 
tecimi :ue by the  British. Thus, c .pger, binc, and n i cke l  
o.LI::ites, 3 t ea ra t c s ,  hnd nnphthenatcs h-ve been i n v : s t i ~ a t u a  
u:: t r a c e r  c m23unds. I t  has been ski-.."\n, h.wcver, c h a t  thc  
1enl;th and c-mplexi ty  3f the  cuia1y:;r.s fJr inctt;i c:intent <~r 
f i e l d  s:.il sarn,>lcs cf II c:ntminatcL' i * T E i i S  macle this !ncth.d 
.:f l i t t l e  value f m  1ar"e s c d e  f i e l d  t c s t s .  The search f : J r  
fkster a& in.-re r e l l c b l e  techniques su,.~:estcd t h a t  ri,ai :- 
;IC t i ve  t r  ~1.c c r  t ec1uii;;ue s ?L$i t be ?ip;,lied six ccs sf u l l y  t _, the  
e v a l u a t i m  .af gr.and c :?itaminri ti\.:n e::,Jeriments, P i - c l i ~ ~ i l m r y  
tks;ts J f  t,he ;<,di >act ive  t r a c c r  methA w;.e Lmductcti a t  t h i s  
s t i i t i  'n i n  January 1944, and iridic-~ted GreLt , r : d s c  far the 
id(.&. Sincc then, the  methud and tcclmi,ucs h: ... vc been 

,"  cxtendcd c;nd expanded. 
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Cer t ai n c omtier c i a  1 and educa t i on8 1 organ1 z a t i  ons have (., .. 

used r ad ioac t ive  t r a c e r  teclmlques i n  a fash ion  S i d l n r  on a 
- miniature s c a l e  t o  those appl ied i n  t h i s  work (see (1) and ( 2 )  

i n  Bibliogrnphy) but  i t  i s  be l ieved  t h a t  this i s  the  f i r s t  
ins tance  i n  which r a d i o t r a c e r  techniques have been applied t o  
larGe s c a l e  inves t iga t ions  of a r e a l  r a d i o a c t i v i t y  contatiina- 
t ion .  Accordingly, th i s  h i s t o r i c a l  backpound i s  l i n l t e d .  

111. TIIEORETICAL 

each, o f  throe s e r i e s  of elenients whose atomlc nuc lear  s t r u c -  
tu re  is such t h a t  the nucleus is said t o  be i n  a s t a t e  of 
i n s t a b i l i t y .  Duriw the  course of time, each such unstable 

. nucleus undergoes a rearrangexent  in an attempt t o  gain a 
ZtQble state. In the  proceas of rearrangement, matter is 
emitted from the  atomic nucleus.  Thlz emittod matter has been 
proved t o  be sub-atomic p a r t i c l e s  (alpha p a r t i c l e a ;  e l ec t rons ;  
neutrons; pro tons)  t r a v e l l i n g  i n  space with Veloc i t ies  Bone- 
what l e s s  than that of l igh t .  Accompanying, or c lose ly  follow- 
ing t h e  e j e c t i o n  of matter from the  nucleus undergoing rear- 
rqngonqnt; is a loss of atomic energy i n  t h e  f o r m  of an 
e lec t ronagnet ic  r a d i a t i o n  (@mum r a y s ) .  Gamma rays, t r a v e l l i n g  

ing  matter  t o  a degree f a r  
electromagnetic r a d i a t i o n s  ? l i g h t ;  r a d i o  waves). 

flseoing" through the  humn bocly i n  search  of func t iona l  
' dernqement  i n  illness, and through t h i c k  metal ca s t ings  and 

weldlngs i n  search of f a u l t s .  
ray3 i n  t h i s  nahner because t h e  r e l a t i v e l y  tremendous energy 
of gama r a y s  i s  absorbed p r e f o r e n t i a l l y  by matter of  h igh  
dens i ty  OF Greater tliicluleosi The ganma r a y  de t ec to r  used i n  
this  app l i ca t ion  OF gamma r ays  is usual ly  t h e  photographic 
plat. or sofietimes the  f luorescent  screen, Gama rays a r e  
an e s s e n t i a l  p a r t  o f  the  r a d i o t r a c e r  technique described i n  
t h i s  r e p o r t ,  p r imar i ly  because t h e l r  p e a t  pene t ra t ing  power 
r l lows  rcndy dGteCtlOn if s u i t n b l e  de tec t ing  apparatus is  used. 

I n  other ,  but s imi la r ,  r ad io t r ace r  techniques the 
n n t o r l o l  product8 of nuclear d i s i n t e g r a t i o n  have been used i n  
manners similar t o  be described hero f o r  the g m a  rays.  Tho 
hunan eye i s  incapable of r e s p o n d i y  t o  gamma rays  in the 
manner t h a t  i t  responds t o  " v i s i b l e  l i g h t ,  and a t  b e s t  i s  a 
very poor d e t e c t o r .  The photographic p l a t e  has nlreody been 
nentloned as  a d a t e c t o r .  It showo f a i r  a b i l i t y  i n  c e r t a i n  
nppl ica t ions .  Even b e t t e r  i s  the i on iza t ion  chamber, which 
w i l l  be discussed in d e t a i l  l a t e r .  Pr obably the bes t  de t ec to r  
of g a m  rays (and when properly d.esigned, of alpha particles, 
and high ve loc i ty  e l ec t rons  o r  b e t a  r a y s )  is . the ffeiger-Mueller 
counter , 

Uraniun, thorium, and protoactinium a r e  parent  eleifients, 

.. with  v i r t u a l l y  the veloci ty  o f  Xight, are capable of penet ra t -  
r e a t e r t h a n  t h a t  shown by o ther  

This pro-  
o r t y  has  allowed Gama r ays  t o  be u t l l i z e d  f o r  the  purpose of 

It i s  possible  t o  use (sa- 

1 -4 - 
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' l u c h  d i scuss ion  w i l l  revolve about the  Geiger-Mueller counter,  

and ao, it may sofietimes be r e f e r r e d  t o  a s  0-19 counter,  o r  
simply a s  Q counter .  EIany othor types of de t ec to r s  a re  known, 
and p r a c t i c a l l y  a l l  have been used i n  the study of nuclear con- 
s t i t u t i o n ,  bu t  f o r  tho present  purpose the  0-1.i counter and the 
i o n i z a t i o n  chamber a r e  of p a r t i c u l a r  i n t e r e s t .  

- 

The Geiger-l.[uellor c o b t o r  i s  an e l ec t ron ic  tube 
bo1on;;in;: t o  t h e  d icde  family.  It c o n s i s t s  of two n e t a l l i c  
e lec t rodes  of g r e a t l y  unequal area enclosed wi th in  a space 
capable of be ing  evncuated t o ,  and rialntnined a t ,  a pressure of 
severa l  c e n t i m t e r s  of mercury. The enclosing mater ia l ,  or 
envolopo, i s  usua l ly  a Glass cyl inder  seuled a t  both ends. 
F i p r e s  1 and 8 (Appendix A )  show samplea of G-K counters 
oncI.osed in g l a s s  envelopes, and D i a C r a r i  I (Appendix B) i s  a 
draviSn& of a t y p i c a l  G-li counter.  

I n  the  s implest  app l i ca t ion  of the 0-M counter,  a hizli 
p o t z n t i a l  e l e c t r i c a l  f i e l d  ( D C )  is impressed between the ales- 
t rodes i n  a c l r c u l t  which . includes a very high ex te rna l  res i s -  
tance i n  a d d i t i o n  t o  the p o t e n t i a l  s o u r c e  and counter electrodoa 
( n o t e  accompanying diagram). The passage of a single  p e m t r a t -  
i n &  radiat1On (gamma ray,  or simply r a y  o r  photon) throu[$?. the 
counter tube,  under conditions of  hi& electrode potentia!. 
s t r r r s ,  may, by v i r t u e  of deraneement of the in te r -e lec t rode  
e l e c t r i c  f i e l d  (ns a r e s u l t  of i on iza t ion  of gas o r  other mole- 
cu les  or atoms) cause an e l e c t r i c a l  ndischargeM t o  o c c w .  This 
can happen only if p a r t  o r  a l l  of the energy of the  ray is 
absorbed somewhere in s ide  the counter.  
through the  counter f o r  every one which tub 
i s  absorbed. These are not de tec ted .  
If 4 r a y  should be de tec ted ,  however, 
the discharge of the e l e c t r i c  f i e l d  
causes a cu r ren t  t o  f low i n  the  
ex te rna l  c i r c u i t  hiEh r e s i s t a n c e .  As 
Q r e a u l t ,  the  vol tage drop across  the 
r e s i s t a n c e  increases  f rom zero t o  
some value which i s  an appreciable  
f r n c t i o n  of the  t o t a l  appl ied poten- 
t i a l .  Vhen the drop becomes g rea t  
enotqh, the cur ren t  which was flowing 
between t h o  countor e lec t rodes  ceases resistanoe 
t o  f l o w  because the  p o t e n t i a l  is in-  
sufficient t o  maintain i t .  When t h i s  

ex te rna l  r ea l s t anco  again drops t o  zero, 
nnd the  o r i g i n a l  i n t e r e l e c t r o d e  p o t e n t i a l  1s attained. The 
counter is then ready t o  respond t o  t h e  presence of another 
penot ra t lng  r a d i a t i o n .  The process of cischarge and recharge 
can occur  very r a p i d l y  -- up t o  once every 'one-one hundred 
thousandth o f  B second i n  a good G-hl counter .  
asniatanae of sultab3.e e x t e r n a l  e lgc t ronlc  apparatus,  t h i s  

hnppons, t h e  voltage drop across  the - +  
High D.C.Voltage 

With the  

-5- 
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r ap id ly  occurrlng process, repeated over and ovcr, inany t i x s  a 
minute, but only once f o r  each gama ray, can be made t o  produce 
a record of the  t o t 3 . l  n m b e r  of  r a y s  absorbed i n  the counter over 
a measured time. Tnus, a u c x a r e  o f  the  I n t e n s i t y  of ganma m- 
d i a t i o n  o r  radiot ioi l  f lux  may be had. The flcountsf'  shuwn by a 
Geiger-Mueller counter i n  the  presence 01 rad ioac t ive  niater ia l  
become, when taehsured under c e r t a i n  conditions, a meiisure of  the  
conccntration of grcund contamination of  l i q u l d  H vihen the radio- 
ac t ive  mater ia l  v a s  present  i n  the H a s  a t r ace r .  For example, 
asswie t h a t  a m i l l i g r a m  of  rad ioac t ive  mater ia l  having 10,000 
n u c l e i  decomposing per u n i t  time i s  d i s t r i b u t e d  evenly through- 
out  100 pounds of  H. This H,  contained i n  a munition, i s  then 
sca t t e red  over a ground area,  4. A smcll f r ac t ion ,  g, of t h i s  
area 2lcked up and held closF: t o  2 G-M counter shows a count per  
u n i t  time o f  10. Then, It can be s z i d  t h a t  the amount of H on 
area 5 was exac t ly  10/10,000 of 100 pounds, o r  0.1 pound. 

B. The Ioniza t ion  Chamber 

!he pene t ra t ing  c h s r a c t e r i s t i c z  o f  hamma raps  were 
L mentioned nbove. Also mentioned TILS a c h a r a c t e r i s t i c  v:hich may , 

be ca l l ed  f t lon lz ing .  h h i l i t y I f .  Iorlizink a b i l i t y  ?f pent t r t t ing .  
rad:ta!.ions 13 shown i n  any i ? . t t e r  i n  which genetratin<, radic;t ' tm 
energy may be absorbed. I t  i s  the  bas i s  upon vhich chemical 
r e a c t i o n s  i n i t i a t e d  o r  ini 'lumccd by pene t ru t ln l  rn3 ia t ions  a re  
explr?ined. It i s  the  bas i s  ugon which t h ~  functionink of a n  
i on iza t idn  chamber i s  explained, thduch, In  s t r i c t  sy-nae, chemi- 
c a l  reac t ion  iaay not  occur here.  I o n i m t i s n s  of gas  molecules 
o r  a t o m  occur, none the  l e s s ,  and a measure of the  degrce of 
i m i z z t i o n  can be used t o  r e p r c s m t  the i n t e n s i t y  o r  r ad ia t ion  
f l u x  dens i ty  cjf the penetrat ing r ad la t ion  causin& the ion iza t ion .  

The ionizat1.m chainber Is a dcvice consistin '  of  two 
me ta l l l c  p l ane  p a r a l l e l  o r  c m c e n t r i c  c y l i n d r i c r l  e lec t rades  SJ 
nrrimbed as t o  allow formation and mnintenancc of  tin e l e c t r i c n l  
f i e l d  between the2 under the  inf luence o f  a r e l a t i v e l y  low vol t -  
age DC p o t e n t i a l .  The spacc between the  e lec t rodes  i s  f ' i l l e d  
v i t h  a gas a t  atmospheric o r  higher pressure.  Passzge 3f ion- 
i z ing  r ad ia t ions  ( g a m a  rays) through tne  l;bs causcs an icinizat- 
i o n  v:hlch r e s u l t s  In  a decrease b f  the sgec i f i c  r c s i s t znce  cJf 
the  &as. This decrease nay be measured, wi th  appropriate elec- 
t r i c a l  apparatus,  and r e l a t e d  t o  the  concentrstidn of rad ioac t ive  
h:,atcrial producine t h e  rays. The r e l a t ionsh ip  i s  Governed by (1) 
t he  iihyslcnl dinensions of thc  chamber electrodes,  (2) t he  ty,)e 
of gas, ( 3 )  t he  p e s s u r e  of the  gas, anci ( 4 )  the  j o t e n t i a l  d i f -  
ference between the  eleckodes ( f o r  a given tyge o f  r ad ia t ion ) .  
The ion iza t ion  chanbcr d i f f e r s  from the Geiger-Mueller counter by 

, -  v i r t u e  of i t s  I n a b i l i t y  t o  d is t inguish  between Individual  radi-  
a t i o n  quanta o r  photons, but Crsats  a l l  passin& through a t  abrjut 
the same time as a u n i t .  I t  is, i n  e f f e c t ,  ii self-co?taiced . 
i n t e g r a t o r  r a t h e r  than a d i f f e r e n t l a t o r .  

- 6- 
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The e l e c L r i c d  current  ~CIYJSS t !~e electruGes which 
f icinizink radiatia n may bc nehsured by r e s u l t s  f n . m  p i s s a ~ c  

a s e n s l t l v c  galvanmete? i f  hiGh i'lux dens i ty  r%uiatio:i  i s  
under study. F3r maxiinurn s e n s i t i v i t y ,  hdrxver, the  currents  
vihich r e s u l t  from minimal arnounts ,::f ra.di:iti:n a r c  usunll;r 
u t i l i z e d  i n  thc prsr2ucti.m $f a voltake d?d;) acri 'ss a hi$i 
r e s i s t ance  (which i n  t h e  c?.sc d ~ f  t lic Dufi,r;;.:y i i lnizat lon c2iambel.s 
i s  oi' the  c,rcier ( 9 1  100.,000 inekohms). T h i s  vi-.ltni,e drc.:] i s  
then nccisurcd by a s u i t a b l e  vacuum tube vLltmctcl.. Ph::te;rn$ia 
<;f n simple c2nccntr ic  cyl inder  chamber speraLli1;; a t  ztm:JJspheric 
prcs:;urc a re  Sh.Jwn i n  Pigares 16 and 17 (!ippendix A ) ,  an6 the  
c i r x i t  diagram 3f I t s  assxciated vacuum zube v.tl.tmctc:r is 
sh3w i n  Diagrzrr, 2 (Appendix. E ) .  T h i s  u n i t  was desi,>ned d t  
thc  ' Jn ivcrs i ty  of Cal i f .Jrnia  f a r  t h o  pur>:se i' me:uurinL 
pmetra t in ; ,  r a d i a t i m  casable ..f i a f l i c t i r l ,  d u a k c  a? n t x  
IiLunnu body. I t  Is known ;is a r ad ia t i . . n  p r s t ec t ion  meter, m d  
t cca iuc  ~f i t s  low s c n s i t i v i t y ,  i t  I s  n;.t used i n  the  usual 
f i e l d  t r a c e r  s tud ie s .  

r. 

F m  f i e l d  t e s t i n g  purpLscs, a inuch iwri: sensitive 
in3trument I s  required and has been b u i l t .  T h i s  instrument i : j  

t he  ht?art  c;f' a machine which i s  ca l l ed  the  r a d i o a c t i v i t y  F;roun$ 
 cari in:-^. 
scatinur) was designed t o  scan and recard cmt inuous ly  the  
chances In  t r a c e r  cuncen t r a t im  of  an €1- t rxe r  c..mtamina.tcd 
ground area.  A more corn2lete descr ip t lon  of t h i s  u n i t ,  and a 
a m p l c  o f  t i e  ciata obtaineci with it arc given l a t e r .  

The r a d i o a c t i v i t y  ground scunner m . F ,  the  

C. The Hodioacti-:e Tracer 14ethLd 

I n  a c t u a l  practice, the  rddiotrhccr  nethod i s  s~nic- 
what more ccinplex than described. i n  e a r l i e r  paraCraphs. Thc 
use o f  n a t u r a l l y  radiyac Live elements such irs uranlma, t'noriurn; 
grotuLctinium, snd t h e i r  rad ioac t ive  decsm.iosition product:; as 
t r h c e r s  i s  not  widesprcad. Th i s  i s  t rue  hscause n a t u r a l  
f l rad loe lements f r  a r e  r a re  2nd cos t ly ,  and dc> not a l w y s  lcnd 
t h  t?fii 3 c l v ~  s t u  t h c  p r  c p a r  a t i m Ui' ciie,.! l c  ul c Jtnpi,unds vihi ch h;v c 
s u i h b l e  pro,?crties.  A t  present,  the groduction 3f " a r t i f i c  :.J.7.:; 

r a d t u d e n e n t s  has auvanced t o  the s tagc  yliere u p e a t  v u i e t y  
G f  nuc lcar ly  un3tablc atoms, r m g i n b  Y r ' m  hydri:i;cn t G  uranium, 
c a n  ~ I J C  -)roduccd almost a t  w i l l ,  and sometjmes a t  r e l a t i v e l y  
lo\*i cos t .  Preparat ion or such rad ioac t ive  clemcnts 1s csl3.cd 
I:riuclem bombardment". Thdre a re  various machines cupa b l e  ; r f  
nuc1L:)r bombardment, and most of  the h r g e  e8ucr ; t io rd  i n s t i -  

I tutLons In  this cduntry imvc ijne 01. ;nother bf such machines 
I f G r  thc  g u r p x c  of ?ure r c s c d c h  i n  tiic f i e l d  3f nuclear  c.m- 

P t l t u t l o n .  The most uscful'machine f a r  the mass .jroductiun rtf 
a r t l f i c i a 1 . L ~  rad ioac t ive  elements i s  h s r m  as the  l'cycl:.>tr m11. 

! 
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.. c om:? ii c h t  ~56, e l e c t  r a n i  c G evi  c e for t h i s  F .i:r:2o s e 

The proczsr of n u c l e w  decompasiticn of tile nuc le i  3' a 
;:l:.ss of  atoris a€ a given r d i o a c t i v e  eleinmt pmceeds a c w r d i n ~  
i 0 2 r c r t a i n  exponential  L;w. This l a y :  i.3 h o ; m  i . ~  the  LAW of 
ReZi2;civ;. Disintegr:rt ion a d  is ex2rescmi by t3e equa t io i  N = 
iiQc .. t. %e L:.W st; tes 3 1  e f f e c t  t n c t  t.1.: c:i(Qber o f  rodin-- 
Lcti  ~ J C  n u c l e i  :::.derE;oing di-sintegrati-on a t  m y  ;ine i s  2 .C;lnction 
.f i '.e t o " d  nmiber of undis in tegrs ted  nJ  5 .e i  :J,*ese:it. IS  N, 
u s :  ' :ble : iuclei  ?.re present  i n  a nas;  of 
Li l a . . ;  ';o, then a f t e r  time t, t he re  wJ.1.1. be jus t  N such nuc!ei 
 it :. . , . ' i i te,yatea,  Tne cons-Lant Is a nuiincrical vslue ti;ll-.~cc! 
i h c  * a i i o s c i v e  c o n s t m t .  It i s  c h s r a c t e r i s t i c  Lor each radio-  

z i t ,  ~utura:;  o r  a r t i f i c i a l  and i s  a measur9 of the n w h e r  
c,f . i , ~ . ~ l e v  d i s i i i t eg rz t ions  occurring i n  wit t h e .  A n  iiiprta-it 
l icr i* .cd d i s i a t c g r a t i o n  law i s  t h e  l ' ha l f - l i f e  law". It mas be, 
stat.:ci by the equation 1 / 2  = e - t .  I n s m t i o n  of the  ri:dLo-- 
: c t i - J r  c o n s t m t  of the  radioelement under considerzt lon i-! t h i s  
i .p:+,::)n and so lu t ion  f a r  2 give3 a numhef which exprevsej the 

I . ?.ime .c.ces:;ary for i; co l l ec t ion  of d i s i n t e g r ~ t i n g  >tons  t o  br-. 
r;om . ,st h a l f  t h a t  number of d i s i n t e g r a t i n g  atmrs. Let i r :  b~ 
i . s~u: ,~ .~ .  t h a t  a weight of one g r a d  o f  absolutely pur? radiun i s  
avai;?.ble f o r  exnminztion. This & r m  of r a d i m  contains  

C i s in t eg ra t ion .  Let it be iissul;led f u r t h e r  t h 3 t  in this inass 
of a t o m .  the  p o c e s s  of nuclear  d i s i r i teL.x t ion  s ta r t s  a t  norma: 
r a t e  a t  timc to. Let  a C-M counter stand ready t o  count eacb. 
nuc1e:ir decomposition nhich occurs,  betinning a t  tc. Let the 
c o u q k r  c m t i n u e  to  C3u.rit, once for 6,ich nuclear  d e e m - o s i t i o n  

A 1021 coacts  have bcen r eg i s t e red .  I t  w i l l  be found, i f  one 
:,:eeps t r ack  of the  t i n e ,  t h a t  the  t i n e  i n t e r v a l  te tvecn to and 
1.1 i s  .%.bout 1590 years .  9 y ~ s ' ~ c  per:lod is,then, the  h a l f - l i f e  foi" 
:.diu7 r a d i o a c t l v l t y ,  md a3 i'ar as i n  now h o n n ,  it  -?:ill alt:ays 
tskr< 1590 years  for half of any number of a co l l ec t ion  of r a d i m  
:..to;.i nuc le l  t u  Cis in tegrk te .  DecoirpA.tioa fo?  D. gram vrcikht of 
i:;diiu.i occurs,  their, a t  t h e  r a t e  of  1.33 :: 1021 or 1.57 

x loL2 counts pel- ninutc ,  as an avcrag& r a t c  over a period of 
1.590 years. 

If all. :cno~.m n a t u r a l l y  rad ioac t ive  clenents  and t h e i r  
i i a l f - l i ves  a r e  considered it  wi1.l be noted t h a t  some redio- 
e l m e n t s  have 3 h a l f - l i f e  as long  6s 1.34 x 1010 years  ( thorium),  
and sone have a h a l f - l i f e  as short  a:: 1 x 10-11 seconds (thorimi 

*:¶dicactiv2 nuc1.e: a t  

x 1023 o r  2.66 x 1021 a t o m  of rkdium caaablt: of 

-,,.:iicii occurs u n t i l  a. time ti v2ien 50% of t h e  2.66 x 10 ri 1 3r 1.3:' 

1590 x 365 x 24 x 60 

C'). 
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T11is  brings u;) tile questinn of what kind c:f rnuioeltmcnt, based 
on h a l f - l i f c  ccns iaera t ions ,  can ,be used i n  a dcs i red  tri lccr 
g:,i,licati,rl I t  i s  :)?parent t;nzAt a rad:ralcment hLvin; i half-  
Life  of l O - i l  secvnds disa,>pears coxpleccly cven before thc rc  
i s  t1rr.c t n  th ink  of Khat t o  do with i t .  Jn tlic Other hand, il 
radioelement Ihavint, a h a l f - l i f e  of 1010 y e a r s  d i s in t eg ra t e s  sc 
slou-;ly t h a t  :< ; r o h i b i t i v e l y  l a r g e  zmunt  g f  t h e  rnLLLcrid nould 
be needed t o  &ivy cnough counts per vnit time t o  a c t  a s  h 

v w r t h  ; b w t  20,000 d o l l a r s .  On t'fiis bhsi.2, thit us6 o f  al.mosL 
itny mtui a l l y  r ad ioac t ive  element fsr fic.L4 t e s t in , ,  oi' liquid. 
€1 cr ,ntaninat ims would r equ i r e  fkb,ulr,us S K ~ S  of .iuncy. The 
nex? cons idemt ion ,  then, i s  cheapcr and niclre $ l e n t i f u l  a r t i -  
r i c i a . l l y  r d i o a c t i v e  elements. I t  has .  bccn judged t h a t  sucii zn 
e l ~ f i e n t  :hould nave B h a l f - l i f e  sonewhere .betwezn 5 and 30 
days ( f o r  e ,>pl ics t ion  t o  this r ad io t r ace r  problem). An exanin- 
:ttsm rJf t i l e  l i s t  of a r L i f i c i a 1  radioelements most readil;. 
zvsi.L:ible sagLestca rcdiophGsphorous (m&ss isotope 31; ha l f -  

:ci?c 52; h & l f - l i f e  6 . 5  days; gamma r a d i x t i m )  a s  t h e  m s t  
; ~ r ~ ~ r i i ! ~ i n g  mater ia l s .  Furthei- considerat ions ccnccmin:, peilc- 
t ra t .P . .k  p w e r  uf the respec t ive  r a d i a t i m s  br;u:,Iit the ch.iicc 
c!cjvm 'u radic~manganesc 1.~1 t he  6.5 day h a l f - l i f e .  Thz clecn;r 
cu , rv~"  i'sr tiiis radioelement i s  shonn en Grcph 11, appendix C. 

i!ithcrt,>, i n  ti'iis ;.eJ:>rt, all d i s i n t e - r a t i  m:. i x v c  bc.m 
s:,ccLfiod i n  ter,.,s gf  c c m t s  (gcr  u n i t  tisiey, but a u n i t  3f 
di s i n  t L Era t i,m r a t e ( r i!di oil c t i v i  t y ccm c en t r a t i on ; ac t i v i  t y) 
o f  ten u s e f u l  111 t h i s  w r k  i s  t h e  m i l l i c u r i e  (on3 t h  :;ismdth of' 
i. c u r i e ) .  The m i l l i c u x  (mc.) rcgrcsents  a d i s i n t e G r i t i o n  i*;ite 
of= x 109 counts per  lninute ( h t ' x s  per  minirtc). 
s i g n i f i c m c c  u f  this anit ir; t n a t  m y  rza ioac t ivc  :aal;criai 
shwiint 2.22 x 109 esunts a t  any tl.!ic 2 can be s k i d  t3 h:.vc &?. 
i i c t i v i t y  of 1 mc. r e c u d l e s s  of  m y  che.:iiccl 3r physical  
pr::pc?ty i t  may a1.s~ have. A t  any tiine l ; ter  than t x i e  t, i t s  
2 .c t iv i ty  will be some f r a c t i j n  o f  1 mc., and, i f  &. i s  lmo:a, 
t h e  ne\;', I ~ s s c r  a c t i v i t y  c m  Le c,lcul.zted \&:it:i accur:icy and  

m e m s  of  :t "decay curveri o f  which Graph I1 (ap,)endixCf i s  a 
saioplc: a2 ;lyin& t o  radioinatngancse 5 2 .  AS s t a t e d  prcvicusly,  
t h G  r;tc 'of decrease of a c t i v i t y  with t i n e  i s  i i  fwic:ion of  t i c  
halr- l . i fe  of t h e  r:Ldioclement i n  question, :.nd t;iLs r a t e  cwlnot 
bt? a l t e r e d  i n  any way by any chemical or i ihyslcal  lnciins ava i l -  
s b l e .  Aadivactivc d i s i n t e g x t i m  has zero tem2erc.turu co- 
e f f i c i e n t ,  Z E J ' . )  pressure coe f f i c i en t ,  and. :is f;tr as che::lical. 
r eac t ion  1s c::nccrned, zero r e a c t i v i t y  coilstant. Once an 
r - c t iv i ty  has bccn dctcT:2LilCd, m y  decrease i n  x c t i v i t y  a s  a 
r e s i l t  fif time c r~n  h c  ca lcu la ted  with nn ex;.ctncss de;?ending r:n 
t h e  accuracy o f  mmsurcinent of  l r i p e t l  time, an& cn. t h c  exactness 
r ~ f  t h e  value filr t h e  h a l f - l i f e  cf t h a t  radicelemant. 

'. l i f c  :L/+ days; beti: r a d i a t i m )  and radicmenganese (mass i:,?- 

The r e a l  

i:itl:out t rouble .  This ca lcu la t ion  i s  d m e  most easil.7 by 

- 
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Bny deviat ion from ca lcu la ted  values can i u m n  only t h a t  some 
of the  ma te r i a l  conthining the a c t i v i t y  meGsured o;.igi,l: ?-4 
bec?,me segzrated from the  main body, and s t r i c t l y  O f  an ewount 
indicit tcd by the ca lcu la ted  deviz t ion .  One degree of  s;)L'cifi-  
c i t y  of t h e  r ad io t r ace r  technique i s  hereby indicatcd.  

D. SDccial Considerat ions 

The penet ra t ing  a b i l i t y  sho:m by gzmma rays Is of  
i n t e r e s t  a t  times when i t  I s  des i r ab le  t o  screen r q f l  the 
r;Ldintion.f of a rad ioac t ive  m6ter ia l .  'Eac l ~ w  descyibini: t hc  
dcGree 0:' absorpt ion of  the  r d i j t i o n  i n  m t t o r  i s  s i m i 1 c . r  i n  
f w n  t o  t?le rndioac t lvc  d i s i n t e i j r z t i m  law. 
gre:.:i.d by thc eduation I Q L,he-P , whherc I is the amouni 
r x i j . A t i ! m  l o f t  rhen an incicient m d i a t i c n  I, passc.s throii.:;;i a 
n a t c r i n l  of thickness  a. Tlie cons t  :.nt f i  i s  c h r x t c t e r i s t i c  of 
t h e  x t o r i L l  in question, fo? any given t g e  o f  rLtdiztion. 
I t  ~ a ; r  be deternined e a s i l y  with the a s s i s t a c e  o i  i t  G-M 
cow-ter  and t h i c k  shcc t s  o r  t h e  m: t e r i a l  i n  LLuestion. Y!ith 
knom I, Io, and d v a l u e s , p  may be calculLted f o r  the mtxr ta l  

" and r x i i c t i o n  t y p .  I n  an actual l abora tory  ne:tsuremcntJ i t  
1v;I.s i'?irna t h a t  3 . 8  cm. of c a s t  l ead  trans!Xittcd only 9,lF of 
the trctiismitted r t ia ia t ion f r o n  radioman@nesc 52. 011 this 
b a s l s I  the  vtilun of p. f o r  lead o f  considerable thickncsses  
mciy bi; ca l cu la t e6  t 3  be of  t h e  a rder  o f  0.63 cm-1. 
ab,sor>tion of  these  rcys i n  any 6 t h e r  n e t a l  v : i l l  be approx- 
imately d i r e c t l y  prop:;rtiurial t o  the  r s t i c  of  d o n s i t i e s  of  th is  
metal  a d  lead. 

I t  m n y  be CY-- 

A vord o r  two concerning tiic c'oility ,>if :.;enc?trating 
rrxl ia t ions t o  i n f l i c t  darnage ulmn the t i s s u e s  o f  ti;c ;iu:lan : 
body should no t  be omitted. The ion iz lnk  b % i l i t >  sf pcne- 
t r a t i n c  radiaticjns of  his11 flus dens i ty  c a n  ;moddce undesir-  
a b l e  chemickl r eac t ions  i n  t issuc.  Probably t h e  most fe;rsomc 
c f f e c t  Is t h a t  o f  producing rnu tb t ions in  2ro;;eny as ti rcsult 

Even bcy#ind t h i s  lies the  p o s s i b i l i t y  t h a t  heevy dosages cf 
Fonetrut ing r 2 , d i a t i m s  t o  the Groper region of the body will. 
c m s e  s t e r i l i t y .  The male i s  c o n s l d e x b l y  mare suscc2t ib le  
thun the female i n  this respec t .  It i s  for these  repsons 
t h c t  a1.1 x:wk 1nvc.lvlng l a r & e  ax~oun t s  of  +ama ray- ,>rr,ducin[; 
rkui.:!activi; mate , . ia l  inust bc d a e  i n  such 2 way as t o  a i n i -  
n1ip.e L h t  time .md i n t e n s i t y  of ex;?osure: The c.mstant use -If 
hesv;. l e a d  shiirlds i n  the  storn,e and iiandlin:. C J ~ '  CahCentrii- 
t i o n s  C J f  r ad ioac t ive  ina te r ia l  i s  rn impmttuit p a r t  3f the  
answer to the  problem itf pro tec t ion .  Distance i s  ais!) a v':ry 
irnp3rtant f a c t o r  s ince  ga:iunr. rays  f r m  a p i n i t  source nf 
I:!dlati%l frj1l.ow the  lar7 ,)f r e c t i l i n e a r  p l%~)a~Cl~~! l i l .  Tw,: 
gwernment ilUbliC;.iti~~nS ( ( 3 )  and ( 4 )  i n  DibliDgraphy) may bz 
used CIS guides i n  the clssos~ment oi p r c t e c t i v e  conditions 1'5;" 
hand 1 ing r *:dl 'J iic t i v i  t y canc en t r a t i m u  . 

o f  changes enf3rced x>on the  kenc s t r u c t u r e  o f  clir..* I. u-(Jsc)lries . 
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n t y p i c a l  l ead  c a r r i e r - f o r  r u d i o a c t i v i t y i s  shor:n i n  Figure 1 5  
(hppendix A) an; i n  Diakram 111 (Apptndir. E ) .  A rlurnbrr. oi' 
thc.5e c a r r i e r s  and. o the .  forms of lesd :,hieluiiig 3ho.Ild be used 
i n  zny insta:lf , t ion vrhcre ~&:n;aa r2.y emict.lmi; rh t0 r i i ; l  1s used. 
Le te r  i n  this r c j o r t ,  irimtion will be .w,r.e o f  sn i e lds  f o r  C-LI 
counters  ;nd f o r  i on iza t ion  chambers. Tlie reason lor th i s  is 
th;t i n  s d d i t i o n  t o  t h e  r ad ia t ions  poduced by l a rge  c,ancm- 
trr: , t ions of prephred r aa ioac t lve  mLter1i.i i n  tlic v i c l n i t ;  f J f  
!nensurr:in6 i n s t r m e n t s ,  theye i s  always gresent  wh.rh;t i s  know 

be the resalt o f  t r a c e s  o f  r a i i o a c t i v e  ai;teri;Ls i n  the ?oil 
anti i n  t.i.6 air, and is Llseys 2 a r t l y  the yesu i t  of very gene- 
t r z t i n g  r s d i a t i o n s  from ou te r  s2acc: ( c o m i c  rs ;ysj .  s incc ! 
ov(:i m y  sm;lS time i n t e r v h i ,  an6 f o r  a small  a rea  such & S  
t h k t  ,Jf a r a d i a t i o n  de tec t ing  instrument,  t h s  tothl flux 
dens i ty  of t h i s  r a d i a t i o n  i s  never consttint, the  c b i l i t y  o f  the 
t ie tect ing instrument t o  aeasure small mounts  of  eadcd r.s.dio- 
acti:'l.ty i s  considerably lessened. miis c:ln be ovci-come t o  
:iornc Jx t en t  through the  extensive use of th ick  cbsorbent 
sh ie ld inbs .  Gf the  mhte r i s l s  nv;i i lable,  tile i i e t i l  l ehd  s.>c'nls 
50 bc t he  bes t .  

- 

n backKro-md raLia t ionf l .  This ever;lrecent ixcis~round may 

IV. ~2.PERILlLidTHL 

A .  Detection a d  ibleasuremcnt Apptiratus i n  De ta i l  

The electroscope , the  spinthariscoL>e, the:. i~hoto- 
g r h p h x  c>liite, the Wilson cloud chamber, the  photoe lec t r ic  
cell, the  ion iza t ion  chambcr, and the  Geiger-Mueller counter  
z rc  devices  used for the  de t ec t ion  and sornetimss t h e  masure- 
gent  of pene t ra t ink  r ad ia t ions .  Cif these,  the  Geiger-Xuelier 
counter and t h e  ion iza t ion  chamber, h s  used here, w l l l  be 
discussed.  

1. The Gcik.er-iiueller Count,er and Cowtin& h t e  Eneter 
XNone-Portable) 

As nentionod e i z l i e r ,  the  L-Lz ccuntcr ccinsists 
~cneral .Ly a f  t w o  g e t L l l i c  Elcct t rodes s i t i i i n  &n eviLcua.ted 
envelope. One of these clcctrodes i s  usual ly  i. very  f i n e  txiil*c 
of tungsten ( 3  t o  5 m i l s ) .  The o ther  c lec t rode  is usually a 
cyliridcr of shee t  copger o r  thin-walleu tubing fixed i n  
posi t lor1 cuncentr ic  r i t h  t h e  w i Y e .  The T1ii-e i s  s t r e t ched  tku t  
a d  in su la t ed  from the cy l inder  Ly d e a s  of aJ )propr i t te  metal- 
i n -g l a s s  seals.  The evacuAte3 enrelope is usu~lly nade ~ f '  
g l a s s ,  bu t  sometimes, a ;)art netr; l-)art  glass envelope Is USFU. 
The dimensions of the  c y l i n d r i c s l  e lec t rode  a r e  no t  c r i t i c a l  
'except t h a t  t hc  l eng th  shauld exceed the  diametei' by a f a c t o r  
of Z 1/2 t o  t h r e e  or murk. 

- 
-11- 
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Generally, t h e  envelope h a  dimensims of the ijrdc-1. of 1 t o  
11/2 inches 2s  the  diameter, and four  t o  e igh t  o r  t e n  inches 
a s  the length.  The envelope containing the e lec t rodes ,  which 
must be clean, smooth, and froe o f  r s d i m c t i v e  mater ia l ,  i s  
evacuated t o  i t  very low p r e s m r e ,  degass-&, and P i l lod  with 
argon, a i r ,  n i t rogen ,  helium, o r  mixturor o f  these  E&ses. 
Argon containing 1@ t o  20 percent a i r  is cormonly used f o r  
counters having copper cy l inders .  The gr;s pressure i n  the  
envelope i s  genera l ly  of the order  o f  4 t o  1 2  centimeters o f  
mercirry. The requi red  pressure depends on the exzct mixture 
o f .gases ,  the exact  charhctcr  of tho inner  sur face  :.f the  
copp"r cpl.indcr, the  vol tage ap-Jlied betvxen t h e  e lec t rodes ,  the  
e lec t rode  spacing, and on other  f a c t o r s  cf  l e s s  'mown infl.uencc. 

A type of  c y l i n d r i c a l  e lec t rode  developed r e c e n t l y  a t  
t h e  Massachusetts I n s t i t u t e  o f  Technology and used almost 
exc lus ive ly  a t  t h i s  s t a t i o n  is known as  tine bismuth catinode 
ccwnker. Th i s  counter i s  'shown i n  Figure 1 (Appendix A) and 
i n  Cicigrom I (Appendix B ) .  This countcr has zn guter  cyLi:ide?L 
of ccn rse  mesh copper screen heavi ly  co&t;ed c l e c t r o l y t i c z l l y  
n i t h  tho  metal  b i s w t h .  
w s  dcsigneci ; m i m r i l y  f o r  use i n  detect inL gamine r:.?s ::cZ i s  
e s z c c i a l l y  s u i t a b l e  f o r  work with rcidio-maneanese. The reason 
i'or this seems t o  be t h e  grcn tcr  a b i l i t y  cf t h i s  t y ,x  ::f 
c:.ttnode t o  convert  more incosine gamma ray cncrgj' i n t o  usefu l  
woik than lower dens i ty  copper metal  ucc ib i t s .  In  the  case 
of tilc b i m u t h  cathode counter,  t h e  tcndency is t o  u.su ;,rgan 
u s  the i n t e r e l e c t r o d e  gas .  I t  i s  recomraended bhab so-called 
lnsfAf'-quenchinp agents such as  a lcohol  vupcr,  to lucnc  v a p ~ r ,  
e t c . ,  be avoided i n  t h i s  type :>f ceuntc.r. 

r a d i a t i o n  d e t e c t o r  was rnentioncd i n  the  T A C O r C t i C d  sec t ion ,  
but i t  uian7 be enlarged upon t o  soice ex ten t .  The mention o f  
"self-qucnchinglt ac t lon  was nade above. I t  i s  unfcr tunc te ly  
t r u e  t h a t  same cimnters do not  a c t  i n  the bas t  manner when, 
imde;. seemingly p r o i e r  ccnd i t i sns ,  a dischliree occurs between 
thc  e l ec t rodes .  I n  these  counters,  the discharL;;. secms tcJ 
; ) e r s i s t  well beyond the  time t h a t  the  V@ltafJt) drop i n  the 
cx tc rna l  e l r c u i t  rcachcs the  poin t  where idn iza t ion  u f  t hc  g9.s 
\r i i ; l l i i  the  counter should cease.  A s  a r e s u l t ,  a s i n s l e  ab- 
sorbed kuanturn of rnd ic t ion  w i l l  produce a cunt1nuc:us i n t c r -  
e l cc t rodc  discharge,  o r  c d i s c h a r t e  vhich continue::. m-4.1 
beyond the  t i n e  allowable f o r  lffastll co'x'iter ac t ion .  Since 
i t  !ias been found t h a t  a d d i t i m  o f  organic vnpws t o  the  gas 
i n  the  caixiter a f t e n  serves t c  nake a poorly -.perutinl; counter 
i n t o  a f a s t  coun te r ,  i t  has been concluded th2.t f a u l t y  cctimters 
e x h i b i t  z :Low r a t e  of de- ionizat ion a f t e r  dischar&;e. The osi;mic 
moleculcs , , rcsmt seen t o  serve tc gather  u$ the  s t r a y  ims  
r e s u l t i n g  frcm ion izz t ion  anC t o  s top  the  ir.nizcti3.m proccss 
a f te r .  the des i r ed  d ischarze  has r e su l t ed .  

This ty.ie caf' c y l i n d r i c a l  . e lec t rode  

ii poss ib l e  thcory of counter ticti.:n as a p m e t r a t i n g  

-12- 
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ol n Geiger-hlueller Is a d e t e n n i n a t i m  r.: thc :\2lateaufl of the  
counter. T h i s  i s  acco:r;>lished bj. dc;ter.-.?r.lnc: f o r  ?. cmnctznt 
s:xu-ce u f  r ad iuac t iv i ty ,  t he  c\.u;lt r.'ts ,.,.. ty+. J.C the  counter 
as a f m c t i o n  of vc~l tzgc n2plied t c  the  - i . cc t rcdes .  A Sood 
c o u i t e r  show ;; plateau c v r v c  (exat;i(le I. ; > i v d  a t  rl,iit) ,r!ith 
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- By i; s e r i e s  ui CDrnpfiriscns n t  d i f fe iwnt  c.-untin;; r n t c s ,  ivnicli 
may be mLde difi:-:ront by chm;.ing the d iz tancc  of  n c t i v i t y  
fr:,m the  c m n t c r ,  t h e  cgunting r a t e  n t  Ywi-tich the  c,:untcr i s  n t ? t  
caTable of"kc?ping ;ip" with t!ic frscku.enzv af cj)unt arr.iv;-.l 
may be de temir icd .  A dec is ion  may then I'L- andc, rc&,-i,dirJ:, t l i -  
ri..txinium countiriL r a t e  at: which accurate  .'r,untini: ; m y  be ex- 
2ected. 

siCi: .,f t?.e ap.ilied JGtcn t i a l .  Sc:ietiraes; 490 vlil ts  i s  
sitiJ 'icier.;,  t 6  c , r ) ~ i x k  i: caunter .  Generally, .LO00 ts 18W) v d C s  
i s  i-uccjs;;ry. The r c s l s t imce  i n  scries ;)1th the c.:untsr <nu 
h i k h  v c i l t c ~ e  sup;ily m y  bc a f ixed  j?:.nistance rmi;inC fv.m 10. 
O O ! )  ,:,nas t,o ovix 10,000,000 ohms, 'ir cay bc tile in,:;ut c i r c u i t  
of  a11 e l e c t r o n i c  tube with i t s  varl&;Ae L.esistnnca chriricter- 
i s t i c .  iXcst usua l ly ,  an e lec t ron  take i5. ujcd as the  h i &  
rcs i s ta ic ' ; .  A tube connected i n  such ;ul a g p l i c ~ t i ~ ? n  i s  shown 
as  :.?le %i e-ami)lifier" i)i' the  Uassachusetts I n s t i t u t e  ai' 

Usu::.lly, the  ccntr:t.l viira u f  khC c: untci, i s  t h k  Lx.~sltivc! 

I 

c i r c x i t ,  t he  c&t?;l e l ec t rodc  o f  t i c  c . 'dntcr  &be i s  cmnecterl 
t o  c:-.e i npu t  g r id  C J ~  t h e  e l e c t r c n i c  tabe,  il typ? 6J7, 1;;1% a 
higi-,. r e s i s t a n c e ,  R connected from & r i d  t o  6J7 cathode. The 
outr:.r. cy l inde r  of $Le counter ( t h e  ccuntcr cathode) is xu 
ground y t e n t i a l .  Bctwecn 6J7 c&tiicjde carid Lrc.und, t he rc  i s  
motr.er high rv?sist:mce, R?. .The p o s i t i v e  high p o t c n t i a l  c i f  
abni1.l; 1500 v o l t s  i s  applieL t u  t h e  .?Lite c ) f  t h e  6J7. Since 
i n t m n a l  2late-gr id  r e s i s t a c e  i s  sma.11, and s ince  the g r id  
i s  c f f c c t i v c l y  a t  Lathodo p o t c n t i x l  w i t h  no c u r r m t  f lovinc 
i n  111 (no discharge i n  thc  counter tube) ,  the  c e n t r a l  e lec-  
t rode  . - f  t h e  countor is a t  p-actical1.y 1500 v d . t s  potential . .  
L ~ i m  il discharge occurs i n  tile C .  Imtcr, the v9iltz:e drcii~ 
;tcrrJss R1 bccones r c l a t i v e l y  L:Li'gC. This  r e s u l t s  .in t hc  in-  . 
;>osl t ion ..i' :: hICh nogst ive biay ( ~ n  t hc  657 gr id  and t h e  
g r i d - p l a t c  impedance rises tt: :L very high value.  As ii result, 
the v<J1t>.L< o f  t h e  c e n t r a l  elxxtrodc drops  from it:; crii.inx1 
vrj!.Lay,e to  a value bclow thresholu and the  cwntcr .  dischar{.i  
i : j  cxtingulshud. The chmge i n  2 l a t c  :mtcnt iul  resultin:: 
1r.m a C ~ L I I ~ C  i n  g r id  vgl tago r e s u l t i n &  f r i l m  dischurbc i s  
r c r l e c t c d  3s  :: change in vr,ltq:F; drop ~ C R J S S  catlwdc. wcist-,- ' I  Y 

n and t h i s  roltilgr! ,)ulse i s  t ransmit ted acr;.I;s c.;,d-:lin,; 
c ? h e n s e r  C2, (;. v?ry s d e c i a l  high vc l tuge ,  hi , ,h . , i .~ t cn t iu l ,  
lx!~ ca9sacitanco condenser) t o  thc  g r id  of the  f i r s t  i ;m) l i f ie r  
tube,  V-2, a 6SJ7 ty::e. Here, t h i s  ..iulse, an3 o thers  like i t ,  
i s  treated f u r t h e r ,  as will be explained s h a r t l y .  

I t  i s  scen, thcn, t h t  w1 e lec t r tm tube s c r v i n c  t..s :: 
M;$l res i s t s r ice  i n  s e r i e s  riitii the  h i g h  voltage: su,>ply t o  the  
ccuuiter YCP'VCS LS a very  s m s i t i v e  v o l t u j c  ~ a b ,  Qr cznt r31  
tube, a s . . i s t i n g  me counter i n  i t s  f imct icn as rad1at i .m 
d e t e c t o r .  

-14- 
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- There %re o t h e r  e l e c t r o n i c  c i r c a i t s  i n  which a e l t c t r m  tube 
,.\r tubes scrvcs 2:; an llexternal cxtin&uishcrtl,  but t h e  n c t  
acticrn of ezch i s  e s s e n t i a l l y  thc  s m s .  

i s  slin,>ly a x p l i f i e d  and passed t u  t h e  &r id  Jf V-3. Tubes V-3 
slid V - 4  togcther  nake up what i s  ca l l ed  ii l lmult ivibrs tor l l .  
I n  K i i s  rnultivibrator, t h e  Qulses a r e  broadened t o  i: cert:lin 
l~vr~velen&thf1 and equalizcd i n  he igh t  (ltclipped", o r  f u r t h e r  
ampl i f ied) .  A small  , ) a r t  o f  t h e  resu1tir.g equalized pulse 
cnergy i s  passed from the  mul t iv ib ra to r  t o  t h c  g r i d  circG;it of' 
k1udi.J an l j l i f i e r  V-15 which makes each ,mlsc audible  i n  (L small. 
l c d s p e a k e r .  The main f ' r a c t i m  of  to(! Guise energy, however, 
i s  >iSSeu t u  am2l i f i e r  v-5. The tube v-5 again anldifies each 
ijulsc by an cmount regulated by i t s  screen voltage,  and ct t h c  
same t ine ,  t h i s  tube serves  by v i r t u e  @I' c i r c u i t  r;esi:,n, t.-, 
i s o l a t e  the  "hot11 s i d e  of t h e  RC tank c i r c u i t  i n  its pl?.t,c 
cir 'L,: l t  a t  constant  i n p u t  impedance while p d s e  energy i .5  
bcin;; api>l ied.  Control o f  the screen voltage a l l w s  c.:lnt.rol 
Qf  tLi? c a l i b r a t i o n  of  the  Who1.e ccunting r a t e  meter. Thi;  i s  
so bccause the  :)ulse butput  o f  V-5 feeds the HC tank c i r c u i t ,  
C 1 2  2nd Hb2, R p ,  and Il which a l so ,  as the  e r id  c i r c u i t  of  
v;:cuIm t u  
a r r ' i r l ng  i u l s e s ,  causes recording mi l l i ame ' i e r  I&-1 t a  r c s p n d  
i n  accordance wi th  the  ral;e of guise a r r i v a l  a t  the  HC tank 
c i r c u i t .  

To conclude t h e  ana lys i s  o f  t h e  c thc r  e l c o t r m  tubes i n  
thc  c:.unting r a t e  meter, there are  r e c t i f i e r s  f o r  low vc)lt&go 
(supplying 300 v o l t s  f o r  p l a t e s  and screens) and h i&h v. . l tage 
pc..v;cr suppl ies  ( supply in  2200 v o l t s  fi-lr tht. c w n t e r  h 6 e s  
V-7 anti V-8 res.Jcctively Y , and v o l t q c  rc.liulst-.r h a s  tubes 
V-13 and V-14. In a d d i t i m ,  the re  a r c  tubes V-9 a d  V-1.0. 
Tkivsc t W . J  tubes n r e  pa r t  I J f  an c l e c t r . m i c  hil;Ii valtagc: s t a -  
b i l i z e r  c i z c u i t .  Changes i n  s u t p u t  v d t a g e  a s  L r c s u l t  d 
a l te i -a t i ; i a  *.f lend rzsistmce *.)r l i n c  v\ 1t;gc an: n: tcil i n  1;hc 
g r i d  c i r c u i t  uf V-10. This change r c f l c c t e d  i n  the 91:tte c i r -  
c u i t  J f  V-10 r e s u l t s  i n  a change c?f the e f f e c t i v e  b i a s  vol tage 
iuf thc elcctrcjnic ga t e  V-9 which bccmes inure or less cmdhct- 
ing as may be required in ::rder t i t  r e s i s t  the chariLc. 

The vo1tr:ge pulse applied t: the 6:id of a n p l i f i c r  V-2 

vo t n e t e r  V%'and the t r u e  energy i n t e g r a t o r  of the 

I t  i s  necessary,  i n  counting r i i te  meters, ti ca.lilr?.te 
the  vacuum tube vol tmeters  i n  terms :~f  recdrdcr d e f l e c t i m  BS 
a functi :)n of the  r a t e  of a r r i v a l  o f  pu lses  a t  the 1;C tmk 
c i r c u i t  i n  t h e  vacuum tube voltmeter g r id  c i r c u i t .  This i s  
accomplished by :in a u x i l i a r y  c l ec t ron lc  instrument knc.m as  

mul t lv ib ra to r  pulse  generator .  Such 5 device designed and 
b u i l t  u t  the  Massachusetts I n s t i t u t e  L'f Technslr;&y is shilm in 
Figares  7 ( t h e  small  b lack  box zto? t'ne cathcd.e ray csscillo- 
s c c ? e ) ,  5, and 6 ,  Appendix A,  and DLabi.E?l V,  Aiipendix E, shows 
t'ce schematic c i r c u i t  diagram. This dcsi&n rjf a u l t i v i b r e t o r  
i s  very i n g e n l x x  i n  t h a t  lo-rr frequency osciLL.t i - .ns  ::re 
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produced vihich n e  cvnt ru l lcd  by v i r t u e  df l a c k i n j  c-f t tw x u l t i -  
v i ' s ra tor  c s c i l l a t o r  Hith a number cf o s c i l l a t i i n  f requencies  
vrhlch :ire i n t e g r s l  c iu l t i ,~ l e s  o r  submil t ipies  or^ 60 cyclc  kC 
voltage. This v o l t q e  i s  seen, i n  Diagran V hppendix B, t u  be 
obtained from t h e  f i lament  voltcgc of thc 6SCi' o s c i l l a t o r  v i a  
condensers C12 
o f  t h e  c c . u n t u i g  r a t e  angcs of t h e  count3.ng r a t e  meter. Thesc 
arc, r s sz )cc t ivc ly ,  20,000, 10,000, 5,000, 2,000, 1,000, 500 
and 200 cbunts per  minute f u l l  s ca l e  del"lectir?n of' t:ic recorder 
c h a r t  pa;wr when the c z l i b r a t i 2 n  is :JrCJpC!I+. Sincs the vxcuu?~ 
tube v3ll;:neter :)late cur ren t  va r i e s  l ine?.rly l , : i t i  the c o m t  riitc 
(,?;hen ! i rogLrly s d  jus tad)  , only a siz~,lc! c::.libr:Ltisn L,t.*iiit f : J r  
ca.c!i rsnklc i s .  ncccssary f o r  x c u r a t t ;  ca1 i t r a t i : n .  The ;)ulse 
gcrieriitor su,?;llies, rcs : jcct ively,  t hc  60 cyclc  su1ti:ilc;s o r  
suu-niultiLJles c . i  14,400, 7,200, 3,600, 1,800, 400, 4-50, and 
200 :Julsc-s ? e r  minute. The s ibna l  f r u m  t h e  tcncratm,  is inti*:)- 
duct-d a t  '*calibrate in?ut"  i n  Uiac:rm I V ,  1,popcndiz H. T l i i s  
.;f~i;:t, i t  may im observed, i s  & t  thc ,rid - f  the i irst  a n g l i -  
f i c i  tubc. Thus, t h e  wh::le c::untin, r a t e  n e t c r  frCJ!II thi: ;  point  
imn t,: thc recorder i s  ca l ib rc t ed  a t  one time. Itdjustmcnts 
r iecrssary tr. Froduct. t h e  required frLc t i a n a l  de f l ec t iQn  ;of 
$JI'IJpErly ca l ib ra t ed  f u l l  s ca l e  deflccticm a r c  m x i u  by mrjms jf 
t h c  v a r i a b l e  r e s i s t ances  i n  thc scruc-n c i r c u i t  r,f t h e  a M : ) l i -  
i i c r  tube grecedin i  the vacuum tube vultineter. Thu s h o f t s  of 
these s ewn  range sc.ttinl; i.-'.istanccs ore secn a t  t':<o t.,;> . b f  

P i t u r e  3 ,  and the r e s i s t ances  tiicmsclves m y  be seca k t  t hc  
to:) cf FiEure 4 (Appendix A). 

I t  is necessary,  frm t i n e  t.2 t b i c ,  t u  check the  Irc- 
yucncy m t 2 u t  :if tho seven rantes 01 t h e  p u l s e  kenerator.  On 
the 200 count per  minute range, a sta;wStch ti!ninE f J f  audible  
c l i c k s  i n  t h e  audio amgl i f ie r  c i r c u i t  (V-15. Dial;rm I V ,  Appendix 
B) 1:udsJeaker i s  u t i l i z e d .  On the higher  ranges,  t h i s  i s  n a t  
f e a s i b l e .  Ikwcver, a strnultnncous c : > ~ l i c & t i o n  c)f l u l s e  gene- 
r - to r  va l tugc  and low volto&,c 60 cycle  AC ti. the v e r t i c a l  
d c f l c c t i n f ;  > l u t e s  of  an oscil1osco.x allows, by obserVatl.cn ::f 
t nc  r e s u l t a n t  :.,scill.osco;je pa t te rns ,  'a check on t h e  pulsc 
g e m r a t o r  2s i t s  s i g n a l  feeds the counting r a t e  inctcr frr cz1.i- 
b ra t ion .  This arrangement may bc swn 'in Fi'ure 7, rlppondix 1.. 
Ocfor tmntc ly ,  t h e  osc i l loscape  p z i t c r n  i s  ri6t v i s i b l e  i n  the  
!Jh:>tOgrZph:;. If s l i g h t  adjustnients i n  the i r t -qxncy  bf the 
p l s e  generator a r e  re:;uired m any ranbe, rL.,rIkz ;cLti[1:, o n r i a . b l e  
r e s i s t a n c c s  i n  t h e  oscLl la tur  mul t iQibra tor  c i r c u i t  :ire used. 
Thesc may be seen i n  Figures 5, anit 6 (Ap9endlx L )  a i r  in 
D1a;;rilm V (Appendix E ) .  

The 3nssachusct ts  I n s t i t u t o  of Techr,ol:-,-y co.imtin;. r a t e  
rnetcrs, modal 200 ser ies ,  regresent  :-ne type ~ . . f  ins t runcnt  
which vi11 t r ans l i t t e  t h e  hagpwinys !;ithin a G-II c o u n t x  i n t 2  

Also 5r p a r t  <>f Lite scheme i s  the  desiLn 
and %* 
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a record o f  penet ra t ing  r a d i a t i o n  de tec t ion  and measuremen$. 
Other designs of instruments serve t o  d r ive  mechanical t a l l y  

time i s  recorded ind iv idua l ly .  From t h i s  da ta ,  the r a t e  o f  
counter cischarges pcr unit time can be a l c u l a t e d .  The n c t  
r e su l t  i s  ' the  s m c ,  but the ?,!. I. T. ty:i2 countink r n t e  meter 
funct ions t o  g r e a t  advantage where l a r g o  numbors of,s&m;)lep of  
radioac t ivi ty-containing ma te r i a l s  must bc noasurcd ,;uickly, 
and wherein t h e  range of  a c t i v i t y  concentrat icn in the  v a - i i u s  
sam;les v a r i e s  g rea t ly .  A t y p i c a l  lul. I. T. countin'L ratc- ~ i e t c i ,  
t r i i c in2  eay be seen in Grtah I-, Appendix C. The \ ihVY l i n e s  
r ep resen t  normal s t a t i s t i c a l  v s r i a t i ; . n s  i n  the r b t e  of a r r i v a l  
of r a d i a t i o n s  a t  the counter tuba. Thc curve i s  evc.luatc& on 
the hns is  of the average value of each sam2le t rc iCi i lb .  .'.L ~I ' .L . - - '  

in::, t , ~  t : , t .  Li S ,.' i t t . t i b t i c ; . l  v , . i i u L i ~ . ~ a ;  L.:u.2 ~ ; L I ;  G . ~ : t  ..... m., .: 
ubi:.ineu il ,the sample i s  mecsureci cver  a aerioc: L'I t i m c  h$pi'm- 
imlrtely inverse ly  p o p o r t i o n a l . t o  i t s  t*c t iv i ty  contcnt.  

counters viheycby each pulse occurring over a known period of . .  

2. The Por t ab le  Geiner-Mueller Counter m d  Countinl; - 
, Bate Meter 

The apparatus  a iscussed Ln the prcviuus :)ages i s  (I 
' laboratory- type 3recls'ion instrument.  The necd f o r  z port:Lblc 

(fjielrl) tyge of r a d i o a c t i v i t y  d e t e c t o r  has brou&t a b m t  . , 
deqelspment of such a device. One version G f  a semi-quanti- 
t a t i v e  ,>ortiible G-M couhtcr and countlnL r o t e  m t e r  may be 
seqn in Figure (1, Appendix A, and a c i r c u i t  diagram i s  s h o w  
i n  [Diagram V I  (Appendix B) . This instrument uses  low f i l a n e n t  

Seqeral  d i f f e rences  nay be pointed out,  however. First, the 
i n g t r m e n t .  i s  e n t i r e l y  b a t t e r y  powered. Tho high vol t sze  f o r  
thd countes tu%? i s  obtainedthrough u t i l i z a t i o n  crf ener,t;y 
frdm an audio frccluency generator o s c i l l a t i n g  a t  high am;Aitude. 
The o s c i l l a t o r  output  i s  r e c t i f i e d  i n  the same,electronic tube 
(ruylti-purpose tube tjpe.3A6GT) which i s  ucec: t o  generate the  
auaio frequency o s c i l l a t i o n s .  Anothei- d i f f e rence  i s  th2.t the 
c < x T t c r  tube cathode, rather than bs ing  a t  tiround imten t i a l ,  i s  
2.t pl&h negat ive  potential .  while the  c e n t r a l  e lec t rode  i s  
essiuiitially a t  ground ;>otent ia l .  A f u r t h e r  p o i n t  i s  t h a t  there  
are! m l y  two c o m t i n g  rP;itc r a g e s ,  0-1000 and 0-10,000 counts 

metkr on the f r o n t  ;,anel. Standardiz . . t i .m is sbtained. ty 
mc+s of a s m a l l  source 01 rad iocobal t  a t  a standard d is tance .  
The volt:@ con t ro l  (a 200 mmf. vr t r iab le  c.xidensc.r in the  

' osc j i l l a to r  t d ;  c i r c u i t )  i s  var ied  u n t i l  the  des i red  f u l l  

iil e lco t ron ic  tubes and is similar i n  a m p  r e spec t s  of 
i & n  t o  the  M. I. T. model 200 s e r i e s  counting r a t e  meters. 

, ped x inu te  for  hl.1 s c a l e  d e f l e c t i o n  of the 0-L m&. m i l l i a m -  

c d e f l e c t i m  i s  obtained. 

the w r t a b l e  G-16 countxr w i t h  a r ac t an ru la r  r:indow c u t  ou t  

(The c x m t e r  used has  no Tlat-  . Figure 8, Appendix A, shovis a c y l i n d r i c a l  lead sh ie ld  

so t h a t  the instnunent  can be used as a s c k e r  f o r  a r e i a t i v e l y  I -  

- l -  -17- 
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l d r b e  r ad io t rkce r  contilrain&tea trea .  I t  is es$ocislLy uaefuL 
i n  the BvLlubtion o f  H-trscer  cr,.ter. Loss. 
counQinp r s t e  meter nss some inherent drhwbacils frQ.1 $he poin t  
of ca l ibr t i t ion  s t a b i l i t y ,  I ts  use :\a h cluantiixtive mi-tcr is 
l imi t ed .  A b e t t e r  f i e l d  device i s  tIie rndiohct iv i ty  ;round 
s c m e r .  

The por t ab le  .G-M 

3 .  The Radioac t iv i ty  Crow d S c q  ez 

The . ) r i nc i> le  uf the  i o n i z a t i m  cnamber i-.s used i n  
the detecCion ina mtbsurement oi 2enetrkt ing r t d i r t '  ions  was 
expl t inud e h r l i e r  i n  t h i s  repor t .  ' Brief?.y,. the  energy i>f a 
g m a  ray say be absorbed in,m&tter a d  Converted in t r ,  energy 
of ionizaDion. For example, if the  qla'ttbr is a gas, the  pro- 
ces s  of gaseous i o n i i a i d m  r e s u l t i n g  f p m  g a n d  r e y  energy 
conversion decreases  the s p e c i f i c  r e a i s t m c e  O f  the  gas. The 
chcnge in : s : ec i f i c  r e s i s t a n c e  of  the   ab^ c a  be measured by 
m e k s  o f  &j . J royr ia te  e l e a t r o n i c  u 2 a r a t u s ,  and recorded. The 
i o f i i z i t i c n  chmber ,  cans i s t inb  o f  t r o  e lcctrodeg wi th  a r e l -  
atively low value of DC p o t e n t i a l  betwe'en they i s  the primary 
i n d i c a t o r  ~ f ;  the  r e s i s t m c e  chanke. Xe&,surement af  the 
deCrcs.se o f .  the  chmge of  e l e c t r i c a l  r e s i s t ance  due t o  the 
prbsenco o f  i on iz ing  r ad ia t ions  is oom2licsted by t h e  f ac t  
t h . t  this chmge in r e s i s t a n c e  must be weasured i n  L system 
vi11 ch i s  inhe ren t ly  one of extremely hiijh impedance. Further- 
ma e ,  t h e  amount of mat ter  capable of absorbink t h e  r ad ia t ion  
en 1 rgy i n  a gas i s  very smill.  This drawback CUI be 3vercom 
toIsome e%ten t  by increasing t i e  a u u n t  of mat ter  $resent .  
I n i t h e  cabe of ghses t h i s  moms increased 2ressures. I?lc 
i n  rease of e f f i c i ency  of ,  radiLt iun Lbsorptiun i s  u h o s t  
d1-ect l .y  p o y o r t i o n a l  t o  t h e  increase  i n  the  bas pressure. 
f u  1 advilntge 1s t o  be taken o f  increased gas jressures i n  
io i z ' a t luh  chamber work, very s p e c i a l  ana intGni,m .hswcrs 

b l  ms of h i g h  2ressure insu l f i t ing  f i t t i n k s  must be s d v e d .  
On e this i s  done, E uachine which v : i l l  measure rcdIc.t.rccer 

If 

tJ ,problei%s i of matching of high impedances Coupled with pro- 

d t  f 'ectLy md continuously on the m.-.und In the  f i e l d  can be 
b u i l t  &d used. 
jmnner , has b e e n ' b u i l t  and is under prel iminary study u t  
t h i s  s t a t i o n .  

Suoh a haohhe, a r a d i u a c t i v i  t Y  F,r ound 

I The rndioac t iVi ty  ground scttnner, shovm i n  Figures 
9 +nd LO, 'Appendix A, ,md i n  Diagrtuns V I 1  and VI31 , Appendix 

is a self-powered vbhicle  !desiwed t c  ca r ry  two s e t s  
2ressur.e i o n i z a t i o n  chambers, t h e i r  l e & d  shields, associated 
c t r o n i c  and recording apparatus,  and e crew of tvio i eop le  

tl radiotracer-mustard contaminated ground a rea  tG allow 
f i e l d  measurement of contaminatfan d e n s i t i e s .  

... 
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The scanner v@j-iicle is e s s e n t i k l l y  h lh rge  shee t  s e t a l  
,bo,x maasui3ng extern.d.1 

vdnd+ s;lace. 
pi$e bnums t o  c a r y  two ' s e t s  ok. pressure, I nika t i rm chambers 
a d  Uheir .le.?d s h i e l d s  i n  %oannhng'l posidsn. 

1 2  'Xis X 6. l / 2  x 3 ?I,!+ f e e t  Wlt on 
a .st&ndard uutomcbile c L s s l a i  metal  bo% has appropriato i 

A t  i t s  f r o q t . + d  are two dcf l ick- l ike Btce l -  

I t  also c a r r i e s  

q 

i 
I 

g'  zol inc mobor. 
t$ rear)  a cool ing syatem water tar& (underneath t h e  coolinl; 
fin mutorj, and i s  Jrovidcci w i t h  both 6 v o l t  DC cmd 110 v o l t  
A a  i n t e y i o r  and e x t e r i o r  l i g h t i n g .  

" h a  vehicle is ... 3:c Lo t rave l ,  under i t s  o m  power, h t  

The v e i l i c h  d s o  c h r r l o s  ti Gasoline tank (st 

eeds of 3.1, 7..5, 12.5, 13.8, 23.0 and WF0 f c e t  :Jer ininu.te. 
t h . t h e  a s s i s t a n c e  of tofdn$ truck, i t  cair be mdde' t o  t r a v o l  

us$ve o f  two 5.50 pound l ead  shields I s ' s S i g h t l y  over 6000 
t o  35 miles por hour on a smooth rad. ,  ; I ts  weight, ex- . 

or6 
o 

t r o n i c  system and recorder  llnit is a dual chanber affair, 
channel. f o r  er;ch s e t  of ion iza t inn  chamber wits. One 

these units opera tas  a t  the  l e f t  ..yf the, vehiele, and the 
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m n t  r equ i r e s  a block diagram f o r  c l a r i f i c a t i o n .  This dia&rm 
number I X ,  Appendix El. 
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c a r r j e d  0s t h e  pressure  f i t t i n g .  Diagram X, Appendix B, shovds 
de'ta'ls US this pressure  f i t t i n g  desii;n, and Fieures  18, 19, 

I .  20 arid 2 1  (Appendix A) a r e  photogrjphs o f  t h e  prcssure f i z t i n g s  
z anp e1,ectrometer housing construct ion.  The dcsikn had t a  be 

 EL$^ t h a t  the head, with i t s  insu la to r s ,  could ui i thstand c 

I 
I 

. .  gap nressurc  of 1500 t o  2000 pounds per  sr,qare inch cvcr long 
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Range 1 I$ the h ighes t  s e n s i t i v i t y  range. 
muJ.%$ples'of'ten, a s  ind ica ted .  The range s e t t i n g ,  i t  w i l l  
be,sclar is r e a l l y  dependent on the input g r l d  r e s i s t a n c e  of 
theldtecor$er amplifier tube, and on a l t e r a t i o n  of the  mount  
of  feedback t o  the ' e l ec t rome te r .  The recorders  a r e  Es t e r l i ne -  
An 8 0-1 milliampere u n i t s  whose c h a r t s  are  driven by a 
Se ff" ayn uni t  opera t ing  from t h e  l e f t  f r o n t  wheel axle.  

t a ined  f r p m  b a t t e r i e s .  
ba t t e ry  vol tage used. 
between the  e lec t rodes  o f  each chamber of' each'drtal unit. One 
s e t  of  180 v o l t  b a t t e r i e s  1s heavy duty type so  that  p l a t e s  arid 
SQl'eenS may be -supplied a l s o  from them. ,The other se t .  of 180 
v d l t  b a t t e r i e s  is of a miniature  type s ince  they sup;)ly only 
the  cur ren t  across  two of t h e  chambers. 

t q u t  a 30 microvolt  change o f  tho inpu t  Crid vol t rge  of the  
ellectrometer w l l l  produce ful1,scale recorder de f l eb t ion  on tqt! h ighes t  s e n s i t i v i t y  range. . 

The others  are 

, A l l  f i lament ,  p l a t e ,  screen, and b ias  vol tages  are  ob- 
There i s  a c t u a l l y  360 v d l t s  of "BIT 

One-half of t h i s  voltnge is -ap>l ied  

The overa l l ' ampf l f i ca t ion  of t h e  e l eo t ron ic  u n i t  i s  such 

.~ 
The gas used i n  t h e  chambers i s  arkon of the & r e u t c s t  

pdss ib le  p u r i t y .  
fdom the  A i r  Reduction Company. 
Tye gas pressure i n  t h e  chambers may be as hi&h as 1500 pounds 

r square Inch, dopendink on the  s e n s i s t i v i t y  des i red .  
rmul cases  of' scanner .opera t ion ,  a pressure from 500 t o  1000 
unds per  square Inch has been found s u f f i c i e n t .  

t i o n  and i o n  recombination c h a r a c t e r i s t i c g .  

Argon x l t h  a $ u r i t y  p f  99.95% is obta inable  
The impurity is nit rogen.  

I n  

Pure argon 
requi red  i n  this applicat3.cn f o r  reasons . re1a t ing  t o  imi- 

an impurity,  ,of evon, s l i gh t  t r a c e s  qf po1yapui.c' gases, 
h a s  water va;ror hnd organic vapors, r e s u l t s ' i n  a grea t  
r ease  In the so-called RC constant  of the ion i2nt ion  chamber. 
t h e  bas ' is  04 t h e o r e t i c a l  considerat ions,  th6 v c l o c i t y  a t  
ch i o n i z a t i o n  results,  and can be maintained properly with- 
the chambar, I s '  not 'dependent on ' t he  ,pressure of LI per fec t  . .Argon i s  t h e ' n e m e s t  p r a c t i c a l  approach t o  this s t a t e .  
v e l o c i t y  w i t h  which ions  can t r a v e l  through the chamber 

oes depen8, however, on the iwess 'we. If some poly- 
c gas impurity i s  present ,  i&Ys poss ig le  t o  v i s u a l i z e  
bccQming assoc ia tpd  w i t h  these  more reat l i ly  polar izable  
u l e s  and thus be im2ede.d t o  G g r a a t e r  ex ten t  in their 
p t  t o  pas s  from their o r i g i n a l  pos i t i on  t o  an s lec t rode .  
a r  im2edance t o  rap id  pas sage ' i s  o f fe red  in a p e r f e c t  
f the number of.gas mcfecules i n  t h e , p a t h  of t r a v e l  is 
i v e l y  grea t .  Ion iza t ion  chamber ac t ion  is cuch t h a t  

aponer than o thers .  Accordingly, the brorvth curve of cu r ren t  

The-premnce,  

. 

seme ionized p a r t i c l e s  a r r i v e  a t  their r e s Jec t ive  e l ec t rodes  ; 
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across  the  e lec t rodes  with time is e s s e n t i z l l y  e rdonent ia l  
f o r  reasonable i n t e r e l e c t r o d e  ' i )otent ia ls .  The concept of the 
RC c o n s t m t  of z c h a b e r  is thus explain'ed. There is mor6 
to t h i s  RC f a c t o r ,  however. The inyut  p r i d  r c s i s t m c c  of t h c  
electrometer  tube i s  100,000 inegolms. !%e chanber i n  i t s e l f  
is a condenscr i n  p a r a l l e l  with the grii! r e s i s t a n c e .  Such a 
c i r c u i t  does have a c h a r a c t e r i s t i c  RC c o n s t m t .  Therefore, 
t h e  total .  RC of  an i on iza t ion  chanber eiectrumete: is the  sum 
of two iYpiividua1 RC values.  
relativf.1.y impure, the t 9 t a l  RC value w.ll be high a s  compared 
wi th  t h p  RC value f o r  a chamber contain!'a& no  as. I t  v i i l l  
also be tiifiher fo r  higher dressures  of  :.bsolutely pure p s .  
The only reasonable means of shortLninL the IX value I s  t o  u.qe 
t h e  l u r e s t  poss ib l e  gas a t  t h e  lowest p r a s s u l e  con3is ten t  rvi t .11  
r cqui red  s e n s i t i v i t y .  The chambezs, as ogei-atin; a t  the  p r c - .  
s a t  time w i t h  a gas Sressure s l i g h t l j r  i n  excess of 500 poun4s 
p e r  square inch,  have an RC c o n s t a t  of 15 t o  15  soconds. I t  
is hoped that in time, as the chumliorj '&come "clcsned up", 
it w i l l  be poss ib le  t o  decrease this v e h e  t u  about 8 seconds. 
I t  is pcrssible t o  obta in  a f u r t h e r  decrease by 1ncreasir.k the 
i c n i z a t i o n  chamber p o t e n t i a l .  Thc inport-mco of this RC value 
in chamber opera t ian  w i l l  be indicated i n  l a t e r  partkra9hs.  

If the  gcs i i  t h e  chamber is 

I). Pi.0cedw-e f o r  Conversion o f  the  Act iv i ty  P r i o r  
t o  Incorporat ion i n t o  tho Amnt 

1- 
1.L 

The rad ioac t ive  t r a c e r ,  radioman&anesc mass i so tope  
5R, is obtained from the  Uassachusetts I n s t i t u t e  c*f'Technolo;y 
ab the  d i z l d e .  Rapid shipment fi*om the ssurcc ti? t he  consumw 
i r ;  lrn:>ortant bocause t h e  h a l f - l i f e  of t hc  m~~.,.terial i s  only 6 
1 f 2  days. Sarn?les of high a c t i v i t y  s h c u l d ~ b e  sh.i>ped by glane 
if pass ib le .  UQon a r r i v a l  a t  t h i s  s t a t i o n ,  the  sm>le ac t -  
i k i t y  i s  checked roughly by measuring the  resi>onsc of the  C-M 
ctmnter when the  sample i s  placed a s t m d a r d  d i s t ance  :.way 
mdw standard condi t ivns of  sh ie ld inb  : I f  t h e  counter t u h .  
The r ah la t ion  pro tec t ion  meter may also be used f o r  checkin; 
t h e  a c t i v i t y .  The r.adiomi;nganese dioxlde, togs ther  w i t h  the  

i s  l t e r  pa2er containing it, then p1,aced i n  a small g l a s s  
ask sha2ed somowhat l i k e  a squa t t in& duck (Figure 15,  Ap- 
ndlx A ) .  This f l a s k  has  a s in t e red  g l a s s  p l a t e  sealed i n t o  
e t a i l .  The t r a c e r  on the  f i l t e r  pager i s  t r ea t ed  wi tn  a 

of 3% perch lo r i c  cc id  contnlnint  6$ Iiydi-oken 
It i s  Important t o  add j u s t  Enough t o  coa-) le te ly  

the dioxide w i t h  heat ing.  The ho t  so lu t ion  i s  then 
through the s i n t e r e d  g lass  p l a t e  d i r e c t l y  i n t o  a 

small Claissen f l a s k .  Two washings of the f i l t e r  2ai)er with 
ho t  water a r e  added t o  t h e  filtrlite. Uanganous carbonate is 
then careful l j r  added u n t i l  the exoess perchlor ic  ac id  i n  the 
wanded so lu t ion  i s  just  neu t r a l i zed .  This r ea t ion  is complete . 

- .  
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whe no more cO2 bubbles appear. A n  excess of nanganvus 
Car m a t e  I s  t o  be avoided. The volume of t h e  r e su l t i ng .  
neu 1 ral so lu t ion  of radiomanganese perchlorc.te should no t  
gxcped 50 m l .  i n  order  t o  f a c i l i t a t e  t h o  r a p i d  removal of 
pratpr. The so lu t ion  i n  the Claissen fl.dsk 1 3  then evaporated 
t o  Uryness Fn vacuo (30 m. mercury firessure) with t h e  a s s i s t -  
a c t ?  of a bo i l ing  water bath.  Tke waxy nanganese perchlora te  
resbdue ,is d r i e d  bj continuing t h a  d i s t i l l a t i o n  f o r  about 10 
minptee a f t e r  r , l l  the  water h i s  be?n rmoved. The weight of 
Bi?Kj.de, a s  received, i u  of the  order  c f  20 t o  40 mg., a?d 
th.Lz welght may regresent  an a c t i v i t y  ranging from 50 tc, 4CO 
mc ., Conacquently, the  mount  of so l id  :nmganese perchlorntc  
' i na l ly  obtained will be aljout 30 mg., with an a c t i v i t y  of a t  
5$, t h a t  of the  o r i g i n a l  sample. It is recommendei t ha t  ;.?.I 
:IS chemical work involved in t h e  convorsion t;f the dioxidc 
o the  ae rch lo ra t e  be accom?lishe& i n  t h o  s h x t e s t  posaiblc 
lae,  a s  automatical ly  a s  gosslble, and behliid as much shield-  
ng bulk Lead as poss ib le  i n  order  t o  minimize the effcctscjf 
x+;)sure of the ?$e ra to r t s  body t o  the  . tenetrating r a a i j t i o n s .  

After  t h e  radiomangnnesc perchlora te  has boeq 
s l r a t e d  in a 
109-200 ml.) o f  ho t  butyl  cel losolve.  I ts  a c t i v i t y  i n  
v i lba t ed  by comparing, by ineans, of the  G-M counter o r  the 
zd ia t ion  p ro tec t ion  meter, t h e . s t r e n g t h  o f  1 mL. o f  the  
s tuck so lu t ion"  with t h a t  of  known r a d i o a c t i v i t y  st-ndard. 

$hr? r a d i o e c t i v i t y  standard used here  i s  a sam2le of rcrdio- 
o b a l t  ch lo r ide  dissolved in  water. This sample Y d  an a c t i -  
i t y  o r i g i n a l l y  of 0.50 mc. Radiocobalt can be used a s  a 
tandard f o r  sho r t  times because i t s  h a l f - l i f e  i s  r s t h e r  long,  
about 5 years ) ;  I t s  standard a c t i v i t y  must, howver ,  be 
eckoned i n  terms o f  equlvalent  rad ionanpnese  a c t i v i t y  
ecause the res?onse o f  the ti-EI counter to  the ';aumct r-ys G f  
adiocobal t  is n o t  q u i t e  the  s a l e  as t o  the  ganma rcys 3f 
adiomangmese. For the  particulai .  se tup used hem (bismuth , 

athode counter;  1.25 inches lead  sh ie ld ing) ,  the 8.50 mc. 
zdiocobal t  has  an equivalent  radiomancanose a c t i v i t y  !:if 0.55 
c., and i t  i s  t h i s  value whlch i s  used i n  evaluat ing tile 
c t i v i t i e s  o f  unknwvn strong svurces of radiomaneanese a c t i -  

d ry  s t a t e ,  i t  is d i s s b l v d  i n  a known voPme 

i 
! 

I i t Y .  

I C. Incoraorat ion .:f' the bck iv i ty  i n t o  the  A E m t  

The amounts of a c t i v i t y  lncorporatzd inti) t h e  H ef 
he munition t o  be t e s t e d  rango f r u m  2 tc, 30 mc. $er  100 
vunds o f  13. The dogree of  precisicm d e s i r d  in evalust ing 
he  H ground contamination determines the value <>f the  a c t l -  
i t y  t o  be added. For evaluat ion : ~ f  E1 spray g a t t e r n s  vr:iert t he H i s  spread over a l a r g e  area,  i t  i s  des i r ab le  t o  USL' 20 
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t 3 . 3 0  mc. 3f t c t i v i t g  > o r  100 p,.iuntis 3f H. Chere t h e  a rea  
covereu by t i e  H i s  small, as  i n  t h t  cxde t.!f s t a t i c  r;rDund 
b u r s t  rouniti'ms, t i i e  lower c m c e n t r a t i ' m s  of' : .ct ivity will 
su f f i ce .  / 

of butyl  cel lo5olve s h w l d  be tlaU,u t L .  ;he H .  If sq ,  the re- ! 

It Is ascer ta ined  f i r h t  vhetn:;r th: :nunitii.n c m -  
t a in inb  tl-le il n i l l ' p o s s o s s  a s u f i t c i t n t  m i d  if 2% by wi i6ht  

Qulsed a w u n t  of & c t i v i f y  s t w k  s.Jliiti..ii i s  u i lu t cd  w i t ' ?  an 
az,..unt b u t y l  ce l lo sa lve  represent in ,  ,-bout 1.5% by vrc.i,ht 
aI the €! i n  tjie muniti'~r1. The dili1teci irLtivCty i n  the ii!ty'. 
cel l isuLve i s  thenpoureci i n t z  the N i n  ;;io aai1ti.m a d  t?i;.- 
r.,ue,hly nixed by sh&,riiig, r.>llinC;, qr) lf >:ssibl;, stii:?:in6. 
A ar.m21e ... *f t h G  th,.;raukhly mixed H i s  t:im rem.,vd. Usud ly  , 
l';i1..200 m l .  Is s u f f i c i e n t .  This H c.intidnin& the a c t i v i t y  i n  
t:ic smc: c v n c t n t r a t i m  LS t h a t  i n  tile m u n i t i L r i  i s  used 1Ate-r 
f u r  chccking back if anythinb: &c?s w r m b ,  ana fQr ma;tin& up 
$tiudarci s ~ i l  a r  absorbent Jane1 sample3 f;r evYluhti-m ..f 
h, f i e i a  unknowns. The muliitibJn i s  thzn r e say  fQr t h t  Lield 
jest. 

k 
$oz't 

L s t  

A greh t  deul  Jf t r s u b l c  was cnccuntereci In  keLiiing 
hr lrinute anrjunt of rehdi:munb&nesc i n  S3luti,>i1 i n  the  H. 

i ucli Fnvss t igh t lve  work l e d  i i n a l l y  t c  the c-nclusi;.n thtt 
f a C ~ . , j s t a & m e s e .  as the  Ze rch lwa te  v ; i l l  remzin diss,olvcd i n  H 

Lining 1% butyl"cel loso1ve a s  so lu tyzer  f a r  s i v e r a l  h:?urs, 
ills pe r i Jd  of time is generzl ly  l m g  enwgh t o  enzble incorp-  
r a t i m  01 the  z c t i v i t y  i n  the  H and t o  2erform thc f i e l d  . k grea t  f a c t o r  o f  s a f e t y  miiy be gdlned by increasing 

the  butyl  ce l l c so lve  cancentratJan t o  1 .5  o r  2.0 Zer cent.  
f e v i n s t e i n  H containing 2% butyl  ccllosGJlve causes m l y  o 4 
Qr 5 j e r  cen t  depos i t ion  f the  a c t i v i t y  d t h i n . 8  hours a f t e r  
+ i io~rp~rht im,  cnd f m m  10  t o  20 2er cent deposi t i -n  a f t e r  2.4 

tours heck the  de2ositic;n r a t e  of t h e  t lc t iv i ty  from the  H by per i -  
b d i c  renaval  tif a small  amount of H frm tha s t a u d r d  s m p l e  
Bf te r  q A l e t  s tanding f o r  is long ir period as must elapso 
b:;tween the  time t h e  a c t i v i t y  i s  i n c o r p r u t c d  and the  t ime 
t;he munition i s  uaed i n  the f i e l d  t e s t .  I n  t h i s  m y ,  the 5 

depending: :m the' charac te r  r>f the H. I t  i s  b e s t  t o  

r 10% depos i t ion  cm be corrected for i n  the f i n a l  e v a l u s t i m  
f i t  i s  observed. 

D. ProceOures for F i e l d  SamDling .I 

1. Geiger-Mueller Counter Samples 

a. Direct  S o i l  Sampling 
I 

Evalust ion of t h e  degree of  cLnta,ninatinn means B 
Ueterminatisn o f  the  J iquid H concentration der u n i t  area of 
khe con tmina ted  area. If t h e . t n r g e t  a rea  i s  gridded i n  some 
banner, i t  is necessary only t o  pick ug a known arua o f  s o i l ,  
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o m  g r i d  poin ts ,  t o  measure the a c t i v i t y  content  of each 

of the s o i l ,  aqd t o  ex t rapola te  the  measurement da t a  
i p i c t u r e  of contamination dens i ty  f o r  the  contaminated 

area. If the  a rea  has no t  been griaded beforehand, the pro- 
tiled i s  more complex. The s o i l  samplers used here  &re 5 cm. 

the j cy l inde r  is plunged i n t o  t h e  s o i l  t o  a depth of  1/2 inch 
or SO, and wi thd raw therefrom i n  such T way a s  t o  pick up a 
d i p c  of soil measuring 19.7 sq. cm. i n  area.  The samale o f  
soil is t r a n s f e r r e d  t o  B marked widemouthed container.  S e w  
era1 o ther  sample's of s o i l  may be picked up near  the same s 9 o t  
is7 order t o  make the  sampling more representn t ive ,  and fllso 
t o  Lncrease the  prec is ion  of the  a c t i v i t y  determination t o  
f~01.10~. The number of samples taken per  contaminated a rea  de- 
penas on t h e  degree o f  p rec i s ion ,des i r ed .  Usually, one sam;iie 

and 

For very l a i g s  areas ,  one sample may be hl lon-  

e t e r  sho r t  iroh cyl inders  beveled a t  one en3 and welded 
other  t o  an appropriate  metal  handle. I n  p rac t i ce ,  

squcre meter w i l l  g ive an exce l len t  f i n a l  p i c tu re ,  
endra l ly ,  one sample per 9 square meters w i l l  gLve an ade- 

a t e  p ic tu re .  

sipray p a t t e r n s ) .  

The a c t i v i t y  measurement for  each sam,le of s o i l  
h v n l v e s  thorough mixing (grinding i f  necessaryf , and p o r t i o n -  
iplg; i f  necessary down t o  a weight of s o i l ,  which w i l l  be. 
qontnined in  t h e  s o i l  holder  which supports the  s ' o i l  sample 
q h u t  the  counter during measurement. The s o i l  holders  used 
h e r e  c o n s i s t  o f  double-walled shee t  brass cylindezs arranged 

oncen t r i ca l ly  and fastened together  a t  one end. The inner  
y l inde r  i s  of  such diameter a s  t o  f i t  snugly around the 

t o  represent  100 square meters ( a s  i n  t h e  case .o f  a i rp l anc  

I 

tube. The sheet  brass  u s e d . t o  make the  inner  cyl-  

t o  allow t h e  formation o f  n hollow cyl inder  of s o i l  
der should be very th in .  The outer  cyl inder  i s  of such 

kjhving a thickness  of f r p m  one t o  two centimeters,  and a 
aength equivalent  t a  t h a t  of the  c y l i n d r i c a l  e lec t rode  of 
t h e  counter ( 5  inches) .  
flor a c t i v i t y  content  under condi t ions of placement with re-  

Each s o i l  sam2le can then be measured 

t o  the  act ive volume of  the  counter tube equivalent  t o  
1 (Appendix A) shows a 

X I I ,  Appendix B, shows 

Standards a r e  prepared by adding knoivn amounts of 
s t a d a r d  t o  
the :same as 
imgor tmt  t o  

arct ivi ty  content ,  f o r  subsequent cor rec t ions  i n  counting r a t e  
Gats due t o  a c t i v i t y  decay.must be made. 

exactness the  time of day f o r  each measurement of  

. . . - _. 
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b. Absorbent Panel Sampling 

A method of samplin& of the  c o n t a i n a t e d  ayea con- 
$idebnbly more elegant  than d i r e c t  s o i l  sampling i s  sampling 

ans of  absorbent pane ls .  These pa re l s  measuring 18 x 18 
6 inches viere o r i g i n a l l y  developed by the  B r i t i s h  f o r  
va t ion  of drop s i z e s  in H cor.t;mir,ation s tudies .  These 

p'meks may be l a i d  out  before a t e s t  on the  a rea  t o  bc con- 
taminsted. After  the  t e s t ,  they r,my be 2ickeci ui, quickly, 
scanned f o r  number and s i z e  of drops of li,!uid agent, and 
prepfired f o r  ac t i v i t j j  study. This preparat ion cons i s t s  ~ i~ap1.y  
of "s t r i2p ing"  off a l a y e r  of absorbent n z t e r i a l  s u f f i c i e n t l y  
t h i c k  t o  contain all t h e  l i q u i d  agent 1r;hi-h has  penetrated 
through the  f i rs t  f r a c t i o n a l  mi l l imeter  or so of thicimess, 
rupd yet tbln enough t o  cnable r o l l i n g  the  strQ *to 2 cyl- 

whose inne r  diameter i s  s l i g h t l y  grefiter than t h e  

cy l inder )  should be t h e  same f o r  a k l  s t r ips ,  and 
approximate the l eng th  of t h e  c y l i n d r i c a l  e lectrode 'of  

anoter  of  the  counter tube. The width of t h z  s t r i p  ( length  

The preparat ion of standard i s  accomplished by 
ddo;lping, as evenly as p s s i b l e ,  a lcnuvrn amount.of d i l u t e  
s ~ a d k r d  H sanple m e r  a whole panel and s t r ipp ing  and mea-' 
s p i n g  a s  i n  t h e  case of t h e  f i e l d  panels .  

I 2. Radioac t iv i ty  Ground'Scanner 

Tho techniques of f i e l d  sampling f o r  H-tracer content  
edaluat ion by means of the  r a d i o a c t i v i t y  gr:und scanner are 

hdve been run w i t h  t h e  scanner, and more f i e l d  t e s t s  w i l l  be 
rdquired t o  a s c e r t a i n  the bes t  mode of appl ica t ion  of  t h e  
sdmmer. However, an o u t l i n e  of the  mcthods used thus f a r  
is indicated.  

ch l e s s  f i rmly  es tab l i shed  than the techniques for C-M 
sampling. A t  t h e  > resen t  time, only a few f i e l d  t e s t s  

The proLhem o f  scanner sampling d i f f e r s  f rom t h a t  
G-M counter sampling i n  t h a t  t h e  scanner measures the  

i t  a t  a s teady r a t e .  A s  i n  the  case of the countcr 
a permanent record of the  da t a  is given by the  

t i v i t y  d i r e c t l y  on t h e  ground while the  vehicle  '.ravels 

s ctnner measuring instrument,  but, u n l i k e  the  counter,  the 

I thc f irst  place,  i n  cvery measurement involvinc not ion,  
tQe Instrument i s  measuring an i n f i n i t e  s e r i e s  of  small 
arje:s i n  rap id  succession. Secondly, the  ever present  back- 
"yd v a r i e s  a t  a r a t e  s imi l a r  t o  the r a t e  of t r a v e l  of the  
v l c l e  thus making t h e  evaluat ion of l o r  a c t i v i t y  concen- 
t + t i o n s  d i f f i c u l t  because t h e  law of averages cannot be appl ied.  

i d t e r p r e t h t i o n  of these  da t a  is considerably more d i f f i c u l t ,  
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I n  a c t u a l  p rac t i ce ,  a s c m e r  f i e l u  record depends on tv:o 
conipol lab le  f a c t o r s .  One of these i s  the  vehicular  speed, 
m d i t h c  o t h e r  is the  hei.r,ht o f  the  scmmor chambers abovc the ! 

of  the  RC f a c t o r  r e g u l a t i n t  t!ie s,)ced o f  r c s 2 m s o  
area being measured, The vchicu!.;ir s.Jecd determine's, 

chamber-electrometer input  c i r c u i t  t o  chans- 
the magnitude of the r ewrd ink  uil!.icrn- 

metcr swing for equal t r a c e r  conccntrations.  For exanpie, 
l e t . . an  kC conf tan t  of 20 seconas be assimed f o r  a chambm 
pa::sing over a t r a c e r  conccntrct ion i n  :LO seconds i n  m e  t r i a l  
mi. i n  5 seconds i n  anupier. I n  the f i r s t  case, thc record:? 
d e l l e c t i c n  w i l l  be 1 - 5 or 63% of the v d u e  v;hich w:ulf! have 
baen obscrved if the  chamber pzss;.d o v m  the  same t r x s : .  con- 

d e f l e c t i u n  w i l l  be 1 - 

! 

. . 
I oer*frct ion i n  i n f i n i t e  ime. I n  the second cirsc, the r e c o r d x  

or 20% of  the value v;hich wuuid have I 
' 

1)w.n o b x r v e d  i f  the ch i& ber passed over t h e  same t r a c e r  con- 
ertt.r&ti:m i n  i n f i n i t e  time. I t  is evident,  on the  bas3.s of 
h i s  concept, that t h e  vehic le  must pass over the unknovm 
racer  contaminafed a rea  z t  t h e  same speed a t  which i t  pssc:: 
ver a s tandard t r a c e r  contaminated c a l i b r a t i o n  area.  'Ine 
a c t o r  o f  the he igh t  of the  scanner chamber determines t h e  
e g x e  of' d e f i n i t i o n  of Yhe d i f f e rences  o f  t r a c e r  concentrat ion 
i t h  d i s t ance  along the  l ine  of t r c v e l .  This i s  o b v i x s  if 
ne considers  the  &amber passing over the a rea  a t  a nei,ht 

o f ,  f c r  erm;)le,  20 f e e t ,  and then a t  a he ight  cif 1 / 2  foo t .  

A t  the prcsent  s t a t e  of knovileuge of scanner c iperat im 
is necissary t o  use  r e l a t i v e l y  nore t x c e r  f o r  a scanner 

pera t ion  than f o r  a comparable o y r a t i o n  vihere soil san;Jles 
G-M counter  aer,surement arc- t o  be taken. The reason i s  

ased Qn 1 i m i t a t i ; n q  of response ~ l f  the chamber t o  c c m c n t -  
a t i f ins  of t r t t cer  so small as t o  e w s e  a recorder de f l ec t ion  
n l y  s l i g h t l y  g r e a t e r  than the  normal backgrand res,wnse. 
ne noma1 back:(i'round response of the cilm'ocr re i i res tn ts  a 
a i r l y  appreciable  f r a c t i o n  (from 5 to.105) af f u l l  scale f ;flectI.cn on t h e  hi&hest s e n s i t i v i t y  ranbe. It is & l s r .  

t a p i d l y  v a r i a b l e , o v e r  sho r t  2 e r i o d s  of  ti,,ie, and i t  c m o t  
e assigned a averabe value in the  same inanner t h a t  I t  ciln 
n G-M counter work. As in the  case of  the G-M c m n t c ?  w r k ,  
ovtevcr, the  background v a r i a t i o n  has m c h  l e s s  ei'fect on 
he accurate  recording of  a reas  of hkavy t r a c e r  con twina t ion .  

3 30 mc. per  hundred punds  01' sgent  (in bmbs) a r c  use6 i n  
canner operatiuns.  With these csncentrations, ,  i t  is p)u3SiblC 
o d e t e c t  m H grouhd concentrat ion of m e  g r m  . J C ~  square 
e t e r  with a p rec i s ion  of  20%. 
he s c m i e r  method as comGared with the 'counter aethod i s  l e s s  

I ;  I .  

I ,  

I '  
i l  

, ,  , 
' *: 

Ii 
I !  
I i  

5 .  

I .  
! I  

I 
A t  the  present  time, a c t i v i t y  c o n c e n t r ~ t i m s  cf rrdm 20 

This ogphrcnt disadvanta&e of  

. .  n2cr t an t  than i t  may appear. T h i s  i s  sc.' bocause the tec'hni- 
hue of  the counter s o i l  s a q l i n &  proccdure f o r  maximum 
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s e n s i t i v i t y  .)revents xeasurcment c>f s u f f i c i s n t  ground area t o  
t o  thorougnly regrcsenta t ive  of the mit ?.rea of (;ne s:;uLre 
meter. The scmne:., on the  o ther  hcnd, scans a huidred ti.nes 
a s  much a rea  as is considered i n  o s ing le  s o i l  sa:aple and 
therefo:.e measures a much more representa t ive  sam;llc o f  the  
u n i t  area. I t  i s  no t  unusual t o  f ind  s o i l  saniples re;>r$sent- 
ing 1/200 of ?. square meter o f  a r x  showing li concentrhtion 
values consldErably d i f f e r e n t  from kl cmcen t rn t ion  values 
obtk.incd a t  t h o  same s:?ot by the  scanmr .  This I s  es2ec ia l ly  
t r u e  i n  the  c:mc o f  bomb munition s t u d i s s  whcrc H concc1:tra- 
tir.iis tncy change abrd2tPf wi th in ' a  d l s t m c e  of s eve ra l  inches  
al.cng the ground. I n  s;>rey operat lcns ,  the  1: s rez l  'concentra- 
t : w s  change much l e s s  r.brul)tly with d:stsncc. 

i iu i i t ion  a f t e r  a d d i t l m  c f  the  rad iu t rnccr  fo r  counter-cvnlua-. 
t ec l  ope-ations, a sample of H-tracor i s  tiiken f o r  t h e  -,r+2;pai:r!- 
t i c J  o f  r ad looc t lv i ty  area stcntiards f o r  use v;ith the  scnmer .  
Howcvcr, considerably more o f  t h e  standard H-tracer must be 
t;.km i n  the  l z t t e r  case. The s:m.ile should Le of the order 
o r  500 t o  1000 g r m s .  I n  bomb munitloris, ,;!here t h e  adent i s  
exgected tc r e l a t l v c l y  coricentrc ted on the  g r  ;and, concen- 
t r ;  t.i.ons of the  order of 500 Lrans I)er square :xtc:r, 01' cven 
gr'Lc tcr ,  may be ? resent .  I;' the  sta:idrArd sccnner a.reci sam2le 
i s  one sc;uwe iaeter i n  a r m ,  then one c o l i b r a b n  ;joint alonc 
w1L.l requi re  500 grams fif 11. The s1m:ilest nethod for >>r::- 
p::rstlon 3f scanner st:lr,durd arc-zs is t? spr inkle ,  :n severa l  
d i f f e r e n t  abscrbent gaper g m e l s  nessiu'ing 36 x 36 x 3/16 
inches,  d i f f e r e n t  hcnuvin weights ol' the  s tmdard  H-trcccr 
di.luted I.n a v s l z t i l e  solvent  Such a s  acetone. Ii' thc  li ccm- 
c e n t r j t i o n s  on the  ..anc.l :,re made t o  range frm 1 t o  500 ZrzJs 
i n  iibaut 5 steps,  a good csL1braticn curve of' rccorder deflec- 
t i o n  as a f u n c t i m  of H-tracer a r e a l  cx icent ra t lon  can Le 
obtained. This calIbr&tirJn i s  p?f'urmefi by >lac ing  tno ..im?ls 
cn the  ground i n  thc  path of t r a v e l  cf  the ion iza t ion  climber 
units :ls the  vehiclo t r a v e l s  a t  a speed the s m ~  2s  t h a t  t c  
be used f o r  scanning the unRno:.-n arez.  I t  i s  necessary t n z t  
t h e  long diameter c f  the  sciinning a rea  be less than 36 inches 
SL? t h a t  the vrhcle. scanning area may be less than 0.84 st iuzre 
n.eter3 (0.84 square meters pe r  square yzrd).  

Annqther so lu t ion  t o  the  s t<ada rd  area cal lbr ; l t i : ,n  3ro-  
blern i s  t:: s- i r inkle  the  H-trauer over a known &rowd  area and 
then > a s s  over t h e  area r i t h  the scznncr chmbers.  X i 1  th is  
,procedure, the  a r . a  cannot be I?iclced up and moved st will- 
a disadvantage. 

After  the  trxc-r hns been aLtied t o  the z g m t  i n  the  
n u n i t l x ,  the  f i e l d  t e s t  may p-oceed. I t  i s  necessary, hwr- 
ever, t ha t  thc  t a r g e t  a rcc  used f o r  a scanner opercticsn be 
very f l u t  and r c l e t i v c l y  f r o c  of viccds and brush, i n  constrrist 

hs In  the ckse of the st:?.ndard :I s m p l e  token frcx the 
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.. t o  t a r g e t  requirements f o r  a G-If countey t e s t .  Vihereas i n  sei1 
sampling allovmices may be made i n  t ak in& samples on g r i d  po in ts  
on o r  near  aeeds, no such compronise i n  2oss ib le  i n  a scanner 
operation. Y!ccds hnt rz in ing  s c a t t e r e d  IJ a l m g  a grid  l i n e  
t raversed  by the  scanner chanbers must Tz rocoved p r i o r  t o  
Scanning. Fcrthermore, mounds of grsunti which are  the  h z e s  
of  hishcs and weed clumps must not. be tco hi&l cbove normal 
g r o m d  l e v e l ,  o r  e r r o r s  i n  t r a c e r  meescrcnents r e s u l t i n &  from 
decrzases  i n  scanner- to-act ivi ty  (!j s t w c e  a t  these poin ts  wj.11 
b6 rbservsd. A f u r t h e r  considerat ion i r  th&f tlhe vrc1gP.t of t h e  
skAelds ;t t h c  ends of tie 8 f o o t  beans i s  a%out GOO pcw13s 
Thc vehl - le  must have f l t t  ground f u r  tr::vel i n  o r d e r  t c  g r6 -  
ver?', excsssive jerXing and svringinl; r?f C x  chenber-shiL1ci u i i ts .  

t t e  3cmnzr  chamber-electrometer systet? hrs  been allowed! to  
I:..'.Lm and become ca l ibrn ted ,  the  tctrget a rea  may 'Je grid?.cd. 
Thi.7 i s  dune e a s i l y  by lay ing  out ,  with the a id  of  s t e d  tages, 
L t,.l:;e l i n e  havin& marks a t  1, 3 or  6 meter yoiiits. Another 
basc l i n e  i s  then s e t  up a t  90 degrees t o  the r" i r s t  imd : d s o  
mi.rlc.?d o f 2  a t  1, 3 Or 6 meter go in ts .  
tG-?!lamber d i s t m c e ,  -;;ith the  chambers i n  scanniDk ;!osit ion,  
i s  c. a e t e r s .  If ,  then, both s ides  of  the  scarme: a re  use4 L't. 
one L i m e  (s inul taneous recording) ,  two L r i d  l i n e s  s ix  r ;e ters  
ai.xii.3 may be mewured w i t h .  one t r ave r se .  If one meter g r i d  
scamling i s  des i red ,  f i v e .  t r ave r ses  w i l l  cuver ten m e  ya1.d 
grid l i n e s .  Tho s i x t h  t r ave r se  w i l l  begin wi th  t i le eleventh 
;rid l i n e ,  e t c .  It is bes t  f o r  easy eva1u:tiou u f  rccords 
obta ined ,  to s t a r t  a t  t h e  sarne bzse l i n e  f o r  each t rhvc r se  
ratXcr than a t  oppos i te  base l i n e s  on a l t e r n a t e  t rhve r scs .  
Thc reason f o r  t h l s  lies, n&ain, i n  the  c!ia!~ber-electrometer 
RC constant .  Actual  neasurement 0:' a 6iv::n s c a n i n ;  c r e a  i s  
no t  recorded u n t i l  approximately RC se!:s:xls a f t e r  the  area 
has been :iassed over ,  If vehicular  s;ced i s  icnmn, t h e  exact 
po in t  on t h e  recording ?race may be messured o f f  w i t h  r o f e r -  
cnce t o  t h e  time t h e  base l i n e  was crossed cn each t r zvc r se ,  
S ince  the recording cha r t  i s  dr iven at a r a t e  proi>ort ional  t o  
t h e  vehicu lar  speed, i t  i s  z c t u a l l y  unnecessary tc mz-rk t hc  
c h a r t  except a t  the t i i n e  t h e  chmbers  @as ove? t i c  ;vimary 
b:Jsn l i i i e .  For more accura te  t r s~versc-d is tance  versus chort-  
L i s t m c e  r e lh t ionsh ip ,  however, i t  is d c s i r a b l e  t o  mi.rk +die 
c h a r t  again a t  E secondary base l i n e  cesr thc  cna of the t r a -  
verse .  

a r e  vrarined up ( t h e  warmiiig uly t&cs  about an hour) , t h e  chiun- 
bel- s cmning  he igh t  i s  s e t .  This  he igh t  seems t o  be cptii:ial 
iit 20-25 cm. ; , i th t h c  - . resent  arrangement. A t  t h i s  L e i o t ,  
t h e  a c t u a l  scanned a re2  i s  of tile order  :Jf 0 .5  scLu.:rc meter. 
Def in i t i on  v,ith t h i s  sc;nning, a ' e a  i s  c .msidercLly be t t e r  than 
f o r  scaiining area of one scjuare ne t e r .  W i t h  t h e  sciinnin;; 
h e i g k t  set, t h e  vehicu lar  speed i s  chosen. .Th i s  i s  bcised on the  

Aftei: t h e  nuni t ion  has been exGloded, a d  &Grin& tb.2 time 

Tho sc:inner chamber- 

Wen t h e  area has been ;ridded, and t hc  e lec t r smcters  
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\- o v e r a l l  a c t i v i t y  concentrat ion,  the  dcsired de:ir!ition, and 

t h e  chasiber RC constant ,  as s t a t e d  e.zrl.i.?r. B chaaber RC 
constant  of 1 5  seconds d i c t a t e s  t h e t  tZe veh1culEr s:need ?lot 
exceed 7.5 f e a t  per  minnte f o r  very 101. !:mceqi;rntions of 
a c t i v i t y .  A t  t h i s  r:;te, about 85;; of 11-:11 sc;.ie d e f l e c t i o n  
ct zero s9eed %ill be recnrded f o r  ;: s c a n e d  m e a  of 0 .5  
square x e t e r .  The exact f i t u r e  i s  r a l a t i v e l y  unim;)ortant be- 
taus? the  scanner chambe." responso to  ce biv i ty  c6nce;itr;;ticn 
a t  t he  sp?ed t o  be used i s  determined v:'..?n t h c  cha;?bers are 
?ss.z.:d oi:?r th? staidarc:  ; pne l s .  The in:jqrtant f c c t o r  j s  t c j  

Le': , . ~ ~ i ; ; > m  res;)onse fo r  a givon conccntr:iticn cor?siste:: c !;it.:>. 
opt:':ml ? 'chicuiar  ve loc l  ty , 

J u s t  before  the  f i r s t  hraverse i s  nade ;*truss !;lie 
CGl?5.:inind !;e< areu, cal ibr?- t ion i s  rudertaken. On -very :Jthcr 
331' c i e r y  t h i r d  t r ave r se ,  the  machifie is at;ain pnssed o v w  a 
cg i i  orat!;ln panel represent ing a medium !A concentrat ioz 91 
or&-r t o  Tote any .;renounced chances i n  t3o o r i g i n a l  ca l lbrh- .  
tigL>.. E x y r l e n c e  has  shorn t h c t  tine only rector :Jro,ducic& 
chmi:,es in c a l i b r a t i o n  i s  t h u t  of temperature change IC the 
chs:i>er and electrometer  u n i t s  which are most exposed tc direct; 
SIX; ,.Eht. 

YLlth c a l i b r a t i o n  c a r r i e d  aut carefu l ly ,  and ti12 area 
scc:ined s u c c e s ~ f ' u l l y ,  the problem of  evaluat ing the recording 
st:_.? t r ac ings  remaiw.  This is mentioned i n  the ncxt sec t ion .  

E. Evaluation of Measurink Data 

1. Gelger-:iuellcr Counter Sangleg 

The t ia t& ab ta inab l t  from tile .;IT ti-X co;;itint r;.te 
i r t t e r '  z re  t h e  c o m t e r  tabe baL:!ijrouici c o a t s ,  tile mLn...m sa:.rjj:e 
c o m t s ,  til€ known field shmLILt  c Q m t s ,  e.nk tic :u>isn s t , na -  
n r d  s:.s:,:e cdunts. Pex f i e l d  Sam. ies exceed 10,000 cDa. l ts  JCT 
tzinute a d  the  u s u d  f l e l c ;  s z i j l e  1ndlcL.tes 2 count r & t c  :f' 
so;.iev:here betrieen 100 trnd 3000 counts p r  xlnute. ' I n  sdc;itiu:l 
ta the  d t a  ob ta inable  frou the  counter,  t i c r e  oiust b-  ~ v c . i l -  
a b l e  5 no ta t ion  o f  times when cbr tk in  th ings  nbypened. The 
:nost im.Jr4tant of these i s  thr. t i n e  when the  x t i v i t y  of  the 
s tock  so lu t ion  v!as uszsured, and tiit. t i n e  hhbii tho e c t i v i t y  
NA:: L-daeG t o  t h e  nuni t ion.  O f  imdortmce L ~ Y O  is tne  no ta t ion  
of the time e&ch f i c l a  s q i l c  WLS rst;zsurcci. Bach c1cauurc;nmt 
requires 2.n nvcrnge of f rm 5 t u  6 ~i inu t r . s .  This nkz%ns t h z t  
a .wfiod of seve ra l  dhys ;.iajv cic.psc: bet.i,e,.n the  t i m b  ths  i i r s t  
ficLCl :!.e and t h e  t i a e  t h e  l a s t  smmljie hre ;rzehslred. In 
t h e  .nrantine t h e  p i c c s s  of r ad iosc t ive  6ec2.y Jrccecds accord- 
i ng  t o  ltu. If t h e  indicct6d times a re  no t  mown, r . .ct ivlty 
cor ru2t ions  duc t o  t h i s  decay C:.,mot be .:.:,de. 
a:nplc of the  var ious  d a t r  which aust  be col lec ted  :-ad used i n  

A ty:ticzl ex- 
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evalua t ion  of a radiotr ,c&r o $ c r 6 t i ~ n  b, :nt?sns of the G-M 
counter is ')resented zz fe l lows:  

hoors  on 10/17. The s;r:a?le hsd 2n :ictiv.!r;y caf' 210 CIC. vhen 
s,nt o u t  from ,LIT four days e a r l i u .  Or: 10/13, st 0000 tia.irs, 
i t  vias conve:. tul t o  t h c  J .:chlarCte r,hicx vas tiissol-dec. l i l  175 
ml. butyl  ce1l:isolve. A onL LA. s;mdl, o f  t;ic; lsbucsl'L SOL- 
utioi: via!; chec:red f o r  a c t i v i t y  by ':leans . ~ f  t he  G-U counter by 
co; )Lrisf.? x i t h  , thc  stwia-rd c o b d t  b ~ c i . v i t y ?  snu i'iils f;:m6 
t o  h.,.ve ::.I a c t i v i t y  of 0 .70j  mc. The t? ' ;El : - .ct ivity of +,he 
k.uc-:?L so2i t ion  G t  thc  timc o f  nccsurcment Y ~ S  123 mc. T..L 
:rn;.Lli1t o r  a c t i v i t y  upon a r r iv&l  was 136. j me ( fou r  days i:;cay). 
The d i f f e rence  betvieen 123 mc. and 130.5  r ~ c .  r::$r?scnts 4 x a y  
bjt.r;v,..cn t i n e  of  u r r i v a l  a d  time of conversion cnd zr:asliresent, 
z.n> Loss .--n coi-iversion. !?lie dccay f o r  1 5  hour3 c m  be tal- 
c~ .L , , .~< ,c i  fio:n the dewy  carve,  and the  conversion l9ss c?:? Lc 
fo.r'.> by u i f f6rence .  

W!I.;,.,!I t!icn had an a c t i v i t y  o f  0.662 LC. p s r  m l . ,  via; d i l u t e d  
t o  .:,a 41. v:it;i bu ty l  cc l loso lvc ,  &nu t n c  ia ixture ;ICY zdded hi 
t o  ',::r d contained in a r G C k e t  he&d ( 2 0  p u m a s  of 11). T x  I!- 
c e l l c so lve  n i x t u r e  was th3roui;hly shhken, &nu /,O m l .  san,lle 
o f  3 0  .rixCu:c m s  nithdrmn by meirlls of (1 rqutc.zc-bulb ~ ' 2 a r -  
& t w  ziphon. T h i s  sample ~ h s  rcturncd t a  tne lcbor:..tory, cnci 
imnccAiat&ly, a 1 m l .  sa2glc w s  withar&?:n the rc f rns  find , 5 i l u t ? d  
v:ith 9 m l .  of acetone. T h i s  10 t i r n u s  ui1utc.d saci2le of  I I  VIL'S 
d i l u t c d  agein by a f x t o r  L ' f  .LO. Ttic diluted so lu t iuns  c-ire 
se t  asfdc. t o  be used l a t e r  f o r  the  prcpara t i in  cf Litmdidrd 

iL sxogle o r  rcu iornzaf imusc  a i a x i d L  LS riAeivail L t  3900 

A t  0730 h w r s  on lO/lS, 9'.4 ml. of che buc..l s o l u t h i ,  

S a i l  S m p l Q S .  

I n  tho meanti:ae, the rocket  hzsd hiid been launchcd c,,:ain:;t 
D m r d  g r u m c i  a r m  (1030 hours). 
nca r ly  all cmta.ine;l within ii sr;u&ri: s rez  measuring 25 :ibrds 
on :i s ide .  Throe hundreu mri t h i r t j r  soil samples w r e  taken 
fr,di.i x l t a i n  t h i s  area. Esch s i i ~ p l e  WAS a c t u s l l y  an a rez  cf 
13.'7 sq. cm. Table I, bcio.., Lives, f o r  severs1 of thesc 
?ti.>pleS, thE p e r t i n e n t  c m n t e r  data found when thrj 2c iv i ty  
C G i l t C n t  cf t he  zam$Les PIUS d e t e r n b e d .  The ter-1 "cw,unts" nean:: 
c c . m t s  .)er a inu te .  

Thu  gattcrn pxIxmi !';as 
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TABLE I 

Sanple Tabular Data f o r  a Tyoice l  Geifi,zr-Muelicr Evaluation 

Date Time Sample Tctal Samp~.~. Xet Elapsed Sample Corrected 
L53deeoured pmurcd c o m t s  ' mumi. * Time * -  m t n  *er .w 1025 62 ~ - - -  -.. . -.- --- -..- 

1040 136 3 25 83 
28 435, 

16 35 I. :* 
65.; 

14 : 
U.;,? 

T- 10 l@/ l9  
--- -- . 3 P E  

52: 36 

12G 46 
826 53 

-. . Q- 11 l 0 h 9  l3kO 450 
E. : J c/i9 2000 58 
0-3.'' 10/19 2125 84 
N-4 ; d i  9 211: ; 580 
LKC :0/20 0800 58 
0- 1: i0/20 0805 178 
L; 10 120 1500 890 

. - .  --.  -- - 

EKGt r eg resen t s  backgrcund c c u i t  vcLue ;t tk!c b l l i L : ; .  * T h i s  value I s  t o t a l  counts dlnus n e a r e s t  KSGt couiit. 
w This time in hours I s  t h e  t i l e  betmen thst ;ihen sannple 

Y:LS iieasured aiid t h e  t h e  the  r3cket  cirs launched. 
wm By reference  t o  t h e  radlonanc,nnese decily curve (Graph 

11, Appendix C ) ,  It i s  deterinlned t h a t  t h e  f r z c t h n  of actlvit.:? 
undC::.ayed a f t e r  25 hours i s  abGut 69 2erceat .  Dlrisior:  ;f 
Sarr,,)iu Ret Counts (74) by 0.89 gives  the decay co i rec tcd  valuc 
of $3 which I s  the  Sanple Corrccteb Counts v;:lue, snd t;hich 
rcp.iwsents t h e  caunts whlch m u l d  h a w  been observed i f  t h e  
sa.n?le had been count-d a t  1000 hours .~r. 10/18. 

CIS su re ly  as thaukh this Bad actusll , ;  bcen done. S imi la r ly ,  
t h e  f rz .c t iun of undscay6.d a c t i v i t y  a f t c r  53 hours (sa::iti1c 1,-9) 
3ay be Sound t o  be 79 percent  $:hewupon the  Corrc ted Count 
value f o r  L-9 Is 826/0.79 or 1045 counts. T h i s  v;hcle :iroces:: 
o f  de t e r .dn ln& t h e  corrected count valuc.? f w  t h  x l t l t u d e  L L  
sam3les under study for e x h  ogercltlsn :;lay be crcat l ' ]  s i , zp l i -  
f i e d  thrirugh t h e  u3e o f  tlie \torkin; Curve f o r  ilccap Cu::?ection 
(Graph 111, Appendix C ) .  On this brash, It i s  riccessary m l y  
t o  r c fc r  t o  t h e  d a t e  and tlme (hours) of t h e  r,iE&surement 
(cbsc issae)  t o  Obtain t h e  undecaytb f r u t i m  value (urd ina tes )  
by vihich the  Net Counts f1,ures zrc: divl&d tr, cur rec t  t 2  t h L  
t b e  Qf lmnch ing ,  otiicrwlse !aovm as "zero tl..;e". This cur-,c: 
jus t  be nntie aneF f o r  each operat ion,  but tills i s  -imc siaply 
by e r s s ing  t h e  d a t e s  and times f o r  the previous curve and sub- 
s t i t u t i n g  t h o  nevi values.  

soil sarugles were measwad on t h o  counte?. These s a i p l e s  IICI'C) 
pre'jared bjr adding knova volumes of 10 cad 100 ti1.ie-s u i l u t e d  
s t a d i i r d  H sai iple  t o  75 g r x i  weights o f  uncorl tminatxl  s o i l .  
T ~ E :  s c i l l  \*/a,? vietted by tine sc lvent ,  but t h l s  cas  allo,:red t o  
c?voporat.e leav ing  the  iI and a c t i v i t y  on the  soil. After  . 

This, c)f c w r s z :  
,.. L.cI., - impossible, but the  decay la?: allot, i t s  deteimination j u s t  

Af te r  t h e  f i e l d  sam?lo:; h ~ d  b e a  coiuitod., t a e  stun,uclrd 

. .  

-__I 
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- thorough r.:ixinb, t h e  sainple was measured i n  the s u e  manner as  
.. i 

the  unknovm sarLples. The counter  r e s u l t s  were then cor rec ted  
f o r  decay t o  z e r o  time, whereupon n c a l l b r o t i o n  curve showing 
the  r e l a t i o n s h i p  between sample c o r r e c t o t  count, and 1% content 
could be drawn. This curve was m o d  in the I1 content evalua- 
t i o n  of the f i e l d  sampleg. It  is convenient t o  convert the 
absolute  11 contents  f o r  e fch  ind iv i cua l  FImple of the stnndards 
d i r e c t l y  i n t o  o ~ ~ i v a l o n t  Ii content per zqunre meter of s a l l .  
If only  one c i r c l e  of 19.7 sq. cm. of so!.l w n s  taken f o r  each 
f i e l d  sample, the  conversion figure f o r  qaach standard snrJp1e 
i s  simpl:: absolute  weicht of II 

I t  3.3 necessary t o  remeciber t h a t  the  " p w i t y "  of thc I< S: cle- 
cra&ned by t h e  amount of bu ty l  ce l loso lve  co-solvent added. 
A 1mowledGo of the  d e n s i t i e s  of t hz  o r i g i n a l  €I and of bu ty l  
c e l l . o s o l ~ ~ e  allows the  use  of volumetric procedures i n  the di--  
l u t i o n  ucasurements, and i n  the  f i n a l  ca l cu la t ions  of 1: Gcn- 
t e n t  of  the  s tandard s o i l  samples. A s m p l e  of the I1 content 
evaluat ion curve nay be seen i n  Graph I V ,  Appendix C .  

content  of the  standard I1 sample i n  ordor  t o  assure  knon ledp  
of t!;e thoroughness of mixing, and t o  check the  degree ol' a c t i . ,  
vlt: Zoposit ion i n  the H, i f  suspected. 3ince the amount of 
a c t i v i t y  added t o  the  I1 i n  the  munition i s  known a t  t h e  time 
of hddl t ion  of the  a c t i v i t y ,  i t  is poseible t o  c a l c u l a t e  t h e  
t h c o r e t i c a l  count value of a u n i t  weizht o r  volucle of t h e  €1 
used a s  t h e  s tandard sample. It  was known f o r  exaniple, t h a t  
0.703 mc. ( a s  of 0000 hours )  of a c t i v i t y  per sil. of undi luted 
bu ty l  ce l lo so lve  s o l u t l o n  was cdded t o t h e  H a t  0730 hours .  
Since 9.4 m l .  of this so lu t ion  was added t o  t h e  20 pounds of 
II I n  the  rocke t  head, t h e  a c t i v i t y  content of 1 m l .  of s tan-  

i n  standard nample x 104. 
1 9 . 7  

Generally,  It i s  des i r ab le  t o  check the  a c t i v i t y  

dard I1 so lu t ion  should have been approximately 
J0.703 X 9.4) --- ( 0,703 x 9.4 x0.0315+ 

20 x 453 or 0.95'x 10-3 m a  

1 .32 +> x 0.90 i'.SHf 

d t  The decay between 0000 hours and 0730 hours was 
3.15$. 

1.S2 g .  per nl. 
it* The dens i ty  of the  o r i g i n a l  I! (Levenstein)  was 

.".... . -,.+ The add i t ion  of b u t y l  ce l loso lve  so lu tyzer  de- 
c rensed  the ef i 'ect ive I1 content by 2%. 

n i n u p .  
x 10 times 0.05 times 10' 
eoch nl. f 100 t i n e s  d i l u t e d  s tandard I1 should have shown 

One rgc. of a c t i v i t y  represents  2.22 x lo9 counts per 
Therefore, each m3. of s tandard Ii should have shown 2,22 

or 2 .11  x lo6 counts per minute, or ,  

2.11 x 10 2 counts per minute. Actuolly, the  counter tube 
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and criuntin,- setu? used h&re  1ii;cl m ovclr;ll cr:,untlnt a f f ic iency  

100 t i n r s  d i l u t c d  stbndard 11 s a q l e  sli?-.~.2 hr.vr. been 2.11. x 102 
counts ,&r minute. The observcd c m n t s  J Z T  rx.i l te a;f 1 m l .  of 
1c)U tihies d i l u t e d  standard 11 2.Vj x .ISz, R rcGssnably ~ 3 o t ;  

. c:icck. I t  i s  t rue ,  rlf c .~- . r se ,  t h e t  the ,iiic'.cnc:i fi:;urt: f,:r 
t;iis c w n t e r  Lube under t % e  ~ ~ a l t i c u l . a r  ci :iditions of us'.. ;:ut 
bc. k:'ovrn y'ith SOIXO ciegrec of zccurnr-y. C:ctm-tor tubes or' thc  
SF...I' cons! r u - t L c m  :,?y have s l i tht l : ;  dif.7,..rent e f f i c i e n c i e s ,  
Fu:+:.er, I. mri;ed change i n  e f f ic icncy  m?.l lx? obsarv;;<, i:' th.7 
typ:.: o f  r,il o.9ldt.r I s  c;xln&ed sc 2 s  t o  ;.;.ter thc rff cctivr.  
';:ii::.masr rf ; ; O i l  about the  C l J U t C Y  tub?. z r  length of tiic 
coiiT:.t.er Lube cnthoc,c covercd with tiye octj.valxl ;nati:,rial 
FIn..:.l.y, the ef ' i iciency ~~111 be a l t : ? r c j .  if a t i i f foren t  ty,? of 
ea.x;,y T : . r ! i s t i m  i s  used. Once i t  cas b w n  deterninecl. .rm a 

C O I I ~ I  , .hi, :igurc i s  e:;trei:lcPj v:..lucblc. 

fJf abqut 1$, %;hence the CCtual ObSerVcd~LoUIt r i t e  fr?r 1 Ll. !)f 

, \,a - . i d  ..culn,, Se t  of ci-nditii:ris, hwever ,  tilc ef l ic ia i icy of  it?e 

v. ~IscussIoN 
A. Geircr-hlucller Counter Evaluat i  ?IIS 

k lc,rce nunber of f i o l d  t e s t s  cuncernoci -:'.th 
the .:b;sessmerit ~ f '  I.iquld agent c o n t a l n a t i o n  sf la?>,e a-?.-:..s 0; 
Z r o u r d ,  both ly mans of air,ilane sprays 2nd grotand bur3t  
,:iun:.tions , %ere conducted a t  t h i s  s t u t i o n  p r i o r  t o  the  i n t r o -  
duct ion of the r ad io t r ace r  nethod in t h i s  K'mic. TiJO methods 
of :>.ssessr.icnt which ; 'ere  uscd invclvcd I r i n c i 2 a l l y  the  cgl lec-  
t i o n  of sc:r.ttercd H drops on a h o r b c n t  .!xi6As, > l e  i l a t c s ,  
l u x +  f i l t e r  .)as2rs, and w e n  l a r g z  f'mi(Lls, wi th  subso ; i innt  - c o l o r i a e t r i c  c ~ u e n t i t ~ t l o n  of t h e  co l lcc tcu  U y ~ d  1-1. T7ic ::::-Lor-- 
i r x t r i c  q u s n t i t a t i o n  poceciures ran;;ed f rnn  vPsual c s t i x t i o n  
r?f s t a i n s  co l l ec t ed  on nbscrbcnt ' 2 ~ ~ 8 1 s  m d  !Jhot@ol.x Lz'ic 
?hotonetry of absorbent ,)nnsls to  ac tu&l  d i l u t i o n  colorinct2; 
of thc  dyed l i q u i d  agent colli.cl;cu i n  f ' amels  o r  m p i e  s l . ; l t ~ z .  
111 iI.1 m t l i o d s  except ink the one involvin; pdstoe1;ctrY.c 
pno tme t ry ,  the  r.wber of ,~eO>le ret luirod fo r  the  s c t u n l  2s- 
scss,::ent ;JrOC€!dUreS W2.S undesirabp; lor&e,  or the tiac requir-  
ed .f;r a coagletc sssas,mont cas undesirably Grcat. 3urtnc.?.- 
c,or'.:, these  ncthcds never seoned to  be r e l i a b l e  Lccsuse of  
Inc:; of conparison with .iettiods cf' asscssiient ilther thw 
co1oril;ict.r;. There ;:ere no >tiler p-ocedures and the 6;i.k no<:.-- 
sentcd as r e s u l t s  of thcse t e s t s  represcntcti tiie bes t  of 61' 
" s t a t e  of tiie art" z . t  thc  ti:.,*. 

T.ie int roduct ion of thc r ad io t r zce r  r.iet:iod 
(evaluat ion by ~ne:.ns of the  Cei&cr-Mucller ccunter) reprosant- 
eri t he  ir i troduction c?f a ;.lethod whose bas i s  d i f f e red  f r o a  thoss  
i n  use. For t h e  f i r s t  time, coingarisons of r e s u l t s  obtainel; 1;j 
Vi:O d i f l e r e n t  ;Jothods c<JIiLd be inadt:. As a r s s u l t  of these 
cm.mrisons, it became evident th;:t tiic neii iwqccdure hxl  t o  be 
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eiven se r i - , u s  consideration 2s a bzsic r:ethou of  i;ss~.ss~iient. 
I t  i s  twe t h a t  so:,ie dl' the e n l i e r  rcsnlts c>bt&inc.d by this 
sethod @ere considerably less curtEin t::m inore recent  i'Gsult3, 
but this was due for  the a o s t  imrt  t o  .r?.e d i f f i c u l t  , ,roblei 
which \ -xs  concerneC with tne  prcci~ita+::?.n bi '  t h o  r s d i o t r a c e r  
from tile li sata2lcs used i n  the t e z t s .  Lre dwolopmcnt c > f  t h e  
rcidioaanganesc- perch1orLt.e-butyl celloxi:'.ve systcm .If ir!cor: 
,~or.;;tinti z c t i v i t y  i n  H s;a>los ~ > r a c t I c J . l ,  oli,.ilns.te; r id i s -  
tr;:er , ; recl~Ji ts t i . Jn .  \.hn t h i s  m s  a c ~ . o m p l f s h e d ,  dc.uhts 
c:o;cernin& thc  trustnGrt.hinass o f  Liic 7'  .. ..,rotrecer ' !IIcth:d d i s -  
a : J p r ; u d .  and i t  vias then acceptctl 2s  :;tandard i;lethd I t  
VL;; not  c s e d  more of ten  i n  these t e s t s  ;iecsuse of  C:e fc:Latlvc- 
Ly n i g h  cos t  of  thc  r x i i o t r a c e r  t3  be u.sc.;I i n  ths very ?ar,c.;t 
:nu;- :tl:,i?s 111 tne t e s t  p r o g r x i s .  Tile c o s t  L i f  Padi .rna.n&mt:ss 
2:i.,ridc :I t  t h e  prcscnt  t h e ,  a s  3btsiiiec from the  Uasshch.usetts 
1r ls t . i tute  of  Technology; rm&ts frcm $0.70 t o  $1.00 pe-- Alii- 
carj.e, I;;,us the  cos t  of  t r a c e r  f o r  a 500 pound bolab tcs'. \:...uld 
rLL;yr,z f r c m  $50 t o  $100, dcgending :m thc  degree of  p x c L s i c m  
de r i r ed  i n  the  t e s t .  

Lhi le  i t  i s  no t  t h r !  funct ion c j f  t h l s  r egor t  t o  discuss  
i n  d e t a i l  the  r e s u l t s  ;jbti.ined in the r s d i 3 t r a c e r  iAetil:>d as 
cu-pared  w i t h  r u s u l t s  obtttined i n  o ther  nethods, agcnci :: 
f n n j , l i a r  wlth the problem of l i q u i d  agent ground cdntai:'.irz.ti?l~. 
,:la:- v e r i f y  c .~nc lus ions  d r a m  I n  the ab3vc p a r q r a ? h s  by con- 
sul.i,ing tho  Dugway ProvlnL Grcund V!eekly Reports, ,,iven i n  
th\:  fol1ori.int. l i s t .  Sdec ia l  a t t e n t i o n  sho.~lci bc ;.Lvefl to t h ?  
d a i c  prc:;~;.rited I n  D.P.G. Geekly Report :;(-. a?, 22 3ovenbor I.?-:./,. 
The r ad lo t r ace r  aiethod reacheu i t s  h i t h e s t  ?e& c j l  perfec t ion  
i n  the evaluzt ion .f thc  r e su l t s  a f  tho l i - f l l l ed  r?cl.iet t e s t s  
describe; i n  t h i s  Weekly Re,iort. 

, 1 Aeport No. 47, 1 5  Jorch 1944 
2 Report No. 51, 12 k p i l  1944 
3 Report No. 57, 26 Apr i l  13.$4. 
4 l ieport  No. 54, 3 >Ly 1944 
5 i ieport  No. 56, 17 Xiy 19f+l+ 
6 ,  :ie:>ort No. 61, 21 Junc lq/+I, 17-17) 
7 Ekport No. 83 ,  22 November ISx2s. P-22-1;-2: 
8 Report Nn. 83, 22 Novcinber k p s .  7-22 a1.l) , 

Kitn rcsijoct t o  r cd io t r ace r  techniques, th i f se  inv,:Lvint 
c v a l u a t l m  of rndio t rcccr  san,?lcs by lac. iis Jf the Lei,icr- 
M u d l ~ i -  cCtintci. have n0.i: been well s t cnda rd izw.  T h k  t::o M.I.T. 
Modo1 200 S e r i e s  countiii$ r a t 2  mete,*s i n  use x t  this ' 

ct;.'c:tn have bccn u t i l i z e d  i n  such a :ranner t h a t  a whole 
r ad lo t r ace r  opcrat ion Including the  i n c o r p r L t i o n  of the  n c t l - .  
v i ty ,  i n t o  t230 l i qu id  q e n t  of  t h s  inunition bein5 t e s t ed ,  t he  
f i e l d  t e s t  i t s e l f ,  the  a c t i v i t y  se s su rmen t s  2nd the  ii contcntnt: 
calculGtions :Jn up t c  1000 s o i l  s m g l e s  or  L.bsorbent ,mie l  
smples,  has been comideted i n  e igh t  (8) days. Thc ilwnbcl irf 
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- peaple uscti i n  a l l  ?hescs of the  mr:: excc$t t i l2  i i c l l l  t e s t  
i t s c l f  coal0 not  cc.ivznicntly bo wrc! t h a  tw. Only clng 
p e r s m  vas required t o  jJre:)ar.e and chrrr.(:c sair,les as thc' scln;jlcs 
w r e  iilensurLd. These two poiJ1e each wc-rkcd m e  e i & t  hour 
sh i f t  p e r  day, i n  succcssio;i, for. sevcn - tap ,  a~i; on thc- l a s t  
di!y of the  jroceedings,  w r k e d  togEti1cr .'1 the  conversii-.ri of  
ccmntirlc dhta t o  dceree 3f ccntz.iincltion ,lata. There sbsuld 
IJL. l i t t l e  doubt t h a t  the  r2.diotraccr ~ 3 t t D . x l  i s  fsr  su.iei-iar 
i n  .;.vine rian;xvror t o  cll other  e v r l u a t l w  r>:cthods used :m?- 
vi - - , s ly ,  except the  photoe lec t r ic  Thotor r t c r  Troccdure. 

I.!.;-,.,.ted only by the degree of  9 r . c i s ion  ~bt:.inabL: in tl:c 
til!r.:dg of f i e l d  smplcs.  Di rcc t  ~ ~ ~ 1 1  sc:ijlini: .:iOthods, have 
nctt 3yen developed t o  the h ighes t  degree:. but there  is ncl dottbt 
?.bGut tP.c precis ion cf ebsorbant : m i e l  -2:a>lin&, M C i  saLseq1vxt 
r?.,;I.anctivity quan t l t a t lon  by deans o f  the  Gci&ar-;.:uell.er 
cr.uitei:. A s s u i n g  pe r fec t  f i c l d  s a p l i n i ;  t c  bepossible i n  k t ; b  
d i r c z t  s o i l  sm,Jling and absrjrbcnt j a n c l  s a n > l i a t ,  tne cbt-e- 
c i s ibn  ;.~f t 3 e  rbdio t rzcer  method i n  i t s e l f  i s  1i:aited c c l y  by 

- t:i<: c o s t  of  pre;ilr:Ltion o f  thc  rodiuact ivc t r a c e r .  T h i ;  i s  
t r -  because the  use of  t r z c e r  i n  q u m t i t i o s  l a r k c r  tim; den-. 
cribmi herein vwuld, in cvcn the 1i;;htcst o i  11,;uiO ci.,>i,t 
&1wz1d conccntrati2ns i ; i v L  ccunt r a t c s  i'ar i;i exccjs  ;J€ Siosc 
zf i  i s t e d  by var in t ions  i n  bGckgroilnd C x x t ,  wiiicii i..t .)rcsint 
is s f t e n  a trcublesorne r cc to r  in the cwntin, ,  chi' vcak sa i l  
scnples .  A s  f z r  as t h c  ;?rocis isn :If l i q u i d  n;,cnt ki-eal C m -  
tkin,i;i> ti.m i s  cznccrned, this is fi;ovcrncci s o l c l y  by tbc rilunhcr 
uf s&m,)les t a k m  f rm t n e  contaxinzted area.  t k r c ,  tw. t h i  
USE, :?f 1arj:e r - m u n t s  of  a c t i v i t y  is desir;ble b e c a s e  s,:c:c?d 
31 ciurit ins s.?iil,olo~' uaj- be i n c r w s e d  s.-*:iiev;h:;hflt \:licii thu &c ti- 
v i t , y  cuunl; ;*: Le f o r  r,ealc sara:il.cs i s  high. 

Li t h  tliis niethod, H contami;lL tioil dens l t ic ;  .ci' til; wrde.!. 
of one &ram per syuarc netci. have been dete?,.;ineci wi th  ai 
es t imtec l  degree of pr::cision of  10 per cent ,  an& 11 coritmin- 
a t i o n  d 'cnsi t ics  a t  and above 5 E. yx sq. meter have Gceri 
dctcrnliied with an cstimctec', dehrcc sf pr-ci>ion af fr~i;: 3 
t t ;  53 when an a c i i v i t y  concentratinn I' 25 UIC. per  100 pmd:, 
u t '  il, a i d .  soil swiple:, re2rcsent.int 19.7 sq. c.;?. ~ i w a  u c  US%$ 
An ekuivalerit degree of  mcL.suremnt p x c i s i o n  c;m ,e obtcincc. 
w l t h  a;i a c t i v i t y  cclnceiitratim of frcn 3 tc  5 lac. ;wr 100 
: J O U ~ ~ S  n f  ;I by absorbcnt ~ I L U I C ~  san;iles r(3;ir sentinG 5AO s ~ .  
c1.1. al-ea. 

.. . . I 

The xccuracy o f  the  s t h n h r d i z e d  rc.diutrzcer ;.iethoi i s  
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The former, l i k c  the  h t t c r ,  n u s t  be c&librkter!  
Zulsa t;c.nei*i!tor of m e  form or zn o ther .  
scalinGc-i*cuit countinh r s t e  rieters t o  give i nco r rec t  results 
viith less evidonce of n; l l funct ion,  t h z i  , ? r u j c r l y  desiLneu intec-  
r i ; t ing  m t e r s ,  and tnis nay ha9pen :nore frei;uc,itly tilxri ix,y 
be suspccte;,. .4sl& il'or.1 the  l cxk  o f  il l e rnsnent  recurc: o f  
countinl; by the sca l in ;  c i r c u i t ,  3s cox;inrec; wi th  an int(?Li-z- 
t i n g  n e t e r  operating a rccording neter, t h e  scz;lirl2 i je te r  has 
the added disadvcntagc i n  the i leccss i tg  for r:m-c t.cm.3t:.,::t 
c t rck ing  o f  the prcli.iiinai-y deteminati(..;i of  courit r2.t: f o r  
c;ch s.mjle in order  t.2 ascer t : in  tlie tL::iZ thtt i s  i'c.iuirc:d 
t o  g i v e  a fin:d c..:uiit sh.i?;inj tlic ninirwjn s t r ; t i s  t ical .  v : , . : i p . -  
ticn err'ors. 

I t  Is 
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h e r e  t h a t  a l p h  p a r t i c l c  c?untcrs c losc ly  appoach  a 100%. 
e f i i c i e n c y  of counting. Beta ray ccunter3 shci:; L c2illitin;. 
c f f ic j . ency . f igure  of 50 t o  80 l e r c e n t  unless they ilrc @s;Ji.cial- 
l y  designed f o r  maximum e f f i c i ency .  

t r a c e r  methxl usinL tile GciLer-Uusllsr c a n t e r  as an ~;v:~.l.uating 
iiistrur.Le;it i s  one c-f  ->recis i :n  and r q i u i t y ,  as  c:nparod with 
nethods used p c v i c u s l y  i n  l iquid agent contxdn:itii?n oi:oblcns. 
Tli? pho toe lcc t r i c  phntoseher evaluntior, r n l s a r b m t  2 a e l s  I s  
cxtrciely rap id  a s  c:mpared with the  rd.iotr: .cer nutho?., k t  
i s  sriraewiitit less lxrccise and r e l i c b l e .  /iltha;h t h i s  i'i..CLo- 
t r x e r  nethod nay be designated as rzpiii,  it I s  n&! aLi.litted 
t c  be r c l a t l v e l y  slow as compared w l t h  the  ;irojected method of 
a r e a l  r a d l c a c t l v l t y  evaluat ion.  This prc jec tcd  ucthob v. t i l izes  
t h e  i o n i z a t i o n  chamber mounted on c. s u i t a b l e  vehic le  r:hich 
tr::.wi~ses the  l i q u i d  akent- t racer  contminatw3 ;Li-EO s n c l  rc5ords 
d i p m t l y  t h e  changes i n  r ad io t r ace r  conccntrcltion &,iring t r z -  
vcrse .  This i s  t h e  rcdi ,>act i -J i ty  Sround swnnez' nothcr;. 

I n  r e s w d ,  i t  x iy  be s t ; ; t c . i  t k t  ti.c rzdimGt,j.ve 

B. The Radioac t iv i tv  Ground Scanner Method 

Although, a t  the  > resen t  tit'x, the raaimcti~.?.:;y 
grc.;rid scanner i s  ava i lba l e  fo r  study a t  this S t ; : t i a i i ;  the  
inL.5?uiient, and its method of a>,, l icoticjn t o  r ad io t r ace r  arec!. 
contaiaination s tud ie s  has  ilot as ye t  bLen developei t o  the  
g o i n t  v;here d e f i n i t e  s t c ; l emnt s  ngz i -d l r . u  i t s  c h a r a c t e r i s t i c s  
riay be xade. In p re l ix lna ry  studios, i t  shoced x r e a t  y - o x i s ~  
as a s t e 2  forward i n  rnd io t r sce r  tcchnii,ucs. Further sta'3iez 
:lave forced the  c . ,nc lus im t h a t  Lhc SnstrurJent ne-ds m r e  
developuent. AI i nd ica t lon  of results obtaineu i s  Liven In 
G;i.aph V, Appendix C .  These ca l ibrc t1 .m curves wrc: cbt..i:irzd 
by running t h c  ~iach inc  over absorbent .Jane13 csntc,.inin;, Imo:.~: 
amounts of  H-radioact ivi ty  wi th  SeVerLl d i f f e r e n t  vc:iicul&r 
s?eeds, chmmber heic;lits, and chwabcr ;;as pres sur..^. i h  e t t m , J t  
i n  tnficic in t h i s  r epor t  t o  i i i t e rp rc t  tncsc  curves i n  dct.':il. 
They a r e  more o r  less self-explanatory u p n  c l o s c  cxz2initioi:. 
Re fo re ' t he  followinC t s b l e  of  n e t  d e f l e c t i x s  is H-act ivi ty  
c o n c c n l r ~ i t i o n s  on tile -)ancls i s  ?resented, It should 51: 
p c i n t e d  out  t h a t  i n  t i i s  t e s t  one J o i r  cf chmbers  ( t h e  :incs (ill 
t h c  ri;ht hand s ide  of the vehicle)  d id  no t  Lave t;ic rccluired 
h i L h  quality c l2c t runc te r  :.rid in2ut  resistors.  Tke ca l lb ra -  
t i o n  di?t?. fo r  these chaiabers z rc  n o t  expecteL t o  bc ,?inaan- 
cl i t ly  accura te ,  f o r  these char,ibe?sddo nu t  maintain t h e i r  cssitn- 
ed c h a r a c t e r i s t i c s  fo r  any lcnz th  3f t h e .  The.poc;r qua l i t y  
r e s i s t o r s  used a r e  cxtremely tengeritture selisiti-!e, and Src- 
bably s u f f e r  v i t h  changes i n  r e l o t i v e  humidity of t h e  cttmc- 
sphere. Their  Tos i t ion  a t  the  imliut o f  the  electrometer  c i r - -  
c u l t  makes s t i . b i l l t y  d i f f i c u l t  throughout. 
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TABLE I1 

Fina l  Cs l ib ra t lnn  Data for Both 3i;'ilt anti L e f t  IonizLti , .n 

H Ciincmtratlon fin Number of Units Deflect ion,  Net * 
j p  ,is uer s c .  x t e r  Panels  Chambzrs Chanbers 

Chanbers as  O b t a i n 4  fr:m Graph V .  - 

CalibrLtiCJn P a e l ,  Adjacent 1 t m t  L e f t  

1.5 

3.0 

6.0 

12.5 

12.5 

62.5 

62;5 

. -  L 

125 

2 2.c 

1 4.5 

1 8 . 5  

1 14.5' 

2.0 

4.0 
9.0 

13.0 

2 16.5 lit * 0 

1 66 66.5 

4 
1 140 130 

72.5;  86.5 67.0;76.0 

46 Fr .m background de f l ec t ions  kveraglng 5 . 5  and 3 char t  
u n i t s ,  respec t ive ly .  

- 
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i'he fo1lovrin;l; conclusions are ;..a& on the  b a s i s  of ev i -  

A. The rnd io t r ace r  r:ethod of e v n l . ~ a t i n g  p o u n d  contami- 

dence presented o r  r e f e r r e d  t o  i n  t h i s  ?apor t :  

na t ion  has ant iquated a l l  mthods  used previously i n  the  so lu-  
t i o n  of the  contamination eva lua t ion  pro5leci except the photo-  
e l e c t r i c  p h o t o w t e r  metand. 

B.  The r a d i o t r a c e r  w t h o d  is riore r ap id  than  a l l  previ-  
o ' i r ly  use6  nethods except the photoe lec t r ic  photoxeter ::.clthod. 

C .  The r a d i o t r a c e r  imthod i s  the  r.iost p rec ise  of ~ 1 1  
ltnom uethods of ground contarxination assessnient . 

LJ. The r a d i o t r a c e r  xethod 1 3  capable of g r e a t e r  detec-  

1;. The r a d i o t r a c e r  ~ e t h c d  i s  soi:.ewhat more couplcx i n  

F. The r ad io t r ace r  method is, a t  tlm present  t i n e ,  more 

t i o n  s e n s i t i v i t y  than any other  known r..ethod. 

- - operat ion and apparatus than any 03 the  other  methods. 

c o s t l y  f o r  l a r g e  s c a l e  t e s t i n g  than any of the o the r s ,  but 
theve is s o m  i nd ica t ion  baaed on knowledge concernin;; the 
devslopnent of r:anufacturing processes f o r  plutoniun t h a t  t h i s  
c o s t  can be g r e a t l y  reduced. 

G .  Tlie r a d i o t r a c e r  apparatus i s ,  i n  p a r t ,  i n  an excel- 
l e n t  s t a t e  of development at; the  present  t i n e ,  and fu rn i shes  

f i r n  foundation f o r  f u t u r e  developxent. 

VI1 . RECOA~NDATIONS 

A .  Consideration should.be Given t o  the p o s s i b l l i t y  of 
t ho  use of the  r ad io t r ace r  riothocl i n  the problcns othcr  than 
c r o a l  r a d i o a c t i v i t y  mensurer,ants. 

E .  Negotiations should bo undertaken with the  Covarn- 
nent acency respons ib le  f o r  the operat ion of plutonium ~ianu- 
f a c t w i n g  p l a n t s  f o r  the purpose of obtaining var ious d e s i r -  
ab le  r a d i o t r a c e r  materials. 

C .  Because spec ia l i zed  e l ec t ron ic  apparatus I s  used i n  
a l l  r a d i o t r a c e r  m a s u r ~ ~ ~ e n t a ,  a department o r  s e c t i o n  of 
r e sea rch  should be organized which w i l l  have the responsibil.%ty 
of l nves t lga t ln l ;  the  extension of r a d i o t r a c e r  techniques and 
developing new apparatus f o r  the study and ~easurenien t  of 
r ad ioac t ive  phenonena. 
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AP~~WDIX A - PHOTOGWHS 

Geiger-Mue1ler Counter and J?r, - :mplif ier  Assonbly 

Ed. I. T. Counting Rate Meter (i'ront view) 

M .  I .  T. Counting Rate Metor ( t o p  vie:; of sub-janel) 

M. I. T. C n u n t i n C  Rate Meter ( b o t t m  vie:. of su5-panel) 

M. I. T. Miflt ivibrntor Pulse Generator ( top  vie?.: of 
sub-panel) 

Mult ivibr i l tor  Pulse Generntor (bottom vie:. of sub-panel) 

Complete Assembly . f  Countor E l e c t r i c a l  Apparctus 

h r t a b l e  Geiger-Xuellcr Csunter i issmbly 

Radloac t iv i ty  Gr,und Scanner ( f r o n t  view) 

Radioac t iv i ty  Ground S c m e r  ( s ide  view) 

Ion iza t ion  Chambers and Elcctrometers (removed from 
sh ie ld )  

Gcannel; Vehicle Control P m e l  and Coolink Syst-en 

Scanner Elec t ronic  Amplifier and Recortier Units 

Ion iza t ion  Chambers and Eloctrometers (rcsioved from 
sh ie ld )  

Spec ia l  Apparatus f o r  Radionrangmose Conversim 

Univcrsi ty  of Galirornia Radixt ion Pro tec t ion  Meter 
( s i d e  view) 

Univers i ty  o f  Cal i forn ia  Radiation Pro tec t ion  Meter 
( f r o n t  view) 

Scanner Ioniza t ion  Chamber Pressurc Head and Electro-  
meter 1Iousing Unit Couplings 

Scanner Ioniza t ion  Chamber Pressure Hmd Coupling 
(exploded view) 

Electrometer-Pre-ilmplifier Unit(top view, cover retnoved) 

Electrometer-Pre-Amplifier Unit  ( s i d e  v i c ~ . )  
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APPENDIX A 

- 
FIOURB 1, OEfmR-mLLER COUWTEX AND PRE-AMPLIFIER ASSEMBLY 

Showing method o f  e l e o t r l o a l  attachment t o  pre-amplif ier  and 
method of mounting i n  pre-amplif ier  housing above t h e  l a t t e r .  The cy- 
: l l n d e r  a t  t h e  lovier r i g h t  is a b r a s s  a o i l  holder  whioh.wl1'1 fit over t h e  
'obuntsr when the la t ter  is 'mounted,  The g l a a s  jar is a t y p l a a l  8011 ' 
aample jar oont.aining a prepared soil standard.  The six oontaot Jones ' 

plug (upper l e f t )  connects pre-amplifier t o  t h e  oour.ting r a t e  meter. 

PIGURE 2 .  

F I G m  5 .  

LI. I .  T .  COUNTIh'G RATE ASTER ( f r o n t  view) 

bl. I .  T .  C O W I N G  U T E  METER ( t o p  v iew of sub-panel) 

E leo t ron  tubes  and a u x i l i a r y  con t ro l s  a r e  ( l e f t  t o  r i g h t ) :  
Front Rowr 

Control ResiStanOe Shaft; 6SJ7 F i r s t  Amplifier;  Vacuum Tube Voltmeter 
Zero Control  Shaft ;  Vaouum Tube Voltmeter S e n s i t i v i t y  Control Shaft .  

Second Rmr 
Bulb Regulator ;  1/4 w a t t  Neon Bulb Regulator1 6SJ7 Seaond Mul t iv ib ra to r ;  
6AC7/1862 Vaouum Tube Voltmeter. 

Third Row: 
;Re& t o r ;  VR 105 Low Voltage RegulatOr; 6SJ7 F i r s t  Mult ivibrator ;  6557 

i b w  vbltrtge Rectifierl Mul t iv ib ra to r  Bias Control Shaft:  6K6 Audio 
h p l  itfier . 

F i f t h  Aowr Controls marked 1-7 are Counting Rate Range 

U. I .  T. COuhTING RATE METER (bottom view of sub-pansl) 

6C6 High Voltage Regulator; High Voltage Regulator 

6C6High Voltage Regulator Gate; 1/4 watt Neon 

i 2X2/879 High Voltage R e c t i f i e r ;  VR 105 Low Voltage ' 

- 
,Integ$atc.r. -. Fourth Row: Low Voltage Power Supply F i l t e r  Condenser; 6x5 

' S e t t i &  Control Resistanoee. 

F I G W  4 .  

Pr r -ampl i f i e r  plug aonneotor is i n  t h e  lower r i g h t  hand 
oornei.  
'styrehe d i e l e c t r i c  high vol tage 'ooupl ing oondenser (C2 i n  Diagram I V ,  
Appenhix E ) .  

F I G U R E  6. 

The f i l t e r  oondsnser above t h i s  plug supports  t h e  apeoial poly- 

&...-I. T. !LULTIVIBMTOR PULSE GENERATOR ( t o p  view of sub-panel) 

The blaok metal  tube is t h e  6SC7 m u l t i v i b r a t o r  tube.  The 
g i a s s > t u b e  a t o p  t h e  power t ransformer i a  a 5N4 r e o t i f i e r .  The e i g h t  
variable r e s l a t a n a s  shafis are b i a s  and seven range se t t ing  o o n t r c l s .  

bIGlJI$ 6. h!Ui,TIVIBHATOR PJLSE GENERATOR (bottom view of sub-panel). 
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FfQW 11. IOKIZATION CHAMBERS Ah?) ELECTROL!EWRS (removed from s h i o l d )  .. 

a wall  t h i ckness  of 1 1/2 inches a t  t h e  t o p  and 2 1/2 inches a t  t h e  bottom. 
The weight is 660 pounds. 
oover f o r  t h e  eleotrometsra .  ahen components a r e  anoembled. t h e  chambers 
fall i n t o  plaoe i n s i d e  t h e  s h i a l d ,  but separated therefrom by a t h i n  f i b e r  
b a k e l i t e  i n s u l a t i o n .  
( lengthwise s p l i t ) ,  and t h e  s t r a p  metal  yoke a r e  bo l t ed  i n t o  p o s i t i o n  on 

neck and inau la t ed  from t h e  metal p l a t e  by p e r i p h e r a t l y  s l o t t e d  i n s u l a t i n g  
Pi,ber disoa.  
t h e  f r o n t  chamber. Electrometer housings a r e  connected t o g e t h e r  and  
grounded t o  t h e  shiekd. 

FICLC'RE 12. 

- 
The l e a d  s h l e l d  (behind the ohambere) is 22 inches t a l l ,  has 

Below t h e  s h i e l d  i s  t h e  s h e e t  me5alweather  

The oblong metal p l a t e  consisting of two halves  
: 
~ t h e  a h i e l d  t o  produoe a a i n g l e  u n i t .  The chambers 8t-e supported a t  t h e  
i ' V i s i b l e  is one pres su re  gauge nttached t o  coupl ine head of 

$CANNkd: dIIICLi3 CONTRCL PhE;EL hl:D CCCLIkC SYSTEIh! ,: , 
Y. . I .  ' 

. .  

Cent r i fuga l  pump behind f a n  motor pumps water from t a n k  under- 
neath motor t o  t op  of  l e f t  s i d e  of ooollng ocmpartment. 
through loose  packing while  f a n  blows a i r  through and out screen a t  l e f t .  
A i r  was p rev ious ly  f i l t e r e d  through a bed of coarse  absorbent charcoal  t o  
t h e  r i g h t  of  t h e . f a n .  
in Figure 13 a r e  a t  t h e  extreme r i g h t  of t h e  p i c t u r e .  

Water t r i c k l e s  

The e l e c t r o n i c  a m p l i f i e r  and reoorder  u n i t s  shown 

FTGLTE 13,  SCANPEER ELECTRONIC AHPLIFIER AFD RECOR~ER UNITS 
From bottom oen te r  t o  t o p  t o  ri:ht t o  bottom a r e  shown, r e -  

s p e c t i v e l y ,  t h e  b a t t e r y  compartment, tho ampl i f i e r  con t ro l  panels ( Z ) ,  
the Esterline-Angu8 m i l l i m e t e r  recorder8 ( 2 ) ,  t h e  Selsyn r e c e i v i n g  u n i t ,  
t h e  a m p l i f i e r  filament ammeter, t h e  multioonduotor A-F connector from 
e l ec t rome te r s  ope ra t ing  on t h e  l e f t  s i d e  of t h e  scunner.  
d r i v e s  t h e  reoorder  c h a r t s  a t  a r a t e  p ropor t iona l  t o  t h e  speed of t h e  
Tehiole .  

FIGURE 14. 

The Selsyn u n i t  

IONIZATION CW.BERS AND ELECTERONSTERS (removed from s h i e l d )  

A view showing b a k e l i t e  l i n i n g  of e h i e l d  and steel  cab le  and 
pu l l ey .  

FIGURE 16. SPECIAL APFil&TUS FOR RkDIOkNGM4ESZ CONVERSION 

The radiomanganese dioxide sample a r r i v e s  in ecrew cap b o t t l e  
(lower: r i g h t ) .  Tweezers a r e  used t c  t r a n s f e r  f i l t e r  paper containing 
a o t i v i t y  t o  g l ~ 8 8  "duck" (atop small Clnissen f l a s k ) .  Radiomanganese is 
t r c h t u d  w i t h  37, p,erchlor ic  a c i d  contaJning 6% hydrogen peroxide w i t h  hea t -  
ing. 
F i l t r a t i o n  of  s o l u t i o n  through s i n t e r e d  g l a s s  p l a t e  i n  t a i 1 , o f  "duck" i n t o  
f1ask ;a l lows  s e p a r a t i o n  from f i l t e r  paper. 
TaCUUm removal of excesa water w i t h  s p e c i a l  r eae ive r  ready t o  oatch a n y , .  
l i y u i d  "bumping" over.  Dry r e s idue  cf radiomanganese pe roh lo ra t e  15 d i s -  
6olved in b u t y l  c e l l o s o l v e  (hot)  and t r a n s f e r r e d  t o  o y l i n d r l c a l  b o t t l e  
( r i g h t  o e n t e r )  which f i t s  snugly i n t o  l e a d  r a d i o a c t i v i t y  c a r r i e r  ( l e f t  
bented). 

F i l t e r  paper . d i s i n t e g r a t e s  and radiomanganeas dioxide d i s so lves  . 
Flaek i s  t h e n ' p r e p a r e d  f o r  

I . .  ,.... i . 
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FIGURE 16. UEiIVERSITY OF CALIFORNIA Ri .DIATION DROTECTION U T E R  ( s i d e  view) 

The i o n i z a t i o n  chamber i s  shown a t  t h e  l e f t ,  w i th  t h e  vacuum 

UI:IlrERSITY OF CALIFORNIA RADIATION PROTXTION A'ETER ( f r o n t  view) 

Showing t h e  i n s i d e  of  t h e  i o n i z a t i o n  chm5er.  a n d , t h e  front.  of 

t ube  vol tmeter  agsembly ehown a t  t h e  riGht.  

FICUiiE 17. 

t h e  vacuum tube  vol tmeter  assembly, w i t h  t h e  contro?.s and t h e  microammeter. 

FIGURE 18. SCANIrSR IONIZATION CW:BFli PRESSURE HEAD hi:D ELECTRObWER 
HOUSING UNIT COWLIIiCS 

Showing i o n i z a t i o n  chamber w i t h  t h e  p re s su re  head and gauge 
a t  t h e  ].eft and t h e  housing of  t h e  electrometer  a t  t h e  r i g h t  s e t  on a pe r i -  
p h e r a l l y  s l o t t e d  b a k e l i t e  f i b e r  d i s c .  

FIClJhE 19. SCAKNER IONIZATION PPXSSURE HG\D C O u P t I l v G  (exploded view) 

Showing t h e  c y l i n d r i c a l  alminum e l e c t r o d e  (upper l e f t )  acd an 
e x t r a  polystyrene i n a u l a t o r  w i t h  an enclosed oenter  terminal  wire  (lower 
l e f t ) .  Tho polystyrene i n s u l a t o r  f i t s  1 n t o . a  s t e e l  cone t h a t  is machixed 
t o  fit ia t>  a bake l i t e ' cone  ( c e n t e r )  which i n  t u r n  is f i t t e d  i n t o  t h e  
p re s su re  head oouplinc.  fill t h e s e  f i t t i n g s  a r e  put t oge the r  using gasket 
cement. This i s  necessary t o  hold t h e  pressuro t h a t  is scmctimes necessary 
f o r  most e f f i o i e n t  operat ion of t h e  scanner.  

FIClJRR 20. 

FIGURE 21. 

ELECTHOLilr,TER-PRE-AbirLIFIER UNIT ( t o p  view - cover removed) 

i3LECTt'~O~TER-FRE-~UPLIFIER UNIT ( s i d e  view) 

The oover is shown a t  t h e  l e f t  and tho pre-ampiifier u n i t  i s  
ehown a t  t h e  r i g h t .  

' . I  
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Geiger-Llueller Counter - L1.I .T.  .Bismuth Coated Cathode Type 

C i r c u i t  dingran f o r  Universi ty  of Cal i forn ia  Radiation 

Shield nnd l i d  nnd sh ie ld  cap r i e r  i'ir R-A samples 

C i rcu i t  diagram f o r  Mamachusetts " n s t l t u t e  of Technolo& 

Cl i - ru i t  diagrnm for I,l,.I .T. Liult1,Vibrator Pulse Gonorator 

C i r c u i t  diagram for L!.I.T. Portable  G-I1 Counter 

Radioactive Ground Scanner Body Asserrblg 

Radioac t iv i ty  Ground Scanner ( f l o o r  p lan)  

Block dlagran of Scanner Dual C h a m b e r - ~ ~ e c t r o ~ e t e r . .  

~ l ec t rone te r -An tp l i f i e r  and Ion iza t ion  Chanber Head 

C i r c u i t  Diogara far Radioac t iv i ty  Ground Scanner 

Soil Sample Holder for Geiger-1;iueller Tubes 

Pro tec t ion  I.:eter Ion iza t ion  Chamber 

Geiger-ldueller Counter Counting ?ate  Moter 

Amplifier-Recorder Units 

Coupling Unit 

Electrometer -Amplif l o r  
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c-1 
c -2  

' c-3 
c-4 
c-5 
C-6 
c-7 
C-8 ,?  
c-10 
C - l i  
c-12 
C-13 , 14 , I 6  
C-17 

3 c-18 
C-19 , 20 
c-21 

* c-22 
P-1 

' J-1 
J-2 

PL-1 ' 

R - 1  
A- 2 
R - 3  
R-4 
R- 5 

0 

R-6 
R- 7 
R- 8 
R-9 
R-10 
R-11 
R - 1 2  
R-13 

R-15 
R-LO 
R-17 
R-18 
R-19,20,21 
ti-22 

R-14 

R- 24 

Legend 

CIHCUIT COMJI\IENTS FOH 
M. I. T. G-M COUNTING i<i..TE AETEfi 

Condenser, 0.5 nfd., 1000 vo'ts ,  & e r  
I1 50 ~mf. ,  s 2 x i a l  mica 
I1 .C1 mfd., 600 vc,l ts  p q e r  
I1 .002 mf'd., mics 
I1 .25 in fc i .  , p + e r  
I1 5 rmf., mica . 
I1 . 5  mfd., 400 v a l t s ,  gager 
11 .0001 mfd., n i c a  . 
It .?5 nfd.,  paper 
I1 -0002 iufd. .  mica .... ~ ~~~~ 

11 2 mfd. , pj iys tyrene  

I1 . i  rofd., p q e r  
I1 .25 nfd . ,  2000 vo l t s ,  pager  
I1 50 mmf., mica 
I1 .1 mfd. ,  gage r  
II 1.0 mfd. ,  j a g o r ,  400 v o l t s  

Fuse, 1/16 ampere L i t t l e f u s e  
Jack, J o n e s ,  6 contsc t  
Jack, c losed c i r c u i t ,  f e r  connec t im t o  Es te r l ine-  

Angus m a e l  AW 0-5 ma. reccrdink r~ii lLia3neter 
P lug ,  Jones,  6 c m t a c t  
Res is tor ,  10 megobn, 1 wtt 

I1 5 megohm, 1 r a t t  
11 

11 1 megohm, 1 vratt 
11 0.5-1negohm, 1/4 n z t t  
n 0.2 megohm, 1 v i b t t  
!I 0.3 megohm 1 Y a t t  
I1 1 megohm, i watt 
I1 0 . 1  meE;ohm 1 / 2  watt 
11 0.25 megohm, 1 r;ztt  
I1 50,000 O ~ I I ,  1/2 watt 

I1 0.1 nqpim, 1/4 w k t t  
11 ZOOOuhm, 1 watt ,  vbr iab le  
It 0.5 ne:tcji.lm, 1/4 wtt  
I1 3300 nhrn 10 v:ett 
It 30,000 ohm, 1 v:;tt 
I1 0.1 neg3hg, 1/4 w;tt 
I 1  LO inedohnl, 1/4 Ycatt 

11 8 infd. , e l e c t r o l y t i c  

6 me;;ohm (2000 v o l t  i n su la t ion )  

It  0.25 mC?g'Jhn, 1 Watt 

50,000 h m ,  1 watt, vzr izb lz  
25,000 d u n ,  1 vistt, v t r i a b l e  

I 1  

I1 
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' *, 14-25 
H-26 c 

R-27 
fi-28 
R-29 
R-30 
R-31 
R-32 
R-33 
R-34 
R-35 
Ii-36 
R-37 
fi-3:; 
.R-39 
G 4 d  
H-4i 
R-42 

. L  4 

R-52 
R-54 
R-55 
R-56,to 62 
R-63 
R-64 
R-65 
s-1 
5-2, 5 
s-3 
s-4 
T-1 

v-1 
v-2 , 3 4 v- 5 

.V-6 
v- 7 

v-9 
v-a 

~ v-io 
v-11, 12 

V-13, 14 
V-15 

Res is tor  10,000 ohm, 1 mtt,  var iab le  Ranbe 5 
11 . 
11 8,500 o h ,  1 wtt 

15.000 c . h ,  1 u t t ,  var iab le  [Ran&e,I] 

15,000 c h i n ,  1 c r s t t ,  v i . i iable  
15,000 ohm, 1 w:t, vc?iable 

I1 
I1 

II 7,500 C ~ X ,  1 watt: var iab le  

11 L2,OOO o h ,  1 2  :r:,tt 

I1 1000 ohm, 1 Katt 
II 2000 o b ,  i w t t ,  v&ri;ble 
I1 150 dun, 1/2 viatt, v:,ri;ble 
11 1000 -.dun, 10 v.att 
I I  3500 ohm, 10 v x i t t  
I f  10,000 o h ,  10 watt  
If 0.3 negohn, ;.watt 
I1 0 .1  mekohm, 1/4 ::stt 
It 0.2 p e g c h ,  1/4.\:att 
11 0.3 n e k o h ,  l /4  itctt 
n 0.3 negohu, l/j wttt 
I1 0.25 neLohCl, 1 4 hatt 
I1 2.25 megohm, l/4 watt 
I1 100 negoha, IRC n e t a l l i z e d  
11 10 mekchm, .1 watt 
I1 1 megohm, l /4  watt 
11 0.5 ncecha,  1/4 wctt 
I 1  1 megk..hm, 1 watt v m i a b l e  
I1 1 neg.,hia, l / 4  watt 
I1 0.75 n e L h n ,  l / 4  wtt 
I1 1 oe,ohii, 1 watt, var iab le ,  l inear  
I1 2000 ohm, 10  vratt 
11 , 0 . 5  rnegchn, 1 v:stt, vsr iab lc  

Svdtch, push-buttm, polystyrone i n s u l a t i s n  
I1 ro ta ry ,  2 L. :g, 8 csntmt  
11 tog,le, SPST 

II 300 ohxi, 1 watt, var i&ble  

I1 1000 Uhnl, Liz W i ' . r .  

11 toggle,  DPST 
Transf:nrrner, General itnclic:. Ne. 365-428 N I L  

Vacuum tube, type 657 
II type 6557 
II type 6SJ7LT 
II type 6~C7/1852 
II type 6x5 
I1 . t ype  2X2/87? 
I 1  type 6 C 5  
I 1  type 6C6 

N C J .  33190 

Neon bulbs, l/4 wtt,  bi.yGnet base, i n t e rna l  
r e s i s t ance  ;u t  

Regulator tubes,  ~ L S ,  t y j e  VA 105-30 , 

Vacuum tube, type 6K6G 
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Appendix B - Dingram X I  

V * i  
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Legend e 

C I R C U I T  COthP.CNETiTS FOR R ~ D I O A C T I V I T Y  GROUND 
. ?  

SCANNE;RCIHCUIT D I A G W  

kmmeter, 0-1 ampere’, Weston Model 506 ,.’, 

a a t t c r i e s ,  bank o f  4 Burgess typc 3023 t a & d , i t  -.. 

f l a t t e r i e s ,  bank of 4 Burgess type 21308 ta?ped. ?k A 
Battery,  automo5ile s torage,  5 1  g la te  or l a r g e r  
Condenser, 4. mfr l . ,  150 vo l t ,  C-*3 type BR 4 i5  

Milliammeter; rewrdidg, 2:?terline-Ane;us t y , ~  Aid, . O - ~ J R ,  
Fuse, 1/16 ampe-Fe , L i  t f l e f u s e  (cont ro l  paaal) 
P.esistor, 100,000 rnegohni, IEC 

I1 0.15 megaha, 1 w t t ,  IHC type VX4 
II  20 meKohm, 1 v:att 

11 0 . 5  meC;ohm, IRC type W 4  
11 

II  10,000 ahu, vzr iab le ,  wirewjund (‘ZLril:) BUJ . -2 . 
11 . 50,000 ohin, I R G  type W 4  
II  0.5 meg>hu,.IRC type WW4 
It 10,000 ohm, 1 watt 
II 0.1 megohm, 1 watt 
It 100 o b ,  2 watt, vhr iab le  
11 L5,OOO ohm, I R C  type W 4  
11 4000 ohm, 1 watt 
11 10.000 ohm. v w i a b l e .  wirewund (lfMETE8 

,., , 1. 22* Volts 

45 vo l t s  

11 0.25 nfd., 400 .rolt, oaper 

15,000 ohm, v z i s b l e ,  v;ircwwnd 0 .  
11 

65,000 ’ ohro, 1 wtt 

. CALIB. I t )  
I1 7 1/2 ohm, 5 watt, uiirewound 
11 30 ohm, 10  vr’att, wirevrvund 

I1 togkle ,  DPST ~~~~ B”) 
f t  toggle,  DPST I t  XASlt) 
II rotary,  5 contact ,  2 gang (11S!3JS. NPJYGE1’) 
11 push s h o r t  ( I I I N i W ’  SHORTII) 

Switch, toggle ,  DPDT I I I O N .  VOLTSII) 

, ,  11 . toggle ,  SPST (“FILI&lENTll)’ , .  

Solenoid, re lay ,  grid input short ing 4 v o l t  DC 
Vacuuv tube, e l ee t rope t s r ,  type bJ7G4, RCA o r  Syl-3nia  

I1 pre-amplifier,  ty;?e 655 metal 
I1 recorder output,  type 6SN7GT 

Designatinns within the  parentheses r e f e r  t o  c s n t r s l s  rm cont ro l  
pane l  sf scanner e l e c t r o n i c  unit .  
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; t Graphs 

’ .  I. Typical Recorder Tracings Obtaineo f r m  an Sd.1.T. 
Counting Rute %deter 

Dccay Curves for Radi,.m.nghnese (Mn 5 2 ) ,  Half-Life 
6.5 Days 

11. i 
I !  

111. Y.r.rkin& Curve fur Decr;y Correcti-,n of Neasured SanpLes . ,  
‘ I  

I V .  H Content Evaluation Curve f o r  Cnunter No. 213, 
Operation of 10/18 

I1 

V. Preliminary and Fina l  Scanner C d i b r a t i m  Curves 



I 

. I  

Y 
P 

n 

QPGSR No. 53, 
Appendix C - GraDh I 

GRAPH I. Typical Rewrder  Trac in js  
Obtainqi itom an U.I .T .  Gmnting 

h t c  Meter - 
The l i n e  XXf re2resents  swing 3f the Esterline-Antus 

meter neddie f:>r full s c a l e  def1ect i .m on any rcn&e. The 
t r a c i n g  i n d i c a t t d  by the  l i n e  h4 is a t yp ica l  bacic,rL.~und. 
t r a c i n g  recorded by the counter when i t  icas shleldt-d Gy li 
inches  of lead .  The l i n e  I& is 30 sca l r  divisi..ms m the 
20C count >er n inu te  l u l l  s c a l e  r m k e .  T ! w  backt,1olliid 
count f igare  is, then, 60 c u u n t s  Jc r  ainilte. 

The tr&cFrlL indici,teC by lime a b  is ... 1x1 il bscXground 
recrirc'lng, but n l t h  n3 shielding far the ::.mntcr tub+ .  T2.s 
recorded vhlue is 75 sca l e  d iv i s ions  dn tnr: 23U c w n t  :J~I. 

a i n u t o  r a k e ,  or 150 counts per ininutc. 

The trircin8 CC i s  t h L t  af a Lp2rdximste 5.5 as. 
r rd i ccobn l t  source a t  3 f e e t  ( c u - i t c r  shielded) m d  t r t i c in i  
DD is t h i t  Jf t h e  s a m  source a t  5$ fett. Tr-cFnL CC was 
on til;: 5000 c m n t  g e r  n inu tc  rcnrie whhereLs t r a c i n b  DD was 
!,a tne 1000 count per  minute range. 
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, ,  ' 6  APPENDIX D . 

. 

From a l e t t e r  f r o m  Prof .  J. Vi. I rv ine ,  J r . ,  fissistant 
Profassor uf Chemistry, MfT Rkaioac t iv i ty  Center, dated 
August 12; 19.44: 

For this $regara t ion  chramium metal ~ L e c t r u p l s t e d  xi it 
.&IT sP.&kixiL t a r g e t  hcad is  very nearly a r , i a e a l  t a r i e t .  En52 
i s  m 0 e  by ( d, 2n) r e a c t i i n  un' Cr52.  A t  1.4 lni1li.m v.dtu 
bmbhrding energy the (d, 2n) reac t ion  1s a highly  $robable ' 

m e .  The Cr52 i s a tope  is  approximstcly 50 per cent  abundant. 
V.ICh such heads we are ab le  t a  bambrird w i t h  beam cur ren ts  r.f 
from 400 t o  500 m2croamps v.ithout burnini; the t a r g e t  These 

l s t i v e l y  low c o s t  of %52. 

' After  bombqrdment t i e  chromium 1 3  ilissolvcci f r o u  the 
tan&& head with concentrated HC1. Twenty milllgraizs of &In 
a r ?  &dded t o  the so lu t ion  a s  & carrier hnd hydrogen sulfide 
metalc p o c i p i t a t e d  with H S. 

30 ;per  cen t  H202 i n  a NaOK so lu t ion .  .In t.his r eac t ion  Mn is 

; f a o t o r s  ,all combine t o  make pos3ible t h e  h i g h  y i e l d  ond. lie- 

AfteI' b , > i l i n g  to'reioc;ve the  H2S 
thq Mn 'is separated from t fi e C r  by repehted t - ts tmsnt  with 

and t h e  small 

the  Cr q u a n t i t a t i v e l y  

.. . 
.. . I  

! , I  ' , 
, 9 ' -  , i 



APPENDIX D 

The nuc lear  p rope r t i c s  o f  Id1152 a r e  as fb l loys :  

This i s o t o g e  decays by s i t r o n  emission (0.562 MbV) i n  33 p e r  
cent of t h e  disintegrcit!&s and by K cagture in 67 2er  cent  o f  
t h e  d i s i n t e g r h t i a s .  Both mxles o f  d i s i n t e L r a t i , m  leave the 
resulting Cr52 nucleus' i n  the  same exci ted s t a t e .  
nucleus then  decays by the  cascade emission o f  3 &&iiii2ia rays 
who$@ energies tire 0.736,  0.94, t a d  1.46 MEV. The h&lf l i f e  
for t h i s  i so tope  i s  6.5 days. Thsse jro,;crt ies .ahlce this 
i a o t y e  a f a i r l y  s a t i s f a c t o r y  one f o r  the  ty se  of use t o  which 
i t  i s  being put .  

This  product 
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