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SECTION 1 - X e s u l t s  

The samples of c o n c r e t e  fill z m t e r i a l s  (sand, .g,taYel, cement and water) 

that were c o l l e c t e d  from each  o f  SIX major  c o n c r e t e  s u p p l i e r s  were analyzed 

for t h e  n a t u r a l  r a d i o n u c l i d e s ;  u r a n i u m  238, thorium 232, radium 226 and 

potass ium 40. Summary T a b l e  1 shows t h e  total n a t u r a l  r a d i o n u c l i d e  c o n t e n t  i n  

one c u b i c  ya rd  of a c o n c r e t e  mix c a l l e d  "4000 mix". 

SUHHARY TABLE 1 

NATURAL RADIONUCLIDE CONTENT IN ONE 
CUBIC YARD OF 4000 MIX CONCRETE* 

RADIONUCLIDE 

Radium Uranium Thorium Po taas ium TOTAL 
CONCRETE SUPPLIER 

M f a m i  Valley Ready Mfx 1,049,700 993,582 311,924 7,423,400 9,778,606 

Roth Concre t e  1,053,140 1,374,382 348,738 8,348,456 10,176,886 

H a r r i s o n  Ready Mfx 1,090,197 1,411,400 351,840 8,017,895 10,900,972 

H f l l t o p  Basic Resources  693,068 1,023,084 413,838 9,051,918 11,181,908 

Erns t E n t e r p r i s e s  710,650 1,391,036 354,889 8,769,536 11,226,113 

PLafnville Concre te  800,025 2,176,965 3 16,297 a ,204,430 11,497~ 17 

+ t o t a l  c o n t e n t  of each  n a t u r a l  r a d i o n u c l i d e  in one c u b i c  y a r d  of c o n c r e t e  
c o n t a i n i n g :  1320 pounds of sand, 1860 pounds of g r a v e l ,  564 pounds of cement, 

35 g a l l o n s  of water. 

The d a t a  in Summary T a b l e  1 was c a l c u l a t e d  from t h e  ac tua l  m a n u r e d  da ta  

shorn i n  Tab les  4-7 i n  t h i s  summary s e c t i o n  and t h e  u e i g h t  o r  volume of these  

materials i n  one c u b i c  y a r d  of c o n c r e t e .  Tab le s  4-7 c o n t a i n  t h e  summary d a t a  

f o r  the n a t u r a l  r a d i o n u c l i d e  measurements  in sand ,  cement, g r a v e l  and water, 

used t o  form t h e  c o n c r e t e .  



1.1 Ana lys i s  o f  Camma-rav S z e c t r a  

Samp1e.s o f  cement, sand  ana  g r a v e l  v e r e  p repa red  by t echn iques  d e s c r i b e d  

in d e t a i l  is S e c t i o n  4 of t h i s  r e p o r t .  Samma r a y s  from t h e s e  sampies were 

subsequen t ly  measured by a h i g h - r e s o l u t i o n  ana  h i g h - e f f i c i e n c y  i n t r i n s i c -  

G e r m a n i u  d e t e c t o r .  Details of the neasurement  sys tem are  a l s o  p r e s e n t e d  i n  

S e c t i o n  4. .inalysis was r e q u i r e d  f o r  po ta s s ium 40 ( 4 0 K )  

thorium 232 (232Th) and uranium 238 (238U). 

radium 226 (226Ra-) , 

Due t o  t h e  low a c t i v i t y  levels of 40!C,  226Ra, 232Th and 23811 e x i s t i n g  In 

t h e s e  samples ,  an 8 hour  c o u n t f n g  p e r i o d  was u t i l i z e d  t o  a c h i e v e  t h e  

s e n s i t i v i t i e s  r e q u i r e d .  ?%e s p e c t r a l  l i n e s  of e a c h  sample were e v a l u a t e d , .  

specific pho topeaks  be ing  chosen  f o r  t h e  a n a l y s i s  of e a c h  of t h e  n a t u r a l l y -  

occur fng  r a d i o n u c l i d e s .  ( L ) ( 2 )  

u t i l i z e d  for a n a l y s i s .  

Uhenever p o s s i b l e ,  several photopeaks were 

The 1460.2 K e V  photon i s  t h e  only gamma r a y  e m i t t e d  by 40K. F o r t u n a t e l y ,  

t h i s  photopeak  h a s  few i n t e r f e r e n c e s .  The a s s i g n m e n t  of t h i s  photopeak i s  

t hus  s t r a i g h t f o r w a r d .  

measurement which must be c o r r e c t e d  f o r  and ,  in a d d i t i o n ,  it is n e c e s s a r y  t o  

The re  i s  some a c t i v i t y  from 4oK i n  t h e  background 

c o r r e c t  f o r  Compton d i s t r i b u t i o n  i n t e r f e r e n c e s  from a number of h i g h e r  ene rgy  

photon8 in b o t h  the  radium and thor ium decay  c h a i n s .  
, 

Three  peaks  were chosen  f o r  a n a l y s i s  of 232Th: 582.7 K e V  910.6 K e V  and 

968.4 KeV. 

tu0 peaks o c c u r  i n  t h e  decay  of  228Ac,  t h e  second d a u g h t e r  of 232Th. 

peaks were chosen  since t h e y  were r e a s o n a b l y  f ree  of i n t e r f e r e n c e s  from o t h e r  

n u c l i d e s  of comparable  ene rgy  among t h e  n a t u r a l l y  o c c u r i n g  r a d i o n u c l i d e s .  

The 582.7 K e V  peak arises i n  t h e  decay of 208Tl, whereas t h e  o t h e r  

These 

Heasurement of 2% by gamma r ay  s p e c t r o s c o p y  i s  d i f f i c u l t  due t o  t h e  few 

spectral  l i n e s  of s u f f i c i e n t  i n t e n s i t y  which e x i s t  in d i r e c t  238U decay o r  

from the u p p e r  c h a i n  members  above  226!la. The two Lines s e l e c t e d  were t h e  

2 
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5 3 . 3  K e V  l i n e  from 234Th aecay  ana the  1301.il4 K e V  l i n e  from 234Pa decay.  

quantum y i e l d  o f  :>e 63.3 XeV l i n e  is h i g h e r  t h a n  :he iOOL.04 KeV Line b u t  is 

found in a s p e c t r a l  r e g i o n  vne re  many p o t e n t i a l  i a t e r i e r e n c e s  e x i s t  from low 

energy photons  and X rays.  There is a l s o  a s u b s t a n t i a l  compton s c a t t e r i n g  

d i s t r i b u t i o n  f rom h i g h e r  energy  photons. U s u a l l y  t h e  63.3 K e V  photon is the  

L i n e  which i s  d e t e c t e d  above background and  Compton i n t e r f e r e n c e s .  

The 

In t h e  a n a l y s i s  of 226Ra a number of s p e c t r a l  l ines were p o s s i b l e  

cand ida te s .  

t h e  294.9 KeV and  351.6 K e V  Lines from 214Pb and t h e  608.9 K e V  line from 

The l f n e s  which were chosen were t h e  185.8 KeV l i n e  from 226Ra, 

. 214Bi. All of t h e s e  photons  have rather h i g h  y i e l d s  and are resonably  f r e e  of 

i n t e r f e r e n c e s  from pho tons  of comparable energy among t h e  n a t u r a l l y  occurfng  

r a d i o n u c l i d e s .  

All of the above mantioned gamma-ray Lines w e r e  ana lyzed  in each  

sample. The a v e r a g e  of t h e  r e s u l t s  from a l l  t h e  lines used  f o r  each  

r a d i o n u c l i d e  w a s  t h e  v a l u e  r e p o r t e d  f o r  t h a t  sample. A d e t a i l e d  compi l a t ion  

of t h e  r e s u l t s  f o r  a11 the samples is given  in Appendix I. It w i l l  be noted 

t h a t  t h e  r e s u l t s  from e a c h  spectral  l ine are compiled.  Overall the  a c t i v i t y  

va lues  (pCi/grarn) o b t a i n e d  were in good ag reemen t  f o r  t h e  grouping of l i n e s  

u t i l i z e d  f o r  e a c h  r a d i o n u c l i d e .  

1.2 S u m m a n  of  R e s u l t s  

The r e s u l t s  of a n a l y s e s  of two samples of s and ,  g r a v e l  and cement from 

each s u p p l i e r  a re  shown in Tab les  1, L a n d  3. In t h e s e  t x b l e s  no a t t e m p t  has  

been made t o  c a t e g o r i z e  t h e  r e s u l t s  by c o n c e n t r a t i o n .  This is done in Tab les  

4 ,  5 and 6 where t h e  a v e r a g e  v a l u e s  are r e p o r t e d  ranked  in o r d e r  of  d e c r e a s i n g  

- 

c o n c e n t r a t i o n .  R e s u l t s  o f  the  a n a l y s i s  f o r  e a c h  sample, are .  d i scussed  below. 

3 
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Cement $am0 l e a  

Table  1 summarfzes r e s u l t s  of the a n a i y s e s  f a r  t he  cement samples. The 

agreement between the a n a l y s e s  of the  Cdo samples  i s  e x c e l l e n t  f o r  226Ra, 

23211h and ‘OX. 

the l i m i t s  of e r r o r  of most 238U a n a l y s e s  u e r e  h i g h e r  than f o r  the o t h e r  

The agreement between the  v a l u e s  f o r  238U is n o t  as good s i n c e  

n u c l i d e s  due t o  s i g n i f i c a n t  spectral  i n t e r f e r e n c e s .  

The l o u e s t  2261ca Concent ra t ion  was found in t he  cement samples from E r n s t  

E n t e r p r i s e s  and H i l l t o p  Basic Resources Concrete .  

pCi/gm). 

(approximately 0.59 

Sampien from t h e  o t h e r  f o u r  s u p p l i e r s  had concen t r a t ions  of 1 t o  2 

pCi/gm. Table  4 summrizes  these r e s u l t s  f o r  each  r ad ionuc l ide  i n  o rde r  of 

decreas ing  concent ra t ion .  

The range of a c t i v i t y  of 232Th i n  cement samples w a s  n o t  as l a r g e  a n  

The cement sample from Plainrf l le  Concrete showed the leant 232Th 2268.. 

c o n c e n t r a t i o n  and the  sample from E r n s t  E n t e r p r i s e s  t h e  highest .  The s p e c i f i c  

a c i t i v i t y  of 238 U ranged from approximately 60% of t h e  226Ra activity i n  t h e  

Miami Val l ey  Concrete  cement t o  s l i g h t l y  g r e a t e r  than the  226Ra a c t i v i t y  i n  

o t h e r  sompies. 

Tables  1 and 4 show t h a t  t he  a c t i v i t y  l e v e l s  of 40 K i n  cement samples 

va r i ed  by roughly a f a c t o r  of two from approximate ly  4 pCi /gm t o  about  7.5 

pCi/gm* 

Based upon the  t o t a l  s p e c i f i c  a c t i v i t y  from 226Ra, 238U, 2 3 2 ~  and ‘OK 

the cement samples w i t h  t he  h i g h e s t  a c t i v i t y  were from Ernst E n t e r p r i s e s  

whereas those  w i t h  the l o u e s t  a c t i v i t y  were from M i a m i  Val ley Ready Mixed 

Concrete,  b l a r g e  p a r t  of the  t o t a l  s p e c i f i c  a c t i v i t y  is due to  4 0 K .  

. 

!4 
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Grave l  samDles 

Table 2 summarizes r e s u l t s  o f  the ana lyses  f o r  the g r a v e l  samples. The 

agreement between the a n a l y s e s  of :he t'20 samples is good f o r  226Ra,  232Th and 

40K, while no t  a s  f avorab le  f o r  238U f o r  reasons p rev ious ly  d iscussed .  

The d i f f e r e n c e s  i n  the  v a l u e s  of s p e c i f i c  a c t i v i t y  f o r  2 2 6 ~  were minor 

i n  the  samples of g r a v e l  as borne o u t  by the  r e s u l t s  shown i n  Tables  2 and 

5 .  

samples i s  greater than f o r  226Ba. 

4% v a r i e s  ty a f a c t o r  of two, 

The pe rcen t  d i f f e r e n c e  Fn the  s p e c i f i c  a c t i v i t i e s  of 2 3 2 ~  i n  g r a v e l  

Again the  range of s p e c i f i c  a c t i v i t i e s  of 

The measured specif ic  a c t i v i t i e s  f o r  23aY i n  g r a v e l  samples va r i ed  from 

v a l u e s  comparable t o  the 236Ra a c t i v i t y  t o  roughly a f a c t o r  of tu0 higher  than 

226R8. 

Table  5 shows the t o t a l  s p e c i f i c  activities from 40K, 2 L 6 ~ ,  232'Rt and 

238U f o r  the g r a v e l  samplca, the r e s u l t s  arc as shown i n  Table 5 .  H i l l t o p  

Concre te  has the h i g h e s t  total s p e c i f i c  a c t i v l t y  and M i a m i  Va l l ey  Concrete the 

louast. Again however, i t  shou ld  be noted that a major p a r t ' o f  the a c t i v i t y  

1s due t o  40!L 

Sand samoles 

R e s u l t s  of a n a l y s e s  of the sand samples from the s i x  s u p p l i e r s  are 

suamarized i n  Tables 3 and 6. Again, the agreement between t h e  ana lyses  of 

the  N O  samples f o r  226Ra,  232Th and 40K is  good, whereas i t  is  not as 

f a v o r a b l e  f o r  2%. 

The 226Ra s p e c i f i c  a c t i v i t y  shows very l i t t l e  v a r i a t i o n  between samples 

( roughly  0.36 to  0.47 p C i / g m ) .  A comparable range of values  on a pe rcen t  

b a a i s  a l s o  was found from 23211h and 40K. The range of s p e c i f i c  a c t i v i t y  

, ,'y'a$uues f o r  4oK was f a r  more uni form i n  the samples or' sand than was the case 

5 
- 



f o r  t he  o t h e r  tu0 media. 

S p e c i f i c  a c t i v i t i e s  f z r  :3gr! ranged f r o m  va iues  comparable to  the  

s p e c i f i c  a c t i v i t y  o f  226Iia LO approximaceiv  f o u r  t h e s  the  a c t i v i t i y  of 226Ra. 

Tab le  6 shows a comparison of t he  t s t a i  a c t i v i t i e s  from &OK, 226Ra, 232Th 

and 23% a r ranged  in orde r  of d e c r e a s l n q  concen t r a t ion .  Due t o  the  un i fo rmi ty  

of a n a l y s e s  of each of t h e  n u c l i d e s  f o r  tbe sand sampler ,  t he re  i s  f a r  g r e a t e r  

un i fo rmi ty  f o r  t o t a l  a c t i v i t y  f o r  t h i s  medium than f o r  g r a v e l  and cement 

eamples, Thus the  rank of s u p p l i e r s  i s  n o t  dominated as s i g n i f i c a n t l y  by t h e  

‘dx c o n t e n t  f o r  sand samples as f o r  t h e  o c h e r  tno  media. 

Uater samnles 

The uranium 238 c o n t e n t  in t h e  water samples w a s  measured in the UMCO 

l a b o r a t o r i e s  a t  the  Feed Haterials Production Center. These r e s u l t s  are shown 

in  Table  7. The uranium c o n t e n t  in t h e  water i s  low. Water i s  a minor 

constltueut of the  f t n l a h e d  c o n c r e t e  product. The c a l c u l a t l o n t ~  show that 

unless t h e  water was extremely c o n w i n a t e d ,  the r a d i o n u c l i d e  c o n t e n t  of the 

water will have no e f f e c t  on the ConcentTatIon of r a d i o n u c l i d e s  i n  the  f i n a l  

conc re t e  product.  

6 
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T a b l e  L 

Xatural Xadionuciides i= Ceatenc Samples 

Emst 0 -582 
0.576 

iiarris on 1.910 
1.830 

0.583 
M a m i  Val ley  1.920 

1 . 890 
P lainvi 1 le 1.010 

, 0.974 
20th 1.910 

1,900 

Hilltop o -588 

0 -680 
0.394 
2.060 
2.050 
0 -079 
0.427 
0.304 
1.170 
1.550 
0.870 
1,810 
1.180 

0,458 
0.542 
0.397 
0.351 

0.476 
0.511 

o ,386 
0,385 
0.379 
0.280 
0,425 
0.398 

7.75 
7 042 
5 020 
2.83 
7 000 
6.86 
5 -06 
3.66 
6 046 
5.31 
4.45 
4.08 

Table 2 

Natural RadionucLfdes in Gravel Samples 

40K 
aCi! gm 

226Ecp 238* 23%h 
aCi/csm pCl! gm DCi/p;rn 

Ernst 0 ,339 
0.341 

Harris on 0.394 

H i l l t o p  0 A 3 0  
0.425 

Mami Val ley  0.349 
0.401 

Plainville 0.373 
0.327 

Roth 0.414 
0.306 

0,442 

0.645 
0.833 
0.140 

0 0553 

0.462 

0.768 
0.560 
0.439 
0.563 

0.798 

--- 
0.317 

0 .129 

0 A 6 3  
0.169 
0 A 4 1  
0.250 
0 119 
0 . LOO 
0 A 7 3  
0.114 

0.117 

0.152 
0.125 

3.90. 
3.51 
3.70 

3 -07 
5.37 
2.37 
2.36 
2.62 
3.19 
3 -86 
3.43 

2-83 
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Table 3 

‘rqaturai Zadfonuclides ia Sand Samples  

2 2 63a 238rJ 232-rh 4 2K 
9 C f /  t d i / e  D C i / E :  o C i / e  

Erns t 0 -464 
0.464 

Harrf son 0 -428 
0.425 

H i 1  1 top 0.365 
0.367 

X l a m i  Val ley 0.410 
0.438 

P l a i n v t l l e  0.410 
0.437 

R O t h  0,476 
0.462 

0.214 
0.985 
0.394 

0.753 

0.920 
0.303 
1.910 
0.813 
1.010 
0.892 

0.402 

--- 

0 -177 
0.239 
0 -208 
0.177 
0.217 
0.192 
0 . 190 
0.214 
0.211 
0.174 
0 . 172 
0.249 

6 012 
6.26 
6.97 

6.28 
6.14 
7.07 
7 035 
7.12 
7.06 
6.73 
7.22 

7.19 

3 
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T a b l e  4 

Sunuuary o f  Analysis o f  Cement Samples 

226xa ua,, z3 2Th 4% T o t a l  
[pCi/gI [ pCf/gJ t pCi/gl t pCi/gl [pCi/gl 

1-90 ( 4 )  2.06 ( 2 )  0.50 (I) 7.59 (1) 9.35 (1) 

1-90 (6) 1.50 ( 6 )  0.49 (3) 6.93 ( 3 )  8.44 ( 3 )  

1.87 ( 2 )  1-21 ( 5 )  0.41 (6) 5.88 ( 5 )  8.4L ( 5 )  

0.99 (5 )  1.17 ( 4 )  0.39 ( 4 )  4.36 ( 4 )  8.32 ( 2 )  

0-59 ( 3 )  0.6s (1) 0.37 ( 2 )  4.26 ( 6 )  8.07 ( 6 )  

0-sa (1) 0.43 ( 3 )  0.33 ( 5 )  4.02 ( 2 )  7.82 ( 4 )  

Lirted in order of decreasing concentration w i t h  numbers fn parenthamar 
referring t o  suppliers. 

Average 
** Average 

Ernst- Enterprfzcs 
Harrison Ready M i x  Concrete 
H i l l t o p  Basic Resources 
Miami Valley  Ready Mixed 
P l a i n v t l l e  Concrete 
Ro t h  Concre te 

Va h e  
Value or best  value baaed on sample standard deviation 

I 

9 
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Table J 

Summary of  -4nalvsis of  Sravel Samples 

22%a 23a9 2 3 2 ~ h  ‘OK T o t a l  
[ pCif g >  [pcilzj IpCiIgl I pcif g j  i p C i / g  j 

0.42 ( 2 )  0.80 ( 2 )  0.20 ( 3 )  a.22 ( 3 )  5.35 ( 3 )  

0.38 ( 3 )  0.77 ( 5 )  0.17 ( 2 )  3.70 (1) *.90 (1) 

0.37 ( 4 )  0.74 (1) 0.14 ( 5 )  3.65 ( 6 )  4.65 ( 6 )  

0.36 ( 6 )  0.55 ( 3 )  0.14 ( 6 )  3.26 ( 2 )  4.64 ( 2 )  

0.35 ( 5 )  0.50 ( 6 )  0.12 (1) 2.91 ( 5 )  4.17 ( 5 )  

0.34 (1) 0.39 ( 4 )  0.11 ( 4 )  2.36 ( 4 )  3.23 ( 4 )  

Listed in order of decreasing concentration with numbers in parentheses 
referring to suppliers. 

(1) - Ernst Enterprfzes 
(2 )  - Harrison Rc8dy H i %  Concrete 
(3 )  - H i l l t o p  Baric Resource8 
(4) - Xiiami Valley Ready Hfxed 
( 5 )  - e l a i n v i l l e  Concrete 
( 6 )  - Roth Concrete 

Average Value 
** Average Value or best value baaed on sample standard deviation 

io 
I 



T a b l e  6 

Sununary o f  Analysis of Sand Samples 

L-SRa.' LJaCJ=" L J L T h r  4 u K a  AQEBL 

[pcilgl [ pci/gl [ pci/gI [pci/gI [pci/gl 

0.47 (6) 1.91 ( 5 )  0.21 (6) 7.21 ( 4 )  9.62 ( 5 . )  

0.46 (1) 0.99 (1) 0.21 (1) 7.09 ( 5 )  8.61 (6) 

0.43 (1) 0.95 (6) 0.20 ( 3 )  7.08 ( 2 )  a.45 (4) 

0.b2 (4) 0.75 ( 3 )  0.20 (4) 6.98 (6) 8.10 (2) 

0.42 (5 )  0.6A ( 4 )  0.19 ( 5 )  6.21 (3) 7.85 (1) 

0.37 ( 3 )  0.40 (2) 0.19 (2) 6.19 (1) 7.53 (3) 

Listed in order of decreasing concentration with numbers i n  parentheses 
referring to suppliers. 

(1) - Ernst Enterprizes 
( 2 )  - ifarrisorr Ready Mix Concrete 
( 3 )  - H i l l t o p  Basic Resources 
(4) - Uiami Valley Ready nixed 
( 5 )  - P l a i n v i l l e  Concrete 
(6) - Roth Concrete 

Average Value 
** Average Value or best  value basad on sample standard deviation 

11 
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T a b l e  7 

Concrete Supplier 

7ranium Content Lz k'ater Sampies" 

itarrison Aeady :iFx 
Erast Enterprises, Inc. 
P l a i n v i l l e  Concrete 
Roth Ready Mix Concrete 
Xiami Valley Ready Mixed 
H i  11 top Concrc te 

Uranium 238 
pci/ 1 

0.12 t 0.02 
0.02 * 0.02 
0 . u  * 0.02 
0.44 + 0.06 
0.06 * 0.02 
0.04 + 0.02 

*mtaaured by UHCO a t  the Fernald Feed Uattriala  Production Center 

12 
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SECTION 2 - Lnf orma t f o n  de t e r a i n e a  a u t l x  vendor 38  l e c t l o n  and e v a l u a t i o n  

The s e l e c t i o n  p rocess  t h a t  l e d  t o  the  i d e n t f f i c a t i o n  of  s f x  prospect ive 

conc re t e  s u p p l f e r s  Is desc r fSed  i n  S e c t i o n  5 o f  t h i s  r e p o r t .  I n  summary, the 

vendors were s e l e c t e d  on the  bas i s  of dependab i l i t y ,  s ize  of the f i rm,  q u a l i t y  

of the product,  r e l i a b i l i t y  and expe r i ence ,  A U n i v e r s i t y  of Cincinnati C i v i l  

Engineering f a c u l t y  member ( D r .  3oyd Ringo),  who is an e x p e r t  in concrete ,  was 

consu l t ed  during the i n i t i a l  phase of t h i s  work. 

I n  o r d e r  t o  determfne s o u r c e s  of the component materials f o r  concrete,  we 

interviewed each of the -jar Concrete  s u p p l i e r s  that were i d e n t f f  i e d  as 

p r o s p e c t i v e  vendors, It  was expec ted  t h a t  t h e r e  might b e  a few l i m i t e d  

s u p p l i e r s  in the  C i n c i n n a t i  area of t he  c o n s t i t u e n t  materials; sand, gravel 

and cement. For example, if there were only two o r  three major s u p p l i e r s  of 

sand i n  t h e  area, then we planned t o  go d i r e c t l y  to these s u p p l i e r s  f o r  the 

sand. 

Baaed on d i s c u s s i o n s  w i t h  each  major s u p p l i e r ,  I t  was determined t h a t  

there are no common s u p p l i e r s  of cement, sand o r  g r a v e l  in t h e  C i n c i n n a t i  

area. The cement is o b t a i n e d  from v a r i o u s  s u p p l i e r s  around the  country.  The 

g r a v e l  is ob ta ined  from l o c a l  s u p p l i e r s  o r  from the  c o n c r e t e  s u p p l i e r ' s  OM 

f a c i l i t y  (p rope r ty ) .  The sand  is a l s o  ob ta ined  from a v a r i e t y  of l o c a l  

sou rces  o r  the  c o n c r e t e  s u p p l i e r ' s  OM property.  

It was expected t h a t  t h e  water used t o  make the  c o n c r e t e  would be 

municipal water that had been f i l t e r e d  and t r ea t ed .  This i s  n o t  the way water 

is  obtained. All the  c o n c r e t e  vendors o b t a i n  water from a n  o n - s i t e  w e l l .  

Some of the water looked d i s c o l o r e d ,  b u t  the  WCO r a d i o l o g i c a l  ana lys5s  showed 

the  water t o  b e  Low fn c o n t e n t  of r ad ionuc l ides .  Also, water Is n o t  a major 

cons t i  t u e n t  I n  concrete .  
. 5  

' ,.: 1 t & 
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I n  summary, the i n f O r U t i O n  ga ined  CUtlng the i n i t i a l  ZdsiC, which was to  

determine s i t e s  arouna the area f r o n  vn ich  c o n c r e t e  fill a a r e r i a l s  a r e  

o b t a i n e d ,  vas t h a t  t he re  a r e  no common s o u r c e s  Of cement, sand, g r a v e l  o r  

water. Sach conc re t e  s u p p l i e r  ( v e n a o r )  u s e s  d i f f e r e n t  sou rces  of cement. 

Sand and g r a v e l  a r e  obta ined  from t h e  vendor ’ s  w n  p r o p e r t y  o r  a local 

source. 

n o t  municipal n a t e r .  

‘dater is obta ined  from t h e  c o n c r e t e  s u p p l i e r ’ s  OM proper ty .  It  is 

The ma )o r  suppliers s e i e c t e d  f o r  t h e  n a t u r a l  r a d i o n u c l i d e  maanurements i n  

c o n c r e t e  materials a r e  l i s t ed  below: 

Har r i son  Ready Mix Concre te  
I74 and Dry Fork Road 
Harr i son ,  OH 
367-0234 

E r n s  t E n t e r p r f s e s  , Inc. 
10093 Prfnceton-Glendale Road 
Fairf i e  Id,  OH 
8 74-8 3 00 

P l a i n v i l l e  Concrete 
P.O. B o x  44160 
C i n c i n n a t i ,  OH 45244 
724-7000 

Roth Ready nix Concrete Co. 
900 Kieley Place 
C i n c i n n a t i ,  OH 
242-8400 

M i a m i  Val ley  Ready Mixed Caacrete 
7466 New Haven Road 
Fe rna ld ,  OH 
739-26 16 

H i l l t o p  Concrete 
5 1 1  West Water Street  
C i n c i n n a t i ,  OH 
621-  1500 

14 



SECTION 3 - G u a l i t v  assurance  

Th i s  s e c t i o n  will provide a d e s c r i p t i o n  OL procedures u s e d  both t o  

e f f i c i e n c y  c a l i b r a t e  the La t r in s i c  G;;armani.jm Detec tor  ana t o  energy ca l ibra te  

and a s s e s s  s l i g h t  g a i n  s h i f t s  in the  gamma spec t rometer  system throughout the 

per iod  when samples were being rou t i n e l y  measured f o r  rad ionucl ide  conten t .  

3.1 E f f i c i e n c v  C a l i b r a t i o n  of Gamma-Rav Soec t rometer  
'I 

The e f f i c i e n c y  of t he  gamma-ray s p e c t r o m e t e r  f o r  40K,  226Ra, 232Th and 

23% was determined by u t i l i z i n g  s t a n d a r d s  c o n t a i n i n g  known concen t r a t ions  of 

t hese  r a d i o n u c l i d e s  and prepared g e o m e t r i c a l l y  i n  an  i d e n t i c a l  f a sh ion  t o  

samples of sand, g r a v e l  and cement. 

Foremost  of these s t a n d a r d s  w 8 8  the National Bureau of Standards, 

Standard Reference Haterial 4353 - Rocky Plats S o i l  Number 1. As may be seen 

from Table  3.1, t h i s  s t anda rd  contains knam concen t r a t ions  of 238U, 232Th, 
226Ra and 4%C i n  a d d i t i o n  t o  a number o f  o t h e r  rad ionucl ides .  

190 grams of this material was o b t a i n e d  from Nat iona l  Bureau of S tandards  

Approximately 

(NBS) . 
A s  recommended by NBS, t he  material was p r e p a r e d  f o r  u s e  by a i r  d ry ing  a t  

4OoC f o r  a t  least  24 hours. This wae done i n  the  same type  sample c o n t a i n e r  

as employed f o r  a l l  bu i ld ing  materials samples.  Following f i n a l  weighing of 

the  sample, the  lid was s e a l e d  t o  i n i t i a t e  t h e  ingrowth of 222Rcl i n  t h e  

226Ra. Yo d e f i n i t i v e  measurements of this s t anda rd  were made u n t i l  a f t e r  a 

minimal 2 1  day ingrowth per iod.  

To p rov ide  a d d i t i o n a l  e f f i c i e n c y  c a l i b r a t i o n  data f o r  238U, lsro o t h e r  

. s t anda rds  were obta ined  on Loan from t h e  Environmental  P ro tec t ion  Agency 

(EPA), O f f i c e  of Rad ia t ion  Programs, ?.as Vegas Laboratory.  These s t anda rds ,  

des igna ted  EPA-3DP and EPA-F, c o n t a i n  t h e  c o n c e n t r a t i o n  of 238U, 232"h and 

' .  ' > '  
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2268a 3h-n t 3  Table 3 . 1 , ( 3 )  I t  w i l l  be no ted  t h a t  t h e  r ad ionuc l ide  

concen t r a t ions  of the  E?A S t anaa ras  is s u b s t a n t i a l l y  h ighe r  than f o r  NBS 

Standard Refereace  H a t e r i a l  k353.  This v a s  of  p a r t i c u l a r  v a l u e  f o r  t he  2381J 

c a l i b r a t i o n  s i n c e  i t  pe rmi t t ed  a nore f a v o r a b l e  peak t o  background r a t i o  t o  be 

obta ined  f o r  t h e  238U c a l i b r a t i o n .  

EPA u t i l i z i n g  t h e  same c o n t a i a e r  as used f o r  materials i n  t h i s  investiga- 

3 0 t h  &PA s t a n d a r d s  had been prepared by 

. 

t ion.  Agreement between t h e  NBS and EPA s t a n d a r d s  was very good. 

Ucasuremcnts of t h e r e  standards were c a r r i e d  o u t  p r i o r  t o  the in i t lr t lon  

of measurements on bu i ld ing -ma te r i a l s  samples and several times throughout the 

per iod  du r ing  which these  samples were being counted. The r e p l i c a t e  

measurements made were found t o  be in good agreement  and se rved  both as a 

check of d a t a  q u a l i t y  throughout  this time pe r iod  and a a  a b a s i s  f o r  

c a l i b r a t i o n  of the gamma spec t romete r  f o r  each  of t h e  t a d l o n u c l i d e s  aaa lyzad  

in t h i s  inves t i g a t i o n .  

3.2 Enerey C a l i b r a t i o n  of Gamma Rav Soect rometer  

Although many of the garam-ray photopeaks from the known c o n s t i t u e n t s  i n  

the NBS and EPA Standards  i d e n t i f i e d  above in P a r t  3.1 serve a s  energy 

reference l i n e s ,  i t  was more convenient  t o  u t i l i z e  a h i g h e r  a c t i v i t y  

multicomponent sou rce  f o r  energy  c a l i b r a t i o n .  The s o u r c e  s e l e c t e d  f o r  t h i s  

purpose w a s  ob ta ined  from I s o t o p e  Products  L a b o r a t o r i e s ,  Burbank, 

Ca l i fo rn ia .  I t  c o n t a i n s  NBS traceable q u a a t i t i t e e  of t h e  nine r ad ionuc l ides  

shown in Table  3.2. 

The gamma-ray energy s t a n d a r d  was measured two o r  t h r e e  times per week 

during the pe r iod  of measurement of t he  samples ana lyzed  in t h i s  study. 

S l i g h t  g a i n  ad jus tments  were sometimes necessary  a t  t hose  times. The 

ad jus tment  necessa ry  was seldom g r e a t e r  than 2 o r  3 channe l s  a t  8192 channels ,  



TABLE 3 . 1  

Rad i onuc 1 i de  

40K 
90sr  

137cs 
226Ra 
28Ac 
228Th 
230Th 
232Th 
234u 
2 3 8 ~  
238Pu 
239P" + 240P, 
24 lb 

3 a d i o n u c l i i e s  Content  of S t anda rds  Used for 

Z f f i c l e n c v  C a l i b r a t i o n  of  Germanium Detector  

Table  3.l(A) 

N a t i o n a l  aureau  of S tandards ,  S t a n d a r d  Reference 
Material 4353 - Rocky F l a t s  S o i l  Number 1 

A c t i v i t y  Total+ 
Concent ra t ion  Unce r t a in ty  

& i / e  ( p e r c e n t )  

1.95 
0.206 

1.16 
1.89 
1.9 1 
1-20 
1.89 
1.06 
1.05 
0.0045 
0.217 
0.0338 

0.476 

9 06 
10-2 
4.5 
6 06 
5.1 

5.1 
5.1 

5.1 
3.6 
5 -1 

11.0 
7 05 
7 03 

me random and s y s t e m a t i c  u n c t r t a i n t i t s  have been combined i n  qaadra t i s e  
a t  a level co r re spond ing  t o  a standard d e v i a t i o n  of the mean. 
o v e r a l l  u n c e r t a i n t i e s  are t h r e e  times t h i s  value.  

The stated 

Table  3 . 1 ( B )  

Standa rds  from Environmental  P r o t e c t i o n  Agency - 
Office of R a d i a t i o n  Programs - Las Vegas, Nevada 

Rad i onu c 1 i de  

Standard EPA - 3DP 

226Ra 
2381~ 

Standard EPA - F 

226Ra 
. 2 3 2 ~ h  
23ag 

A c t i v i t y  S tandard 
Devia t i o n  

PCi/P; (pe rcen t )  
Concen tra ti on 

234 
234 

26.7 

26.7 
14 05 

5 
5 

5 
5 
5 

000820 
-. . 
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TABLE 2 . 2  

Xadionuclide Content  cf Enerzv i a l i b r a t i o n  5 tanaard 

Rad i ouuc 1 i d e  

lo9Cd 
7 ~ 0  

139ce , 

203Hg 
113 sn 
137cs 
6OCO 
88Y 
8 5 ~ r  

I) r i n c l p a  i 
Gamma- r a y s  i s j tic t i v i  t Y  

( M e V  ) (UCi) 

0 0088 

0 1659 
0.122, 0.1365 

0.279 
0.392 
0.662 

1.173, 1.332 

0.5 14 
0.848, 1.836 

0.521 
0.0158 
0 .O 198 
0.0610 
0 -0725 
0.0690 
0 008 14 
0.173 
0.0962 

Date - 
#arch  15, 1987 

I* 

I* 

S o w  t y p i c a l  gamma s p e c t r a  €or t h e  s t a n d a r d  samples a r e  ehonn i n  Figures 

3.1 th rough 3.3.  

3.3 P r o o a e a t i o n  of e r r o r  d u e  t o  S t a t i s t i c s  

Since moat of the i s o t o p e s  unde r  f n v e a t i g a t i o n  i n  the bu i ld ing  m a t a r i a l a  

a l s o  e x i s t  i n  t h e  background, a method t o  c o r r e c t  €or t h i s  and f o r  daterminfng 

the  statistical e r r o r  has t o  be e s t a b l i s h e d .  Let the  area under the  e n t i r e  

photopeak be S ( coun t s )  and the  n e t  area i n  t h e  peak b e  S,. 

s u b s c r i p t  "s** o r  "b" can b e  added t o  i n d i c a t e  wheather  t h e  peak is o b t a i n e d  

X second 
g 

o r  S and Snb). These and SOB, gb from c o u n t i n g  a sample  o r  the  background (S 

a r e a s  are shown i n  Fig. 3.4. 

€9 

If we assume the  s f anaa rd  d e v i a t i o n  of coun t ing  time i s  approximately 

equa l  t o  z e r o ,  the count  rate due t o  t h e  s o u r c e  only  can be c a l c u l a t e d  by: 

eq. 3.1 
A L 

where: t1 and t2  a r e  count ing  time f o r  t h e  sou rce  and background 

:8 i 
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Backgro una 

Background 
(Only) 



r e spec t iye iy .  . 3 e  s t a n d a r d  d e v i a t i o n  cf t he  n e t  c o u n t  rate can ce ca lcu la t ed  

from 

'7 L/2 
- \  f cs- 1 

2 o*= ( 0 .  
X S ns Snb . eq. 3.2 

The S tanda rd  D e v i a t i o n  of t h e  net  coun t  ra te  o f  the source plus 

background ( '; ) can be c a l c u l a t e d  by obtalnfng t h e  ne t  counts under the 
ns 

peak. In f i n d i n g  t h e  n e t  area's  ( S s  and Sub) most s o f t v a r e  rou t inc r  f i r s t  

ob ta in  the  number of c o u n t s  f o r  the en t i re  peak area, then the  area i n  the  

Lover por t lor ,  of t h e  peak ( i n c l u d e s  the background and  compton coptinuurn), and 

f i n a l l y  s u b t r a c t  t h e s e  two numbera. The summation of the counts for t he  

e n t i r e  peak and the summation of t h e  coun t s  below the peak both fo l low Poisson 

statist ics,  the ne t  c o u n t  is S p S - (S - S 1 
u s  gs gs n8 

D 8 f i d n g  s - s i!i s the s t a n d a r d  d e v i a t i o n  of the  net count rate 
gS U 8  S8 ' 

due the source  p l u s  background is 

eq. 3.3 

2 8  - 6  1 /2  

( K e t  = 
3 s  

eq. 3.4 

where K, = number o f  measurements and t, is t h e  c o u a t f n g  time f o r  the source 

p Lus background. 

. .  080028 



-The s t anda rd  d e v i a t f c n  of t h e  "5esr  ;.aiue" of  the n e t  background count  

r a t e  fs def ined  as  

baaed on t h e  weight ing  technique (shown i n  s e c t f o n  3.6). 

Since t h e  sou rce  counts even in the peak (upper  peak a r e a )  contain some 

coun t s  due t o  the  background one must c o r r e c t  f o r  t h i s  by s u b t r a c t i n g  t h e  n e t  

c o n t r i b u t i o n  of that peak i n  the  background from the  n e t  peak area of source  

con ta in ing  background. See S e c t i o n  3.4 f o r  a d e t a i l e d  d e a c r l p t i o n .  

Therefore ,  the  n e t  count  rate due t o  the n e t  sample is 

. . 
x = so/ Sub. eq. 3.5 

Thfa l a  i d e n t i c a l  t o  s u b t r a c t i n g  the background from the spectrum and then 

f i n d i n g  t h e  n e t  counts  i n  t h e  photepcak as shown in s e c t i o n  3.4m This is 

necessa rp  t o  reduce t h e  coun t ing  t i m e .  The s t a n d a r d  deviation of the n e t  

sample count  r a t e  is then  

L/2 

2=,,- * u<b> 2 ) 1/2 
a. I ( x -2 

L 
S 

eq. 3.6 

In c a l c u l a t i n g  the  s t a n d a r d  d e v i a t i o n  of t h e  n e t  coun t  r a t e ,  ff a 

s tandard  w i t h  known act iv1t : r  is used,  one m u s t  use the  "Ses t  value' '  f o r  t h e  

n e t  source count  r a t e  based on t h e  ue igh t lng  technique. gee u i n  place 
<S> 

. For the case  wnere the  e r r o r s  fn count ing  the  s t anda rd  a r e  2 

Sns 
of 3 .  



approximately equal ,  one must use che c s u a i  averaging  technique. ? o r  example, 

f o r  t h e  E?A s t anda rd ,  :-,IO counts Oi 8 hours each were made. 2 ~ u s  

eq. 3.7 
Sns 

where 

measurements . 
and 3 *a a r e  the average  grosa and n e t  coun t  rate from the nio 

2s 

In c a l c u l a t i n g  the a c t i v i t y ,  one must f i n d  a c a l i b r a t i o n  f a c t o r  for each 

peak a6: 

c i uc(pCi/gm p e r  cpm/gm) eq. 3.8 

where u r e p r e s e n t s  the  s t a n d a r d  d e v i a t i o n  of t h e  c a l i b r a t i o n  factor, C, 
C 

used t o  c o n v e r t  the count  rate t o  a c t i v i t y  (pci). 

A86Pming the  error i n  mea6uring t h e  w e i g h t ' o f  the sample and the tipa are 

t o  be n e g l i g i b l e  the c a l i b r a t i o n  f a c t o r 8  can be c a l c u l a t e d  as: 

x +- ax 
c i a - -  

&*, 
eq. 3.9 

where: A fs the  known a c t i v i t y  of the NBS s t a n d a r d  o r  EPA smndard  per gram 

and ?' 1s the b e s t  value of the count  rate per gram shown below 

eq. 3.10 

can be found f rom 
QC , The s t anda rd  devfa t ion  o f  the c a l i b r a t i o n  f a c t o r ,  

1 04)0030 
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and t h e  p e r c e n t  e r r o r  f o r  the c a l i b r a t i o n  f a c t o r  is 

eq. 3.11 

2 

eq. 3.12 
J C  %! 21/2 c- 100 ((7; + ( T I  1 

The s t a n d a r d  e r r o r  of t h e  ac t iv i ty  i s  g iven  i n  Table  3.3. 

TABLE 3.3 

S t a n d a r d  E r r o r s  of XBS and EPA Standards  

I S O t O D e  3aA/A('! 1 alAtX) 

NBS K - 40 

NBS 'd - 232 
€PA U - 238 

NBS P - 226 
9 06 
6.6 
5 . 1  

3 02 
2.2 
1.7 
5 

The a c t i v i t y  of the  unknown sample is d e f i n e d  as B u and can be  B' 
c a l c u l a t e d  from: 

B t uB- (C -t gC) ( Y ' +  u Y ' )  eq. 3.13 

where: 

and f '  is t h e  b e a t  va lue  of t h e  n e t  coun t  rate (cpm) of a photopeak f o r  a 

sample . 
Therefore  the  a c t i v i t y  can b e  c a l c u l a t e d  from 

C is t h e  c a l i b r a t i o n  f a c t o r  (pCi/gm p e r  cpm/gm) 

3 * OB- c i' f UB eq. 3.14 

and the  S tandard  Devia t i o n  is 



where Cg' = Act1vit:r Fn'pci/gm. VI 

03= a eq. 3.16 

A ,  
where , is g iven  in Table 3.3 

The s t anda rd  d e v i a t i o n  of the unknown sample count  rate p e r  gram can ba 

c a l c u l a t e d  from 

Y' * aye ' * ,= weight  o r  the sample 
J 

eq. 3.17 

and the p e r c e n t  propagated  e r r o r  ( s t anda rd  e r r o r )  can  be c a l c u l a t e d  from: 

Other  p o s s i b l e  E r r o r s  

' F a c t o r s  n o t  cons ide red  in t h i s  experiment  which are be l ieved  to  add 

n e g l i g i b l e  e r r o r  i n  t h e  experiments  were: deadt ime,  peaksumming, self 

ab80rp t i0nT e t C .  

The dead t i m e  of abou t  102% has very l i t t l e  e f f e c t  on the results. The 

e r r o r  due t o  photopeak summing i s  a l s o  small.  

be n e g l i g i b l e .  

Self a b s o r p t i o n  i s  bel ieved t o  

S e l f  a b s o r p t i o n  w a s  i n v e s t i g a t e d  by comparing t h e  c a l c u l a t e d  a c t i v i t y  

r e s u l t i n g  from photopeaks of d i f f e r e n t  energy p r e s e n t  i n  the decay of a 

rad ionucl ide  such  as 226Ra. Resu l t s  i n d i c a t e  t h a t  t h e  lower energy g a m  rays  

do n o t  r e s u l t  i n  lower a c t i v i t y  which one might e x p e c t  if s i g n i f i c a n t  s e l f  

abso rp t ion  were p resen t .  

The e r r o r  due  t o  weight  i s  very s m a l l .  The balance used was accura te  to  + 

0.001 grams. 6388832 
._ - .. . 
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Every e f f o r t  vas caae t o  keep :he zeometry the same. Zach s tandard 

sampie and each vendor sample was f L l l e d  t o  the  e x a c t  same h e i g h t  i n  t h e  

sample c o n t a i n e r  can. 

3.4 Techniaue To Obtain the Net Counts Due A S o e c f f l c  Isotooe When the Same 

I s o t o o e  is Presen t  i n  the  aackeround 

In o r d e r  t o  e s t a b l i s h  a t echn ique  t o  f i n d  t h e  ne t  counts  w i thou t  

ob ta in ing  background f o r  each sample,  one omst look a t  the a r e a  under a 

pho topeak . 
Let the gi r e p r e s e n t  t h e  g r o s s  c o u n t  a t  each  channel  i n  t h e  peak area i n  

a reg ion  of i n t e r e s t  (where f 

gross badsgrouad coua t  c o a t a l n f n g  t h e  same source  ( i d e n t i c a l  channel  numbart 

1, .... n i s  channel  number) and bi be the 

and r ag ion  of i n t e r e s t ) ,  as shown i n  t h e  f i g u r e  3.5. 

Assuming t h e r e  a r e  e l e v e n  channe l s  i n  t h e  r eg ion  of f n t e r e s t ,  the groaa 
11 

(i=1) 
counts  under the e n t i r e  peak Cg = g 1  + 82 + ... gll = 1 

and the  s c a t t e r i n g  counts (below t h e  peak) are  

eq. 3.19 

s i m i l a r l y ,  the background coun t s  under  t h e  e n t i r e  peak a r e  a = bl i bt + ... 
g 11 

C b and the s c a t t e r i n g  c o u n t s  are: 
t- 1 L 

+ b l l  - 
eq. 3.20 

The n e t  counts  due to  the sou rce  under the  e n t i r e  photopeaic f s  then - 
eq. 3.21  

30 



7 

\ 

I 

'7 
b 
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The n e t  :aunts a u e . t o  the  source only is g i v e n  3y s u b t r a c t i n g  *.e n e t  counts  

from the  s o u r c e  ?Lus background and the  background as shown below: 

eq. 3.22 

or 

If ona s u b t r a c t s  the background, channel by channel, t h e  r e s u l t  vi11 be the 

same 

eq. 3.24 

Therefore ,  they are equal. 

3.3 Minimum D e t e c t a b l e  A c t i v i t v  C a l c u l a t i o n  

Minimum D e t e c t a b l e  A c t i v i t y  (XDA) o r  the Lower L i m i t  of Detect ion (LLD) 

of the  Germanium spectroscopy system may be d e f i n e d  as the s m a l l e s t  amount of 

sample a c t i v i t y  t h a t  w i l l  y i e l d  a n e t  coun t  that can be d i s t i n g u i s h e d  as  

d i f f e r e n t  f rom background with a s p e c i f i e d  c o n f i d e n c e  l i m i t .  . is is evfden t  i n  

the r e s u l t s ;  t he  c o n c e n t r a t i o n s  and s t a t i s t i c a l  e r r o r  obtained by the gamma 

32 . 



spectroscopy technique  i z r  : u i l d i a g  m a t e r i a l  having t h e  l o u e s t  r a d i o a c t i v i t y  

and hence h i g h e s t  s t a n a a r 2  e r r o r  lea'ds t o  the d e f i n i t i o n  of :he Lover Liait of 

g e t e c t i o n ( 3 )  a s  folious: 

eq. 3.25 

. .  

where: 

K i s  the  va lue  f o r  t h e  upper  p e r c e n t i l e  of the s t a n d a r i z e d  normal variate 
CI 

correeponding to t h e  p r e s e l e c t e d  r i s k  f o r  concluding  f a l s e l y  t h a t  a c t i v i t y  

is presen t  ( u ), type I e r r o r .  

K is the cor re spond ing  v a l u e  f o r  t h e  predetermined degree of coafidencc 

for d e t e c t i n g  t h e  p r e r e n c e  of act ivi ty  (1- B 1, type 11 error .  

SEI is the  e s t i m a t e d  s t a n d a r d  e r r o r  f o r  a s p e c i f i c  photopeak i n  the 

background co r re rpond ing  t o  a r a d i o n u c l i d e  i n  a sample. 

I3 

For s i m p l i c i t y  K =?C . F u r t h e r  w e  assume the  p r o b a b i l i t y  of type I and type 

I1 e r r o r s  are chosen t o  be 5 X .  

a G  

Several techniques  have been used t o  estimate t h e  s tandard  e r r o r s  (SE) 

f o r  c a l c u l a t i n g  the  LLD l i m i t s .  One technique,  d e s c r i b e d  in U.S. DOE Report  - 
XASL 3 0 0 ( 5 )  (Harley,  1976)  uses t h e  s tandard  e r r o r s  of t he  background count 

rates f o r  d i f f e r e n t  photopeaks i n  the  gamma spectra. 

The LLD's f o r  e a c h  peak can be e s t ima ted  by assuming t h a t  a sample 

containing ex t remely  low a c t i v i t y  has  the  same coun t  rates a s  the 

background. The LLD v a l u e  f o r  v a r i o u s  photopeaks can then  be ca lcu la ted  from: 

eq. 3.26 

008036 
33 



vhere : 

fs the standard error  o f  the n e t  aCtlVfty uhen no a c t l - r i t y  fs present 0 

(background), 

K =K ~ 1 . 6 4 5 ,  i n d i c a t e s  5:: error  o f  type I ana 11, 
a 3  

U = Standard d e v i a t i a n  of the b e s t  value of the background for  a given 
<b> i 

photopeak 

- 
v = Average weight of a l l  the samples analyzed. 

= c a l i b r a t i o n  f a c t o r  to Convert Cpdg to p c i / g  f o r  a photopeak 

corresponding to an i s o t o p e .  

The r c r u l t s  are shown in Table 3 .4 .  
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Table 3 . i  

Z s t f t a t e a  LL3 Sasea on aackground Data 

Calibratlon Factor LLD (kev)  aest Value for Backaround 

(cpm) (cpm) C 3.29(7. Q 

0 
(S.D.1 PCiIi3 (S.E. 1 

Per Laver L l r  

Nuclide energy <b> qcb> com/e ac/c ' of De tec 

185 0.178880 0.023407 259.780007L 0.065909269 0.07' 

87 -686 10599 0.030532708 0 -02 2 2 6 R a  294 0.068370 0.020698 

49.72126954 0.025830012 0.01 

608 0 . 18 1449 0 -0 L6374 77.54667278 0.028261468 0.01 

351 0.09 1048 0 .019291 

63 0.089009 0.022265 2.67451E+03 0.112860067 0.66 

roor 0.013847 0.007439 le27794E+04 0.493722583 1.05 

582 0 -135035 0.016766 LLl.LOO9177 0.023641901 0.02 

232Th 9 LO 0 .lo9886 0,013998 202.2826691 0.030576341 0 e03 

9 68 0.062434 0.012625 372.2303575 0.041826461 0.05 

40K 1460 1.270950 0.025979 5 17 e4817867 0 e033543802 0.15 

- = Average weight of a l l  the samples 298.04 fr 43.27 gram. w 

ecoatract requirements f o r  LLD were: 
2269, = 0.6 
238Y = 0.6 
232Th = 1.0 
40K = 2.5 

.. . . . .  000038 
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The second Zethoa t o  e s t i m a t e  t h e  iiD's i n v o i v e s  the use.of a " b l a n k "  

sample c o n t a i n i n g  v e r y  l i t t l e  a c t f v f t y .  7 0  do t h i s ,  a sample was made w i t h  

3 r i e r i t e  d e s i c c z a t  m a t e r f a l s  (CaSOS 13-20 mesh). The samule was canned and  

then counted f o r  8 hrs.  t h e  a c t i v i t i e s  of t h e  p e r t f n e n t  r ad ionuc l ides  in of 

the sampie were c a l c u l a t e d  ( t h e  background d a t a  were not  s u b t r a c t e d ) ,  and t h e  

s t anda rd  e r r o r ' s  of the  a c t i v i t i e s  were c a l c u l a t e d .  The LLD's w e r e  thap 

c a l c u l a t e d  baaed on the fo l lowing  eqaa t ion :  

L 

where: 

u -  
i 

ci - 
v =  

s t a n d a r d  e r r o r  of the  a c t i v i t y  

c a l i b r a t i o n  f a c t o r  pci/g/cpm/g 

sampie weight  = 232.90 g. 

eq. 3.27 

The r e s u l t s  are shown in Table 3.5. ft is be l i eved  that this ulcrrhtloa 

is  n o t  a n  a c c u r a t e  e s t i m a t e  of the  LLD' s ,  since the e r r o r  f o r  the opa 

measurement i s  very high. If the  coun t ing  t i m e  were t o  be increased,  the 

s t anda rd  e r r o r  of the count rate would be reduced. 

The LLD listits f o r  a gamma s p e c t r o s c o p y  system depend on the activit ies 

of d i f f e r e n t  r a d i o i s o t o p e s  p r e s e n t  in the  sample. This lncludes a i l  tha 

i s o t o p e s  present in the  sample. This problem w a s  analyzed ex tena ive iy  by 

Pas ternack  and Har ley(8) .  

s t anda rd  e r r o r  (SE) of a r a d i o n u c l i d e  c o n c e n t r a t i o n  estimate, and SE Increases 

with a d d i t i o n a l  nuc l ide  s p e c t r a  in the samples. T h i s  i n d i c a t e s  t h a t  the  LLD 

f o r  238Y will i n c r e a s e  i f  t h e  c o n c e n t r a t i o n  of 4 o K  i nc reases  in  the sample 

The i r  c o n c l u s i o n  was t h e  LLD lnc t eases  with t h e  

Table 3.6 shows the LLD's in the Last colunm f o r  a t y p i c a l  sample, 

. . . . - . .  I . _. . .. . - 
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3 e s t  Values f o r  Saciceround ana Standrd Count 3 a t e s :  

Since the background and the NBS c a l i b r a t e d  sources  were counted 

independently,  they do n o t  a l l  have the  same Sta t i s t ica l  e r r o r s  (because the  

counting t i m e  i s  d i f f e r e n t ) .  Then, a simple ave rage  is no longer the optimum 

way t o  calculate  the b e s t  r e p r e s e n t a t i o n  of the tJ0 q u a n t i t i e s .  A better 

technique i s  c a l c u l a t i n g  t h e i r  "bes t  va lues"  by a c o e f f i c i e n t  weighting 

mthod. In t h i s  method, the  best value C X ,  can be computed from t h e  linear 

combination of i n d i v i d u a l  measurements (x 1 9  X2 t - X i )  

f a c t o r  a i  ( a i ,  a~ , . . . a l )  

and usfng a weighting 

shown i n  t h e  following: 

alX1+a2X*. . .*?Xi 
<r> - 

i al+at. . .+a eq. 3.28 

where, aL i s  i n v e r s l y  

following 

r e l a t e d  t o  square of its w n  e r r o r  as shown in the 

1 j-1 
2 + . e .  + 1 L 1 

2 U 
( -2 + ai- - 0 2 u  U 

i x2 xi X 

eq. 3.29 

For the optimum weight ing ,  the v a l u e '  of v a r i e n c e  can be calculated from: 

eq. 3.30 

I. L a 

The s t a n d a r d  d e v i a t i o n  f o r  the n e t  coun t s  above the continuum area f o r  a 

photopeak in t h e  gamma spectra (assuming p o i s s i o n  s t a t i s t i c s )  can be 

ca l cu la t ed  from: 

2 n L/2 net= ( g - 1  d 
t 

eq. 3 . 3 1  



vhere ,  5- Cross count  r a t e  o f  a photopeak a r e a ,  

F Yet count  rate i x  :he peak above cont i ruum a r e a  

t= Counting t i m e  

Applying t h e  weight ing  c o e f f i c i e n t  technique  and us ing  the above s t a n d a r d  

d e v i a t i o n  r e s u l t s  i n  

t. 

t" 

where: 

tL= count ing  t i m e  

t2= count ing  t i m e  

€ o r  background = 480 min 

f o r  background = 960 mfn 

eq. 3.32 

eq. 3.33 

eq. 3.34 

cq. 3.35 

eq.. 3.36 

Then, t h e  b e a t  va lue  € o r  t h e  net background count  ra te  i n  the background 

can b e  c a l c u l a t e d  from: 

al ( b l  )+a2 ( b2 )+a3 ( b3 )+a, ( ah) 

<b> a +a +a +aL 1 2 3  
eq. 3.37 

where, b f ' s  r e p r e s e n t  t he  n e t  Sackground c o u r t  ra tes  i n  the photopeak aeras 

(above continuum). 

00084Z 



~ n d ,  :he s tandard  d e v i a t i o n  of  :!x b e s t  -raiue f o r  the background count  

rate is 

eq. 3.38 

S i m i l a r l y ,  the c a l i b r a t e d  HBS s t a n d a r d  can be c a l c u l a t e d  from: 

eq, 3.39 

eq. 3.40 

eq. 3.41 

eq. 3.42 

tl= count ing  time for NBS source- 180 min 

t2= count ing  tinm f o r  NBS source  - 1640 min 

The b e s t  va lue  f o r  t h e  n e t  NBS s t a n d a r d  count  rate can be c a l c u l a t e d  

f tom: 

eq. 3.43 

where, 9 1 ' 8  r e p r e s e n t  t he  n e t  sou rce  ( p l u s  background) count  rate i n  t h e .  

photopack areas (above continuam). And the  s t anda rd  d e v i a t i o n  of the b e a t  

va lue  of the NBS s tandard  can b e  C a l c u l a t e d  from 



eq .  3 . 4 4  

For t h e  ZA s t anda rd ,  s ince  the  coun t l zg  e r r o r  f o r  bot?, zeasurements a r e  

nearl.f the  same, :he s i m p l e  averaging  t echn ique  f o r  the bes t  value is 

adequate. 

a r e  as fo l lowing :  

The average counts  f o r  the net and g r o s s  counts  under a photopeak 

snnl+s za2 
nn 2 s 

29 2 

The average  c o u n t  rate f o r  the  n e t  and the  g r o s s  coun t  r a t e  is 

where P c o u n t i n g  t i m e  f o r  the  sou rce  = 480 min. 

The s t a n d a r d  d e v i a t i o n  of t h e  average  n e t  c o u n t  rate is 

eq. 3.45 

eq. 3.46 

eq. 3.47 

eq. 3-48 

where, t=480 min. 

I n  o r d e r  t o  reduce the  s ta t i s t ica l  e r r o r s  due t o  background, e s t i m a t e  i ts  

b e s t  va lues  i n  d i f f e r e n t  reg ions ,  and e v a l u a t e  i t s  s t a b i l i t y ,  s e v e r a l  

measurements of background a t  d i f f e r e n t  d a t e s  were made. 

F i g u r e s  3.5 - 3.13 show d a t a  in v a r i o u s  spec t ra l  r eg ions  f rom seve ra l  8 hour  

background ccun t s .  The b e s t  va lues  of background ( < b > )  along v i t h  <b> f - 
2 <b> a r e  i n d i c a t e d  on the f i g u r e s  (957. c o n f i d e n c e  Levels).  

0 0 0 BB 4'2 
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SECTION 4 - A n a l v t i c a l  zzoceaures  

h.1 S i t e  S e l e c t i o n  f o r  ZcuiDment S e t u D  

The l abora to ry  t h a t  :louses the  Low-Level Counting F a c i l i t y  was c a r e f u l l y  

selected by a r a d i a t i o n  s u r v e y  p r i o r  t o  s e t t i n g  u p  t h e  gamma spectrometry 

system. Gamma spectra were a c q u i r e d ,  and i n t e g r a l  c o u n t s  i n  t h e  f o l l o u i n g  

f o u r  regions w e r e  compared a t  d i f f e r e n t  sites: 

From To From T O  

20 511 30 766.5 

1025 1535 1537.5 2302 .5 
5 13 1023 769.5 1934.5 

1537 2047 2305 05 3070 05 

Based on t h e  a n a l y s i s  of t h e  count  rate8 a t  d i f f e r e n t  r e g i o n s  and site., 

l o c a t i o n  wi th  lowest background was selected.  The l a b o r a t o r y  chosen i s  

temperature c o n t r o l l e d  and ha8 a high a i r  tu rnove r  (flow) t o  avo id  Radoa 

4.2 Eouioment 

The Gamma Spec t roscopy  System used i n  t h i s  p r o j e c t  i s  composed of a 

Germanium d e t e c t o r  ( w i t h  its c r y o a t a t ,  dewar, and p r e - a m p l i f i e r ) ,  a 

spectroscopy a m p l i f i e r ,  d h i g h  v o l t a g e  power  s u p p l y  w i t h  a u t o m a t i c  l i q u i d  

n i t r o g e n  monitor,  a lead/cadmium/copper s h i e l d  assembly,  and a mult ichaanel  

analyzer .  The m u l t i c h a n n e l  a n a l y z e r  Is l inked t o  an I B H  Microcomputer w i t h  a 

graphfc printer. The system is shown i n  Figs. 4.1 ( a  and b). The important 

components are d e s c r i b e d  i n  d e t a i l  i n  the fo l lowing  pa rag raphs .  

I n t r i n s i c  Germanium D e t e c t o r  

A p r i n c i p a l  component of t h e  low l eve l  s p e c t r o s o c p y  system used i n  t h i s  

p r o j e c t  is the Germanium d e t e c t o r .  The type of d e t e c t o r  u sed  Is a P-type 

50 





I 

l i  

9 

- 000055 -. 

. .  



coax ia l  i a t r t n s i c  ( h i g h  p u r i t y )  germanium d e t e c t o r .  t h e  a e t e c t o r  

s p e c i f i c a t i o n s  a r e  snoun fa F i g .  4 . 2 .  S e v e r a l  i a o o r t a n t  de t ec to r  

s p e c i f i c a t i o n s  were c a r e f u l l y  consfderea t a  b e  u s e f u l  f o r  low l eve l  count ing.  

The d e t e c t o r  e f f i c i e n c y  was one of t h e  p r i m e  f a c t o r s  t.ht xas cons idered  

i n  s e l e c t i n g  a d e t e c t o r .  The d e t e c t o r  used i n  t h i s  p r o j e c t  has a relative 

e f f i c i e n c y  of 41.8%. The  Germanium d e t e c t o r  r e s o l u t i o n  is 1.95 ktV for the 

1332 ReV photon  of Co-60, and 0.917 keV f o r  t h e  122 keV of photon Co-57. The 

peak t o  compton r a t i o  f o r  the 1332 KeV photon  i s  63:l. 

SoeetroscoDv AmDlif l e t  

The f lodel  346 Spectroscopy Ampl i f ie r  ( P r i n c e t o n  Gamma-Tech) used i n  this 

p r o j e c t  is a s t a t e - o f - t h e - a r t  ins t rument ,  des igned  t o  optimize energy 

r e s o l u t i o n  i n  spec t roscopy  a p p l i c a t i o n  w i t h  t h e  Germanium detector .  It ha8 a 

wide cho ice  of selectable shaping t i m e  c o n s t a n t s  ( shaping  time of 4 

nrfctosaconda used) and a base l ine  reatorer. 

Mult ichannel  and Pe r sona l  Comouter Analvzer  

The Mul t i channe l  and Personal  Computer Analyzer  is composed of an  HCA 

card c o n t a i n i n g  an 8192 Channel Analog t o  D f g i t a l  Converter  ( A D C ) ,  an  upgraded 

microcomputer system, and an graphic  printer.  The microcomputer c o n s i s t s  of 

dua l  f l oppy  Disk  Drives, 640 k i l o b i t  M, a g r a p h i c  card ,  and a monochrome 

monitor. I n  a d d i t i  on t o  the s tandard  microcomputer system, a m u l t i l f u n c t i o n  

Card, and a P C A l - 8 0 0 0  mult ichannel  ca rd  were added. The computer system vas 

supported by IBH DOS 3.00, Lotus 1-2-3, and t h e  Nucleus sof tuare .  

The ADC c a r d  used i n  conjunct ion  w i t h  t h e  microcomputer meets c e r t a i n  

s p e c i f i c a t i o n s  d e s i r a b l e  f o r  low-level gamma spec t roscopy ,  namely high 

conversion gain (8392 channe l s ) ,  high c lock  f requency  ( L O O  Hhz), and good 

I 
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TECHXICAL DATA 
LYTRISSIC CER3L~'SILX C O A X L C  DETECTOR 

' 3  O C  3Iodel Sumber: - r _ r  ' 22 Crr.osrat: = e / !  - - ' Seriat SumDer: 1 I 1 2  * -  - 
Type: ICC P% S E  Well i Other Z 

Measured Periormance: 

Operaung B i a s : T L  YDC Polarity&AL, 

at 1.33 >lev, 6 0 ~ 0 ,  wid !L -rids amplifier shaping rime: 

EiBciencF I! 1% 8 

Beeoiutioxx 1 9 %  keV FWHM {full width half maximum) 

'3 (Full energy peak relative to that of 3" x 3" NaI, 
25 cm source-detector distance) 

3 7 5 keV (full width tenth maximum) 

Peak/Compton: La .  71 (Ratio of peak height to Compton plateau height) 

at 122 keV, 57C0, with I)microseconds amplifier shaping time: 

Resoiution: , W e V  FWHM (full width half m 6 - t  

Other: 

~ 

Characteristics: 

Diameter: Length: b y o m i n d  active volume: 110.d 

Detector-to-window distance: 

Capacitance: picofarads at operating bias 

Leakage current: . n a n o a m p e r e s  at operating bias 

Face dead laver thickness: a 

Test point voltage: -*? .90 VDC without radiation sources 

Preamplifier FET: Cooled 43 Room temperature 
1 

Tect equipmenc .knplifier 0 5 7  

Bias suppiy 67 

~ _ _ _ _  
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l i n e a r i t y  ana s t a b i l i t y .  A summary of t he  s p e c i f i c a t i o n s  Is shown i n  Appendix 

3. 3ata r eauc t ion  and a n a l y s i s  a r e  performed by computer programs purchased 

f o r  t h i s  purpose. 

Bias  Suuolv f o r  De tec to r  ( v i t h  LN Monitor)  

The b i a s  supply (PGT, Xodel 315) f o r  the Germanium d e t e c t o r  has a voltage 

range of 0-5 KeV with noise and r i p p l e  of less than 3 mV peak-to-peak. The 

v o l t a g e  d r i f t  i s  l e a s  than 0.057. p e r  hour. In a d d i t i o n  t o  the b i a s  aupply, 

the  u n i t  has the c a p a b i l i t y  t o  mon i to r  t he  l i q u i d  n i t r o g e n  i n  the  dewar that 

c o o l s  the  d e t e c t o r  and t h e  p r e - a m p l i f i e r  and s h u t  of f  t h e  b i a s  supply due t o  

lack  of l i q u i d  n i t rogen  o r  d e t e c t o r  mal func t ion  ( excess ive  leakage cu r ren t ) .  

S h i e  l d i a q  

To reduce the background c o u n t s  several s h i e l d i n g  conf igura t ionr ,  were 

designed, b a i l t ,  and tested. The final s h i e l d  c o n f i g u r a t i o n  is shown i n  

Figure  4.3. Four inches  of l e a d  b r i c k  surround a c y l i n d e r i c a l  chamber made 

from copper and cadmium f i t t e d  a round the  d e t e c t o r  assembly. Figure 4.4 shows 

a p i c t u r e  of the  d e t e c t o r  and  sample,  surrounded by the  sh i e ld .  The 

background gamma ray spectra o b t a i n e d  before  and a f t e r  s h i e l d i n g  a r e  ehowa i n  

F igu res  4.5 and 4.6. An e s t i m a t e d  improvement of 65:l nas  observed. The 

‘ e n e r g y  c a l i b r a t i o n  curve  f o r  the  system is shown i n  F igure  4.7. 

4.3 Sample C o l l e c t i o n  and P r e p a r a t i o n  

Samole S e l e c t i o n  . 

Three samples of sand ,  g r a v e l  and cement were c o l l e c t e d  from each of the 

SIX conc re t e  s u p p l i e r s .  .i l i t e r  of u a t e r  w a s  a l s o  c o l l e c t e d  from each vendor 

f o r  a n a l y s i s .  A t  the  s u g g e s t i o n  of Y r .  3 i 1 1  Hayes, the a n a l y s i s  of the water 
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samples was performed a c  Z f C O .  

The c s n c r e t e  fill s a t e r i a l  samples i s and ,  cement, g rave l  a n a . u a t e r j  were 

c o l l e c t e d  ~ Z S Q  each  vendor ' s  s i t e  and were $ laced  i n  l a r g e  p l a s t i c  

con ta ine r s .  

of the  sample,  and type of sample (sand, g r a v e l  o r  cement). 

were c o l l e c t e d  i n  a one l i t e r  p l a s t i c  b o t t l e  and i d e n t i f i e d  in the aame 

maPDar. 

ill s o l i d  = a e r i a l  samples v e r e  marked wi th  vendor name, l o c a t i o n  

The water aemplea 

~ 1 1  of  the samples were c o l l e c t e d  u s i n g  a procedure  that would fnaure 

homogeneous samples,  

were c o l l e c t e d  in t h e  l a r g e  con ta ine r  by o b t a i n i n g  a l a r g e  numbe; of e m r l l  

samples from v a r i o u s  l o c a t i o n s  in the sand p i l e .  The same procedure wan used 

Each vendor main tafns  a l a r g e  sand p i le .  Sand samplea 

t o  c o l l e c t  the cement and g rave l  samples. 

Samnle C o n t a i n e r s  

The coxz+pi.nar a l e c t e d  f o r  p r e p a r a t i o n  of samples f o r  aaaaoremeat waa an 

aluminum a n  approximate ly  3 7/16" d i a m e t e r  by 2 1/8" high (Type 307 x 202) 

obtained from Central S t a t e s  Can Coo, ,Xassilon, Ohio. 

be h e r m e t i c a l l y  s e a l e d  f o r  containment of 222Rn dur ing  ingrowth from 226Xa. 

The l i d  s e a l i n g  t o o l  was a Model 225 Master Can Sealer (Vfsconsin Aluminum 

The matching l i d  could  

Foundry, Xanitowse, Vfsconsin) .  A sample can  i s  shown i n  Figure 4.8. 

S e l e c t i o n  of  t h e  sample con ta ine r  was made fo l lowing  an eva lua t ion  of 

w h a t  was a v a i l a b l e  from v a r i o u s  s u p p l i e r s  and d i s c u s s i o n s  with persons doing  

s i m i l a r  work a t  o t h e r  l abora to r i e s .  The c o n t a i n e r  s e l e c t e d  matches the 

diameter of t h e  i n t r i n s i c  germanium d e t e c t o r  very c l o s e l y ,  is inexpensive,  

convenfent t o  u s e  and i s  s i m i l a r  t o  those f n  u s e  i n  l a b o r a t o r i e s  doing r e l a t e d  

vork. 
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Samule Preoara t ion  

P a r t  of the f i l l  . I l a t e r l a l  samuies w h i c h  were c o l l e c t e d  i n  the la rge  

p l a s t i c  con ta ine r s  were t r a n s f e r r e a  to  the aluminum sample hold ing  can. Each 

can was marked and i d e n t i f i e d  w i t h  t!!e vendor name and da ta  about  the I 

sample, Each sample was p repa red  f o r  counting in an i d e n t i c a l  f a s h i o n  t o  the 

s t andard  eamp l e a  

Two sample cans and l i d s  were a p p r o p r i a t e l y  marked and weighed on a 

d i g i t a l  balance, Sample matartal (i.e. sand, g rave l  and cement) waa removed 

from the f i e l d  c o n t a i n e r  by mans of a s p a t u l a  and p laced  i n  each  of the cans 

t o  approximately 80X of c a p a c i t y .  Each con ta ine r  and l i d  was re-ucighed with 

the sample i n s i d e  it. 

Cans with  sample and l i d s  were p laced  i n  an oven a t  12OoC and d r i ed  f o r  a 

m i n i m u m  of 16 hours. This p e r i o d  w a s  extended t o  24 t o  48 hours  whenever 

p o s s i b l e .  Upon removal from the oven, samples were p laced  i n  a d e s i c c a t o r  and 

permitted t o  come t o  room temperature In thin atmosphere in o r d e r  to  prevent 

t h e  samples from pfckfng up m o f s t u r e  wh i l e  cooling o f f .  

The samples ue re  then  re-weighed, A cons ide rab le  loss of weight  and 

s e t t l i n g  occurred du r ing  d r y i n g  ( p a r t i c u l a r l y  in sand and cement samples) . 
Thus a po r t ion  of the c o n t e n t s  of  'one can  was removed by s p a t u l a  and placed i n  

the  second can t o  a h e i g h t  of 3.4 c e n t i m e t e r s ,  a s  measured from the i n s i d e  

bottom su r face  of the can. A f i n a l  weighing of the sample, c o n t e n t s  and lid 

van made t o  ob ta in  the t o t a l  sample mass. There was a s l i g h t  d i f f e r e n c e  in 

the masses of samples of a g i v e n  medium b u t  the volume occupied in the 

c o n t a i n e r  was constant.  

Following the f i n a l  weighing  the l i d  was sealed on the can. Date and 

t i m e  of t h i s  operat ion w a s  r eco rded  f o r  purposes of a s s e s s i n g  t h e  ingrowth of 

222xn i n t o  226Ra. Data on a l l  t h e  weighing and drying o p e r a t i o n s  described 
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above, i n c l u d i n q  tlaes and d a t e s  srere also a p p r o p r i a t e l y  logged. 

The minimum ingrowrh per iod o f  222!4n i3t0 2252a p r i o r  t o  measurement uaa 

1 1  days. In most cases  t h i s  i n g r o u t h  pe r iod  vas,  cons iderably  longer  and thus  

222Rn was w i t h i n  1-27; of e q u i l i b r i u m  i n  most samples p r i o r  t o  count ing.  

S i n c e  t h e  d e v i a t i o n  from a true secular e q u i l i b r i u m  waa small and w e l l  b e l o w  
. .  

measurement e r r o r s ,  no c o r r e c t i o n  f o r  i ng rowth  was inc luded  i n  t h e  

c a l c u l a t i o n ,  

4.4 Countine Procedures 

Using t h e  Germanium spec t roacopy system d e s c r i b e d  ear l ier ,  a l l  samples 

were counted f o r  an  8 hour meaauremsnt pe r iod ,  The t i m e  and d a t e  of the count 

uaa recorded  i n  a l abora to ry  notebook, Other p e r t i n e n t  i n fo rma t ion  such aar 

sample name, date, calibration checks,  o r  any o t h e r  relevent in fo rma t ion  warn 

a l so  logged in t h e  book. 

f o r  a l l  t h e  measurements. A t y p i c a l  C a m  spec t rum is shown i n  Fig. 4 . 9 .  In 

Every a t t e m p t  was made t o  main ta in  t h e  sa- geometry 

the gamma s p e c t r a  a n a l y s i s ,  t he  peaks were i d e n t i f i e d  based on t h e i r  photopeak 

e n e r g i e s ,  and  the  r e g i o n s - o f - i n t e r e s t  were e s t a b l i s h e d .  Ffg. &.LO showa two 

peaks w i t h  p e r t i n e n t  regions of in te res t s .  The f irst  samples ana lyzed  were 

the  NBS and t h e  EPA s tandards  t o  o b t a i n  the  c a l i b r a t i o n  f a c t o r s .  

4.5 Photooeak I d e n t i f f c a t i o n  and De te rmina t ion  of Photooeak Areas 

I d e n t i f i c a t i o n  of gamma r ay  photopeaks from t h e  r ad ionuc l ides  measured i n  

t h i s  s tudy  waa accomplished predominant ly  by a c c u r a t e  energy measurements and 

measurements of r e l a t i v e  photopeak counts .  The gamma spec t rometer  system w a s  

energy c a l i b r a t e d  a s  shown p rev ious ly  by F igu re  4.7. The energy c a l i b r a t i o n  

was accomplished through the u s e  or' t he  m u l t i p l e  n u c l i d e  s t anda rd  source  

descr fbed  i n  S e c t i o n  4.2. This procedure  a s s u r e d  t h a t  photopeak energy cou ld  
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be measured t o  f 1 KeV. l e l a t i v e  numbers of counts  in t he  photopeak were 

c a l c u l a t e d  5y ob ta in ing  net ?notopeaK a reas .  3y Comparison of e n e r g i e s  with 

n u c l e a r  d a t a  tab les  (10 )  and r e l a t i v e  n e t  caun t s  with s tandard  d a t a  such a s  the  

;lBS s a n d a r d  s o i l  data and z i t \  t a b u l a r  ~ a L u e 8 ,  it  was poss ib l e  t o  conflnn 

assignments .  

The i d e n t i f i c a t i o n  of the s p e c i f i c  peaks used f o r  t h e  a n a l y e i s  of each 

rad ionuc f ide  i n  t h e  s tudy  was e s s e n t i a l l y  unambigous. These peaks are l i a t t d  

i n  Tab le  4.1 below. 

Tab le  4.1 

Photooeaks Used F o r  Yeasurement 

Radionucl ide  Peak EnerOp (keV) 

2 2 6 b  185.755 

226Ra 294.909 

226b 351.566 

226R0 608.930 

2 3 8 ~  63.34 

23aU 

23aU 

766.28 

L001.04 

232Th 582 . 749 
232n 910.653 

232Th 968.39 

40K 1460.21 

To de termine  the a c t i v i t y  of t h e  i s o t o p e s  Lis ted  above, one needs t o  f i n d  

the  a b s o l u t e  i n t e n s i t y  of a p a r t i c u l a r  gamma energy. This r e q u i r e s  t h e  

de t e rmina t ion  of the  n e t  a r e a  under  t h e  peak, and t h i s  is n o t  as s t r a i g h t  

58 00087% 



fornard as assignment of e n e r n .  3ecause the area under thepeak includes 

contributions from other gamma rays,  zany nethods have been developed to  

de termine t h i s  area. 

One simple method (which was described in Section 3 . 4 )  t o  estimate the 

area (Gross) under the peak by simple i n t e g r a t i o n  between the limits a a t  a t  

the shoulder of  the peak (adding the counts from a l l  the channels i n  the 

region of the peak) and subtract a "base background" which is the background 

_ .  

plus the compton continuum. This i s  shown in Figure 4 . 1 1 .  

In the PCA-6000 Personal Computer Analyzer a more advance algorithm i n  

used to c a l c u l a t e  the net  area of  the peak. This i s  the method used to 

c a l c u l a t e  the n e t  area i n  the peaks for q u a n t i t a t i v e  analysis  of  the building 

materials. The n e t  areas of the peak is determined by averaging the beginning 

Region of I n t e r e s t  ( R O I )  channel contents and three previous channels and 

drawing a s t r a i g h t  line from there t o  the average of the ending R O I  cklnnrl 

contents and the three folloving channels. All counfa above that line are 

considered to  be the net  area. I t  i s  b e l i e v e d  that  t h i s  technique would g i v e  

a b e t t e r  estimate of  the n e t  counts i n  the peak area than the simple 

integration technique. The pertinent areas used are shown i n  Figure 4.11.  
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SECTICN 5 - Desc r ip t ion  of t h e  P r o j e c t  

The primary ob!ecrI*,-e of t h i s  p r o j e c t  Yas to  measure t h e  l e v e l  of 

n a t u r a l l y  occurr ing  r a d i o n u c l i d e s  ia concrete  fill nate t ia l s  from m j o r  

e u p p l i e r s  i n  the g r e a t e r  C i n c i n n a t f  area.  

A lw r a d i o a c t i v e  background whole-body counting f a c i l i t y  i s  being 

cons t tuc t ed  by the Westinghouse Materials Company of Ohio (WMCO) a t  the 

Fe-ld Feed Materials P r o d u c t i o n  Center  (FHPC). In o r d e r  t o  achieve this low 

r a d i o a c t i v t  background, the c o n c r e t e  material t h a t  18 used t o  c o n s t r u c t  the 

f a c i l i t y  must n o t  only p r o v i d e  good s h i e l d i n g ,  b u t  ms t  c o n t a i n  a s  l i t t l e  as 

possible of the n a t u r a l l y  o c c u r r i n g  radionucl ides:  uranium 238, tborium 232, 

radium 226 and potassium 40. Concrete c o n s i s t s  of sand, g r a v e l  and cement. 

These n a t u r a l l y  o c c u r r i n g  r a d i o n u c l i d e s  are present i n  each  of these  

cons t i t u e o t s  . 
Dr, Boyd Ringo, P r o f e s s o r  of C i v i l  Engineering, v a s  con tac t ed  to  provida 

information on the l o a 1  c o n c r e t e  supp l i e ra .  D r .  Bingo is a n a t i o n a l l y  

recognized e x p e r t  on c o n c r e t e .  Discuss ion8  wi th  D r .  Riago l ed  t o  tha 

i d e n t i f i c a t i o n  of f ive c o n c r e t e  materials s u p p l i e r s  i n  t h e  g r e a t e r  Cincinnat i  

area.  The basis of t h e  s e l e c t i o n  was: q u a l i t y  of the  p roduc t ,  r e l i a b i l i t y  

and dependab l i l f t y  of t h e  vendor and p a s t  experience with t hese  vendor. The 

f i v e  companies s e l e c t e d  by the Unive r s i  ty  of C i n c i n n a t i  e v a l u a t i o n  were: 

Harrison Reedy nix 

Erns t E n t e r p r i s e s  , Inc.  

P l a i n v i l l e  Concre te  

Roth Ready Mix Concre t e  Co. 

H i l l t o p  Concrete 

The c o n t r a c t  a l lowed f o t  t h e  s e l e c t i o n  of s i x  s u p p l i e r .  Westinghouse was 

allowed a "u i ld  card": any o t h e r  conc re t e  s u p p l i e r  of t h e i r  choice. H r .  B i l l  

' ?  .. ~ 
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3ays r eques t ed  eva lua t ion  of:  

Y i a m i  Val ley  Ready Mixed Concre te  

Samples of sand, g rave l ,  cement and v a t e r  were c o l l e c t e d  from each of 

these  p r o s p e c t i v e  vendors. The samples  were p r o p e r l y  marked and prepared f o r  

measurement as d e s c r i b e d  i n  S e c t i o n  4 of the r e p o r t .  A l l  samples were veighed  

c a r e f u l l y  a f t e r  drying and sealed in t h e  sample con ta ine r s .  Sea led  sample 

c o n t a i n e r s  were s t o r e d  f o r  2 1  days p r i o r  t o  measurement t o  a l low f o r  ingrowth 

of r a d i o a c t i v e  daughter  products  . 
A gamma spectrometry system w a s  used t o  measure t h e  n a t u r a l l y  occur r fng  

r a d i o n u c l i d e s  i n  the concre te  f i l l  materials. The system is deacr ibed  in 

cona ide rab le  d e t a i l  in Sec t ion  4. The f o a m  of the ayatem is a new 41% 

e f f i c i e n t  i n t r i n s i c  Germanium d e t e c t o r  i n  a w e l l  s h i e l d e d  f a c i l i t y .  A 

p e r s o n a l  computer softnarc package waa purchased  t o  a a a i s t  in sea rch ing  for 

gamma photopcaks and c o r r e c t f n g f o r  decay. Both NBS and EPA s t anda rd  samples 

were uaed t o  energy c a l i b r a t e  and efficiency calibrate the system. Thia 

procedure waa a l s o  prev ious ly  deac r fbed  i n  t h i s  r epor t .  

In o r d e r  t o  i n s u r e  r easonab le  s ta t i s t ica l  v a r i a t i o n s ,  a l l  samples were 

measured f o r  e i g h t  hours. The sample d a t a  runs proceeded over  a th ree  week 

per iod  d u r i n g  which the gamma spec t romet ry  sys tem was p e r i o d i c a l l y  checked f o r  

q u a l i t y  c o n t r o l  and q u a l i t y  asaurance .  

A picture  of the  system i s  shown i n  F i g u r e  4 . l (a ) .  

schematic  diagram of the gamma s p e c t r o m e t r y  sy5tern. 

d e t e c t o r  i n s i d e  the  s h i e l d  cave i n  the upper  r i g h t  hand corner .  The per sona l  

computer suppor t ing  t h e  system i s  shown in t h e  foreground. F igu res  4.3 and 

4.4 ( i n  S e c t i o n  4)  show the s h i e l d i n g  c o n f i g u r a t i o n  and the  sample can and 

F i g u r e  4.1(b) is a 

Figure  4 . l ( a )  showa t h e  

d e t e c t o r  arrangement.  



SECTION 6 - L i t e r a t u r e  aeview 

.i l i t e r a t u r e  sea rch  was conducted t o  de te rmine  previous work which has 

been done in the  measurement o f  n a t u r a i l y  OCCurrin3 radionuci ides  in b u i l d i n g  

n a t e r i a l s .  The l i t e r a t u r e  search was a l s o  u s e f u l  to help t o  determine the  

a n t i c i p a t e d  r e s u l t s .  

The r e s u l t s  of the l t i e r a t u r e  s e a r c h  i n d i c a t e d  t h a t  very few s t u d i e s  have 

been conducted on t h i s  topic.  iiany of t h e  s t u d i e s  that uere  pesformad were 

used t o  p r e d i c t  Radon gas emanation rates from b u i l d i n g  mater ia ls .  

l i t t l e  relevant work has been done using h i g h  e f f i c i e n c y  Germanium 

de tec to r s .  Ouly a handful1  of  art icles were found. The most u s e f u l  ar t ic les  

found were: 

(1) J. I n g e r s o i l ,  "A Survey of R a d i o n u c l i d e  Contents  and Radon EuIarratfOn 

V e q  

Rataa in Bui ld ing  H a t e r i a l s  Used i n  the U.S.", Heal th  Physics, Vol. 4S, 

NO. 2, A U ~ .  83. 

(2) T. Myrick, et. al., 'vetermirratfon of Concen t ra t ions  of Se lec t ed  

Rad ioncuc l ides  i n  So i l s " ,  H e a l t h  P h y s i c s ,  Vol. 4 5 ,  No. 3 ,  Sept. 83. 

( 3 )  H. Momeni, "Analysis of Uranium Gamma S p e c t r a  in Environmental 

Contamination",  Nuclear Ins t rumen t s  and Y e  thods", 701. 193, 1982 . 
( 4 )  A. Toth ,  "Gamma S p e c t r o m e t r i c  Nethod f o r  Measuring Natural  R a d i o a c t i v i t y  

of Bu i ld ing  H a t e r i a l s " ,  Hungarian Academy of Sciences,  Central  I n s t i t u t e  

f o r  P h y s i c s ,  Report  KFKI-76-80, (1980) . 
( 5 )  G. Badie,  "Rad ioac t iv i ty  i n  C o n s t r u c t i o n  H a t e r i a l a  - A L i t e r a t u r e  

Review", U.S.-EPA Of f i ce  of R a d i a t i o n  Programs PB-242983, A p r i l  1975.  

( 6 )  E. Hamilton, "Re la t ive  R a d i o a c t i v i t y  Of Bui ld ing  Nater ia ls" ,  J. Am. Ind. 

Hygene Assoc ia t ion ,  '101. 32,  pgs.  3 9 8 - 4 0 3 ,  1971. 

( 7 )  J. HcKlveen, ":Tatural X a d i o a c t i v i q  in Bui ld ing  Ha te r i a l s " ,  YS T h e s i s ,  

Arizona S ta te  Universi ty ,  1970.  

. -  
;, ' I 
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( 3 )  H. Yol lenoer3,  e t .  ai., “Ear th  X a t e r i a l s  f 3 r  Low-Gackgrouaa Xadiatfon 

Shielding!’ ,  Yniv. o f  C a l i f o r n i a ,  U C U  9 9 7 0 ,  i 3 6 2 .  

( 9 )  3. S o l l e n o e r z ,  e t .  ai., “ ? o r t l a n a  Cement f o r  a Low-aackground Counting 

F a c i l i t y ” ,  l n i v .  of California, UCRL-ia475, 1362. 

These ar t ic les  a l l  p e r t a i n  t o  the  q u a n t i t i e s  of t h e  n a t u r a l l y  occurr ing  

r ad ionuc l ides  i n  e a r t h  and  b u i l d i n g  materials. B e l a t i -  t o  t h i s  i n i t i a l  

c o n t r a c t ,  the i n f o ~ t i o n  on c o n c r e t e  m a t e r i a l a  was condensed and summarized 

.in Table 6.1 balov. The dam were taken by many d i f f e r e n t  systems, in 

d i f f e r e n t  c o u n t r i e s  over  a 2 5  year time period. 

Table  6 . 1  

Summary of R e s u l t s  from the  L i t e r a t u r e  S e a r c h  
For Naturai Radionucl ides  in Concrete Materials 

238y 232Th 226Ra 40K 
Cons ti t u e n t  PCil g Pci/g P C u g  Pci/g 
Hate r i a  1 min-max IUin-~JC min-ma% min-max 

camcnt 0.21-3 .5 0.3- 1.2 0.21-3.9 1.0-9 .7 

sand 0.15-4 -5  0 10-2 08 0 15-2 07 007-8.5 

grave i . 2 5 - ~ , 7 5  3.10-2.5 0.10-1.8 1.0- 10 02 

v a t e r e  .01-1.5 no d a t a  no d a t a  no d a t a  

*pCi/ 11 ter  

The va lues  ob ta ined  from t h i s  s tudy a r e  within t h e  range  of va lues  
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i ieferences 

"bnalysis  of Uranium Gamma Spectra:  An A p p l i c a t i o n  t o  Xeasurements of 

Znvironmental Contamination" 3y Yemeni, Y. 3. X U C l e a r .  I n s t r Jmen t s  and 

Xethods, 2, 185-190, (1982) .  

' 'Determination of C o n c e n t r a t i o n  of S e l e c t e d  Rad ionuc l ides  i n  Surface S o i l  

i n  the U.S." 9y Hyr ich ,  T. E. e t  ai. Heal th  P h y s i c s  45, No3, 631-42,  

(1983) . 

"Environmental P r o t e c t i o n  Agency, Las Vegas, Pr ivate  Communication. nr. 

Hahn P & # t c m k o  

"Radiation Detection and Measurement", By G l e n n  F. Knoll, John Uilcy 6 

SOM, 1979. 

HASL-300, "EHL Procedure  Manual", Environmental Measurement Laboratory, 

U.S. Dept. of Energy, 2 6 t h  E d i t i o n ,  PPD-07-01. 

%diochemical A n a l y t i c a l  Procedures for Analys i s  of Environmental 

Samples" E HSL-LV-0539-17, Environmental Moni tor ing  and Support  

Laboratory,  U.S.EPA, Hatch 1979, Edi ted  by: F. B. Johns ,  et. al .  

Levels and T r a n s i t i o n s  in Rn-219 populated by A l p h a  Decay of 223Ra11, M.S. 

Thesis ,  A i r  Force I n s t i t u t e  of Technology [I.S.A.F. By Ronald L. Holton, 

GNE/PH/70-6, Sep. 1970. 

75 



( 3 )  ''Detection l iz i ts  for ?adlonuclides iz  the analysis OF mlti-component 

gamma ray spectrometer Lata!' 3y: ?asternak and N .  ti. Sarley., Nuclear 

Instruments and Xethoas 9 1  (1,971) ~ 5 3 3 - 5 4 0 .  

( 9 )  '?Ieasurement and Detection of Radiation", by Nicholas Souifanids, HeGraw 

H i l l  Book Campany, 1983 

(LO) "Gamma-Ray Spectrum Catalogue", Ce ( L i )  and S i  ( L i )  Spectrometry", By R. 

L. Heath National Technical Information Service,  ANCR-1000-2, Phyric8 

TiD-4500 Xarch 1984 

(11) "Table of Isotopes", Seven Edftion, By C.X. Leaderer and V. S .  Shirley 

John Wiley & Sons, 1978. 

7 6  8460873 



L 

Appendix A 

Typical Data Sheets Obtained From Sample Measurements 
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.ioDenaix 3 

Technica l  S p e c i f i c a t i o n s  

f o r  Xultichannel Analyzer 

Xemorv 

8192 channel a c q u i s i t i o n  memory. ( O p t i o n a l  1024, 2048, and 4096 channel).  

- 
C a o i c i t v  

224 -1, (16,777,215) maximum coun t s  per channel. 

Time Base 

1 MIz c z y a t r l  c o n t t o l l c d .  
t o  999,999 saconda maxfmam. 

Preset live and real a c q u i s i t i o n  tine salac+.bla 

Memory Grouo 

S e l e c t a b l e  i n  b i n a r y  increments 256 channel t o  8192 maximum. 

8392 chrpnsl, LOO HHz c lock  frequency Uilkinson type. 
4096 channel a v a i l a b l e ) .  0 t o  +8 v o l t s  u n i p o l a r  o r  p o r i t i v e  leading. 

(Optional  1024, 2048, 

Conversion Gain 

S e l e c t a b l e  from 256 t o  8192 channel41 i n  biMry Increments. 

D i g i t a l  Offset 

Selectable in 256 channel blocks t o  7936 channe l s .  

L i neari ttr 

I n t e g r a l :  
D i f f e t a n t f a i :  

- 
+ 0.1% over  top 98% of range  

+ - 1% over  top 98% o f  range 

Temoerature S t a b i l l t v  

Gain: * 0 . O l X / C  
Zero Level: + O.Ol%/C 

Lower L e v e l  D i sc r fmina to r  

L5-turn screwdriver adjus tment  (tear panel) 
Range: 0.5 t o  105% 
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Duuer Level  Discriminator 

15- turn screwdriver adjustment (rear panel) 
Xange: 0 . 5  t o  105'5 

Zero Level 

15-turn screwdriver adjus tment (rear panel) 
Range: -4 t o  +€I% 

Input Polari tv  

P o s i t i v e  or p o e i t i v e  leading bipolar. 

Inpu t s  

ADC: 0 t o  8.2V nominal, p o s i t i v e  pulse 
GATE: TPL low gate8 o f f  ADC 
BUSY: TPI. l a w  gates off live timer 
HCS: TTL poaitlva pulse  
MCS DWELL: 'ITL negat ive  pulse 
EXT. SYNC.: Tpt p o s i t i v e  pulse s t a r t s  HCS pass 

outputs 

ROI: 
SCA: "TL pulse 

TTL pulse  f o r  x-ray mapping (Optional) 
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?mer Requirements 

+5V, 1.2 A. 
LL2V 65 Ha. 
-12V 6 5  Ha. 

000089 
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REMARKS 

This is the second volume of a two-volume report on 
gamma spectroscopy analysis of radionuclide concentration 
in construction materials used f o r  the In-Vivo Monitoring 
Facility at the Feed Materials Production Center (FMPC). 

Volume 1 contains descriptions of the technical aspects 
of sample analysis, as well as figures, tables and a 
summary of the results.. 

Volume 2 is devoted entirely to final results of all 
the samples processed. Results fo r  each sample are listed 
clearly and separately. These results, with comments of 
page 103, should be self-explanatory. A complete list of 
all samples, as well as a complete table of MDA values, is 
also provided. 

It must be emphasized that most samples were analyzed 
in a somewhat accelerated manner, so as to meet deadlines 
set by WMCO. A copy of the results of sample analysis was 
sent to WMCO upon completion of such analysis. This manner 
allowed the construction of the whole-body counting 
facility to proceed without any delay caused by us. The 
revised version of the results are represented here in a 
new format. Some inconsistency has, however, existed in 
the manner in which the results were previously 
represented. For record-keeping purposes, it should be 
emphasized that these results are to be considered final 
and complete. 

R. Eckart 
A. Motahamelian 

University of Cincinnati 

January 1989 
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Table B : Limits of Detection and 
Minimum Detectable Activities 

Energy, 
KeV 

92.8 

186.2 

238.6 

352.0 

583.1 

609.3 

91 1.2 

1460.6 

L 
Counts/l% hrs 

67 

83 

77 

77 

45 

50 

35 

58 

MDA, 
P C i h  

.013 

.009 

.009 

.010 

-008 

-009 

.008 

.o 19 
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T a b l e  C : Compiete - List cf t.he Samples  
(<.amnia :pectroscop57 Analysis) 

7 

8 

9 

10 

11 

12 

13 

14  

15 

16 

17 

18 

19 

20 

2 1  

22 

. . _  

10/23/87 

10/23/87 

10/23/87 

10/23/87 

10/23/87 

10/2 3/87 

10/23/87 

10/23/87 

ll/O2/87 

11/02/87 

11/02/87 

11/02/87 

11/02/87 

11/02/87 

11/02/87 

ll/ 0 2/ 87 

11/02/87 

11/'02/87 

ll/ 02/87 

11/ 0 6/ 8 7 

11/ 0 6/ 87 

11/06/87 

. .  . 

COPPER coo1 

COPPER coo2 

COF'PER COO3 

COPPER COO4 

COPPER COO5 

COPPER COO6 

Sma; WOO6 

STEEL woo9 

SEEL 62472 

62658 

STEEL, 63200 

STEL 63284 

STEEL 63347 

STEEL 60883 

STEEL 63370 

62804 

Sma; 62693 

STEEL, 63386 

U i  36915 

IXON REBAR4 

... 

cool. 100 

c002.100 

C003.100 

C004.100 

C005.100 

C006.100 

KQ6.100 

w009.100 

S62472. SFM 

S62658 .S€M 

S63200. SFN 

S63284 .SFN 

S63307 .SRil 

S60883. SRil 

S63370.SR.I 

S62804. SFM 

S62693 .SFM 

S63386 .SR.I 

AL36915 .SFN 

REBAR3 .sm 
REEAR4. sR.I 

REBAR5.SRil 

11/07/87 

11/09/87 

11/10/87 

11/ lI/ 8 7 

11/ 12/87 

11/12/87 

11/15/87 

11/16/87 

11/24/87 

Il/ 2 5/87 

11/25/87 

11/ 2 6/ 8 7 

11/2 6/87 

11/2 7/87 

11/27/87 

11/2 8/87 

11/28/87 

11/29/87 

11/29/87 

11/19/87 

11/ 19/87 

11/18/87 

1112 4/87 

11/24/87 

11/2 4/87 

11/24/87 

11/24/87 

11/24/87 

1l/24/87 

1l/24/87 

12/17/87 

12/17/87 

U/ 17/87 

K/ 17/ 87 

12/ 17/8 7 

12/17/87 

U/ 17/87 

12/17/87 

12/17\87 

K/17/87 

12/17/87 

11/2 O/ 8 7 

11/20/87 

11/20/87 

. . . __ . . - .. . . . . .- .. . . _ _  
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23 

24 

25 

26 

27 

28 

29 

30 

31 

. 32 

33 

34 

35 

36 

37 

38 

39 

40 

4 1  

42 

43 

44 

45  

46 

. :. 
, ' 1  

' ,a 

i 

1lJ06/87 

ll/ 0 6/8 7 

ll/06/87 

1y06/87 

1y06/87 

1y20/87 

ll/20/87 

1y20/87 

ly20/87 

w30/87 

1y30/87 

1y30/87 

1y30/87 

ll/30/87 

ll/30/87 

1 y 3  0/87 

ll#30/87 

1y30/87 

1y30/87 

1y30/87 

1l/30/87 

UJ30/87 

ll/30/87 

ll/30/87 
- . . .  

IRON REBAR6 

SAND 

CEMEKT 

AGGREGATE mm 
WATER 

RUBBER( #7-#11) 

RUBBER( #1-#6) 

PAPER m 
SOIL #4353 

ANCIKIW Born 4-ul2 

LEVEL PLATE S/cZ84 

aXXEI!€ BRICK 4-310 

LAD #1 

LAD #2 

I%AD #3 

LAD #4 

I%AD #5 

IEAD #6 

REBAR6.Sm 

SAND#l.SRrI 

W#1. sm 
GUAJXL.SR4 

wAILpu.SR4 

-2. sm 
RBS1.sm 

pAPm.sm 

NBSoIL.SR4 

-12.sm 

-.SF+¶ 

aQ31o.sm 

IEAD#1.sm 

m 2 .  SEM 

IEAMI3 .sm 
m 4 .  sm 
UZW5.SEM 

LAW6.SFM 

IEAD #7 IEAMI7. sm 
ma #a IEAwt8 .Sm - #1 Cwl1.sm 

CACMNM #2 cD#2 .m - #3 cwI3 .sm - #4 cD#4 .sm 

11/20/87 

11/2 1/87 

11/21/87 

ll/23/87 

11/23/87 

11/24/87 

11/24/87 

11/22/87 

11/22/87 

12/02/87 

12/03/87 

12/03/87 

12/04/87 

12/04/87 

12/05/87 

&2/05/87 

12/06/87 

12/06/87 

U/07/87 

U/07/87 

12/08/87 

12/09/87 

12/09/87 

12/10/87 

1lJ20/87 

1l/25/87 

11/25/87 

1y25/87 

1l/25/87 

ly25/87 

1l/25/87 

1l/25/87 

W25/87 

12/17/87 

12/17/87 

12/17/87 

12/17/87 

12/17/87 

12/17/87 

12/17/87 

12/17/87 

12/17/87 

12/17/87 

12/17/87 

12/17/87 

12/17/87 

12/17/87 

12/17/87 



47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

n 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 
_- - 

L 

11/30/87 

11/30/87 

W30/87 

11/30/87 

l2/10/87 

l2/10/87 

l2/10/87 

l2/10/87 

12/31/87 

12/31/87 

l2/3 lJ87 

12/31/87 

Y W 8 8  

Y W 8 8  

Y W 8 8  

Y W 8 8  

1/12/88 

Y W 8 8  

Y W 8 8  

1/19/88 

1/19/88 

1/19/88 

1/ 19/ 88 

1/19/88 

QuElIuM $5 

#6 

cluxKJM #7 

CACMNM #8 

RJEBER 85296 (SC284) 

RUBEEX 100835 (SC284) 

IR3l prpE(SQ84) 

SAND(sc284) 

WELD J O m  4-31OAC 

W ? U ,  TIES 4-31OPR 

RADQgQ PARRIER 83394 

RAlXN BARRIER 85262 

m D  

IECN mpE(SC40) 

SZWD(SC284) 

SAND(sc284) 

SAND(SC284) 

I%J11 SAND(scZ84) 

)%JT spsJD(SC284) 

HUT SAND(SC284) 

HUT SAND(SQ84) 

SrEEL PrPE(1 in.) 

SImL PrPE(3 in.) 
(_thick) - 

- 9 5  - 

W5.SFM 12/10/87 12/17/87 

-6. SFM 12/11/87 12/17/87 

-7. SFM l2/11/87 12/17/87 

-8 SR4 12/12/87 l2/17/87 

R296. SR4 I2/l3/87 12/17/87 

R835.m 12/14/87 12/17/87 

sc284.sR.I 12/14/87 12/17/87 

SA284.sR.I 12/15/87 12/17/87 

4-31OAC.SFM l/03/88 Y07/88 

4-3lOFR.m 1/04/88 y07/88 

m-83394. SPM l/05/88 l/07/88 

Ees-85262 . SFM l/06/88 y07/88 

-.Sm 1/13/88 Y27/88 

sc4opIpE.sm 1/14/88 l/27/88 

SANW1.sR.I 1/16/88 y27/88 

sANW2.sR.1 1/16/88 Y27/88 

sAND#3 .sR4 1/17/88 (-1 

HsANwI1.SFH l/22/88 2/02/88 

ISANIM2 .m 1/23/88 2/02\88 

HsAND#3 .sR4 1/23/88 2/02/88 

IIsAND#4. sm 1/24/88 2/02/88 

HSAND#s.m 1/24/88 SPARE 

PUND.SR4 1/25/88 2/04/88 

P3m# 1 0 SFM 1/26/88 2/04/88 
- -  - - - - ~ _- _ _  

000038 



7 1  

72 

73 

74 

75 

76 

77 

78 

79 

ao 
ai 

a2 

a3 

a4 

85 

86 

a7 

aa 

a9 

90 

91 

92 

93 

w33Fl2  .sm 

ANG4412.sm 

UC6UPU.SFM 

sLIRAp12 .sm 
~ 1 0 2 8 .  cp 

2/04/88 

2/08/88 

2/08/88 

2/oa/aa 

2/08/88 

2/08/88 

2/08/88 

2/08/88 

2/oa/aa 
2/19/88 

2/19/88 

2/19/88 

2/19/88 

2/19/88 

2/19/88 

2\29/88 

2\29/88 

2/29/88 



94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

io8 

109 

ll0 

1ll 

. 112 

ll3 

114 

115 

116 

117 
-.. . . .  

SAND w0102a 

GRAVEL w0102a 

C A s T l m N p l p E  

WZRE MESH 2.9" 

MESH 1.4" 

.. . 

~ 1 0 2 8 .  s ~ 1  

~ 1 0 2 8 .  GRI 

mi028 .m 

2205vT. PLTl 

220sc. c n  

- . - . . . . . . . .- . - . . . . . . . - . . . . 
- 97 - 



u a  
u3 
120 

121 

122 

123 

124 

125 

126 

127 

=a 

129 

l30 

U1 

132 

133 

I34 

US 

136 

I37 

u a  
l39 

14 0 

141 

142 

3 /2yaa  

4\15/88 

4/15/aa 

4\15/88 

4\15/88 

4/15/88 

4/15/88 

4/15/88 

4/15/88 

4/15/88 

4/15\88 

4/15/88 

4/27/88 

4/27\88 

4/27/88 

4/27/88 

4/27\88 

4/27/00 

4/27\88 

4/27/88 

4/27/88 

4/27\88 

6 / z y a a  

6 / 2 y a a  

6 /2yaa  
. . .  

READY MM HAR4000 

wmm. 428 

-. 429 

m. 430 

-. 430 

XmM2 501 

2 w .  501 

52mPIPE. 502 

I 



143 

144 

145 

146 

147 

148 

149 

KO 

I51 

I52 

153 

7/07/88 

7/07/88 

7/07/88 

7/07/88 

7/07/88 

7/07/88 

7/w/aa 

7\04/88 

7/04\88 

a/oyaa 

a/oyaa 

- . - __ . - - . . . . - . . ._ . . . .. -- . . . . . .. . . .. .. . . . . . . -. . . . - . - . . - 



RESULTS OF SAMPLE ANALYSIS 

COMMENTS 

1 .  U-238: It is assumed that U-238 and Th-234 are in 
secular equilibrium. 

2. RA-226: It is assumed that Ra-226 is in secular 
equilibrium with Pb-214 and Bi-214. Reported 
activity of Ra-226 is obtained by averaging 
activities of Pb-214 and Bi-214. 

3. Th-232: It is assumed that Th-232 and Ac-228 are in 
secular equilibrium. 

4. Th-228: It is assumed that Th-228 is in secular 
equilibrium with Pb-212 and T1-208. Reported 
activity of Th-228 is obtained by averaging 
activities of Pb-212 and T1-208. 

5 .  ND: When sample's net count rate is zero, or 
activity is less than 0.0005 pCi/g, "ND" is 
recorded, indicating that the radioactivity 
was "not detectable. " 

6 .  MDA(X):  An "X" in the MDA column indicates that 
activity is less than or equal to the 
"Minimum Detectable Activity. II 

7 .  C.D./ 
A1 Can:  "Circular Disk"/"Aluminum C a n "  geometry. 

e 

. . . . . .  . . . . .  _. . . . . . .  - - .. . . . . . . . . . . . . .  - . . . . . . .  - ...... -. . . . . . .  o o o ~ . 0 3 ~  - -  . -  . - __._ 

-1  00-  
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SAMPLE ACTIVITY, 
pci /q MDA SPECIFICATIONS RADIONUCLIDE 

ID: COOl (Copper) U-238 

MASS: 91 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 1 1  /07/87 K - 4 0  

GEOMETRY: C.D. Ra-226 

FILE: COOl .lo0 

I D :  COO2 (Copper) 
GEOMETRY: CODo 

COUNTING TIME: 10 hr 
DATE: 1 1  /09/87 
FILE: C002.100 

MASS: 91 g 

U-238 
Ra-226 
Th-232 
Th-228 
IC-40 

ID: COO3 (Copper) U-238 

MASS: 91 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 11/10/87 K - 4 0  

GEOMETRY: C.D. Ra-226 

FILE: C003.100 

0.024 
0.016 
0.034 
0.003 X 
ND X 

0.023 
0.010 X 
0.001 X 
ND X 
ND X 

0.004 X 
0.016 X 
ND X 
0.004 X 
ND X 

-101- 



SAMPLE ACTIVITY, 
SPECIFICATIONS RAD I ONUCL IDE p c i  /q MDA 

ID: COO4 (Copper) 
GEOMETRY: C.D. 

COUNTING TIME: 10 hr 
DATE: 17 /11/87 
FILE: C004.100 

MASS: 91 g 

ID: COOS (Copper) 
GEOMETRY: C.D. 

COUNTING TIME: 10 hr 
DATE: 1 1  /12/87 
FILE: COO5.100 

MASS: 91 g 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

U-238 
Rs-226 
Th-232 
Th-228 
K-40 

U-238 ID: COO6 (Copper) 
GEOMETRY: C.D. Ra-226 
MASS: 91 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 11/12/87 K-40 
FILE: C006.100 

ND 
0.022 
ND 
0.003 
ND 

X 
X 
x : .  

X 
X 

0.045 
0.022 
0 . 0 0 s  X 
0.002 X 
ND X 

ND X 
0.021 X 
0.008 X 
0 . 0 0 5  X 
m X 

-1 02- 



SAMPLE ACTIVITY, 
pCi/g MDA SPECIFICATIONS RADIONUCLIDE 

X 
ND X 

ND X 
N D '  X 

ID: WOO6 ( S t e e l )  U-238 0 . 0 0 4  
GEOMETRY: C.D. Ra-226 

COUNTING TIME: 10 hr Th-228 
DATE: 1 1 / 1 5 / 8 7  K - 4 0  

Th-232 ND x .  MASS: 379 g 

FILE: W006.100 

ID: WOO9 (Steel)  
GEOMETRY: C.D. 
MASS: 370 g 
COUNTING TIME:: 10 hr 
DATE: 11  / 1 6 / 8 7  
FILE: WOO9 . 100 

ID: 62472 (Steel)  
GEOMETRY: C.D.  
MASS: 1 9 4 . 8  g 
COUNTING TIME: 10 hr 
DATE: 1 1  / 2 4 / 8 7  
FILE: S62472,SPM 

U-238 
Ra-226 
Th-232 
Th-228 
K - 4 0  

U-238 
Ra-226 
Th-232 
Th-228 
K - 4 0  

0 . 0 0 2  X 
ND X 
ND X 
ND X 
ND X 

0.001 X 
0 .001  X 
ND X 
0.001 X 
ND X 

. . . .  . . . . . . . . . . . . .  . . . . . . . .  . . .  ... . . .  . . i .  ... , . - .  __ -. - - - . . . . . . .  - -. o a o . ~ - J ~  -- - . 
.- . . 

-1 0 3 -  

... . . . . . . . . . . . . . . . .  . . . . . . . . .  - _ _  . . . . . . .  ... ..  . . - i - - -- 



SAMPLE ACTIVITY, 
p c i  /q MDA SPECIFICATIONS RAD I ONUCL IDE 

ID: 62658 ( S t e e l )  U-238 
GEOMETRY: C.D. Ra-226 
MASS: 163.0 g Th-232 
COUNTING TIME: 1 0 hr Th-228 
DATE: 1 1  /25/87 IC-40 
FILE: S62658.SPM 

ID: 63200 ( S t e e l )  
GEOMETRY: C.D. 
MASS: 313.9 g 
COUNTING TIME: 10 hr 
DATE: 1 1  /25/87 
FILE: S63200.SPM 

ID: 63248 ( S t e e l )  
GEOMETRY: C.D. 
MASS: 319.9 g 
COUNTING TIME: 10 hr 
DATE: 1 1  /25/87 
FILE: S63248.SPM 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

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

ND X 
0.002 X 
ND X 
0.001 X 
'0.013 X 

0.001 
0.001 
ND 
ND 
0.001 

X 
X 
X 
X 
X 

0.001 X 
0.001 X 
0.001 X 
0.001 X 
0.004 X 

. . . .  

- 1  04- 
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SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pci /q MDA 

ID: 63347 (Steel)  U-238 

MASS: 123.7 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 1 1  126187 K-40 

GEOMETRY: C.D. Ra-226 

FILE: S63347.SPM 

ND 
0.003 
ND 
ND 
0.014 

X 
X 
x .  
X 
X 

ID: 60883 ( S t e e l )  U-238 0.004 
0.002 GEOMETRY: C.D. Rs-226 

MASS: 73.8 g Th-232 ND 
. COUNTING TIME: 10 hr Th-228 0.001 

DATE: 11 127187 K-40 ND 
FILE: S60883.SPM 

ID: 63370 ( S t e e l )  U-238 
GEOMETRY: C.D. Ra-226 

~ MASS: 119.2 g Th-232 
COUNTING TIME: 1 0 hr Th-228 
DATE: 11 I27187 K-40 
FILE: S63370 .SPM 

ND 
0.002 
0.003 
0.001 
0.014 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 



SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pCi/g MDA 

ID: 62804 (Steel)  U-238 0 . 0 0 5  X 
GEOMETRY: C.D. Ra-226 ND X 
MASS: 49 g Th-232 0.010 X 
COUNTING TIME: 10 hr Th-228 0.002 X 
DATE: 1 1  /28/87 K-40 ND X 
FILE: S62804,SPM 

ID: 62693 ( S t e e l )  U-238 
GEOMETRY: C.D. Ra-226 
MASS: 63.5 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 1 1  /28/87 K-40 
FILE: S62693.SPM 

ID: 63386 ( S t e e l )  U-238 
GEOMETRY: C.D. Ra-226 
MASS: 40.4 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 1 1  /29/87 K-40 
FILE: S63386.SPM 

ND X 
0.002 X 
0 . 0 0 5  X 
0.002 X 
0.014 X 

ND X 
0 . 0 0 5  X 
ND X 
0.003 X 
0.004 X 



SAMPLE ACTIVITY, 
MDA pCi/g SPECIFICATIONS RADIONUCLIDE 

ID: 36915 ( S t e e l )  U-238 

MASS: 47.5 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 11 /29/87 K-40 

GEOMETRY: C.D. Ra-226 

FILE: AL36915.SPM 

ID: 57-277-3 REBAR U-238 
GEOMETRY: C.D. Ra-226 
MASS: 87.3 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 1 1  /19/87 K-40 
FILE: REBAR3.SPM 

ID: C6-5822-4 REBAR 
GEOMETRY: C.D. 
MASS: 92.3 g 
COUNTING TIME: 10 hr 
DATE: 1 1  /19/87 
FILE: REBAR4.SPM 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

0.003 X 
0 .005  X 
0.007 x .  
0.002 X 
0.031 X 

0.002 X 
0.006 . X 
ND X 

X 0,001 
ND X 

ND X 
0.006 X 
0 . 0 0 7  X 
ND X 
0.004 X 

-1 07-  
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SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pci /q MDA 

ID: K8-0077-5 REBAR U-238 ND X 
GEOMETRY: C.D. Ra-226 0.007 X 
MASS: 81.1 g Th-232 ND x -  
COUNTING TIME: 10 hr Th-228 0.001 X 
DATE: 11/18/87 K-40 0.046 X 
FILE: REBARS-SPM 

ID: K8-0043-6 REBAR 
GEOMETRY: C.D. 
MASS: 76.8 g 
COUNTING TIME: 1 0 hr 
DATE: 1 1  /20/87 
FILE: REBAR6.SPM 

ID: 110587-S3 ( S a d )  
GEOMETRY: A 1  C a n  
MASS: 351:s g 
COUNTING TIME: 10 hr 
DATE: 1 1  /21/87 
FILE: SS1.SPM 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

0.002 X 
0 . 008 X 
0.007 X 
0 . 002 X 
0 . 022 X 

0.524 
0.492 
0,199 
0.175 
8.040 

. -108- 



SAMPLE ACTIVITY, 
SPECIFICATIONS RaDIONUCLIDE pci /g MDA 

ID: 110587-C4 (Cement) U-238 1.946 
GEOMETRY: A1 Can Ra-226 2.167 
MASS: 262.8 g Th-232 0.429 
COUNTING TIME: 10 hr Th-228 0.482 

FILE: CS1 .SPM 
DATE: 1 1  121 187 K-40 5.349. 

ID: 119587-A2 (Gravel) U-238 
GEOMETRY: A 1  Can Ra-226 
MASS: 295.7 Q Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 1 1  123187 K - 4 0  
FILE: GS1 .SPM 

ID: 110587-W1 (Water) U-238 
GEOMETRY: C.D. Ra-226 
MASS: 0.55 1 (dried) Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 1 1  /23/87 K - 4 0  
FILE: WATER1 .SPM CS-1 37 

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

0.252 
0.404 
0.229 
0.240 ' 

4.727 

0.267 
0.322 
0.255 * 
0.255 
2.373 
0.344 

* Estimated 

. . . . . . -. . . . - . - . . . . . .. - - -. - - - _._. . - . . __  , . . . . . . - - _ _  . 
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SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pCi/q MDA 

ID: FtBS2 Rubber U-238 

MASS: 21.6 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 1 1  /24/87 K-40 

GEOMETRY: C.D. Ra-226 

FILE: RBS2.SPM 

ID: RBS1 Rubber U-238 
GEOMETRY: C.D. Ra-226 
MASS: 25.5 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 1 1  /24/87 K-40 
FILE: RES1 .SPM 

ID: 4-1312 U-238 
GEOMETRY: (Anchor Bolt) Ra-226 
MASS: N.A.  Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 12/02/87 K-40 
FILE: BOLT1 31 2. SPM 

0.011 
0.033 ' 

0.028 
0.020 
0.308 

0.020 
0.017 
0.022 
0.019 
0.075 

N D *  X 
0.011* X 
0.002* X 
0.004* X 
0.012" X 

* cps 
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SAMPLE ACTIVITY, 
MDA SPECIFICATIONS RAD I ONUCLIDE pci/g 

ID: SlC284 ST U-238 
GEOMETRY: (Level P l a t e )  Ra-226 
MASS: N.A. Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 12/03/07 K-40 
FILE: STER.SPM 

ID: 4-310 (Cement Mix) U-238 
GEOMETRY: A 1  Can Ra-226 
MASS: 263.0 g Th-232 
COUNTING TIME: 1 0 hr Th-228 
DATE: 12/03/87 K-40 
FILE: CMT3lO.SPM 

ID: PB #1 (Lead) 
GEOMETRY: C.D. 
MASS: 136.5 g 
COUNTING TIME: 1 0 hr 
DATE: 12/04/87 
FILE: LEAD#1. SPM 

- -. . . . . .. . . . - - .  __ - -. . . . . . . . 

. .  

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

I 

...._. __ ... _. 

- 1 1 1 -  

N D *  X 
0.006* X 
N D *  x . .  
0.001* X 
O.OlO* X 

* cps 

0.464 
0.448 
0 . 240 
0.221. 
6.231 

0.001 X 
0.001 X 
ND X 
ND X 
0 . 0 3 5  X 



SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pCi/q MDA 

ID: PB#2 (Lead) U-238 

MASS: 135.4 g Th-232 
COUNTING TIME: 1 0 hr Th-228 
DATE: 12/04/07 R-40 

GEOMETRY: C.D. Ra-226 

FILE: LEAD#Z.SPM 

0.001 X 
0.001 X 
O . O O T  X 
0.001 X 
0.008 X 

ID: PB#3 (Lead) U-238 0.003 X 
GEOMETRY: C.D. Ra-226 ND X 
MASS: 136.7 g Th-232 ND X 
COUNTING TIME: 10 hr Th-228. ND X 
DATE: 12/05/87 K-40 * 0.007 X 
FILE: LEADIY3.SPM 

ID: PB # 4  (Lead) U-238 
GEOMETRY: C.D. Ra-226 
MASS: 134.2 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 12/05/87 K-40 
FILE: LEAD#4.SPM 

ND X 
0.001 X 
ND X 
0 001 X 
0 . 0 0 5  X 



SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pci /q MDA 

ID: PB#5 (Lead) 
GEOMETRY: C.D. 
MASS: 136.8 g 
COUNTING TIME: 10 hr 
DATE: 12/06/87 
FILE: LEAD#5.SPM 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 
ND X 
0.001 X 
ND X 
ND X 
0.003 X 

ID: PB#6 (Lead) U-238 0.001 X 
GEOMETRY: COD. Ra-226 ND X 
MASS: 137.1 g Th-232 0.001 X 
COUNTING TIME: 10 hr Th-228 0,001 X 
DATE: 12/06/87 K-40 0.045 X 
FILE: LEAD#6.SPM 

ID: PB#7 (Lead) U-238 
GEOMETRY: C.D. Ra-226 
MASS: 135.4 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 12/07/87 K-40 
FILE: LEAD#7.SPM 

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

. .  
I 

. . - -. . . - . - . - . . . . . . - _. _- - . 
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0.002 X 
0.001 X 
ND X 
0.001 X 
0.008 X 

-- -- . - - - __ . . . . . . . _ _  - . . . . . . .-. . . -. . 



SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pCi!q MDA 

ID: PB#8 (Lead) U-238 

MASS: 134.2 g Th-232 
Th-228 

DATE: 12/07/87 R-40 

GEOMETRY: C.D. Ra-226 

COUNTING TIME: 10 hr 

FILE: LEAD#8.SPM 

ID: CD#1 (Cadmium) U-238 

MASS: 40.5 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 12/08/87 K-40 

GEOMETRY: C.D. Ra-226 

FILE: CD#1 . SPM 

ID: CD#2 (Cadmium) 
GEOMETRY: C.D. 
MASS: 47.2 g 
COUNTING TIME: 10 hr 
DATE: 12/09/87 
FILE: CD#Z.SPM 

U-238 

Th-232 
Th-228 
R-40 

Ra-226 

ND X 
ND X 
ND X 
ND X 
0.003 X 

0.021 X 
0.003 X 
0.003 X 
0.001 X 
ND X 

0.036 
0.006 X 
0.004 X 
ND X 
0.013 x 

-1 14- 
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SAMPLE ACTIVITY, 
p C i / q  MDA SPECIFICATIONS RADIONUCLIDE 

U-238 ND X 
0 . 0 0 5  x .  
ND X 
0 .001  X 

ID: CD#3 (Cadmium) 
GEOMETRY: C.D. Ra-226 
MASS: 48.0 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 12/09/87 K-40 0.060 X FILE: CD#3.SPM 

ID: CD#4 (Cadmium) U-238 

MASS: 47.4 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 12/10/87 K-40 

GEOMETRY: C.D. Ra-226 

FILE: CD#4. SPM 

ID: CD#5 (Cadmium) 
GEOMETRY : C . D . 
MASS: 48.6 g 
COUNTING TIME: 10 hr 
DATE: 12/10/87 
FILE: CD#S.SPM 

q 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

0.006 X 
0.001 X 
0.005 X 
ND X 
0.093 

0.003 X 
0 . 0 0 7  X 
0.003 X 
0.002 X 
0.071 



SAMPLE ACTIVITY, 
pCi/q MDA SPECIFICATIONS RADIONUCLIDE 

ID: CD#6 (Cadmium) U-238 

MASS: 49.2 g Th-232 
COUNTING TIME: 10 ht Th-228 
DATE: 12/11 /87 K-40 - 

GEOMETRY: C.D. Ra-226 

FILE: CD#6.SPM 

ID: CD#7 (Cadmium) U-238 
GEOMETRY: COD. Ra-226 
MASS: 48.0 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 12/11 /87 K-40 
FILE: CD#7.SPM 

ID: CD#8 (Cadmium) U-238 

MASS: 46.1 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 12/12/87 K-40 

GEOMETRY: C.D. Ra-226 

FILE: CD#8,SPM 

ND X 
0.001 X 
ND x 
0.001 X 
0.007 X 

ND X 
0.006 X 
0.006 X 
0.002 X 
0.063 

ND X 
ND X 
ND X 
0.002 X 
ND X 

............. ........ . . . . . . .  . . -  ._ . . . . . . . . .  - - - .. _ _  . . -. __ - . . . . - _. 

-1.1 6- 



SAMPLE ACTIVITY, 
p c i  /g MDA SPECIFICATIONS RADIONUCLIDE 

ID: 85296RB (Rubber) U-238 

MASS: 4.3 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 12/13/87 K-40 

GEOMETRY: C.D. Ra-226 

FILE: R296. SPM 

ID: 100835RB (Rubber) U-238 

MASS: 4.7 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 12/13/87 K-40 

GEOMETRY: C.D. Ra-226 

FILE: R835. SPM 

ID: SC284 (Iron Pipe) U-238 

MASS: 83.0 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 12/14/87 K-40 

GEOMETRY: C.D. Ra-226 

FILE: SC284.SPM 

ND 
0.058 
ND 
0.012 
0.630 

ND 
0.083 
0.072 
0.032 
0.427 

0.012 X 
ND X 
ND X 
ND X 
0.022 



SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pci /g MDA 

ID: SA284 (Sand) U-238 

MASS: 321.8 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 12/16/87 K-40 

GEOMETRY: A 1  Can Ra-226 

FILE: SA284.SPM 

ID: 4.310 ACC (Weld Joints) U-238 
GEOMETRY: C.D. Ra-226 
MASS: 61.2 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 01 /03/88 K-40 
FILE: 4-31OAC.SPM 

ID: 4.310 PR (Wall Ties) U-238 

MASS: 65.8 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 01 /04/88 K-40 
FILE: 4-3IOPR.SPM 

GEOMETRY: C.D. Ra-226 

0.335 
0.465 
0.187 
0.215 
7.630 

ND X 
0.004 X 
ND X 
ND X 
ND X 

X 0.014 
ND X 
ND X 
ND X 
ND X 



SAMPLE ACTIVITY, 
RADIONUCLIDE p c i  /q MDA SPECIFICATIOXS 

ID: 83394 (Rn Barrier) U-238 

MASS: 38.0 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 01 /05/88 K-40 
FILE: RN-83394.SPM 

GEOMETRY: C.D. Ra-226 

ID: 85262 (Rn Barrier) U-238 
GEOMETRY: C.D. Ra-226 
MASS: 30.5 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 01 / 0 6 / 8 8  K-40 
FILE: RN-85262. SPM 

ID: Threaded Rod 
GEOMETRY: C.D. 
MASS: 69.5 g 
COUNTING TIME: 1 0 hr 
DATE: 01 /13/88 
FILE: THREADED.SPM 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

0.013 
0.031 
0.016 
0.015 
0.111 

ND 
0.018 
0.034 
0.013 
0.133 

0.007 X 
ND x 
ND X 
ND X 
ND X 

- - . - -. __ - .  - -  . - - -. . . . .  . . _ _  . .  . 

008222 
-119- 



SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE p C i / q  MDA 

ID: SC40 (Pipe) U-238 

MASS: 101.0 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 01 1 1  4/88 K-40 

GEOMETRY: C.D. Ra-226 

FILE: SC4OPIPE.SPM 

ID: SC284-1 ( S a n d )  U-238 
GEOMETRY: A1 Can Ra-226 
MASS: 309.4 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 01 /16/88 K - 4 0  
FILE: SAND#l . SPM 

ID: SC284-2 ( S a n d )  U-238 

MASS: 375.9 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 01 /16/88 K - 4 0  

GEOMETRY: A 1  Can Ra-226 

FILE: SAND#Z.SPM 

ND X 
0.023 X 
0.001 X 
0.003 X 
ND X 

0.404 
0.405 
0.164 
0.162 
4.575 

0.410 
0.437 
0.093 
0.143 
4.323 

-1 20- 

-000123 

I .- ._ . .. . . . . .. . . . . . . . . .. . - . . - - . - . ... . . -. . . . . .. . . . - - . - . - . . . . .. .. ... . -. __ ____. 



SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE Dcilq MDA 

U-238 ID: H.SAND 
GEOMETRY: A 1  Can Ra-226 
MASS: 363.7 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 01 /22/88 K-40 
FILE: HSAND#l.SPM 

0.380 
0.426 
0.176 
0.186 
6.577 

0-238 0.530 ID: H.SAND 
GEOMETRY: A 1  Can Ra-226 0.437 

Th-232 0.176 MASS: 352.4 g 
Th-228 0.190 COUNTING TIME: 10 hr 

DATE: 01 /23/88 K-40 6 .'254 
FILE: HSAND#2.SPM 

ID: H.SAND U-238 

MASS: 341.8 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 01 /23/88 K-40 

GEOMETRY: A 1  Can Ra-226 

FILE: HSAND#3.SPM 

0.384 
0.413 
0.105 
0.191 
6.031 

.. --._I_ - . - . . . . . . - ,  , & . & .  . - - . -- .. . . . - . . . . . . . - . . ._ .. . . . - 

-121- 



SAMPLE ACTIVITY, 
pCi/q MDA SPECIFICATIONS RADIONUCLIDE 

ID: H.SAND U-238 

MASS: 365.1 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 01 /24/88 K-40 

GEOMETRY: A1 Can Ra-226 

FILE: HSAND#I.SPM 

ID: H.SAND U-238 

MASS: N.A. Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: N.A. K-40 

GEOMETRY: A1 Can Ra-226 

FILE: HSAND.AVG 

ID: PIPE (1") U-238 

MASS: 135.0 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 01 /26/88 K-40 

GEOMETRY: C.D. Ra-226 

FILE: P1 IND. SPM 

0.256 
0.447 
0.168 
0.206 
6.306 

0.388 
0.428 
0.155 
0.193 
6.292 

0.002 X 
0.002 X 
ND X 
ND X 
0.011 X 

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

-1 22- 



SAMPLE ACTIVITY, 
MDA SPECIFICATIONS RADIONUCLIDE pci / q  

ID: PIPE ( 3 "  Thick) U-238 

MASS: 164.6 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 01 /27/88 K-40 

GEOMETRY : C . D . Ra-226 

FILE: P3IND#1 .SPM 

ND X 
ND X 
0.002 x .  
0.001 . X 
ND X 

0-238 ND X 
ND X 
ND X 

X 

ID: PIPE (3" Thin) 
GEOMETRY: C.D. Ra-226 

DATE: 01 /27/88 K-40 0.053 FILE: P3IND#Z.SPM 

MASS: 32.6 g Th-232 
COUNTING TIME: 10 hr Th-228 0.002 

ID: PIPE (2") U-238 

MASS: 98.8 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 01 /28/88 IC-40 

GEOMETRY: C.D. Ra-226 

FILE: P2IND. SPM 

ND 
ND 
ND 
ND 
ND 

-1 23- 



SAMPLE ACTIVITY, 
pci / q  MDA SPECIFICATIONS RADIONUCLIDE 

ID: PIPE (2.5") U-238 

MASS: 114.4 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 01 /28/88 K-40 

GEOMETRY: C.D. Ra-226 

FILE: P25IND.SPM 

ID: R84832 (Rn Barrier) U-238 
GEOMETRY: C.D. Ra-226 
MASS: 26.1 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 01 131 188 K-40 
FILE: R84832.SPM 

ID: T85329 (Threaded Rod) U-238 

MASS: 118.0 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 02/02/88 K-40 

GEOMETRY: C.D. Ra-226 

FILE: T85329.SPM 

0.001 
ND 
ND 
ND 
ND 

ND X 
0 . 0 0 6  X 
ND X 
0 . 006 X 
ND X 

0.011 X 
0.004 X 
ND X 
0.001 X 
ND X 

- 
.... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  - .. ._ .. ........ . .- -. .- - - _. -. 04)0122--. -- 

-1 24- 



SAMPLE ACTIVITY, 
pCi/g MDA SPECIFICATIONS RADIONUCLIDE 

ID: RS38060A (Rubber Seal) U-238 
GEOMETRY: C.D. Ra-226 
MASS: 14.3 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 02/01 /88 K-40 
FILE: RS38060A.SPM 

ID: AL38060 (A1 Wall) U-238 
GEOMETRY: C.D. Ra-226 
MASS: 25.7 g Th-232 
COUNTING TIME: J 0 hr Th-228 
DATE: 02/04/88 K-40 
FILE: AL38060.SPM 

ID: A308056 (A1 Channels 2") U-238 
GEOMETRY: C.D. Ra-226 
MASS: 12.9 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 02/03/88 K-40 
FILE: A38056.SPM 

ND x .  
ND X 
ND x .  
0.002 X 
ND X 

ND X 
0.010 X 
ND X 
ND X 
ND X 

0.029 
0.041 
ND X 
0.001- X 
0.319 

- 1  25- 000128 



SAMPLE ACTIVITY, 
SPECIFICATIONS . RADIONUCLIDE pci /q MDA 

ID: A308056A ( A 1  Channel, U-238 
3/4") 

GEOMETRY: C.D. Ra-226 
MASS: 20.0 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 02/04/88 K-40 
FILE: A38056A.SPM 

ID: EMTCOND (2") 
GEOMETRY: C.D. 
MASS: 89.2 g 
COUNTING TIME: 10 hr 
DATE: 02/13/88 
FILE: EMT2CON.SPM 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

0 . 01.1 

0.006 
ND 
0 . 0 0 1  
0.048 

0.002 
0.001 
ND 
0.002 
0.019 

X 

X 
X 
X 
X 

I 
ID: EMTCOND (1") 
GEOMETRY: C.D. 
MASS: 76.2 g 
COUNTING TIME: 10 hr 
DATE: 02/13/88 
FILE : EMT1 CON. SPM 

U-238 

Th-232 
Th-228 
IC-40 

Ra-226 
ND 
0.001 
0.001 
ND 
0.013 

. . . . . . . . . .  . . . . .  . . . . .  .. . . . .  .. .. .. . . . . . . .  - -..__ - -- - - _ _  
OOO%Z9 

-1 26- 
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SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pCi/g MDA 

ID: FLXCIBD (0.5") 
GEOMETRY: C.D. 
MASS: 42.4 g 
COUNTING TIME: 10.  hr 
DATE: 02/14/88 
FILE: FLXO5CON.SPM 

ID: EMTCOND (3/4") 
GEOMETRY: C.D. 
MASS: 64.3 g 
COUNTING TIME: 10 hr 

. DATE: 02/14/88 
FILE : EMT3 4CON. SPM 

ID: FLXCOND (3/4") 
GEOMETRY: C.D. 

COUNTING TIME: 10 hr 
DATE: 02/15/88 
FILE: FLX34CON.SPM 

MASS: 44.5 g 

U-238 0.001 X 
Ra-226 0.002 x .  
Th-232 ND x .  
Th-228 0.001 X 
K-40 ND X 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

0.004 X 
0.003 X 
0.001 X 
0.002 X 
ND X 

0.021 
0.011 ' 

0.005 
0.004 
0.030 

X 
X 
X 

.. - .- . - . - .. . 

-1 27- 

. ... .. . .. . . . . . . . . - . .--. - .. . 



SAMPLE ACTIVITY, 
SPECIFICATIONS RAD I ONUCL I D E  DCi/g MDA 

ID: WELD ROD 
GEOMETRY: C.D. 
MASS: 48;5 g 
COUNTING TIME: 10 hr 
DATE: 02/15/88 
FILE: WELROD.SPM 

ID: m O N D  ( 1  . S " )  
GEOMETRY: C.D. 
MASS: 96.1 g 
COUNTING TIME: 10 hr 
DATE: 02/22/88 
FILE: EMTCONl2.SPM 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

ID: ANG2212 (Mech Pt.) U-238 

MASS: 190.1 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 02/23/88 K-40 
FILE: ANG2272.SPM 

GEOMETRY: C.D. Ra-226 

ND X 
0.009 X 
ND X 
0.002 X 
0 . 5 2 6  

0.008 X 
ND X 
ND X 
ND X 
0 . 0 0 6  X 

0.002 X 
ND X 
ND X 
ND X 
ND X 

. . . . . . . . .  . . . . . . . . .  . -  .... - .  ...... - -: i__ . _ .  . . _  

-1  28- 
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SAMPLE ACTIVITY, 
RADIONUCLIDE p C i / q  MDA SPECIFICATIONS 

ID: ANG33M12 (Mech Pl/Rail) U-238 
GEOMETRY: C.D. Ra-226 
MASS: 64.3 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 02/24/88 K-40 
FILE: ANG33M12.SPM 

0.001 X 
0.002 X 
ND X 
0.001 X 
ND X 

ND X 
Ra-226 ND X 
Th-232 ND X 
Th-228 ND X 

ND X 

ID: ANG33F12 (Foyer Support) U-238 
GEOMETRY: C.D. 
MASS: 150.4 g 
COUNTING TIME: 10 hr 

FILE: ANG33Fl2.SPM 
DATE: 02/24/88 K-40 

ID: ANG4412 (Mech Pt.) U-238 

MASS: 144.6 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 02/25/08 IC-40 

GEOMETRY: C.D. Ra-226 

FILE: ANG4412.SPM 

0.001 X 
0.001 X 
ND X 
ND X 
ND X 

! - ,  
-. . .. - . . . . - . . . . . . _. . 



SAMPLE ACTIVITY, 
p c i / q  MDA SPECIFICATIONS RADIONUCLIDE 

ID: LIDSUP12 (Lid Support) 
GEOMETRY: C.D. 
MASS: 160.0 g 
COUNTING TIME: 10 hr 
DATE: 02/26/88 
FILE: LIDSUPl2. SPM 

ID: STRAP 12 
GEOMETRY: C.D. 
MASS: 69.2 g 
COUNTING TIME: 0 hr 
DATE: 02/26/88 
FILE: STRAP1 2 .SPM 

ID: W01028 (Cement) 
GEOMETRY: A 1  Can 
MASS: 250.02 g 
COUNTING TIME': 10 hr 
DATE: 03/06/88 
FILE: WOlO28.CEl 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

U-238 

Th-232 
Th-228 
IC-40 

Ra-226 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

ND 
ND 
ND 
ND 
0.012 

ND X 
0 * 002 X 
ND X 
ND X 
0.007 X 

2.044 
2.231 
0.376 
0 * 440 
4.867 

... - .- . -. . _ _  ._ . - .  _.__ 

-1 3 0 -  



SAMPLE ACTIVITY, 
p C i / q  MDA SPECIFICATIONS RADIONUCLIDE 

ID: W01028 (Sand) U-238 

MASS: 326.2 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 03/06/88 K-40 

GEOMETRY: A1 Can Ra-226 

FILE: W01028.SAl 

ID: W01028 (Gravel) U-238 

MASS: 361.9 g Th-232 
COUNTING TIME: 1 0 hr Th-228 
DATE: 03/07/88 K-40 
FILE: W01028 .GR1 

GEOMETRY: A 1  Can Ra-226 

0.502 
0.345 
0.150 
0.. 178 
6.750 

. .  

0.180 
0.347 
0.087 
0.107 
2.135 

ID: W01028 (Water) U-238 
GEOMETRY: A 1  Can Ra-226 
MASS: ( 1  liter) Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 03/08/88 K-40 
FILE: W01028.WA2 

ND 
ND 
ND 
ND 
ND 

. . - . . . . . .  
; ... j .I- . I x. 

- . . -. . . . . . 

-131- 



SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pCi/g MDA 

ID: GUTTER U-238 ND X 
GEOMETRY: C.D. Ra-226 ND X 
MASS: 25.8 g Th-232 ND X 
COUNTING TIME: 10 hr Th-228 ND X 
DATE: 03/09/88 K-40 ND X 
FILE: GUTTER.GU1 

ID: BASE PLATE 
GEOMETRY: C.D. 

COUNTING TIME: 10 hr 
DATE: 03/09/88 
FILE: BASEPL.BP1 

MASS: 41.3 g 

ID: GIRT FRAMING 
GEOMETRY: C.D. 
MASS: 70.5 g 
COUNTING TIME: 10 hr 
DATE: 03/10/88 
FILE : GIRTFR . GF1 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

0 . 0 1 2  X 
ND X 
ND X 
ND X 
ND X 

U-238 ND X 
Ra-226 ND X 
Th-232 ND X 
Th-228 ND X 
K-40 ND X 

- .  . . . - -. -.- . . . - .... __...____I____ .. . -. - . . . - .- 



SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pci/g MDA 

ID: PARAPIT WALL U-238 0.017 X 
GEOMETRY: C.D. Ra-226 ND X 
MASS: 13.5 g Th-232 ND X 
COUNTING TIME: 10 hr Th-228 ND X 
DATE: 03/11 /88 K-40 ND X 
FILE: PARAPITW.PW1 

ID: STEEL STRAP 
GEOMETRY: C.D. 
MASS: 23.9 g 
COUNTING TIME: 10 hr 
DATE: 03/11 /88 
FILE: STEELST.SS1 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

ND X 
0.002 X 
ND X 
ND X 
ND X 

ID: LOT3 (Cement) U-238 

MASS: 277.0 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 03/10/88 K-40 

GEOMETRY: A1 Can Ra-226 

FILE: LOT3.CEl 

1.964 
2.190 

. 0.361 
0.429 
5.603 

000236 
-1 33- 



SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pCi/g MDA 

ID: COPPER TUBE 3/8" 
GEOMETRY: C.D. 

COUNTING TIME: 10 hr . 
DATE: 03/12/88 
FILE: 2205C.CTl 

MASS: 22.2 g 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

ID: POLYTUBE 0-238 
GEOMETRY: C.D. Ra-226 
MASS: 3.3 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 03/12/88 K-40 
FILE: 2205P.PTl 

ID: E.E. CEMENT U-238 

MASS: 229.7 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 03/13/88 K-40 

GEOMETRY: A 1  Can Ra-226 

FILE: EECEMENT.CE3 

ND X 
0.001 X 
ND X 
0.001 X 
ND X 

ND X 
0.028 X 
ND X 
0.026 X 
ND X 

0.682 
0.646 
0.392 
0.481 
7.271 



SAMPLE ACTIVITY, 
pCi/g MDA SPECIFICATIONS RADIONUCLIDE 

ID: M.V. CEMENT 
GEOMETRY: A 1  Can 
MASS: 252.9 g 
COUNTING TIME: 10 hr 
DATE: 03/13/88 
FILE: MVCEMEXT.CE3 

ID: IRON P I P E  6" 
GEOMETRY: N.A. 
MASS: N.A. 
COUNTING TIME: 10 hr 
DATE: 03/18/88 
FILE: 6CASTIP.IP1 

ID: WIRE MESH (2.9") 
GEOMETRY: C.D. 
MASS: 50.4 g 
COUNTING TIME: 1 0 hr 
DATE: 03/21 188 
FILE: WMESH29.WMl . 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

1.658 
2.188 
0.325 
0.362 
5.268 

21.049 * 
7.453 * 
2.953 * 
3.421 * 
20.178 * 

U-238 ND X 
Ra-226 ND X 
Th-232 0.004 X 
Th-228 0.001 X 
K-40 ND X 

j . . . __.. - . . ... . ... . ._ - :.- 



ACTIVITY, SAMPLE 
SPECIFICATIONS RAD I ONUCL I DE pCi/g MDA 

ID: WIRE MESH ( 1  . 4 " )  U-238 

MASS: 3 7 . 9  g Th-232 
COUNTING TIME: 1 0  hr Th-228 
DATE: 0 3 / 2 2 / 8 8  K-40 

GEOMETRY: C.D. Ra-226 

FILE: WMESHl4. WM1 

ID: COPLAY CEMENT 
GEOMETRY: A 1  Can 
MASS: 2 5 3 . 3  g 
COUNTING TIME: 10 hr 
DATE: 0 3 / 1 9 / 8 8  
FILE: COPCEM.CE1 

U-238 
Ra-226 
Th-232 
Th-228 
IC-40 

0 . 0 2 7  X 
ND X 
ND X 
ND X 
ND X 

1 . 9 4 0  
2 . 1 4 0  
0 , 3 5 3  
0 . 4 7 5  
6 . 0 7 2  

ID: DUNDEE CEMENT 
GEOMETRY: A 1  Can 
MASS: 2 3 5 . 4  g 
COUNTING TIME: 1 0  hr  
DATE: 03/20/88 
FILE: DUNCEDII.DC1 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

1 . 8 3 2  
1 . 7 3 5  
0 . 4 3 6  
0 . 4 9 8  
6 . 5 7 1  

- .  



SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pCi/q YDA 

ID: CLARKSVILLE CEMENT U-238 

MASS: 287.7 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 03/20/88 K-40 

GEOMETRY: A1 Can Ra-226 

FILE : CLKCEM. CC1 

ID: CONCRETE WALL1 
GEOMETRY: A1 Can 
MASS: 259.0 g 
COUNTING TIME: 10 hr 
DATE: 03/23/88 
FILE: CONWALL.CW1 

ID: CONCRETE WALL2 
GEOMETRY: A 1  Can 
MASS: 288.0 g 
COUNTING TIME: 10 hr 
DATE: 03/23/88 
FILE : CONWALL. CW2 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

0.632 
0.803 
0.371 
0.388 
4.958 

0.637 
0.349 
0.253 
0.200 
4.964 

0.486 
0.467 
0.178 
0.189 
5.068 

. .  

. .  .- . . _ _  .. . - .  - . . .. . . . . . . . . .- _ _  __ . . . . . . . . . - .. -. - . . . -. -. . . - . - .  

(-j(-jepl4(p 
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SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pCi/g MDA 

ID: CONCRETE N2 PAD U-238 

MASS: 291.7 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 03/24/08 K-40 

GEOMETRY: A 1  Can Ra-226 

FILE: CON2PAD.CNP 

0.612 
0.483 
0.160 
0.175 
5.354 

ID: CONCRETE DRAIN U-238 

MASS: 276.6 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 03/25/08 K-40 

GEOMETRY: A1 Can Ra-226 

FILE: CONDRAIN.CD1 

0.814 
0.462 

. 0.231 
0.187 
5.916 ’ 

ID: HARRISON 3000 Psi 

GEOMETRY: A1 Can 
MASS: 230.4 g 
COUNTING TIME: 10 hr 
DATE: 03/22/88 
FILE: HAR3000.RMl 

(Concrete) 
U-238 0.434 

Ra-226 0.413 
Th-232 0.220 
Th-228 0.253 
K-40 6.632 

008%14$ 
- 

- . . . . . . - . . . - 
~ 

.. . .  .. 
I 
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SAMPLE ACTIVITY, 
p c i  /a  MDA SPECIFICATIONS RADIONUCLIDE 

ID: HARRISON 4000 Psi 

GEOMETRY: A 1  Can 
MASS: 264.3 g 
COUNTING TIME: 10 hr 
DATE: 03/22/88 
FILE: HAR40OO.RMl 

(Concrete) 

ID: METAL STUDS/TRACK 
GEOMETRY: C.D. 
MASS: 28.1 g 
COUNTING TIME: 10 hr 
DATE: 04/17/88 
FILE: MSTRACX.MS1 

ID: METAL STUDS/TRACK 
GEOMETRY: C.D. 
MASS: 28.4 g 
COUNTING TIME: 10 hr 
DATE: 04/18/88 
FILE : MSTRACK . MS2 

. .  . -. 

U-238 

Ra-226 
Th-232 
Th-228 
K-40 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

-. - .. . 

0.702 

0 . 4 8 4  
0 . 2 1 8  
0 .176  
6 . 0 1 5  

ND X 
0.006 X 
0.010 X 

. 0.002 X 
0.133 

. - - . . . . . 

0.028 X 
0.009 X 
0 .004 X 
ND X 
0.126 
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SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pCi/a - MDA 

ID: METAL STUDS/TRACK U-238 

MASS: 28.4 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 04/20/88 K-40 

GEOMETRY : C . D . Ra-226 

FILE : MSTRACK. MS3 

ID: KETAL STUDS/TRACK 
GEOMETRY: C.D. 
MASS: 28.3 g 
COUNTING TIME: 10 hr 
DATE: 04/21 /88 
FILE : MSTRACK . MS 4 

ID: METAL STUDS/TRACR 
GEOMETRY: C.D. 
MASS: 29.7 g 
COUNTING TIME: 1 0 hr 
DATE: 04/22/88 
FILE: MSTRACK-MSS 

U-238 

. Th-232 
Th-228 
K-40 . 

Ra-226 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

0.025 X 
0.001 X 
ND X 
0.001 X 
0 . 0 6 7  

ND 
0.001 
ND 
0.001 
0 . 0 8 5  

0.005 
0.001 
ND 
0.001 
0 . 0 6 9  

X 
X 
X 
X 

X 
X 
X 
X 

... . . ~. 

. . . . . .  . . . . . . .  .. - . . . . . . .  -- .. - -. - _- __’ O().(Jl43 . . . . . . . .  - ._ .. 
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SAMPLE ACTIVITY, 
pCi/a MDA SPECIFICATIONS RADIONUCLIDE 

U-238 ID: DUCT SHEET 
GEOMETRY : C . D . Ra-226 
MASS: 37.0 g Th-232 
COUNTING TIME: 1 0 hr Th-228 
DATE: 04/16/88 K-40 
FILE: DUCTSH.DS1 

ID: DUCT SHEET 
GEOMETRY: C.D. 

COUNTING TIME: 10 hr 
DATE: 04/17/88 
FILE: DUCTSH.DS2 

MASS: 35.7 g 

ID: REBAR ( 6 " )  
GEOMETRY: C.D. 
MASS: 30.3 g 
COUNTING TIME: 10 hr 
DATE: 0411 8/88 
FILE: 61MZEBAR.6RB 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

- 

-141- 

0.014 X 
ND X 
ND X 
ND X 
ND X 

0.021 X 
0.002 X 
ND X 
0 .004  X 
ND X 

0.019 X 
0.003 X 
ND X 
ND X 
0.081 

000244 
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SAMPLE ACTIVIT?, 
SPECIFICATIONS RADIONUCLIDE pci / c  MDA 

ID: DRYWALL U-238 

MASS: 36.3 g . Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 0411 9/88 K-40 

GEOMETRY : C . D . Ra-226 

FILE : DRYWALL. DW1 

ID: CONCRETE SOUTH 
GEOMETRY: A1 Can 
MASS: 200.3 g 
COUNTING TIME: 10 hr 
DATE: 04/19/88 
FILE: CONSOUTH.CS1 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

0.013 X 
0 . 0 0 5  X 
0.001 X 
0.003 X 
0 . 1 9 5  

0.472 
0.415 
0.169 
0.192 
6.. 365 

ID: CONCRETE NORTH 
GEOMETRY: A1 Can 
MASS: 304.8 g 
COUNTING TIME: 10 hr 
DATE: 04/20/88 
FILE: CONNORTH.CN1 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 
0.446 
0.465 
0.091 
0.159 
5.138 

. . . . . . . . - . - - . ._ - . ~ ._ . . . . --. -. - . - - . - -. .. . .  _ _  . 
! .  . . ,I * / ? .  . 
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SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pCi/g MDA 

ID: 1 "  PIPE 
GEOMETRY: (Tube) 
MASS: 129.5 g 
COUNTING TIME: 10 hr 
DATE: 04/28/88 
FILE: 11NPIPE.427 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

ID: 5/4" PIPE U-238 
GEOMETRY: (Tube) . Ra-226 
MASS: 181.4 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 04/29/88 K-40 
FILE: 5/4INPIPE.428 

27 * X 
77 * X 
ND * .  X 
52 * X 
ND * X 

* Counts/lO hr 

23 * X 
22 * X 
N D *  X 
20 * X 
N D *  X 

* Counts/lO hr 

ID: T-FITTING (Large) U-238 
GEOMETRY: (L-Shaped Tube) Ra-226 
MASS: 428.6 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 04 /30 /88  K-40 
FILE: LTFITT.429 

N D *  X 
36 * X 
N D *  X 
N D *  X 
N D *  X 

-1 43- 



ACTIVITY, SAMPLE 
SPECIFICATIONS RADIONUCLIDE pCi/q MDA 

ID: T-FITTING ( S m a l l )  
GEOMETRY: C.D. 
MASS: 242.4 g 
COUNTING TIME: 10 hr 
DATE: 04/30/88 
FILE: STFITT.430 

ID: ALUMINUM TRAY 1 
GEOMETRY: C.D. 
MASS: 16.7 g 
COUNTING TIME: 1 0 hr 
DATE: 05/01 188 
FILE: ALTRAY1.430 

ID: ALUMINUM TRAY 2 
GEOMETRY: C.D. 
MASS: 17.0 g 
COUNTING TIME: 10 hr 
DATE: 05/01 188 
FILE: ALTRAY2.501 

U-238 

Th-232 
Th-228 
K-40 

Ra-226 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

0-238. 
Ra-226 
Th-232 
Th-228 
K-40 

- 1  44- 

ND 
ND 
ND 
ND 
ND 

0.089 
ND 
ND 
0 . 0 0 2  
ND 

0.021 
ND 
ND 
0.006 
0.079 

X 
X 
X 
X 
x .  

X 
X 
X 
X 
X 

X 
X 
X 
X 

.... - . . . . . .  .- . . . . . . . . . . . . . . . . . .  _--__ __ 
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SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pCi/q MDA 

ID: 2" TUBE 
GEOMETRY: (Tube) 
MASS: 287.7 g 
COUNTING TIME: 1 0 hr 
DATE: 05/02/88 
FILE: 21NPIPE.501 

ID: 5/2" PIPE 
GEOMETRY: (Tube) 
MASS: 435.1 g 
COUNTING TIME: 1 0 hr 
DATE: 05/03/88 
FILE: 5/2INPIPE.502 

ID: 4" PIPE 
GEOMETRY: C.D. 
MASS: 143.2 g 
COUNTING TIME: 1 0 hr 
RATE: 05/04/88 
FILE: 4INPIPE.DAT 

U-238 

Th-232 
Th-228 
IC-40 

Ra-226 * 

U-238 
Ra-226 
Th-232 
Th-228 ' 

K - 4 0  

U-238 
Ra-226 
Th-232 
Th-228 
K - 4 0  

ND X 
ND X 
ND X 
ND X 
ND X 

ND X 
ND X 
ND X 
ND X 
ND X 

ND X 
ND X 
ND X 
ND X 
ND . x  
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SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pCi/g MDA 

ID: 3" PIPE U-238 

MASS: 124.4 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 05/05/88 K-40 

GEOMETRY: C.D. Ra-226 

FILE: 3INPIPE.DAT 

ND X 
ND X 
ND X 
ND X 
ND X 

ID: VINYL WALL COVER 
GEOMETRY: COD. 
MASS: 6.0 g 
COUNTING TIME: 10 hr 
DATE: 06/22/88 
FILE : VINYLWC. 0 1 C 

ID: FLOOR TILE 
GEOMETRY: COD, 
MASS: 65.6 g 
COUNTING TIME: 1 0 hr 
DATE: 06/23/88 
FILE: FTILE,OIC 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

ND 
ND 
ND 
ND 
ND 

0.489 
0.207 
0,139 
0 037 
1.662 

-1 46- 
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SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pci /q MDA 

ID: BASE TILE U-238 

MASS: 61.8 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 06/23/88 K-40 . 

GEOMETRY: C.D. Ra-226 

FILE: BTILE-OIC 

ID: 3/4" DRY WALL U-238 

MASS: 50.8 g Th-232 
COUNTING TIME: 10 hr Th-228 
DATE: 06/25/88 K-40 

GEOMETRY: C.D. Ra-226 

FILE: 34DRYW.DlB 

0.478 
0.170 
0.136 
0.090 
1.654 

ND 
ND 
0.036 
0.004 
0.018 

ID: 1/2" DRY WALL (MR) U-238 
GEOMETRY: C.D. Ra-226 
MASS: 33.9 g Th-232 
COUNTING TIME: 1 0 hr Th-228 
DATE: 06/26/88 K-40 FILE: 12MRDRYW.DIB 

ND 
ND 
ND 
ND 
ND 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
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SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pci / q  MDA 

ID: 1 /2" DRY WALL 
GEOMETRY: C.D. 

COUNTING TIME: 10 hr 
DATE: 06/27/88 
FILE : 1 2VCDRYW . DIB 

MASS: 3 4 . 9  g 

I D :  1-3/4" AL STUD 
GEOMETRY: C.D. 
MASS: 20.7 g 
COUNTING TIME: 10 hr 
DATE: 06/28/88 
FILE: 134ALDS .DIB 

I D :  AL TRACK 
GEOMETRY: C.D. 

COUNTING TIME: 
DATE: 06/28/88 
FILE: ALDT-DIB 

MASS: 20.0 g 
10 hr 

U-238 

Th-232 
Th-228 
E(-40 

Ra-226 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

U-238 
Ra-226 
Th-232 
Th-228 
K-40 

ND X 
0 . 0 0 5  X 
ND X 
0.001 X 
ND X 

ND X 
ND X 
ND x 
ND X 
ND X 

ND X 
ND x "  
ND X 
ND X 
ND X 

- 1  48- 
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SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pci /q MDA 

ID: AL SPACE U-238 ND X 
GEOMETRY: C.D. Ra-226 ND X 
MASS: 21.9 g Th-232 ND X 
COUNTING TIME: 10 hr Th-228 - ND X 
DATE: 06/29/88 K-40 ND X 
FILE: ALDS.DIB 

ID: 3 / 4 "  AL CONDUIT U-238 
GEOMETRY: C.D. Ra-226 
MASS: 30.6 g Th-232 
COUNTING TIME: 1 0 hr Th-228 
DATE: 06/30/88 K-40 
FILE: 34ALCON.Dl8 

ID: 1 /,*I MR DRYWALL U-238 
GEOMETRY: A1 Can Ra-226 
MASS: 125.5 g Th-232 
COUNTING TIME: 20 hr Th-228 
DATE: 07/02/88 K-40 
FILE : 1 ZMRDRYW . C2B 

ND 
ND 
ND 
ND 
ND 

0.362 
0.141 
0.047 
0.045 
0.481 

. .. 
000252 

. .  - -  
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SAMPLE ACTIVITY, 
SPECIFICATIONS RADIONUCLIDE pCi/q MDA 

ID: RCB-4 BASE U-238 0.081 
GEOMETRY: C.D. Ra-226 0.044 
MASS: 29.5 g Th-232 0.094 
COUNTING TIME: 20 hr Th-228 0.066 
FILE: RCB4.DIA , 

DATE: 07/26/88 K - 4 0  ND 

ID: CARPET-1 
GEOMETRY: C.D. 
MASS: 6.7 g 
COUNTING TIME: 10 hr 
DATE: 07/27/88 
FILE: CARP1 . D l A  

U-238 
Ra-226 
Th-232 
Th-228 
IC-40 

0.009 X 
ND X 
ND X 
0.004 X 
ND .x 

1 - 
, . .  . . . . . . . .  . . .  . . . . . . . . . . . . . . .  . . . . . . .  .- - .._._________ _ _ _  __ .. . . . . 

~ 

- -- _. i 
I 

I !  
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