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THE STATISTICAL SAMPLING PLAN FOR THE TRU WASTE ASSAY FACILITY 

J. J. Beauchamp 
T. Wr igh t  

F. J. Schu l t z  
K. Haf f  

R. J. Nonroe 

ABSTRACT 

Due t o  l i m i t e d  space, t h e r e  i s  a  need t o  d ispose  a p p r o p r i a t e l y  o f  

t h e  Oak Ridge Na t i ona l  Labora to ry  t r a n s u r a n i  c waste which i s  p r e s e n t l y  

s t o r e d  below ground i n  55-gal (208-8) drums w i t h i n  weather r e s i s t a n t  

s t r u c t u r e s .  Waste c o n t a i n i n g  l e s s  t han  100 nC i /y  t r a n s u r a n i  cs  can be 

removed f rom t h e  p resen t  s t o rage  and be bur ied,  w h i l e  waste c o n t a i n i n g  

g r e a t e r  than  100 nCi/g t r a n s u r a n i c s  must con t i nue  t o  be r e t r i e v a b l y  

s tored.  To make t h e  necessary measurements needed t o  de te rmine  t h e  

drums t h a t  can be bur ied ,  a  t r a n s u r a n i c  Neutron I n t e r r o g a t i o n  Assay 

System (NIAS) has been developed a t  Los Alamos N a t i o n a l  Labora to ry  and 

can make t h e  needed measurements much f a s t e r  t h a n  p rev i ous  techn iques  

which i n v o l v e d  y-ray spectroscopy. The p r e v i  ous t e c h n l  ques a r e  re1  i a b l e  

bu t  t i m e  consuming. 'Therefore,  a  v a l i d a t i o n  s tudy  has been p lanned t o  

de te rmine  t h e  a b i l i t y  o f  t h e  NIAS t o  make adequate measurements. The 

v a l i d a t i o n  o f  t h e  NIAS w i l l  be based on a p a i r e d  comparison o f  a  sample 

o f  measurements made by t h e  p rev i ous  techn iques  and t h e  NIAS. The 

purpose o f  t h i s  r e p o r t  i s  t o  d e s c r i b e  t h e  proposed sampl lng p l a n  and t h e  

s t a t i s t i c a l  ana lyses  needed t o  v a l i d a t e  t h e  NIAS. 



1. INTRODUCTION: SCOPE AND PURPOSE 

Oak Ridge N a t i o n a l  Labo ra to r y  (ORNL) t r a n s u r a n i  c  (TRU) waste i s  

p r e s e n t l y  s t o r e d  below ground i n  w e a t h e r - r e s i s t a n t  s t r u c t u r e s  under 

c o n t r o l  l e d  s u r v e i  1 l a n c e  (see  F i g u r e  1). The r e t r i e v a b l y  s t o r e d  waste i s  

c o n t a i n e d  i n  55-gal  (208-R) drums. Due t o  t h e  l i m i t e d  space a v a i l a b l e  

For s t o r a g e  (3654 drums) and t h e  number o f  drums produced t o  da te  

(&2000), i t  would be ddvantageous and c o s t  e f f e c t i v e  t o  reduce t h e  

volume o f  TRU waste r e t r i e v a b l y  s tored.  Waste con ta  i r . ~ i  ng l css t!rsn 100 

nC i /g  t r a n s u r a n i  cs (alpha-emi t t i n g  rad i  onuc l  i des  o r  a t ~ m i  c  numher 

g r e a t e r  t h a n  92 and h a l f - l i v e s  g r e a t e r  t h a n  20 y )  may be d isposed o f  i n  

s h a l l  ow-land b u r i a l ,  w h i l e  waste c o n t a i n i n g  g r e a t e r  than  100 nC.i/y 

t r a n s u r a n i c s  must be r e t r i e v a b l y  s t o r e d  (see Management o f  T ransuran ic  

Contaminated M a t e r i a l ,  1982). 

C l a s s i f i c a t i o n  o f  t h e  ORNL waste i n t o  "TRU" and "non-TKU" i s  

, r c q u i  r e d  f o r  p roper  d i s p n s i t i  on. I n  a d d i t i o n ,  a1 1 m a t e r i a l  c l a s s i f i e d  

as TRU-contami na ted  must meet c e r t a i n  c r l  t e r% ia  f o r  evenl.udl pcrinanerlt 

g e o l o g i c a l  d i sposa l  a t  t h e  Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP)'. The 

p e r t i n e n t  Waste Acceptance Cr..i t e r i a  (WAC) i n c l u d e  q u a n t i f i c a t i o n  o f  any 

spont.aneous neu t ron  e m i t t e r s  and t i s s i  l e  mate r i d1  p r csen t  and i d e n t i f  i - 

cat. ion o f  t h e  r a d i o n u c l i d e s  con ta ined  i n  t h e  waste p d ~ k & y e .  The t a s k  o f  

c l a s s i f y i r ~ y  t h e  ORNL waste i s  f u r t h e r  comp l i ca ted  by t h e  score  o f  d i f -  

f e r e n t  TRU i s o t o p e s  con ta i ned  i n  t h e  waste. S i x  independent TRU-waste- 

g e n e r a t i n g  sources (see Sec t i on  4, Table  2) have c o n t r i b u t e d  t o  t h e  

l a r g e  a r r a y  o f  i so topes .  The TRU i s o t o p e s  p resen t  i n  s i g n i f i c a n t  

233 237 238pu 23gPu 24OPu, 24 lPu  24ZpU, 
q u a n t i t i e s  i n c l u d e  U, Np, , , , 



FIGURE I .  Transurani c Waste Retrievable Storage 



t ransuran ic  assay system. The s ta ted ob ject ives of the cooperative 

program between t h e  Los Alamos National Laboratory (LANL) and ORNL are 

as fo l l ows :  

1. To f i e l d  tes t ,  ca l ib ra te ,  and evaluate t he  LANL neutron 
i n te r roga t i on  assay system. 

2. To provide a  demonstration and t r a i n i n g  f a c i l i t y  f o r  DUt of 
t h i s  sophis t ica ted tcchnalogy. 

3.  To reduce t h e  volume of TRU waste stored a t  ORNL. 

4. To provi  de p o s i t i v e  i d e n t i f i  ca t ion  o f  the  rad i  onucl i d e  content 
o f  the ORNL TRU waste. 

I n  order t o  meet t h e  ob ject ives s ta ted above, as we l l  as the  WIPP/WACs 

ou t l i ned  e a r l i e r ,  a  two - t i e r  assay system has been employed. The LANL 

neutron i n te r roga t i on  assay system and a  gamma-ray drum scanner comprise 

the nondestruct ive assay system (see Descr ipt ion o f  Equipment sect1 on). 

The r e s u l t s  obta i  ned from the  two nondestruct ive assay (NBA) techniques 

must be v e r i f l e d  independently t o  assure t h a t  r e l i a b l e  data a r e  being 

obtained. A glove box f a c i l i t y  has been constructed f o r  t h i s  purpose. 

Selected TRU waste drums w i l l  be des t ruc t i ve l y  assayed whereby the  con- 

t e n t s  o f  each drum WI 11 be empti ed i n t o  a glove box and segregated i n t o  

f o u r  categories: t e l  l u los ics ,  p las t i cs ,  glass and ctrranti~s, a~rd metals. 

Each type o f  mater ia l ,  excluding metals, M i l l  be weighed and then 

homogenized. A spec i f i ed  number of samples from each waste category 

d i l l  be co l lec ted  and t ransfer red out o f  the glove box. The samples 

w i l l  be assayed by a  galma-ray spectrometer w i t h  the r e s u l t s  being 

s tored on magnetic d isks f o r  l a t e r  comparison t o  t he  NDA techniques. 



This repor t  describes the sampling plan employed i n  determining t he  

k ind  and number o f  TRU waste drums selected f o r  dest ruc t ive  assay as 

wel l  as the number of samples t o  be co l lec ted  from each waste category. 

The basis and d e t a i l s  o f  the sampling plan are given i n  Sections 3, 4, 

and 5. Conclusions relevant t o  the proposed sampling plan are discussed 

i n  Section 6. 

2. DESCRIPTION OF EQUIPMENT 

2a. Neutron In ter rogat ion Assay System (NIAS) 

The t ransurani  c neutron i n te r roga t i on  assay system (NIAS) developed 

a t  Los Alamos National Laboratory i s  a h i gh -sens i t i v i t y  (1-mg f i s s i l e  

assay s e n s i t i v i t y  i n  a 208-a drum) detect ion system capable o f  per- 

forming rapid, quan t i ta t i ve  assays of  low- f iss i le -content  wastes and 

scraps contained i n  high- or  low-density matr ices (Kunz et. al., 1981). 

The assay chamber (rectangular para l le lep iped w i t h  a square cross 

sect ion 67 cm on a s ide and 102 cm high) o f  the neutron system consists 

of a spec ia l l y  designed graphi te (10.8 cm t h i c k )  and polyethylene (23 cm 

t h i c k )  s t r uc tu re  (see Figure 3) b u i l t  t o  accomodatc packdyes as la rge  as 

55-gal (208-a) drums. In te r roga t ing  neutrons are provided by a small, 

pulsed deuterium and t r i t i u m  neutron generator (developed by Sandia 

Nati  onal Laboratory and General E l e c t r i c  Corporati on, Neutron Devi ces 

D i v i  sion) 1 ocated i n  the  cav i t y  (Ri ce, 1980) . The pulses o f  14-MeV 

neutrons (each pulse produces about l o 6  neutrons) are rap id l y  moderated 

and def lec ted back i n t o  the cav i t y  by t he  surrounding graphi te  and 

polyethylene. The resu l tan t  i n t e r roga t i ng  neutrons induce f i s s i o n  

react ions i n  f i s q i  le mater ia l  w i t h i n  the sa~syle. The ensuing prompt 



FIGURE 2. Neutron I n t e r r o g a t i o n  Assay System 



f i s s i o n  neutrons are  detected by cadmi um-shielded 3 ~ e  p ropor t i ona l  

counters embedded i n  the  polyethylene ( e f f i c i e n c y  - 3.5%). To moni to r  

t h e  i n t e r r o g a t i n g  thermal neutron f l u x ,  a 1 ow-efficiency, bare 3 ~ e  pro- 

p o r t i o n a l  counter i s  pos i t ioned i n s i d e  t h e  assay chamber. The r a t i o  o f  

t h e  prompt - f i ss ion  neutron de tec to r  counts t o  t h e  i n t e r r o g a t i n g  f l u x  

moni tor  counts i s  p ropor t i ona l  t o  t h e  amount o f  f i s s i l e  m a t e r i a l  

present. 

The N I A S  i s  a l s o  a passive neutron de tec t i on  system (Kunz and 

Cal dwell, 1982) where neutrons generated by spontaneous f i s s i o n a b l e  

ma te r ia l  a re  detected by both bare and cadmi um-shiel ded 3 ~ e  p ropor t i ona l  

counters 1 ocated w i t h i n  t h e  chamber w a l l s  ( t o t a l  system de tec to r  

e f f i c i e n c y  - 14%). Total  coincidence neutron de tec t i on  and neutron 

m u l t i p l i c i t y  measurements can a l s o  be performed, i f  needed, f o r  a more 

complete cha rac te r i za t i on  of t h e  sample package. The data a c q u i s i t i o n  

subsystem i s  a LeCroy 3500 computer which c o l l e c t s ,  processes, and then 

s tores  t h e  data on magnetic d i s k e t t e s  (see Figure 3). 

2b. Gamma Drum Scanner 

The gamma drum scanner used i n  t h e  assay system i s  a mod i f i ed  

Canberra Segmented Gamma Scanner Model 22208 (see F i  gu r e  4). It i s  ab le  

t o  assay gamma-emitting isotopes i n  55-gal ( 2 0 8 4 )  drums f i l l e d  w i t h  low 

t o  medium dens i t y  wastes such as rags, t w e l s ,  rubber gloves and s i m i l a r  

ma te r ia l .  The drum scanner cons is ts  o f  a dual a x i s  p o s i t i o n i n g  system, 

a co l l ima ted  so l  i d  s t a t e  Ge(Li) detector ,  and a europium t ransmiss ion  

source. The e n t i r e  systeln i s  operated and c o n t r o l l e d  through t h e  LeCroy 

3500 computer. 



FIGURE 3.  Instrumentation Control Room 





The system uses a segmented scanning technique wherein i ndi v i  dual 

ho r i zon ta l  segments along the v e r t i c a l  ax is  o f  the drum are assayed, 

thus reducing the  e f f e c t  o f  v e r t i c a l  inhomogeneity. The drum i s  spun on 

a t u r n t a b l e  a t  a constant speed dur ing t he  assay measurements. This 

tends t o  average out  t he  r a d i a l  inhomogeneities i n  t h e  waste material.  

Each assay scan i s  corrected f o r  the varying mass absorption c o e f f i c i e n t  

e n c a n t c r c d  i n  t he  waste drum by measuring a source o f  known i n t e n s i t y  

through t he  waste drum. A mlxed europi um source w i l l  be used as the 

t ransmission source s ince i t s  gamma rays span a la rge  energy rdrrye. 

The present assaying scheme provides f o r  a l l  drums t o  be qua l i ta -  

t i v e l y  scanned by the segmented drum scanner i n  order t o  i d e n t i f y  a l l  

gamma-emi t t i n g  radioisotopes contained i n  each drum. However, only 

those drums which cannot be p o s i t i v e l y  i d e n t i f i e d  by the  neutron 

i n te r roga t i on  system as possessing less  than or  y18eater than 100 nCi/g 

TRU concentrat lons w i l l  be quan t i t a t i ve l y  scanned using t he  various 

europi urn transmission sources. 

3. SAMPLING PLAN 
- I__ 

The pnp~r la t ion  t o  be sampled consists o f  approximately 1800 drurr~s 

conta in ing mater ia ls  (decontami nat ion debr is (DD) , contami nated equip- 

ment (CL) ,  dry so l ids  (US), and other)  which have haen used i n  the 

handl ing o f  rad ioact ive substances. It i s  important t o  know the mean 

concentrat ion o f  rad ioact ive substances i n  each and every drum i n  order 

t o  determine t h e  appropr iate disposi t ion.  The concentrat ion i n  a given 

drum may be determined by a complete examination o f  i t s  contents. This 

method must be performed by hand but does y i e l d  accurate resul ts.  In 



a d d i t i o n ,  t h i s  procedure i s  t ime  consuming and c o s t l y .  The new tech-  

n ique,  d iscussed i n  t h e  p rev i ous  s e c t i o n ,  has been developed f o r  

o b t a i n i n g  t h e  mean concen t ra t i on  of r a d i o a c t i v e  substances i n  each drum 

i n  a  s h o r t e r  p e r i o d  o f  t ime.  However, t h e  a b i l i t y  o f  t h e  new techn ique  

t o  make adequate measure~nents needs t o  be va l i da ted .  Therefore,  t h e  

sampl ing p l a n  proposed i n  t h i s  s e c t i o n  has been suggested as a  means of 

v a l i d a t i n g  t h e  measurements f r om  t h e  new technique., Every drum w i l l  be 

measured by t h e  new technique (Method I) and a  sample o f  drums w i  11 a l s o  

be measured by hand i n s p e c t i o n  (Method 11).  For t hose  drums which a re  

measured by bo th  methods, t h e  measurements w i l l  be compared and t h e  

p r o p o r t i o n  o f  agreement between t h e  matched obse rva t i ons  w i l l  be 

determined and w i l l  fo rm t h e  bas i s  f o r  t h e  v a l i d a t i o n .  

3a. S e l e c t i o n  o f  Drums 

The p o p u l a t i o n  o f  drums comes f r om L  d i f f e r e n t  sources o r  s i t e s .  

t h  
Le t  N, be t h e  number o f  drums f rom t h e  a  source f o r  2  = 1, 2 ,..., L. 

I- 
(Note 1 Na = N = 1800.) Wi th  t h e  ith drum f r om t h e  ith source, we 

a= 1 

have assoc ia ted  a v c c t o r  (Xai, Yai) wl~er-t! X 1 s  t h e  measurement 
R i  

ob ta i ned  u s i n g  Method I and Yai i s  t h e  measurement ob ta i ned  u s i n g  Method 

I 1  f o r  i = 1, 2 ,..., Na and a  = 1, 2 ,..., L. I f  Xai and Yai a r e  

" c l ose " ,  t hen  t hey  a re  s a i d  t o  agree, o the rw i se  t hey  a r e  s a i d  t o  d i s -  

agree. One d e f i n i t i o n  of agreement m igh t  be t h a t  Xai and Yai agree 

i f  Xai i s  w i t h i n  25% of Yai. Le t  

1 i f  Xai and Yai ag ree  
- - 6ai (X ai, Y . ) = a1 0  o the rw i se  



Then t h e  p r o p o r t i o n  o f  drums f rom t h e  eth source, where t h e  measurements 

agree, i s  g i v e n  by 

and t h e  p r o p o r t l o n  o f  a l l  l h e  drums where t h c  measurements' agree, i s  - - 
g i  vcn by 

P  i s  an unknown p o p u l a t i o n  parameter. O f  course, va lues o f  P c l o s e  t o  

one would suggest t h a t  bo th  techn iques  a r e  produc iny s i m i l a r  r e s u l t s .  

To .es t imate  P, a  s t r a t i f i e d  random sample of s i z e  n  w i l l  be taken. 

T h i s  i s  accompl ished by randomly s e l e c t i n g  n. o f  t h e  drums f r om t h e  
R 

Rth source and de te rm in ing  Yli f o r  i = 1, 2 ,..., n R = 1, 2 ,..., L. 
!is 

(Note t h a t  a l l  drums w i  1 1  be measured by Method I bu t  o n l y  n  by Method 

- L 
11. A lso  n o t e  t h a t  n  = 1 n . )  We r e q u i r e  t h a t  

i = l  

t o f  agreernent.5 i n  sample measurements fmm t h e  eth source L e t  P - 2- 
. - 

n  
R 

Then an e s t i m a t e  f o r  P  i s  g i ven  by 



and an es t ima te  o f  i t s  va r iance  i s  g i ven  -by 

The ques t i on  remain ing i s  how l a r g e  shou ld  n  be? 

I f  t h e  d e s i r e  i s  t o  have 

P r  ( P-P > d )  = a , l A  l -  
where a and d  a r e  g i ven  by t h e  exper imenter ,  t hen  we shou ld  determine n  

u s i n g  t h e  f o l l o w i n g  fo rmu la  (see Cochran (1977) page 110) 

where P r (  Z > Z ) = a  whe'n Z i s  norma l l y  d i s t r i b u t e d  w i t h  mean 0  and I I - 4 2  
va r i ance  1. 

1 Since t h e  Pp 's  a r e  unknown, we use P a  = - f o r  every  P. Th is  w i l l  
2 

make n l a r g e r  t h a n  necessary. Thus we have 



For  v a r i o u s  va lues  of d  and a when N = 1800, we can determine t h e  

v a l u e  o f  n. Table 1 g i ves  a  summary o f  n  f o r  d i f f e r e n t  combinat ions o f  

a and d. 

f, A f t e r  choosing n, n e  i s  determined by n e  = - n. Since I t  can be 
N 

assumed t h a t  drums w i l l  a r r i v e  f o r  i n s p e c t i o n  i n  a  random fashion,  t h e  

s t r a t i f i e d  sample can be taken  s y s t e m a t l c a l l y  w i t h  a random s t a r t .  

TABLE 1: Sample S ize  (n)  o f  t h e  Number o f  Drums To Be 
Sampled as a Func t i on  o f  a and rl f o r  N = 1800. 

4. STRATIFICATION OF SAMPLED DRUMS FROM DIFFERENT SOURCES AND WASTE 
TYPE BY ANTICIPATED ACTIVITY 

The r e s u l t s  f rom t h e  p rev ious  sec t i on ,  w i t h  a  cho ice  o f  cx = .05 and 

d  = .08, i n d i c a t e d  t h a t  approx l rnate ly  150 drum$ s h o u l d  be sampled and 

t h e  a c t i v i t y  determi  ned by bo th  methods. Table 2 g i v e s  t h e  t o t a l  number. 

of available drums and t h e  number o f  drums t o  be sampled f rom each s , i l e -  

waste t y p e  con f i gu ra t i on .  S ince 150 drums i s  approx imate ly  8%0f  t h e  

t o t a l  a v a i l a b l e  p o p u l a t i o n  o f  drums, t h e  number o f  drums t o  be sampled 

i n  each c e l l  o f  Table 2 equals  ~ 8 %  o f  t h e  number o f  a v d l l a b l e  dr>unls i n  

t h a t  c e l l .  However, i f  8% o f  t h e  number o f  a v a i l a b l e  drums f o r  a  s i t e -  

waste t y p e  c o n f i g u r a t i o n  was l e s s  t han  10, t hen  t h e  numSer o f  sampl.ed 

drums was m o d i f i e d  t o  equal t h e  maximum o f  t h e  t o t a l  number o f  drums f o r  



t h e  s i t e -was te  t y p e  c o n f i g u r a t i o n  o r  10. Th i s  i s  t h e  reason t h e  t o t a l  

number o f  sampled drums (199) i s  =lo% of t h e  t o t a l  number o f  a v a i l a b l e  

drums r a t h e r  than  ~ 8 % .  The sampled drums f r om each c e l l  o f  Tab le  2 w i l l  

form a s imp le  random sample, except  f o r  t h e  drums c o n t a i n i n g  d r y  s o l i d s  

(DS) e x c l u s i v e  o f  t h e  PGDP drums. Because o f  t h e  l a r g e  number o f  DS 

drums t o  be sampled, i t  was dec ided t o  use a s t r a t i f i e d  random sample o f  

DS drums a t  t h e  s i t e s  o f  i n t e r e s t  i n  o r d e r  t o  be sure  t o  i n c l u d e  a wide 

range o f  drum a c t i v i t y  values i n  t h e  sample. From t h e  data a v a i l a b l e  a t  

p resen t  t o  es t ima te  t h e  a c t i v i t y  o f  each drum, t h e  "cumula t i ve  square 

r o o t  o f  t h e  f requency method" (Cochran (1977) pp. 127-131) was used t o  

deter ln ine t h e  s t r a t a  l i m i t s .  The number sampled i n  each s t r a t a  was 

s l i g h t l y  skewed toward t h e  a c t i v i t y  va lue  o f  100 nCi /g  assuming each 

drum weighed approx imate ly  45 kg (100 l b s ) .  Table 3 g i v e s  t h e  a c t i v i t y  

s t r a t a  l i m i t s  f o r  each s i t e  t o  be used i n  s e l e c t i n g  t h e  sampled drums. 

TABLE 2: To ta l  Number of Drums and Number o f  Drums To Be Sampled 

*The 25 PGDP drurns were cons idered separa te ly .  

ORNL 
3019 

3 3 

10 

2 

2 

422 

34 

457 

46 

D D 

C E 

D S 

"I at.a l 

ORNL 
I so tope  
Area 

2 2 

10  

6 

6 

3 24 

2 6 

352 

42 

1 

1 

1 

1 

352 

2 9 

354 

3 1 

PGDP* 

0 

0 

0 

0 

2 5 

10  

2 5 

10 

ORNL 
Other  

12 

10 

3 8 

10 

494 

40 

544 

60 

Other 
O f f -  
s i t e  

0 

0 

0 

0 

101 

10 

101 

10 

To ta l  

6 8 

3 1 

4 7 

19 

1718 

149 

1833 

199 



TABLE 3: , S t r a t a  A c t i v i t y  L i m i t s  f o r  DS Drums By S i t e  

( A )  B u i l d i n g  7920 

Number t o  be 
S t r a t a  L im i  t s  ( c u r i  esldrum) sampled 

l x l o - '  - 3x10-" 7 
3 x 1 0 - ~  - 1 x 1 0 - ~  8 
l x 1 0 - ~  - 3 x 1 0 - ~  7 
3 x 1 0 - ~  - 2x10° 7 - 

2 9 
( 8 )  Bul  l d l n q  3019 

' Number- t u  be 
S t r a t a  L i m i t s  ( c u r i  esldrum) sampl ed 

8 x 1 0 ~ "  1x10-' 9 
1x10-' - 3 x 1 0 ~ ~  9 
3 x 1 0 - ~  - 1x10- '  8 
1x10-' - 6x10' 8 - 

34 
( C )  I so topes  Area 

Number t o  be 
S t r a t a  L i m i t s  (cu r ies /d rum)  sampled 

2 x 1 0 - ~  - 1x1€r3 7 
~ X I O - ~  - 1~10-I 7 
1x10-' - 1 x 1 0 ~  G 
1~10' - z x l o 3  6 - 

2 6 
( D )  Other ORNL S i t e s  

Number t o  be 
Strata 4 i m i t s  (cu r ies /d rum)  sampled 

1 x 1 0 - ~  - I X ~ O - ~  9 
1 ~ 1 0 - ~  - I X ~ O - ~  12 
1 x 1 0 - ~  - 1x10- '  10 
1~10 - l  - 1 ~ 1 0 ~  9 - 

40 
( E )  Other O f f  S i t e  

Number t o  be 
S t r a t a  L i m i t s  (cu r ies /d rum)  sampl ed 

1 x 1 f 6  - IXIO-~ 2 
i x10- '+  - 1 x 1 0 - ~  3 
1 ~ 1 0 - ~  - 1 ~ 1 0 - l  3 

1x10-' - 1 x 1 0 ~  2 - 
10 



5. SELECTION 0F.SAMPLES WITHIN A DRUM 

I n  t h i s  s e c t i o n  we w i l l  desc r i be  t h e  method used t o  determine t h e  

number o f  samples taken w i t h i n  each sampled drum. We have assumed i n  

t h i s  s e c t i o n  t h a t  t h e  con ten ts  o f  each sampled drum have been separated 

i n t o  C d i s t i n c t  components (meta ls ,  p l a s t i c s ,  c e l l u l o s i c s ,  g l ass ,  and 

cerami cs )  f rom which subsamples may be taken. Set 

TI 
C 

= p ropo r t i on ,  by weight,  o f  t h e  m a t e r i a l  i n  t h e  drum o f  
component c  ( = I ,  2,. . . , C) ; 

IJ,..; = mean o f  t h e  d i s t r i b u t i o n  of concen t ra t i on  i n  t h e  i th  
LY I 

( = I ,  Z,.. . , I) i s o t o p e  i n  t h e  cth component as determined by 
t h e  y - ray  spectroscopy method (Method I I )  ; 

u2 = var iance  of t h e  d i s t r i b u t i o n  o f  concen t ra t i on  i n  t h e  i t h  cy i + h  

i s o t o p e  i n  t h e  cL"  component'as determined by t h e  
Method I 1  ana l ys i s ;  

m = number of samples o r  observa t ions  taken  f r om t h e  cth 
component; 

= observed concen t ra t i on  i n  t h e  cth component o f  t h e  k  t h  
'ci k  

sample ( k= l ,  ..., mc) on t h e  ith i s o t o p e  ob ta ined  by Method 

11; 

1 lnc 

YCi = - 1 Ycik = es t ima te  of ucyi f rom t h e  mc observa t ions ;  
m k = l  

C 

1 

u2 = Var ( .  1 ycik), which i s  independent o f  k; 
CY 1 =l 

2 ~ a r ( y ,  ) = u /m s i nce  y i s  a sum of averages i n v o l v i n g  m 
CY c c .  C 

observat  i ons; 



= mean of t h e  d i s t r i b u t i o n  o f  concen t ra t i ons  of t h e  i t h  
'x i 

i s o t o p e  as determined by t h e  new t r a n s u r a n i c  assay system 
(Method I ) ;  

= e s t i m a t e  of p i  f r om Method I ana l ys i s ;  and 

I 
X. = 1 Xi which may be es t ima ted  w i t h o u t  knowledge o f  t h e  

i =l 
i n d i v i d u a l  Xi ' s  by Method I .  

The d a t a  f r om any sampled drum which comes f rv r r~  a p a r t i c u l a r  

source, can be summarized i n  t h e  form g i ven  i n  Table 4. The s u b s c r i p t s  

o f  S e c t i o n  3 assoc ia ted  w i t h  t h e  source and drum have been suppressed i n  

t h i s  t a b l e .  The q u a n t i t i e s  of i n t e r e s t  f o r  comparison a r e  

es t ima ted  by 

and 

es t ima ted  by 

A d d i t i o n a l  cn rnpa r i s~ns  f o r  each i s o t o p e  may be made, depending upon t h e  

a v a i l a b i l i t y  o f  Xi values. 

I n  o r d e r  t o  determine mc, assume t h e  y a r e  i nrleprndcnt and 
C 

cons ide r  

(Even i f  independence i s  n o t  assumed, express ions f o r  Va r ( y )  , which w i  11 

s t i l l  go t o  zero  as m -, can be der ived. )  
C 



TABLE 4. DATA FROM A SINGLE DRUM 

I-' 
CO 

New 
T r a n s u r a n i  c 
Assay 
System 

x 1 

X 2 

x I 
X .  

I s o t o p e  

1 

Average 

2 

Average 

I 

Average 

T o t a l  
Component 
P r o p o r t i o n  

y-Ray Spect roscopy 

Component 

M e t a l s  

Y 11 1 

. 
Yl l rn l  
Y11. 

y121 

Y 12ml 
Y 12. 

Y l I  1 

. 
Y 1 Im 
Y 1 I  

Y1- 

n k  

Cel l u l  o s i  cs 

Y311 

Y 3 1m3 
Y31- 

y321  

y32m3 
Y32* 

. 
y3I  1 

Y31m3 
Y 3 I  

Y 3 

= 3 

P l a s t i c s  

Y211 

Y 2 1m2 
Y21. 

Y 22 1 

Y 22m2 

Y22- 

Y 2 ~ 1  

Y21m2 
y2 I  

Y 2 

* 2 

Glass 

Y411 

Y 4  lrn, 
Y41= 

y 4 2 1  

y42m4 
Y42. 

. 
y 4 I  1 

YsIrn4 
Y 4 I  

Y 4 • 

= 4 

Cerami cs 

Y 5 l l  . 

Y5 1m5 
Y s l *  

Y521 

Y 521115 

Y52- . 

Y 5 I  1 

J'51m5 
YSI 

Y 5. 

7r 5 

Weighted 
Average 

Y 1 

Y 0 2  

y *  I 

Y 

- -  -- 



If we a l s o  assume t h a t  mc = acm where m = 1 mC then  
c= 1 

The 100(1-a )% con f idence  i n t e r v a l  on p now takes  t h e  f o rm  
Y  

The d e t e r m i n a t i o n  o f  m can now be expressed i n  terms o f  t h e  

f o l l o w i n g :  

Make m s u f f i c i e n t l y  l a r g e  so t h a t  t h e  w i d t h . o f  t h e  con f idence  

i n t e r v a l  i s  s u f f i c i e n t l y  smal l .  The w i d t h  of t h e  con f idence  i n t e r v a l  i s  

3 

S o l v i n g  t h i s  express ion  f o r  m we have 

The v a l u e  o f  A  would be determined f r om ,a knowledge o f  how much o f  a  

d i f f e r e n c e  between p and px we want t o  be dec la red  s i g n i f i c a n t ,  t h e  
Y 

va lues  of nc shou ld  be e a s l l y  deterrll ined, and t h e  va lues o f  a2 cou ld  
CY 

be es t ima ted  f r om a  . p i l o t  sample t o  g i v e  us a  handle on a  minimum va lue  

o f  m. The a1 l o c a t i o n  o f  m would be done as m = a m. I f  we assume 
C C 

a2 = 
l y  

. . . = a2 = o2 then  m becomes 
CY Y  

Table 5 g ives  t h e  va lue  o f  m* f o r  d i f f e r e n t  values o f  a / A .  
Y 



TABLE 5 :  Minimal Sample Sizes As a  Func t i on  o f  a and a / A  
When Variances Are Equal For  Each Component Y 

6. CONCLUSIONS 

The sampl ing p l a n  descr ibed  i n  t h e  p rev ious  s e c t i o n s  o f  t h i s  r e p o r t  

can be used t o  v e r i f y  t h e  r e s u l t s  from t h e  nondes t ruc t i ve  assay tech-  

nique. The p l a n  p rov ides  a  method t o  determine t h e  number o f  TRU waste 

drums f o r  d e s t r u c t i v e  assay as w e l l  as t h e  number o f  samples t o  be 

c o l l e c t e d  f rom each waste ca tegory  w i t h i n  a  s e l e c t e d  drum. The observa- 

t i o n s  f rom t h e  d e s t r u c t i v e  and nondes t ruc t i ve  assay can t hen  be used t o  

determine i f  t h e  new d e t e c t o r  system p rov ides  accura te  es t imates  o f  t h e  

mean concen t ra t i on  o f  t h e  TRU waste p resen t  i n  a drum. As a d d i t i o n a l  

obse rva t i  ons become avai  l a b l e  i t  w i  11 be poss i  b l e  t o  eva lua te  (and 

modi fy ,  if necessary) t h e  sample s i z e s  g i ven  i n  Tables 1 and 5 t o  

ach ieve t h e  d e s i r e d  p r e c i s i o n  i n  t h e  es t imated  concen t ra t i on  d i f f e r e n c e s  

f o r  t h e  two  assay methods. 
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