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OPTIMIZATION OF SAMPLING F(lK %WE DE'I'ERt'IINATXON OF 

TIiE MEAN FSDTUPI-226 CONCENTRATION IN SURFACE SOIL 

ABSTRACT 

l r t  t h i s  rep0r.L we desc r ibe  t h e  r e su l t s  of a f i e l d  experiment 

designed t o  h e l p  i d e n t i f y  ar i  optimal. method f o r  de te rmina t ion  o f  

compliarxce with the U .  S . Environmental. P ro tec t ion  Agency's Ra-226 

g u i d e l i n e s  f o r  s o i l .  The primary goals o f  t h i s  s tudy  were (1) LO 

e s t a b l i s h  pracr::ical 1.e.vt:l s o f  accuracy 2nd preciston thac can be 

obtai.ned i n  e s t i m a t i n g  t h e  m e a i l  F.a-226 conceni:ra,t:l.on of surface :;oil. i n  

a mal-1 contam.inated reg ion;  ( 2 )  t o  o b t a i n  empi.ricaI in format ion  0i-1 

cornposite vs .  i n d i v i d u a l  s o i l  sarnpl.ing ai:d on random vs. uniforar1.y 

spaced sampl img; and ( 3 )  t:o examine t h e  p r a c t i c a l i t y  of us ing  gamma 

aicasurements i n  p r e d i c t i n g  the average s u r f a c e  radium coilcentrat:i.on a,nd 

i n  estiniat-ixig the r;und:,er of s o i l  szmples r equ i r ed  i.0 obtai.n a given 

I.evrl. o t  accnracy and p r e c i s i o n ,  NurnesroiJs s o i l  samples were co1Iect:ed 

on each of si.x s i . t e s  known to be contaminated with u r a n i ~ m  mi.tl 

t a i l i n g s .  'Yhree types  of samples were c o l l e c t e d  0x1 each s i t e :  10- 

compos i tx  samples 20-composite sanples, and irxdivi.dua1 02: p o s t  ho le  

samples 1.t: was found t h a t  1.0-ccxiipOsi.t:e sampling i s  the  neth hod of 

choice  among these three approaches,  i n  that i t  yields a given level of 

acc:ura.cy an.d p r e c i s i o n  f o r  t h e  least c o s t .  i t  i ~ a s  a lso  found t h a t  

gamma measurements can be used t o  redi.icc s u r f a c e  soi.1. sampling on some 

si.t:ns. 

v i i .  
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I .  INTRODUCT LON 

Large quan t i t i - e s  of  processed uranium o re  r e s i d u e s ,  c a l l e d  i a i  7. - 

i ngs  ~ have been genera ted  i n  t h e  Uni-ted S t a t e s  s i n c e  the e a r l y  1 ~ 3 4 0 ' s .  

These t a i l i n g s  g e n e r a l l y  have been depos i t ed  i n  ponds o r  i n  huee s t u c k -  

p i l e s  and al lowed t o  dry .  111 some cases  d e p o s i t s  were l e f t  unprotectc:tl 

f o r  several yea r s ,  a l lowing  the  tai.I-ings t o  be  s c a t t e r e d  by t h e  wind 

over  t h e  surrounding area o r  t o  be msed by riearby r e s i d e n t s  as sand sub- 

s t i t u t e s  o r  as b a c k f i l l  mater ia l . .  

I n  1 9 7 8 ,  t h e  U. S .  Congress passed Pub l i c  Law 9 5 - 6 0 4 ,  i , h c ?  LJrani : . im 

Mill T a i l i n g s  Rad ia t ion  Control  A c t  (UPITRCA) , r e q u i r i n g  the  f e d e r a l  

government t o  perform remedial. a c t i o n s  on i n a c t i v e  urar~iuiii mill t a i l i n g s  

sites t h a t  had been f e d e r a l l y  supported and on v i c i n i t y  propc-L-ties t h a t  

had been contami.natc?d by t h e  t a i l i n g s .  The IJ"  S .  Department of  Energy 

( D O E )  w a s  a s s igned  t h e  r e s p o n s i b i l i t y  for conduc1:ing remedial  a c t i o n  at; 

24 s i t e s ,  l o c a t e d  p r i m a r i l y  i n   he western  United Stat.i:s ~ I h i  s a s s i g n -  

ment. i.s be ing  m e t  through DOE'S IJraniuin M i l l  T a i l i n g s  R e r i i c h d i  a1 Action 

P r o j e c t  O f f i c e  (UMTRA-PO) i n  Albuquerque N e w  Mexico. Ths Radio! o g i c a l  

Survey A c t i v i t i e s  (RASA) group o f  Oak Ridge  national^ 1,aboratory se rves  

a s  a n  Inc lus ion  Survey Contract:or ( I S C )  f o r  t h e  UMTFLq-PO and conducts 

r a d i o l o g i c a l  surveys  o f  p o t e n t i  a l l y  contarrtinriiied p r o p e r t i e s  i n  o r  near  

Grand .Junction, Colorado, an area r s q u i r i n g  perhaps thi. grt?atc:st  amount 

o f  remedial  act i -on.  

A pr imary r e s p o n s i b i l i t y  o f  th2 UPITRA-PO i s  t o  cer t - i fy  t i i a t  po ten-  

t i a l l y  a f f e c t e d  p r o p e r t i e s  a r e  i n  compliance wi th  c u r r e n t  s t m d a r d s  o f  

t he  Environmencal P r o t e c t i o n  Agency (EPA)  f o r -  contamin,l,tion o f  s o i l  with 
Ra-226 ( 4 0  CFR P a r t  192) . These s t anda rds  r e q u i r e  tihat- :.he average 

3 Ra-226 c o n c e n t r a t i o n  over  a 100-m area n o t  exceed 5 pCi/g above back-  

ground i n  t h e  t o p  1.5 cen t ime te r s  of  s o i l  o r  1 5  pCi/g above background in 
15-cm-th ick  l a y e r s  moire than  15  CLII below ;-he s u r f a c e .  R 

huge number o f  propert ' ies involved ,  each prope r ty  must be s c r e ~ : n ~ d  

a g a i n s t  t h e  EPA s t anda rds  as economical-ly as p o s s i b l e .  Thus, i.t: i s  

e s s e n t i a l  t h a t  survey procedures be designed tio y i e l d  opt imal  informa- 

t i o n  froin a l i m i t e d  number o f  soi.1. snrrqiles and f i e l d  measuremenis.  

1. 

In t h i s  r e p o r t  WE desc r ibe  the  r e su l . t s  o f  a f i e l d  experiment 

designed t o  h e l p  ident i - fy  the  optimal. rnetiliod f o r  sample c o l l e c t i o n  

x i t h i n  a radium-co*ltrarrii.nated a r e a .  The goa l s  arc: t o  f i n d  p r a c t i c a l  l e v -  

e l s  o f  accurscy  and p r e c i s i o n  [:hat can be obta ined  i n  e s t i i n a t i n g  the  

mean radium concen t r a t ion  o f  a g iven  depos i t  and t o  des ign  a sampling 

p ro toco l  which adequate ly  c h a r a c t e r i z e s  a dcpos i  t: wi th in  c e r t a i n  con-  

s t r a i n t s .  (For the purposes o f  t h i s  s%udy w e  defiine accuracy as the  

c loseness  of a measured or cornputed va lue  to its true va lue  and p r e c i -  

s i o n  a s  t h e  c loseness  of repea ted  measurements of  t h e  same q u a n t i t y .  ) 
2 



'The primary consi 'e the  ti-m.e and cosis of  saiiipling and ~11e T5asi.- 

1j.iIi.t-y o f  a mtl-:od f o r  a giver, deposiE. 

We have i n v e s t i g a i  i l r r i  rc.l.ative meri.zs o f  t h r e e  types  o f  s o i l  

s amp i c s , d i  s .i: i . n p i  shed the method of co l l ec i i -on .  'Z'heze a r e  r e f e r r e d  

t o  a s  10-r.oinposii c saiiiples, 20-coiiiposiCe samples,  and individual. o r  p o s ~  

Ih~1.e S..iJilpleS. A 10-ccinposite sample c o n s i s t x  o f  1.0 a l i q u o t s  o f  s o i l  

weighi~ng -.50 ,g each aiid taken a t  approximately uniformly spaced poi i i ts  

over t he  d e p o s i t .  A 20-coinposi t e  sanrp1.e co i i s i s t s  o f  20 a l i q u o t s  we:igh- 

ir lg -25 g each ,  cc l l lec ted  at approximately unifozri!Zy spaced p o i n t s  over 

the deposi t - .  An individrial  sample weighs -500 g and i s  c o l l c c t e t i  f ic i i l  

an area o f  s e v e r a i  hundrcc! square c c n t i i n e ~ e r s .  A s  a n a t t e r  o f  p r a c t i -  

cal.] i:y, a1 1 o f  i~h;.. s0i.l. samples c o l l e c t e d  T C ~ ~ T E ?  taken f f o i n  t h e  t o p  15 cm 

o f  s o i l .  

We have ;lis0 exairincd the p o s s i - b i i i t y  o f  u s ing  s u r f a c e  gnmma meas- 

uremeiitis t o  r e . 3 ~ : ~  E'nc~ czmoiini: o f  s0i-J sarCplii-Lg ileeded. In parti.cu1 ~ . r ,  

-p,a [led the p o t e n t i a l  use of- gamna ~ 1 ~ ~ s 1 i ~ ~ I : ! ~ ~ 1 t  '1 i I? prkidi c t i i ~ g  

t h e  axT.c.rngc f;ul~ rac i r  rsdiuiri concen t r a t ion  and i n  e s t i m a t i n g  i'nc ni.inl;,c..r: o f  

t o  oh ta i r i  a given J::ve! o f  accuracy and p r e c i s i o n .  

e :r.ade a t  the gro1.ind siiri'crce a t  i i idividual ( p o s t  

h o l e  1 smp l j . ng  locat ior , . :  ?, ' e  111-11; sar.;p1es were cakeii -:rid a t  .i:l.Le boi:tuiii 

of; t he  ho i e s  P Ci;c31: i r~ .d i \ : i c i i ; ? l  samp!<+s v z r e  I 

.7., .. 
1 nc iU -. .:om::o>j te, 10-composi te .  and indiviCuL1. samples were taken 

P 1 ilig i.,ciiii-:; toi. each s,iiilple type e n c o i ~ p a s s r d  cnch deposi i: i n  

a t a i r i y  ariifor:r, Ti> 2 i.i.g. 1.) . ('im e x c e p t i o n s  a rose  f o r  10- 
coifipc,siti: s ~ - ~ i p ~ < ~ ~  ; ri;es:. ai.:' di .sciiss:~:i 1 at  ei ) As n e a r l y  as  prac . t ica1 ,  

\<:::.- ij'.<sii t 1 . i ~ i f o X ~ ~ \ l ~  at d e p t h s  from 0 i..o 1 5  centi,ne'i;.rs, 

The cornposit.? s , j inp lcc ,  were t-a'xeii us  i r ~ g  a mei:?:ud r c f c r r e 3  t o  as t h e  TAC 

(1 (Fig. 2 ) .  2nd the ind iv idua l  sxnipl-i-:; were 1;aken with a post 
a -  7 ho le  digge,- .  1 . n ~  'A:; drj 11 i1ieZhod c o n s i s t s  sf a heavy d u t y  carpent ry  

dri1J. w i t h  a 1 0 ~ ~ 3  :,!.t atta.:hed A co1lecLjo : r  b u x  x i t h  a b i t - s i z e d  hole 
i n  one cor 'nc i  i s  ;isrd t o  ccintaJ1i the so i l .  i'iiz d~ i l J .  hiL i s  ~ J U C  i i i t o  

;iiti h o l e  < ii t h t .  box and s o i l  i ~ s  pul 1 ed s l o d y  .IF by  t he  b i t ,  through  lie 
hole antt i n i o  t l - e  bo;; (Fi;?. € 3 j  The name TAC is a n  acronym f o r  t he  

Tecl inicsl  i lss is tancc.  C;oniraci:rir f o r  t h e  UNTRPI P ro j e r . t ,  Che Jacobs-West:ot! 

iii, whose c m p j  oyee R .  A .  Ne l son  popul .ar i .zed t:ie ii!Etiiod. 

Samp1.e.s were co1lect-d o n  s i.x t e s t  s i t e s ,  each having a con t ig imus  

d e p o s i r  o f  T t  l e a s t  1.5 sqi~aic: iiict:ers. Five o f  these s i t e s  were chosen 

con;ami~iated s i . t es  in Grand . Junc t io i l ,  C d o r a d o ,  s o l e l y  on t l ie  
,>\-A- , . . ~ens ive  ~ s o i l  sampl ir;g woi;l.d l i t ?  pperril; tted by the  owners. 

The l e v e l  o f  rndiii ir ,  i3017tai~i;s,iti;)n was not  cons ids rc r i  i n  o u r  s e l e c t i o n  

process  b i i t  i t  was known fi-om pi-evi-ous 1 imited measurements t h s t  a t  

l e a s t  two of tliese sites c o u l d  be  regarded a s  marginal ly  contaminated 

( tha t  i.s, contal;iiin;ltion was near gu ide l ine  levels). The s i x t h  s i t e  was 



3 

3 100-square-meter area selected on the or ig ina l  source of the contami- 

na t ion ,  namely, t he  tailings p i l e .  
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We compared t h e  L e v e ! ~  o f  accuracy and p r e c i s i o n  one can expect  

from a s ingl :J 29-composit v s~mple, a s i n g l e  3 0-conpos i tp  .;amp1 e ,  and 

va r ious  (iiimnbers o f  pos t  h o l e  sdmpl("j  chosen (1) at tatidom w i  t X  r ep lace  

meni, 0) c 7 t  rzqdom wit l loi t t  ~eplacement  , o r  (3)  uniformly spaced i n  t-1-r~ 

sense tlLaL A I M L ,  o f  t h e  4cposi t would bc d iv ided  i n t o  somc number N o f  

1 e e ions  o f  n r a r l y  pqua l  a r c 2  arid one sample W Q U J ~  be chosen a t  ra i ldm 

I T 0111 earl, o f  ihesr. re.;ioiis. Random sampling wi th  rep1 acement ( a s  cai - 

r ie t l  ou t  on  a comput P I  ) 1145 iio p r e c i s e  analogy i n  t h c  f i e l d  b u t  has  some 

s i m i l a r i t  i F ' ,  LO 111-  s i t u a t i o n  i n  w i i i c h  sampling l o c a t i o n s  a r e  rhoseri a i  

rand<)1hi and no in j  n i m u ~ n  d i s t a n c e  i s  r equ i r ed  between posl ho le s  This  

would not Lc t i i t .  3a'iie i n  t h e  p~ ese;.,i s tudy  as random sampling wi thout  

rep1 i ce~i i .  nt, bccni$e,r  ? t i  each s i  te there was an  e f f e c t i v e  minimum di s - 

; c ~ n c e  betwecn post hnles dptvrrniried by the  s i  o f  t h e  s i t e  and the  

number o f  L O \ :  + L o l e s .  

1' 

Tli ,anaL>si.; i n  t l l i s  s e c t i o n  w a s  madc without  regard  t o  t h e  gamma 

giound s i i r f a c e  i n  a l a t e r  s r c t i o n  we d i s c u s s  the  p l a u s i -  

i L  -,iJrt<ice gamma rncaqux ements t o  reduce the axtoutit of soi 1 

sam1,l i q ~ , ~ + - c l ~ d  

The rz 7 ,  . z c c u i a c i o s  nndjor p r e c i s i o n s  o f  d i f f e r e n t  types o f  

measureli,ent dil 1 v a r y  yomewhat from s i t e  t o  site, and WE cannot expect  

i o  f itd ;1;~ -.q:iivjl erict? r u l e  without except ions .  Ilowever , t h e  d a t a  indi  - 

c a t c  : l i  i t'i? 'Tean Ra concen t r a t ion  csti lndted f rom a s i n g l e  10-composite 

1 a t  i i r ~ i f ~ ~ i i i i l y  spaccd p o i i ~ t s  encompassing ihe depos i t  i s  

iaiblc ' 4  i liz .ne.in estiinat r 3 r l  From 10 random P O S E  ho le  sample:, 

wi th no dupl  i c a l  iori o f  samplirlg l o c a t i o n s  (sampling without  r ep lace  

mrn?) oi 1 1 5  randoill p o s t  ho le s  with d u p l i c a t i o n  allowed (sampling 

q t ) ,  or 8 p o s t  holes with each sp lcc t ed  randomly f'rorn Gne 

01 8 subreg~ovs o r  approximately equdl a r e a  cover ing  tl i? e n t i r e  dcposit 

i719 appi o : m a t  7 equivalence o f  theye four  approaches i s  i n d i c a t e d  by th t  

d a t a  in Tables  and 3 .  F o r  n x a i ~ i p l e ,  from Table  ? It can be seen  t'tiat 

i l i c i  f o i ir  a;-i,rndches y i2 ld  roughly t h r  same l e v e l s  o f  accuracy a s  meas- 

ured  by ( h e  pozi jon  of as i im<i tes  o f  t he  meail that fall wi ih in  a c e r t a i n  

i n t e r v a l  3hoiJi tlie t r u e  merin a site. From iab!e 3 i t  can he s e e n  

i l i a t  t!ic p r < - c i s i o i l ,  as indic at:d by the  s t anda rd  d e v i a t i o n  d iv idnd  by 
itie piEdict,-G n i s  a l s o  ahnlit  the same for all f o u r  approaches. 

The da ta  Lrur t h e  s i u  Sites do I I O L  allow firm s L a t  i s L i c a 1  scazt>iiieJi:k7 

conr .nr t i ; i iq  d i f f e r e n c  1~~ j i t  zccuracy a n d l o r  piecision bctwcen the 1 0 -  and 

.IO- c~oinpo . 1 i i;' caiiLpl ing i ~ i +  &bods For iriple,  t k ~ e  valrrc ,  in Tables 2 a n d  

7 der i iot  i?c i ic , i  2,T-i r l c a i r t  J i f f e r e n c e s  between the  T NO rlierkiods, 

7 ' -110l.1gh <I ('2 s i * ) i I  o f  the 7 ( ~ - c o m p o s i t r  method, as  a11 a v e r s g e ,  

sed i n  thi r e i t  s e c t i o n ,  n d e e i i l e d  e x ~ m i i n ~ ~ , i c t  
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o f  t h e  da t a  R U ~ ~ ~ ~ S ~ S  t h a t  a b o u ~  equal ntiriibers of  10- o r  20-coriq:)osite 

samples a r e  needed t o  y i e l d  a r e l a t i v e l y  high dt?gree of  accuracy wi.tii a 

gi.ven confidence l eve l  ( say ,  r?.st:iriiirting w-tthin 19% o f  t h e  {..rue mean wi th  

a confidence l e v e l  o f  g o % ) ,  h u t  20-composite samples a r e  superior i f  

l e s s  accuracy i s  r e q u i r e d  ( s a y ,  estima'ikrtg w i . t h P n  30% o f  the ';rue mean 

w i t h  a confidence l e v e l  o f  9 3 % ) .  111 t h i s  a n a l y s i s  the problem iirose 

t h a t  t h e  r e l a t i v e l y  small s t a r d s r d  devi.ati.ons f o r  the 1.0-compositc sam- 

p l e s  on two o f  the s i t e s  (GJ00762 and GJ11.088) may be somewhat Inislead- 

i.ng when c.omp;;lred wi th  those f o r  t h e  20-coxilpasi.t:es. Thi.; i s  because 

some f a i r l y  l a r g e  r eg ions  on each of t-hesc two d e p o s i t s  were not- sampled 

by t h e  10-composite method, which nay have l.ed t o  slight;y- smaller v a r i -  

ations t han  i f   he e n t i r e  deposi-t  had been encompassed, as it was i n  ali 
c a s e s  f o r  t h e  20-cnnrposite samples.  Thus, i t  could be t h a t  t h ~ r e  is  

sl i .ghtly more advantage i n  I-lie 20-ccxi;posi t:e method than  i s  i n d i c a t e d  by 

o u r  a n a l y s i s .  

y i e l d  a b e t t e r  e s t i m a t e  o f  the ~ K U E  mean cor~eent ra t ion .  and t o  have a, 

s t a n d a r d  deviat:ion t h a t  i s  roughly 30% s m a l  l e u  than t h a t  f o r  10- 
composite samples. Xt may b e ,  ho~~rever, t h a t  the larger p l u g s  txket-r by 

t h e  10-composite method have some pract:li:a'l advantages over t h e  20- 

composite p lugs .  I n  p a r t i c u l . a r ,  i t  may ha t h a t  t h e  20-composite sampler 

i s  too  s m a l l  t o  produce a f a i r l y  iuniform plug i n  smile eypes or' soil I 

Also ,  a s i n g l e  50-g  p l u g  should g ive  a l>E?ti:er i.ndica!:icm of t h e  l o c a l  

conditi .on than  a si.ngle 25-g p l u g ,  j u s t  as a s i n g l e  p o s t  ho le  sample 

g ives  a b e t t e r  i n d i c a t i o n  o f  local. contamination than does a single 50-g  

plug.  (Reca l l  t h a t  8 uiiiformly spaced p o s t  h o l e s  a r e  roughly equ iva len t  

t o  a 10-composite sample over t he  same reg ion .  ) Furt:l.zsr conpxrisons o f  

t h e  10- and 20-composite methods a r e  made i n  the  Eoll.owing s e c t ~ i o n ,  

where w e  examine t h e  degree t o  which accur.xy and p r e c i s  Lon a r e  

inc reased  as t h e  number of samples i s  inc reased .  

p r e f e r a b l e  t o  t h e  10-composite method i f  there were 1. i . t t le  a d d i t i o n a l  

ti.me or expense iilvolved wich the f o r m e r ,  However ~ ws found t h a t  one 

28-composite samp1.e r e q u i r e s  approximately twice as much fic1.d time as 

one 18-composlte sample ~ Coiisideri.ng b o t h  collection and a n i l y s i s  of 

sa.mplcs,  we foutid t h a t  a 20-composite sample  c o s t s  approx.i.ii~ately 1 . 9  

t imes as much as a 1.0-conpostt:c satilp1e. It; Ls ev iden t  t h a t  a 70- 
composite sarnp1.e is not. suff ic i .ent1y s u p ~ r i a r  t o  a 10-cornposite sanple  

t o  warrant  t h i s  rriuch a d d i t  Lonal time and expense. 
I t  r e q u i r e s  about  8 uniformly spaced p o s t  ho1.r s-rnples e o  ga in  the 

accuracy y i e l d e d  by a s i n g l e  10-conpusite samp!.e. Since collc.ct.iorr and 

a n a l y s i s  of  8 p o s t  ho le  sampl-es would  c.osiJ ~ h o u t  3 .5 t t ~ i ~ ~  as muel-, a s  a 
s ingle  10-composite s a n p l e ,  t he  10-ccrmposite sampl irig m e  i-hod wo-.iId 

O n  a t h e o r e t i c a l  basis  ~ one nrght  expec t  20-co11ip~j~ite samples t:o 

A l l  i n  al.l., we t h i n k  tha t  the  20-composi.te method would be s1ight:ly 
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appe . - : r  t o  be C h r .  post pronomica1 and e f t i c i en f -  f o r  our p i ~ r p o s e s .  

The prob:en a i - i s i s  that the T A G  drill method i s  n o t  p a r t i c u J a r l y  

w e l l  s u i t e d  t o  c e r t d i n  ~ y p s ~  o f  soS1 For  example, some p r o b l e m  are 

p res0n . i  T J ~ P F  ai-i 1 l i n g  i n  rocky s o i l  o r  i n  extremely l o o s e  s o i l .  We 

th ink  that thc TAC d i  i il ~ ~ t h o d  s h o d  d be supplenenied with another  

met i i c> i l  of c o l l e c i i n g  50-g aliquots o f  s o i l  t h a t  are uniform w i t h  depth 

I * , h i ( : h  tlie I A C  drill method i s  not su i t ed .  
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I V .  INCREASED AGCUKACY AND PKECLSLON WITH INCREASED SBS.lPIAiNG 

Accuracy and p r e c i s i o n  gained by i n c r e a s i n g  t h e  sample s i z e  c a n  be 

eva lua ted  u s i n g  t h e  d a t a  i n  Table 4 .  We have r e s t r i c t e d  a t t a n t i o n  i n  

t h i s  t a b l e  t o  composite samples;  goneral  conclusions f o r  p o s t  ho le  sam- 

p l e s  can be made us ing  t h e  equivalence r u l e s  d i scussed  i n  the  precedi.r?g 

s e c t i o n .  It was assumed f o r  t h i s  t a b l e  t h a t  randomly s e l e c t e d  10- o r  

20-composite sample concen t r a t ions  fol low a normal d i - s t r i b u t i o n  with 

mean equa l  t:o t he  t r u e  mean concen t r a t ion  f o r  t he  regi-on sampled and 
wi th  s t anda rd  d e v i a t i o n  equal  t o  the  observed s t anda rd  d e v i a t i o n  f o r  

t h a t  r e g i o n .  Chi-square goodness-of- f i t  t e s t s  i -ndicate  t h a t  t he  assump- 

t i o n  of  normali ty  i s  a reasonable  one f o r  t h e  composite samp1 .e~ .  

I n  the  fol lowing d i s c u s s i o n  we w i l l  focus on typical .  valuer; f o r  the 

p r e c i s i o n  over a l l  s i c e s ,  €or  f i x e d  l e v e l s  of accuracy.  As i n d i c a t e d  by 

the ranges shown i n  Table 4 ,  p r e c i s i o n  f o r  e i t h e r  composite sa1npIing 

method can va ry  markedly from one s i t e  t o  a n o t h e r ,  depending on the  d i s -  

t r i b u t i o n  o f  contaminat ion.  I n  a 1.ate.r s e c t i o n  we d i s c u s s  the  use of 

t h e  s t anda rd  d e v i a t i o n  of gamma measurements t o  h e l p  narrow i n  on the 

proper  number o f  composite s o i l  saniples f o r  a d e p o s i t  f o r  a given l e v e l  

o f  accuracy and p r e c i s i o n .  

g o a l  an  e s t i m a t e  t h a t  i s  wi th in  10% o f  t h e  t r u e  mean i f  a h igh  l e v e l  o f  

confidence i s  d e s i r e d ,  even i n  the case  o f  composite sampling. For  

example, the average of as many as f i v e  10-composite samples might: be 

w i t h i n  10% o f  t he  t r u e  mean only about. t w o - t h i r d s  o f  t h e  t i m e .  

I t  i s  cons ide rab ly  e a s i e r  t o  o b t a i n  a high l e v e l  of confidence i f  

an accuracy of only 20% o r  30% is  r e q u i r e d .  For example, i t  appears 

t h a t  a s i n g l e  10-composite sample would be w i t h i n  30% o f  t he  t r i . ~  mean 

about t h r e e - f o u r t h s  of t h e  t ime,  and the average of two 10-composite 

samples would be w i t h i n  20% of t he  t r u e  mean about t h r e e - f o u r t h s  of  t h e  

t ime ,  I t  may r e q u i r e  o n l y  2 composiix samples o f  e i t h e r  type t u  e s t i . -  

mate wi th in  30% of  t h e  mean about 90% of  t h e  time and 3 samples t o  e s t i -  

mate w i t h i n  30% abaut  95% of the t i m e . ,  

I t  appears  from Table 4 t h a t  i t  may n o t  be pract i .ca1 t o  set: as a 
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v .  USING SURFACE GAPMA M E A S U R F ~ N T S  TO Rmueiz SOIL SAMPLING 

Predicting the mean Ra concentrat-i.on from the mean garma level 

Wr? i r ivest igated t h e  re1 atLonship between t h e  R a - 2 2 6  concentrat ioi i ,  

y ,  i n  p o s t  h o l e  samples and the gamma l e v e l ,  x ,  measured a t  the  s u r f a c e  

be fo re  the sample was removed ( F i g .  4 ) .  The concen t r a t ion  y can he 

expressed as 

y = A +  BX + E , 

where A and B a r e  cons t an t s  determined by a b e s t  f i t  t o  t he  d a t a  and E 

i s  a random e r r o r  t e r m .  The use fu lness  of t h e  gamma level. x i n  p r e d i c t -  

i ng  the  RR concen t r a t ion  y depends on the  v a r i a b i l i t y  of t h e  random 

er ror  term i.: and whether the  ass-wneb l i n e a r  model is  a p p r o p r i a t e .  For a 

s i n g l e  gamma measurement x the a s s o c i a t e d  random e r r o r  E .  can he q u i t e  

l a r g e ,  so  t h a t  t h e  gamna l e v e l  f r e q u e n t l y  i s  n o t  a good i n d i c a t o r  of the 

R a  concen t r a t ion  a t  a s p e c i f i c  l o c a t i o n  ( s e e  Fi.g. 5 ) .  O n  t h e  o t h e r  hand, 

a si.iiiilar equa t ion  (with t h e  same va lues  of A and B) can be used t o  

predict: t h e  average s u r f a c e  R a  concen t r a t ton  y over an e n t i r e  d e p o s i t  

f r o m  a c a r e f u l l y  determined average x o f  s u r f a c e  gamma l e v e l s .  This i s  

because the  use o f  t he  average ganiina l e v e l  reduces the  va r i ance  of the 

random e r r o r  E considerably ( i d e a l l y  by as much as t h e  i.nverse o f  t he  

sample s i z e ) .  

i '  1. 

Data f o r  t h e  t a i l i n g s  p i l e  were excluded from t h e  a n a l y s i s  because 

t h e  h igh  "background" gaiima level. f o r  t h a t  s i t e  would l e a d  t o  a p r e d i c -  

t ive  equa t ion  (more s p e c i f i c a l l y ,  a R a -  i n t x r c e p t )  t h a t  would riot be 

r e p r e s e n t a t i v e  f o r  d e p o s i t s  w i th  uncontaminated surroundings.  For the  

o t h e r  f i v e  s i t e s  t h e r e  i s  a high c o r r e l a t i o n  between the s u r f a c e  gamma 

l e v e l  and the  p o s t  ho le  R a  concen t r a t ion .  The b e s t - f i t t i n g  l i n e  changed 

only moderately from one s i t e  t o  ano the r ,  arid R2 ranged between 0 . 6 5  arid 

0 . 9 0 .  Reca l l  that: t h e  c o r r e l a t i o n  c o e f f i c i e n t  K f o r  a s e t  of p a i r s  

(x. ,y.)  is  a measure of t.he l i n e a r  r e l a t i o m h i p  between x and y 7  and 

t h a t  a h igh  va lue  o f  K does no t  i n d i c a t e  t h a t  every p a i r  ( x i , y i )  i.s 

re7 a t e d  i n  some p r e d l c t a b l e  f a s h i o n .  W i t h  a value oE R-0.90, s a y ,  1 9 %  = 

( 1 . 0 - 0 . 9  )x100% of the  t o t a l  variation i n  y i s  u n r e l a t e d  t o  x .  
Ry combining the da ta  from a l l  f i v e  s i t e s  and fitting t o  those 

p o i n t s  f o r  which the gamma l e v e l  d i d  n o t  exceed 30,000 cpm (because 

almost all o f  t h e  h ighe r  values  are f rom a single sits and a l s o  because 

a small  number of a p p a r e n t  anonmlies a t  high levels influence t he  s lope  

and i n t e r c e p t  s0mewha.t) w e  obtained the l i n e a r  r e g r e s s i o n  equat ion 

1 1  

2 

Radium concentrat- ion (pCj /g)  - -16.1 .c 2 .  75 Gamma ('1.000 cpm), ( E q .  1) 

2 
w i t h  an R o f  0 . 7 7 .  Hence about t h r e e - f o u r t h s  o f  the  var ia t io i i  i n  Ra 
c o n r e n t i s t i o n  i s  "explai tied" by the observed variation i n  gamma v a l u e s ,  



This  r e g r e s s i o n  l i n e  and t h e  i n d i v i d u a l  p a i r s  (Gaiiunn,Ra-226) f o r  a l l  

gamma levels and a l l  s i t e s  excludi-ng t h e  t a t l i n g s  p i l e  are show-n i n  

F i g .  4 .  To e l i m i n a t e  meter depend.ency i n  f u t u r e  a p p l i c a t i o n s  of t h i s  

e q u a t i o n ,  we have taken t h e  c a l i b r a t i o n  for t h e  instruments  used i n  this 

E i e l d  st:udy t o  conve r t  t h e  equa t ion  t o  u n i t s  of pR/tnr: 

Radium c o n c e n t r a t i o n  (pCi/g) - -21.7 + 1 . 6 3  Gamma (pR./hr). ( E q .  2 )  

S u b s t i t u t i o n  o f  t h e  average gamma level f o r  a d e p o s i t  i n t o  E q .  2 

( o r  E q .  1 )  y i e l d e d  c l o s e  e s t i m a t e s  of t h e  t r u e  mean R a  c o n c e n t r a t i o n  on 

each of  t h e  s i tes  excluding t h e  t a i l i n g s  p i l e  ( s e e  Table 5 ) .  

imum observed e r r o r  i s  20%. Thus, i t  would appear t h a t  t h e  average 

g a m a  level i s  a good i n d i c a t o r  o f  t h e  average R a  concentrati.on i n  sur -  

f a c e  s o i l ;  however, t h i s  should be f u r t h e r  v e r i f i e d  wi th  a d d i t i o n a l  

measurements. Moreover, t h e  p o s s i b i l i t y  of  a s m a l l  amount of  iqward 

concav i ty  i n  t h e  r e l a t i o n  between measured garma and radilum, stemming 

perhaps from a s l i g h t  " s a t u r a t i o n "  e f f e c t  i n  t h e  gamma s c i n t i l l a t o r ,  

should be examined through f u r t h e r  iaeasurements (see Fig .  4 ) .  I% such 

concav i ty  e x i s t s ,  trhe p r e d i c t i o n  equa t ion  sholxld be modified accord-  

i n g l y  . 

The m a x -  

Use o f  gamma measurements to e l i m i n a t e  soil sarnplirmg in some cases 

I t  may be p o s s i b l e  i n  some c a s e s  t u  corrclude on the  b a s i s  of  gamma meas- 
urements a lone  whether surface Ra-226 contamination on a s i t e  i s  above 

o r  below g u i d e l i n e  l e v e l s .  (Of c o u r s e ,  i n v e s t i g a t i o n  of subsurface con- 

taminat ion may s t i l l  be i n  o rde r  even i f  t h e  top  15 c m  of  s o i l  i s  b e l o w  

g u i d e l i n e  l e v e l s . )  11-1 t h e  fol lowing we d i s c u s s  how gamma measurements 

might be used t o  reach such conclusions.  

g e s t i n g  t h e  use o f  c o n s e r v a t i v e l y  h igh  confidence l e v e l s  t o  a l low f o r  

p o t e n t i a l  i n a c c u r a c i e s  i n  assumptions made i n  e s t i m a t i n g  the  s t anda rd  

e r r o r  of  p r e d i c t i o n  when u s i n g  a n  average of gamriia v a l u e s  t o  p r e d i c t  an  

average R a  c o n c e n t r a t i o n .  

The surveyors  should f i r s t  mark o f f  a one-meter g r i d  on a map of  

t h e  s i t e  arid then determine t h e  l o c a t i o n  and a r e a  o f  t h e  contaminated 

r e g i o n  u s i n g  s u r f a c e  gamma measurements. The number N of  g r i d  p o i n t s  

which f a l l  i n  t h e  contaminated r eg ion  w i l l  be  a reasonable  e s t i m a t e  o f  

the area of t h e  r eg ion .  ( I f  N > 100 then r e p l a c e  N w i t h  100 in t he  f o l -  

lowing d i s c u s s i o n .  ) Surface gamma measurements should be ;-ecordcd i n  

1000 cpm a t  each g r i d  p o i n t  i n  t h e  contaminated r eg ion .  The mean, rn , 
and s t a n d a r d  d e v i a t i o n ,  s of t h e  s u r f a c e  gamma measurements i n  1008 

cpm a t  g r i d  p o i n t s  i n  t h e  contaminated r eg ion  can then  be c a l c u l a t e d .  

If BG i s  t h e  background va lue  f o r  the Ra c o n c e n t r a t i o n ,  t h n  The 

s u r f a c e  Ra c o n c e n t r a t i o n  w i l l  be above t h e  c u r r e n t  g u i d e l i n e  l e v e l  o f  5 

pCi/g provided it i s  g r e a t e r  t han  SOO/N + BG. I f  s denotes  t h e  

In  t h i s  d i s c u s s i o n  we are sug- 

g '  

P 
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s t anda rd  e r r o r  o f  p r e d i c t i o n ,  then we can be 99% conf ident  t h a t  the t r u e  

a-veragc s u r f a c e  K a  concen t r a t ion  does not  d i f f e r  from t h e  predi-cted 

average su r face  Ra concen t r a t ion  by K I O K ~  than 2.576 s(. s . ( A  9 9 %  con- 

fideiice i n t e r v a l  i s  t o o  s t r i n g e n t  t o  sel: as  a goal. i f  we a r e  estziniating 

t h e  average Ra concen t r a t ion  d i r e c t l y  from s o i l  samples. We have used 

99% i n  t h i s  case  f o r  conservat ism,  because we doubt t h a t  t h e  a c t u a l  p r e -  

c i s i o n  i n  e s t ima t ing  average Ra i n d i r e c t l y  froni gamma measurements i s  

quit-e 3s g r e a t  a s  our c u r r e n t  l i m i t e d  d a t a  f o r  our small  nurnber of  s i t e s  

would i n d i c a t e .  ) Table 5 gi.ves our c a l c u l a t e d  99% confidence i . n t e rva l s  

f o r  t h e  average Ra concen t r a t ion ,  based on Z L V ~ K : I ~ ~  gamma levels, f o r  the  

~ i v e  s i t e s .  The t r u e  mean Ra concen t r a t ion  on site GJl3660 does not; 

fa1.l w i  t:liiu t he  p r e d i c t e d  99% conf idencc interval ~ b u t  30% of t h e  gamma 

mcnsurements o n  t h i s  s i t e  exceeded 30,000 cpm, a l e v e l  above which t h e  

P 

c 

_ _  Legressioii equa t ion  i..s n o t  consi.dered v a l i d .  

If t h e  e s t ima te  of t h e  average Ra concen t r a t ion  m l n u s  2 . 5 7 6  x s 
P 

exceeds 500/N f B G ,  t h e  s i t e  should be desi-gnated a s  being above the  

gu ide l ine  1 e v e l .  S i m i l a r l y ,  i f  t he  es t imated  average Ra concen t r a t ion  

p l u s  2 . 5 7 6  x s i s  l e s s  than 500/N -1- BC,  the su r face  Ra concen t r a t ion  

can be cons idered  t o  be below the  gu ide l ine  v a l u e .  
P 

Using iiie r e g r e s s i o n  a n a l y s i s  f o r  gamma vs. Ra and a c o r r e l a t i o n  

a n a l y s i s  f o r  p r e d i c t e d  R a  concen t r a t ions  a t  ad jacen t  p o s t  ho le  l o c a -  

t i o n s ,  we e s t ima te  Pihat s does not  exceed the  squars r o o t  05 

1.12+142.7/N, where N i s  t he  number of gamma measurements i n  the  contam- 

i i iated i-egiori. (Reca l l  t h a t  N i s  a l s o  the  a r e a  o f  t h e  contaminated 

reg ion  i n  sq1lai:e me te r s . )  Thus, a s i t e  should be considered above the  

gu ide l ine  l e v e l  Lror su r face  contarnination provided 

P 

7 . 7 5  I( m - 1 6 . 1 - 2 . 5 7 ~ ( 1 . 1 2 + 1 L ~ ~ 7 / ~ ) 1 ’ 2  2 500/N +BG 
R 

O r  

01 r ( (500/N)+BG+l6 (. 1 - 1 - 2 . 5 7 6 ( 1 . 1 2 + 1 4 2 .  7pJ)1/2 ) / 2  ~ 75 , 
g 

i ~ h c r e  112 i s  Ilieasured i n  1000 cpm using tihe instxuments and c a l i b r a t i o n  

f a c t o r s  o f  t h i s  s tudy .  A s  an example, wi th  BG=2.0 pCi/g and a contam- 

iiirited reg ion  05 1.00 m , the above i-nequality reduces t o  

g 
2 

m 2 9 . 9  (x 1000) cpm 
g 

o r ,  e q u i v a l e n t l y :  

m 2 20.2 ,uR./hr. 
8 

Use of gnriinza measuremeiits to es t ima te  the  nuinber of s o i l  sninples  needed 

For many d e p o s i t s ,  t h e  average gamma l e v e l  w i l l  probably be s u f f i -  

c i c i i i l y  high t o  indicai;e t h a t  t he  s i t e  contaminat ion i s  above gui-deline 

va lues  or s u f f i c i e n t l y  ].ow t o  i .ndicate t h a t  s u r f a c e  soil is  below 



g u i d e l i n e  values without s o i l  sampling (and with a high degree of c o n f i -  

dence) . However, t h e r e  w i l l  be sit:es w i . t h  marginal. average gamma l e v e l s  

on which s o i l  sampling i s  needed t o  es t imate  t h e  suxface R a  concentra-  

t i o n  wi th  s u f f i c i e n t  accuracy.  Even on a s i t e  with a n  average sur face  

s o i l  c o n c e n t r a t i o n  below the guidel.ine l e v e l ,  subsurface sampling may 

s t i l l  be i n  o r d e r  t o  d.ecide whether rernedi.i%l a c t i o n  i .s needed. 

T h e  mean arid s t anda rd  de-viat ion of  uxii forinly spaced .gamrno measure - 

merits can  be used t o  estimate an  opti.mim nimbes o f  s o i l  sainples. Sup- 

pose t h a t  w e  want t o  be 90% conf iden t  t h a t  our e s t i m a t e  of t h e  mean Ra 

c o n c e n t r a t i o n  i s  w i t h i n  a f r a c t i o n  F of t h e :  t r u e  mean ( f o r  E:xampl.e, 

F=0.2 means w i t h l n  20% of  t h e  t r u e  iiwarn). Since t h e :  compoci te  samples 

w i l l  be approximately normally d i s t r i b u t e d ,  9Q% of t h e  s a m p l e  means from 

random samples of  s i z e  K wil.1. be wi th in  F of  t h e  t r u e  mean provided 

2 K > [ ( 1 . 6 4 5  x s)/(F x n)>] 

where s i s  t h e  popu la t ion  s t anda rd  d e v i a t i o n  arid In i s  t h e  t r u e  mean. 

Neither s nor in is  known a p r i o r i  and hence both  must be e s t i m a t e d .  From 

t h e  r e g r e s s i o n  of p o s t  ho1e R a  c o n c e a t r a t  i.ons on s u r f a c e  ga.miiia readings 

w e  f i n d  t h a t  t h e  s t anda rd  d e v i a t i o n  o f  t2ie R a  concen t r a t ions  i s  approxi-  

m a t e l y  1 . 6 3  times t h e  s t anda rd  d e v i a t i o n  of g a m a  read ings  i n  pR/hr. 
Also, a rough e s t i m a t e  o f  composite sample s t anda rd  de-si.ation can be 

ob ta ined  by mul t ip ly ing  p o s t  h o l e  sample s t anda rd  d e v i a t i o n  by 0 . 2 5 ,  

Thus, i f  m a d  s denote t h e  mean and s t anda rd  deviation of  t he  s u r f a c e  

garma r e a d i n g s ,  we o b t a i n  the foll.owi.mg e s t ima te  o f  the smallest: nuinher 

( K )  o f  composite samples needed t o  be 90% conf iden t  t h a t  our  Ra es t ima te  

i s  w i t h i n  a f r a c t i o n  F o f  t.lie t r u e  mean: 

6 g 

CI 

K - ( [ 1 . 6 4 5  x 1 . 6 3  x 0 .25  s ] / [ F  x ( - 2 1 . 7  +- 1 . 6 3  m _ ) ] ) L  

= ( ( 0 . 6 7  x s ) / [ F  x ( - 2 L . 7  + 1 . 6 3  in ) I ) '  
g t: 

6 
( E q .  3 )  

If t h e  mean and standar'l d e v i a t i o n  o f  1 he galiiina ~ i i ~ , a s ~ ~ ~ ( ~ i ~ i ~ ~ ~ ~ ~ ~  a r e  given 

i n  Lerms o f  1000 cpni us ing  the c u r r e n t  c a l i b r a t i o n ,  E q .  3 would be 

r ep laced  by 

3 K ~ ( ( 1 . 1 3  x s ) / [ F  x ( - 1 6 . 1  I- 2 . 7 5  IV ) ] )  . iz g 
Table 6 compares t h e  r e s u l t i n g  estimates of the number of samples 

needed on the  s i t e s  i n  t h i s  s tudy (exc luding  t h e  t a i l i n g s  p i l e )  wi th  the  

nurnber a c t u a l l y  needed t o  he  90% conf iden t  t h a t  the Crror  i s  w i t h i n  20% 

o f  t he  t r u e  mean The l a r g e  p r e d i c t e d  values f o r  s i t e  GJQ0870 are due 

t o  t h e  i n c l u s i o n  of  gamma measurements over a la rge  region of  uncoiltam- 

i n a t e d  s o i l .  I f  a t t e n t i o n  i s  r e s t r i c t e d  t o  a r e a s  ( h a t  a r e  c l e a r l y  con-  

taminated on t h i s  s i t e ,  the  nuniber o f  1 0 -  o r  2Q-cornpo5ite samples  needed 

would have been e s t ima ted  as f i v e .  On t h e  o t h e r  four  s i t e s ,  t he  





E 

it mny not. he praci:i.t:LT! t c 1  sei: as a goal  an .acciI.racy a s  h igh  as 

10%. Be~rhaps a n  accuracy O F  2 0 8  wi-i:?-i. H conf ider?ce J.eve1 o f  90% would 
rlCJtl be unreasonable  f o r  si.ii-facc. s o i l  , p a r t i c u l a r l y  i f  cnncl.iisions can be 
drawn f o r  inatzy- s i t t ! s  from the  average gam:na Ievc:!. . 

I n  t h e  col.l.ect. ion of  s o i l  sa inples  o r  gamma rnemu~:ement:s approxi- 

1nate'l.y i in i  .form spac ing  i s  preferable to tota1.l.y random se l . ec t ion  o f  sam- 

p l i  ng 1.ocati.ons. It woih d riot he  :mrthwhil.eI however, to take the t i m e  
t o  lay off an exact  g r i d .  It shoi.~l.d siifFE.cc f o r  surveyors  t o  make rough 

appi_oxiinat:i.ox-ls of distances perhaps  by stepping o f f  dj.st:eri. 

few bre1.1 es.< ah1 i s:icd r e fe rence  p o i n t s  

I n d  i v i d i r a  1 vs. composite samples 

It appears  that f a i r l y  high level ...; o f  accuracy and preci.sioti  can be 

achi.eved iiiuch mDre e f f  i c i en t . l y  u s i n g  camposi-te samples r her .than i n d i -  

v i d u a l  samp1.e~.  Mor-cover, 10-composite sampl.c!s appeared t o  be s u p e r i o r  

t i l  2 0 - c oinpo s i te samp 1 e s when cos  t - e ffee t i-sene s s was cons i de z-et1 . 
A prohl-em arises that smw types of soi l  cannot  be sampled p r o p e r l y  

w i th  t h e  TAG d r i l l  meClmod. This dri.11 method sh0~11.d he supplemented 

wi th  anotiber composite sampling m.ei:.iiod t h a t  w o u P d  be e f f s c t i v e  Fn 

e x t r a c t i n g  approxirnritx7.j; 5 0  :; o f  soL1,  u n j . € o r d y  i:o a &pth  o f  1 5  c m ,  

from any r eg ion  o f  a depnsii- nor  suf . table  for iAie TAC rlril.1.. Foi: exam- 

ple, i f  a IO- in  d e p o s i t  had an z r e a  nE 5 iu tha t  could n o t  ( o r  should  

not) be t e s t e d  vi t ,h  i:lhe TPLC d r i l l ,  then f i w  saiiip7.es gathered  by o t h e r  

methods (wi th  each reduced t o  50 g of' s o l 1  i f  grea:.ex amowits :were 

taken)  ini-ght. be combined, wi th  five SO-g  p l u g s  gathered x i rh  t~he TAC 

d r i l l  t o  form a sing1.e J.O-coi11posite samp1.e. 

sample r:ik.en f rom p o i n t s  uniformly s p x e d  over t h e  w?iole d a p o s i t  . For 

an ac txa l .  f i e l d  su.ri7ey i:he c.01 1 e c t  n of composi:t:e nples can be done 

KICDTP. e f f i c i e n t l y .  if 2 givei?. Y I L T ~ >  , K, of conpusi tc :  : z a i i ~ ~ ~ l ~ : i  a re  to be 

taken from the su:c:face soj.1 OTI 3 site, ?.he contmiioated reg ion  should be 

divi.ded i.nto K r eg ions  of approxi.:na.?ieiy equnl. n.r and one ,composite 

sample shoi~ild be taken from .-:?.cl-i of  .the K r e g l o  Thz su rvqwr  w i l l  

save steps and may be be.t: ab1.e t o  judge app i-oximate1.y un i fo rm spac ing  

over khc?. sm;illcr area. than river t.:'ie< whc?le  dep0si. t .  

2 2 

For  t:he purposes of  t h i s  stcidy i.i: was usefii i  t o  have each composite 
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A c a r e f u l l y  deterlliibied average gamla level a t  ihe s u r f a c e  over an  

e n t i r c  d e p o s i t  can be used tuge the r  w i  i l l  a r e g r e s s i o n  equat i o n  based on 

a h i s t o r y  o f  p.iir-5 (p?nma,Ra-?76),  to obtaiin a rcasonable  csf imate of 

t h e  lilean R a  concen t r a t ion  i n  the  top 15 c m  of  soi l  i n  the d e p o s i t .  This  

could  h e l p  reduce s o i l  sampling s u b s t m i i a l l y .  Ollce o v e r a l l  goals  f o r  

accuracv and p rec i  s i o n  have been chosen, T ~ J G  coul d de te i  mi ne s i t e -  

spec iE ic  va lues  G <G such Lhat an  aveiage gamma l e v e l  l e s s  i-han G 

would i n d i c a t e  t h a t  t he  su r face  R a  concentrat  i on  f a l l s  below gu ide l ine  

l e v e l s  and an average gamma l e v e l  g r e a t e r  t han  G would i n d i c a t e  tha t  

remedial act  i o n  i s  i n  o r d e r .  I f  the average gama level  i s  be tueen  G 
and G t h c  cleteririinai i o n  of t h c  m e . m  s u r f a c e  K q  concen t r a t ion  would be  

made by s o i l  sarrlp1ing and a n a l y s i s .  The va lues  G and G will he  a 

func t ion  o f  t h e  des i r ed  accuracy and p r e c i s i o n  t h e  backeround R a  con- 

c e n i r a t i o n ,  and the  a r e a  of  Che deposit  

1 l ?  

2 
1 

2’ 
1 2 

The p r e s e n t  Ra vs gamma regresq ion  l i n e  qhould be improved by c o l -  

l e c t i o n  o f  s e v e r a l  p a i r s  o f  po in t s  (x,y), where x i s  the average g a m a  

f u r  p o i n i s  <si- urhich a composite s a m p l ?  was t aken  and y i s  the radium 

concen t r a t ion  i n  i h d t  composiie sample. I n  the f u t u r e ,  s u r f a c e  gamma 

readings  should be recorded a t  each p u i n t  Tron, which a 10-composit-9 plug 

i s  t &et:. A r c g f r s s i o n  equat ion  o f  lo-composi te  R a  concen t r a i ion  

a g a i n s t  avr rage  g a m d  ( t aken  a i  the 10 poir i ls)  wi th  t h e  composite sam- 

p l e s  t aken  f r o m  d i s t i n c t  (non-overlapping)  reg ions  woirld y i e l d  a much 

p r e f e r r e d  r e g r e s s i o n  equat ioi i .  W i t h  t h i s  improved equa t ion ,  we would 

not havc t o  make t h e  conservai ive e s t ima te  cf t h e  s t anda rd  e r r o r  o f  

p i e d i c t  io11 vJhen us ing  the a w r n e e  garaa l e v e l  t o  p r e d i c t  the average R a  

concen t r a t ion .  

The nurrbnr o f  s o i l  samples r cqu i r e?  f o r  l l i e  d e s i r e d  accuracy and 

prec is io i i  c’aii be  esti i i iatsd from tlie s t anda rd  d e v i a t i o n  o f  t h e  gamma 

measurements as d i s c u s e d  e a r l i e r .  However, some praci i c a l  l i m i t  on 

s o i l  sampling should he s e t ,  such as f i v e  10-composite samples.  More 

saiiiples may bc il l  o r d r r  i f  the arpa of  t he  d e p a s i t  is s u b s t a n t i a l l y  

g r e a t c r  I : I ~ L - L  t ho  icirp,eT t d . > p ~ s  I t i n  t h i s  s h d y .  

Evalunr:i~g s u l i  - e- c nil t a n i  1.2 t j on 

af tile l evc l  of  cont~ininatlon i n  subsur face  s o i l  

p r e s e n t s  C I ~ I I S  i %il,l c p r a ~ ~ t c a l .  problems. ,  arid i t  ~ 0 1 1 1  d n o t  be reasonab’l P 

to s?i t l l c a  c ~ I I ~ P  r,oa?s ~ C C L ~ A C Y  slid p r c r i  s i o n  i n  cntirriating t i i e  ave r -  

ax? b i i h ~ ~ i r T i ~ c ~  i ia  c o ~ i c e i r t i z n r i o I i  - ~ t  a g i v e n  ~ P ~ I I I  t h a t  on? would s e t  f o r  

quLface I l - L i ~ ! o ~ ~  I’ may be r~ ; i so r i ab le ,  f o t  example, t o  atteinpt t o  

def-crmiine ~h:’ .ivt r q g ~  LI COnccni i-i’sn froln 1 5  t o  30 r m  with an accuracy 

O F  50% at a 903 confidc-:ice leve l  A l t h o u y J i  the p r o ~ e i l t  s tudy  was not 

desigt1t.d to 1; 1- di r c c t  i n toi inai  i O L I  aboui a sampling technique f o r  

,subsdrfa.cn .;oil ;li, eqclivalei.ccs airrurlg C h r  various sampling t -chniques 
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determined f o r  s u r f a c e  s o i l  might be  assumed t o  apply  a l s o  t o  subsur face  

s o i l .  For t h e  s i t e s  i n  t h i s  s tudy  (exc luding  t h e  t a i l i n g s  p i l e ) ,  t h e  

number o f  10-composite samples needed f o r  an accuracy o f  50% a t  a 90% 

conf idence  level  (as p r e d i c t e d b y  E q .  4 )  ranges from 0 . 2 5  t o  2 .  (Of 

c o u r s e ,  anyth ing  less  than  one composite sample should be  i n t e r p r e t e d  a s  

o n e . )  Using our e s t ima ted  equivalence of  one 10-composite sample and 8 

uiii~foirmly spaced p o s t  h o l e  sampS.es, w e  es t imate  t h a t  the number of  pos t  

h o l e s  r e q u i r e d  f o r  50% accuracy a t  ii 90% confidence l eve l  would range 

from 2 ( 0 . 2 5 ~ 8 )  t o  1.6 (2x8) f o r  t h e  s i ~ t e s  i n  t h i s  s t u d y .  

s u r f a c e  s o i l .  

There are v a r i o u s  approaches t h a t  could  be applj.ed to s a m p l e  sub- 

a .  The p r e s e n t  method cou1.d be cont inued ,  t h a t  i s ,  one could  

s e l e c t  two p o i n t s  wi th  average s u r f a c e  gamma l e v e l s  and t ake  pos t  

h o l e  samp1.e~ until a decrease  i.n t h e  garrum leve l  i s  observed.  This  

method does n o t  appear  t o  I.esd t o  a r e l i a b l e  e s t i m a t e  o f  t he  ave r -  

age Ra concen t r a t ion  i n  surface s o i l ,  and we would e x p e c t  i t  t o  be 

a t  l e a s t  as  i naccura t e  f o r  subsur face  s o i l .  

b .  The 10-composite method could be a p p l i e d  t o  subsu r face  s o i l ,  

wi th  p lugs  taken  a t  15-cm i n t e r v a l s  t o  a maximum obtai-nable  depth 

over  t he  d e p o s i t .  Resu l t s  from t h i s  s tudy  i n d i c a t e  t h a t  an accu-  

r acy  o f  a t  l e a s t  50% wi th  a p r e c i s i o n  o f  90% can usua3.ly be 

obta ined  wi th  a s i n g l e  10-composite sample,  a l though two samples 

mi g h t  be  p r e f e r a b l e  i f  t he  s u r f a c e  gamma mea:;urernent:s i .ndicate  

extremely heterogeneous contaminati-on. This  approach would be 

f a c i l i t a t e d  somewhat if some method could  be devised  t o  determine 

the gamma leve l  a t  depths  from which composite samples are t aken ,  

s o  t h a t  sampl.i.ng could  he s topped once a re1.at:ivel.y uncontaminated 

depth  has  been reached.  

c .  A method s i m i l a r  t o  met:hod (b )  could be used ,  except  t h a t  a 

p o s t  h o l e  d igge r  would be  used t o  o b t a i n  a number of  uniforml~y 

spaced ( b u t  o therwise  randomly s e l e c t e d )  samples equiva1.ent t o  t he  

nurnlier o f  10-composites i n d i c a t e d  by E q .  4 .  Thn accuracy and p r e -  

c i s i o n  obta ined  would be  the  same a s  t h a t  wi th  method ( b ) .  The 

advantages o f  t h i s  method a r e  t h a t  t h e  p o s t  ho le  d igge r  wi.11 work 

i n  a1.l types o f  s o i l  and a decrease  o f  cont:aminati.on wi th  depth 

cou1.d be measured i n  the  p o s t  ho le s  witih a gamma scintillator. The 

disadvantage i s  t h a t  cons ide rab le  d igging  would be r e q u i r e d  s i n c e  

e i g h t  uniformly spaced pos t  ho le  samples a r e  approximately 

eqiii-valent t o  a s i n g l e  10-composite samp1.e. 

d .  We have reviewed d a t a  c o l l e c t e d  by OWL from hundreds of  UMTKA 

sites s i n c e  1 9 8 4 ,  i nc lud ing  ex tens ive  comparisons of  s u r f a c e  gamma 
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l e v e l s  and Ra-226 concen t r a t ions  i n  s u r f a c e  and subsurface s o i l  at 

t he  same l o c a t i o n s .  Some of t hese  l o c a t i o n s  showed t y p i c a l  s u r f a c e  

gamma l e v e l s  f o r  a s i t e ,  while  o t h e r s  showed maximum l e v e l s  f o r  the 

s i t e .  W e  have drawn the  t e n t a t i v e  conclusio-n from t h e s e  d a t a ,  

t oge the r  w i th  s u r f a c e  and subsurface gamma d a t a  from the  p r e s e n t  

s t u d y ,  t h a t  a f a i r l y  conse rva t ive  e s t ima te  of subsurface contarnina- 

t i o n  u s u a l l y  can be obtained from subsurface samples taken beneath 

p o i n t s  showing h i g h e s t  s u r f a c e  earnma. Thus, i t  may be u s e f u l  t o  

einploy a v a r i a t i o n  o f  method ( a )  i n  which p o s t  h o l e s  a r e  dug a t  2 - 3  

poi-nts showing hi.ghest s u r f a c e  gamma l e v e l s  r a t h e r  than average 

gamma l e v e l s .  Subsurface samples would be c o l l e c t e d  (for ann1.ysj.s) 

a t  15-cm i n t e r v a l s  as f a r  down as p r a c t i c a l  o r  u n t i l  gaima measure- 

ments suggest  l i t t l e  o r  no f u r t h e r  contamination. Since .the Ra 
concentrat i -on i n  these  samples i.s assumed t o  y i e l d  a conse rva t ive  

e s t ima te  f o r  subsurface contamination, r e s u l t s  could be used only 

t o  conclude t h a t  subsurface contamination i s  below gu ide l ine  

v a l u e s .  I f  t h e  es t i~mate  i s  above gu ide l ine  v a l u e s ,  more ex tens ive  

sampling of subsurface s o i l  ( s a y ,  by method ( b )  o r  ( c ) )  wou1.d be 

i n d i c a t e d .  Thus, t h i s  method would r e q u i r e  r e v i s i t s  t o  a small 

percentage of t he  s i t e s  a f t e r  t he  s o i l  samples have been analyzed 

(consi-derably less  than 1 5 %  o f  t h e  s i t e s ,  judging from the  subsur-  

f a c e  d a t a  f o r  t he  hundreds of s i t e s  surveyed by ORNL s i n c e  January,  

1 9 8 4 ) .  I t  would appear t o  be a f a i r l y  e f f i . c i e n t  method, however, 

s i n c e  it would r e q u i r e  a minimal number o f  subsurface measurements 

on  most s i t e s .  
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FIG. 2. Current sampling protocol---two post hole samples at average g m .  
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Table 5. Cornparism or' t h e  radiuz concen t r a t ion  predicted.  by the 
regressior .  afid the  trge :near1 concent ra t ion  f o r  t h e  d e p o s i t .  

Avzrage su r face  
g aiIllilh m e  a s ur e d 
a t  p o s t  ho les  

Ra conc. 99% confidence True mean 
Site 

pred ic t ed  f rom e r r o r  l i m i t s  R a  conc. 

(,uR/hr) r eg res s ion  e q .  

00 7 6 2 21.0 i2.5 5 . 4 14.2 
CJ00b70 17.8 7.3 - + 4 . 7  9.0 
GJ 11938 25.9 20.5 t 6.3 17.3 
G J 12 7 11 19.3 9.8 * 5.G 7.8 

GJ13650 h 1 . 6  46. la 2 5 . L  57.9 
~~ 

,. 
r- 

30% o f  che pamma measurements on z h i s  site exceeded 3 0 , 0 0 0  c p  o r  54 
p R / h r .  
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