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Strong winds t h a t  cou ld  t r anspo r t  contaminated dus t  and o ther  m a t e r i a l s  

o f f s i t e  f rom t h e  Hanford 300 Area t y p i c a l l y  blow from t h e  west o r  southwest. 

Samples were c o l l e c t e d  from an o f f s i t e  s tudy  area loca ted  across t he  Columbia 
, . 

R ive r  and downwind from t h e  300 Area t o  est imate t he  concent ra t ions o f  uranium 

and o t h e r  heavy metals i n  s o i l s  and vegetat ion.  Resul ts  were compared t o  

s i m i l  a r  measurements c o l l e c t e d  a t  con t ro l  s i t e s  loca ted  both on and o f f  t h e  

Hanford S i te .  These comparisons were used t o  t e s t  hypotheses t h a t  uranium and 

o the r  heavy metals had been t ranspor ted  o f f s i t e  b y  wind-blown dust  o r  o the r  

ma te r i a l s .  

The conc lus ion from t h i s  s tudy was t h a t  operat ions a t  t he  300 Area have 

n o t  r e s u l t e d  i n  a  de tec tab le  impact on the  o f f s i t e  env i rons across t h e  r i v e r .  

The concen t ra t ion  o f  uranium i n  s o i l  samples f rom t h e  s tudy area was s t a t i s -  

t i c a l l y  g rea te r  than canparable samples f rom c o n t r o l  s i t e s ,  b u t  the re  was no 

evidence t h a t  t h e  uranium i n  t h e  study-area samples was other  than n a t u r a l l y  

occur r ing .  There was no s t a t i s t i c a l  d i f f e r e n c e  i n  t he  concent ra t ion o f  lead, 

s i  1  v e r y  z i n c  o r  copper i n  s o i l  samples from t h e  study area as compared t o  t h e  

c o n t r o l  s i t e s .  No s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rences  i n  uranium o r  o the r  

heavy metals were noted among vege ta t ion  samples f rom t h e  var ious sampling 

s i t e s .  
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INTRODUCTION 

Severa l  methods have been used t o  c o n t r o l  the  r e l ease  o f  e f f l u e n t s  pro- 

duced a t  t h e  Hanford S i t e  s ince  f a c i l  i t y  s t a r t u p  i n  1944. Gaseous e f f l u e n t s  

have been t r e a t e d  by f i l t r a t i o n  o r  o t h e r  c o n t r o l  measures t o  reduce the  amounts 

o f  m a t e r i a l s  re leased t o  t h e  atmosphere. Most l i q u i d  e f f l u e n t  streams, except 

r e a c t o r  c o o l i n g  water, have been re ta i ned  o n s i t e  through t he  use of underground 

s t r u c t u r e s  (e.g., c r i b s )  o r  su r face  s t r uc tu res  such as ponds. The p r i n c i p a l  

method o f  l i q u i d  e f f l u e n t  c o n t r o l  i n  t he  300 Area i nvo l ved  t h e  use o f  spec ia l  

waste d i  sposal ponds. 

300 AREA 

The use o f  300-Area f a c i l i t i e s  has invo lved  research and development 

a c t i v i t i e s  and r e a c t o r  f u e l  f a b r i c a t i o n .  B u i l d i n g  a i r  exhaust was f i l t e r e d ,  

bu t  cons iderab le  amounts o f  heavy metals, i n c l u d i n g  uranium, were re leased t o  

process waste ponds f rom 1944 t o  1975. Ilr~provernents i n  e f f l u e n t  c leanup were 

e f f e c t e d  i n  1975, and l i q u i d  wastes were d i r e c t e d  t o  newly cons t ruc ted  leach ing  

trenches. Use o f  t he  o r i g i n a l  ponds was discont inued. The ponds were subse- 

q u e n t l y  covered w i t h  f l y  ash and s o i l  and grave l  f rom t h e  d ikes and s i dewa l l s  

t o  prevent  s t rong  winds f rom d ispers ing  m a t e r i a l s  accumulated on t h e  bottoms 

o f  t h e  ponds. 

ENVIRONMENTAL SURVEILLANCE PROGRAM SAMPLES 

I n  1975 two new s o i l  and vege ta t ion  sampling s i t e s  were added t o  t he  rou- 

ti ne Hanford Environmental  Su rve i l  lance Program i n  p repara t ion  f o r  the  s t a r t u p  

o f  Fas t  F l u x  Tes t  F a c i l i t y  (FFTF) operat ions.  The s i t e s  were loca ted  o f f s i t e  

near t h e  eastern shore o f  the Col umbia R ive r  and downwind i n  t h e  predominant 

wind d i r e c t i o n  f rom FFTF. The sampling l oca t i ons  a lso  were downwind i n  t h e  

s t r ong  wind d i r e c t i o n  f rom t h e  300 Area. Most r e s u l t s  f rom s o i l  samples and 

some r e s u l t s  f rom vege ta t i on  samples c o l l e c t e d  f rom 1978 through 1981 seemed 

t o  show h igher  than expected concent ra t ions o f  uranium. 



SPECIAL STUDY 

The purpose o f  t h i s  s tudy(a)  was t o  es t imate  t h e  concen t ra t ions  o f  

uranium and o t h e r  heavy meta ls  i n  s o i l  and vege ta t ion  samples c o l l e c t e d  across 

t h e  Colun~bia  R i ve r  f rom t h e  300 Area. A n a l y t i c a l  r e s u l t s  were compared t o  

those f o r  samples c o l  l e c t e d  f rom c o n t r o l  s i t e s  loca ted  bo th  o n s i t e  and o f f s i t e .  

'The o n s i t e  c o n t r o l  s i t e s  were located i n  areas remote f rom f a c i l i t i e s  hand l i ng  

uranium o r  heavy meta ls .  Resul ts  were used t o  t e s t  t h e  hypotheses t h a t  uranium 

o r  heavy meta ls  had accumulated i n  t h e  environment across t h e  r i v e r  f rom t h e  

300 Area due t o  t h e  t r a n s p o r t  o f  contaminated dust  or.  o t h e r  m a t e r i a l s  by  s t r ong  

w i  nds. 

- - 

(a)  Th i s  work was conducted by P a c i f i c  Northwest Laboratory  under t h e  Hanford 
Environmental  Surve i  11 ance Program through Serv ice  Assessment f u n d i n g  pro- 
v ided by The Sa fe ty  and Environmental  P r o t e c t i o n  D i v i s i o n  o f  t h e  R ich land  
O f f i c e  o f  t h e  U.S. Department o f  Energy (DOE-RL). 



SAMPLING SITES 

Samples were co l  l e c t e d  f rom a  s tudy area hypothesized t o  be impacted by 

t h e  wind t r a n s p o r t  o f  uranium and o t h e r  heavy meta ls  f rom t h e  300 Area. Other  

s i t e s  were chosen t o  represen t  background o r  c o n t r o l  ' s i t e s  presumed t o  be 

una f fec ted  by  opera t ions  a t  Hanford. A  p r i v a t e l y  owned and operated uranium 

f u e l  f a b r i c a t i o n  f a c i l i t y  (Exxon) i s  loca ted  upwind from the 300 Area. Samples 

were c o l l e c t e d  on Federa l  land across a  road f rom Exxon t o  assure t h a t  t he  

f a c i  1  i t y  was no t  an ex te rna l  source o f  uranium e f f l u e n t s .  

LOCATIONS 

Samples o f  s o i l  and n a t i v e  vege ta t ion  were c o l  l e c t e d  from t h e  study area 

and f o u r  c o n t r o l  s i t e s .  Another s i t e  was sampled near t h e  Exxon Nuclear  Com- 

pany, Inc .  f a c i l i t y  on Horn Rapids Road. F i gu re  1 i s  a  map o f  t he  r e g i o n  

showing t h e  l oca t i ons  o f  t h e  s tudy  area, c o n t r o l  s i t e s ,  and t he  Exxon s i t e  w i t h  

an i n s e t  showing t he  l o c a t i o n  o f  i n d i v i d u a l  sampling s i t e s  w i t h i n  t h e  s tudy 

area. F i g u r e  2  i s  an a e r i a l  photograph o f  t h e  s tudy area. The 300 Area i s  

l oca ted  ad jacent  t o  t h e  Columbia R i v e r  j u s t  ou ts ide  o f  t h e  p i c t u r e  on t h e  

r i g h t .  Groups o f  samples were c o l l e c t e d  a t  about 0.8-km i n t e r v a l s  a long a  r oad  

near  t he  r i v e r  shore l ine  as noted by  t h e  arrows i n  F i g u r e  2. A t  each 0.8-km 

i n t e r v a l ,  samples were c o l l e c t e d  near t h e  road and a lso  a t  e l eva t i ons  of about 

40 and 80 m above t h e  road on t h e  b l u f f s .  The he igh t  o f  the b l u f f s  above t h e  

road i s  120 t o  130 m. The road  i s  about 10 m above t h e  r i v e r .  

The most southern sampling s i t e  f o r  t h e  s tudy area was loca ted  ad jacent  

t o  t h e  300 Area o n  t h e  F r a n k l i n  County s i d e  (eas te rn  shore) o f  t h e  Columbia 

R ive r .  I n d i v i d u a l  sampling s i t e s  extended no r t h  a t  0.8-km i n t e r v a l s  f o r  

-5.6 km. Thus i n d i v i d u a l  sampling s i t e s  ranged f rom -1 t o  6 km f rom the  

300 Area. Table 1 shows t he  d i s t ance  and d i r e c t i o n  o f  a l l  sampling s i t e s  f rom 

t h e  300 Area along w i t h  o t h e r  c h a r a c t e r i s t i c s .  
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FIGURE 1. Sampling Loca t ions  i n  t h e  Environs o f  t h e  Hanford S i t e  
and A Sur face Wind Rose f o r  t h e  300 Area 

DESCRIPTIONS 

The study-area sampl ing s i t e s  were loca ted  on b l u f f s  a long t h e  eas te rn  

shore o f  t h e  Columbia R ive r .  The b l u f f s  were s t r o n g l y  eroded r e s u l t i n g  i n  

s teep h i 1  1 and g u l l y  topography. I n d i v i d u a l  s tudy s i t e s  were con f i ned  t o  t h e  



TABLE 1. Locat ions and C h a r a c t e r i s t i c s  o f  t he  Sampling S i t e s  

S i t e  

Study Area 

Riverv iew 
m 

E xx on 

Prosser Barr icade 

Yak ima Bar r i cade  

Sunnysi de 

( a )  Distance , 
km 

1 t o  6 

10 

3 

11 

43 

53 

E l e v a t i o n  
Compass Above 
D i r e c t i o n  MSL, rn Surface S o i l  Vegetat ion 

E t o  NNE 120 t o  200 R ingo ld  Sediments Rabbitbrush, Sagebrush 

SS E 140 A l l u v i a l  Sagebrush 

SW 115 S t a b i l i z e d  Dunes Rabbi tbrush,  Sagebrush 

W 140 S t a b i l i z e d  Dunes Rabbitbrush, Sagebrush 

NW 24 0 A l l u v i a l  Sagebrush 

WS W 450 Loess Rabbitbrush, Sagebrush 

( a )  S t r a i g h t  l i n e  d is tance and d i r e c t i o n  from the  300 Area. 



crowns o f  t h e  h i 1  1s. The b l u f f s  were composed o f  anc ien t  R ingo ld  Format ion 

sediments w i t h  p a r t i c l e  s i z e s  r a n g i n g  f rom c l a y  t o  cobb le  rock.  Sur face s o i l s  

cons i  s t e d  o f  f ine -g ra i  ned mater i a l  s  mixed w i t h  some small grave l  . Vegetat ion 

was composed p r i m a r i l y  o f  shrubs, perenn i a1 bunchgrasses and annuals. 

The c o n t r o l  s i t e  a t  R iverv iew was used because o f  i t s  s i m i l a r i t i e s  t o  t h e  

s tudy  area. The s i t e  was loca ted  severa l  k i l o m e t e r s  i n l a n d  f rom t h e  eas te rn  

shore o f  t h e  Col umbia River ,  bu t  topography, sur face s o i l ,  and vege ta t ion  were 

s i m i l a r  t o  t h e  s tudy  area. However, t h e  g e o l o g i c a l  f o r m a t i o n  was n o t  R i n g o l d  

Sediments, but  r a t h e r  outwash m a t e r i a l s  f rom h i s t o r i c a l  ~ o l u m b i a  R i v e r  a c t i v -  

i t y .  The Prosser Bar r i cade  c o n t r o l  s i t e  and t h e  Exxon s i t e  were l o c a t e d  i n  an 

area o f  s t a h i l  i zed sand dunes w i t h  g e n t l e  u n d u l a t i n g  topography. The Yakima 

B a r r i c a d e  c o n t r o l  s i t e  was l o c a t e d  i n  an area o f  Columbia R ive r  outwash l i g h t l y  

veneered w i t h  w i  nd-blown m a t e r i a l s .  The Sunnyside c o n t r o l  s i t e  was cons ider -  

a b l y  h i g h e r  i n  e l e v a t i o n  (450-m MSL) than t h e  s tudy area and f a r  removed i n  an 

upwind d i r e c t i o n  f r o m  t h e  i n f l u e n c e  o f  opera t ions  a t  Hanford. The s o i l  was 

d e r i v e d  f rom loess which o v e r l i e s  basa l t .  Vegetat ion a t  t h e  c o n t r o l  s i t e s  and 

t h e  Exxon s i t e  was b a s i c a l l y  t h e  same as t h e  study area except a t  Sunnyside 

where l a r g e  p e r e n n i a l  bunchgrasses were p reva len t .  



METHODS 

Sampling and a n a l y t i c a l  methods were pat terned a f t e r  those used r o u t i n e l y  

i n  t he  Hanford Environmental S u r v e i l 1  ance Program (Su la  e t  a l .  1982). 

SAMPLING AND ANALYSIS . . 
Each sample o f  sur face so i  1  was c o l l e c t e d  us ing a  s tee l  "cook ie  c u t t e r "  

sampler. The s i z e  o f  t he  sampler was 10 on i n  d i a  meter by 2.5 cm deep. Three 

d i f f e r e n t  c lasses o f  s o i l  samples were c o l l e c t e d  and analyzed: 

a i nd i v i dua l -a  s i n g l e  s o i l  sample; 

a f i e l d  composi te-composed o f  f i v e  s o i l  samples composited i n  t he  

f i e l d  by p l ac i ng  t he  samples as c o l l e c t e d  i n t o  a  p l a s t i c  bag; 

a 1 ab composi te-composed o f  equal a1 i q u o t  s  o f  "i ndi  v idua l  " samples 

composited i n  t he  l abo ra to r y  a f t e r  d r y i ng  and s iev ing.  

Samples f rom t h e  same s i t e  f o r  i n d i v i d u a l  use o r  f o r  composit ing i n  t h e  f i e l d  
2  were se lec ted  from areas o f  -100 m . Lab composites were prepared a f t e r  

a l i q u o t s  f rom the  i n d i v i d u a l  samples were separated and analyzed. Lab compo- 

s i t e  samples were submit ted b l i n d  f o r  analys is .  

S o i l  samples were d r i e d  a t  110'~ and s ieved t o  pass a  2-mm s t a i n l e s s  s t e e l  

screen. A l i q u o t s  o f  10 g  o f  s o i l  were leached w i t h  ac id  and used f o r  uranium 

ana lys is  by t h e  f luoromet r i c  method (UST 1980). Analys is  f o r  heavy meta ls  was 

by t h e  atomic absorpt ion method and used 5-9 a l i q u o t s  (UST 1980). 

Vegetat ion samples cons is ted  of -100 g  o f  r ecen t  growth c u t  f rom sagebrush 

o r  rabb i tb rush  shrubs. I f  t h e  s i t e  had both types o f  shrubs represented, then 

t he  sample conta ined both i n  about t h e  same p ropo r t i on  as t h e i r  occurrence. 

Samples were d r i e d  a t  60°c and ground. A l i q u o t s  f o r  uranium and heavy metal  

analyses cons is ted  o f  5 g  and 1 g, r espec t i ve l y .  F luoromet r i c  and atomic 

absorpt ion methods were used (UST 1980). 



STATISTICAL METHODS 

The purpose o f  t h e  s tudy  was t o  eva lua te  t he  p o t e n t i a l  impact of opera- 

t i o n s  a t  t h e  300 Area on t h e  s tudy area us ing t he  c o n t r o l  s i t e s  f o r  comparison. 

S t a t i s t i c  a1 l y  t h i s  purpose t r a n s l a t e s  i n t o  an exp lo ra to r y  da ta  ana l ys i s  thus, 

t h e  p r imary  da ta  ana l ys i s  t o o l s  used were g raph ica l  methods. 
, . 

The d a t a  f o r  a l l  elements were examined f o r  s t a t i s t i c a l  d i s t r i b u t i o n s  

us ing  p r o b a b i l i t y  p l o t s  and t h e  c o r r e l a t i o n  c o e f f i c i e n t  goodness o f  f i t  t e s t  

( F i l l  i ben 1975) .  These analyses showed t h a t  on l y  t he  uranium and copper da ta  

might  reasonably  be expected t o  show e f f ec t s ,  thus on ly  these two elements were 

f u r t h e r  analyzed. The f u r t h e r  analyses cons is ted  o f  1 )  an ana l ys i s  o f  va r iance  

t e s t  f o r  s p a t i a l  p a t t e r n  w i t h i n  t h e  s tudy  area, 2) an ana lys is  o f  var iance t e s t  

f o r  d i f f e r e n c e s  between t h e  s tudy area and c o n t r o l  s i t e s ,  3 )  an ana l ys i s  o f  

va r iance  comparison o f  sample types f o r  uranium, 4) a  g raph ica l  and ana l ys i s  

o f  va r iance  t e s t  f o r  cons is tency  o f  uranium l abo ra to r y  propagated e r ro r s ,  5 )  an 

ana l ys i s  o f  va r iance  t e s t  o f  t h e  cons is tency o f  t h e  qua1 i t y  c o n t r o l  data, and 

6)  a  g raph i ca l  ana l ys i s  o f  uranium t o  copper r a t i o s .  

SAMPLING DESIGN 

Table  2  l i s t s  t h e  numbers o f  samples analyzed f o r  each sample type. The 

" i n d i v i d u a l "  s o i l  samples f rom s tudy  area s i t e s  a t  l o c a t i o n s  0.8 through 

4.8 km, and f rom t h e  R iverv iew c o n t r o l  s i t e  were c o l l e c t e d  and analyzed i n  t h e  

f a l l  o f  1981 as a  p r e l i m i n a r y  study. Samples were analyzed f o r  uranium s i l v e r ,  

be r y l l i um ,  cadmium, chromium ( t o t a l ) ,  copper, mercury, n i c k e l ,  lead, and z inc.  

The cho ice  o f  heavy metal  analyses was based on ma te r i a l s  known t o  have been 

used i n  t h e  300 Area over  t h e  years. A  rev iew of the  r e s u l t s  i nd i ca ted  t h a t  

a d d i t i o n a l  s o i l  samples and some vege ta t ion  samples should be c o l l e c t e d  and 

analyzed f o r  lead, s i  l v e r ,  z inc ,  copper, and uranium. The o the r  heavy meta ls  

were low i n  concen t ra t i on  and f u r t h e r  analyses would no t  have been p roduc t i ve .  

A d d i t i o n a l  c o n t r o l  sampling s i t e s  were es tab l i shed  t o  improve comparisons. 



TABLE 2. S o i l  and Vege ta t ion  Samples C o l l e c t e d  a t  Each Sampling S i t e  

Sampling S i t e s  

Stuay Area o . o ( ~ )  ~ ( b )  
40 

R i v e r v i e w  

Exxon 

Prosser  

Yakima 

Sunny s  i d e  

Number o f  S o i l  Samples by Sample Type 
F i e l d  Lab 

I n d i v i d u a l  Composites ~ o m ~ o s  i t e s  

5 
5 
5 

..5 ( +  5 reana lyses)  1 
5 

5 ( +  5 reana lyses)  1 
5 

5 ( +  5 reana lyses)  1 
5 
5 

5 ( +  5 reana lyses)  5 

Numoer of  
V e g e t a t i o n  

Samp l e s  

5 

( a )  S p e c i f i c  l o c a t i o n s  measured h o r i z o n t a l l y  i n  k i l o m e t e r s  f r o m  t h e  nor thern -mos t  samp l ing  
s i t e  a t  t h e  s t u d y  area. 

( b )  S p e c i f i c  l o c a t i o n s  measured v e r t i c a l l y  i n  meters above t h e  road  a t  t h e  s tudy  area. 

The " f i e l d  composi te"  s o i l  samples were c o l l e c t e d  and analyzed i n  t h e  

s p r i n g  o f  1982. New d a t a - r e p o r t i  ng techn iques were developed by  t h e  a n a l y t i c a l  

l a b o r a t o r y  and a  propagated e r r o r  was c a l c u l a t e d  f o r  each uranium r e s u l t  (see 

Appendix A f o r  methodology).  As a  means o f  e s t a b l i s h i n g  a  c ross  check between 

t h e  two  p e r i o d s  o f  l a b o r a t o r y  analyses (Fa1 1  1981 and Spr ing  1982), i n d i v i d u a l  

samples f rom s tudy  area s i t e s  0.8, 2.4, 4.0 km and t h e  R ive rv iew c o n t r o l  s i t e  

were submi t ted  b l i n d  t o  t h e  l a b o r a t o r y  f o r  r e a n a l y s i s  i n c l u d i n g  t h e  computat ion 

o f  propagated e r r o r s .  



"Lab composite" samples were prepared by c m p o s i t i  ng i n d i v i d u a l  samples 

by l o c a t i o n  and subm i t t i ng  b l i n d  d u p l i c a t e  samples tw i ce  f o r  ana lys is .  The 

r e s u l t s  f rom these analyses were used t o  check on a n a l y t i c a l  r e s u l t  reproduc i -  

b i l  i t y  and t h e  r e l a t i o n s h i p  between i n d i v i d u a l  samples and t h e i r  composite. 

The numbers of vege ta t ion  samples t o  be co l  l ec ted  from each s i t e  were 

determined a f t e r  a l l  s o i l  r e s u l t s  were reviewed. Based on t he  s o i l  data,  

vege ta t i on  sample r e s u l t s  f rom the s tudy area were no t  expected t o  show d i f -  

ferences i n  heavy metal concen t ra t ions  when compared t o  t he  c o n t r o l  s i t e s .  I f  

d i f f e r e n c e s  ex is ted,  they were expected t o  occur a t  s tudy area s i t e s  0.0, 0.8, 

3.2 and 4.0 km where f i v e  vege ta t ion  samples were c o l l e c t e d  as noted i n  

Table 2. Dup l i ca te  samples were c o l l e c t e d  a t  the  remaining study area s i t e s  

and a t  t h e  c o n t r o l  s i t e s  except Sunnyside where 5 samples were co l l ec ted .  

DATA ANALY S  I S 

S o i l  and vege ta t ion  samples from var ious l oca t i ons  i n  t he  Hanford env i rons 

have been analyzed f o r  uranium content  s i nce  1973 p rov id i ng  a  da ta  base t o t a l -  

i n g  more than 400 r e s u l t s .  The f o l  l ow ing  r e l a t i o n s h i p s  were examined t o  com- 

pare  t he  h i s t o r i c a l  da ta  base w i t h  the  r e s u l t s  from t h i s  study. 

Resu l t s  f rom the  s tudy area and con t ro l  s i t e s  was compared t o  t h e  

da ta  base us ing the  l o g - p r o b a b i l i t y  p l o t t i n g  technique. 

a The mean va lue o f  uranium i n  s o i l  a t  t h e  study area was compared t o  

t h e  mean va lue  a t  t h e  c o n t r o l  s i t e s .  A  t e s t  o f  t h e  d i f fe rence  o f  

t h e  means p lus  0.7 pC i /g  was considered s i g n i f i c a n t .  

The adequacy o f  t h e  c u r r e n t  so i  1  sampl i n g  method used i n  t h e  r o u t i n e  

su rve i  1  1  ance program a1 so was evaluated . 
A f l u c t u a t i o n  i n  uranium concent ra t ion  r e s u l t s  o f  greater  than *SO% 

(def ined as t h e  ha l f - range d i v i ded  by t he  mean) a t  any s i t e  where 

f i v e  o r  more composite samples were co l l ec ted  would r e s u l t  i n  an 

eva lua t i on  o f  t h e  c u r r e n t  so i  1  sampling procedure. 



Analytical precision f o r  uranium analyses was evaluated by comparing the 

analyt ical  propagated e r r o r  with the  r e s u l t s  of dupl i c a t e  and repl i ca t e  

analyses. 

Differences in  uranium r e s u l t s  between duplicate and repl i ca t e  

analyses which s ign i f i can t ly  exceed the anal y t ica l  propagated e r r o r s  

would r e su l t  in the  evaluation of the  current  analyt ical  procedure. 



RESULTS AND D I S C U S S I O N  

Data f o r  lead, s i l v e r ,  and z i nc  analyses were o f  l i m i t e d  use i n  eva lua t i ng  

poss ib l e  e f f e c t s  on s o i l  and vege ta t ion  from opera t ions  i n  t he  300 Area. Only  

a  b r i e f  d e s c r i p t i o n  o f  these r e s u l t s  w i l l  be presented fo l lowed by a  more 

d e t a i l e d  desc r i p t i ons  o f  copper and uranium r e s u l t s .  S o i l  analyses w i l l  be 

discussed f i r s t  fo l l owed by a  review o f  vege ta t ion  r e s u l t s .  Resu l t s  f o r  s o i l  

o r  vege ta t i on  samples from t h e  Exxon s i t e  were determined t o  be no d i f f e r e n t  

than t h e  c o n t r o l  s i t e s .  Hence, t h e  general term " c o n t r o l  s i t e s "  used i n  t h e  

f o l l o w i n g  data analyses inc ludes  t he  Exxon s i t e  data. 

SOIL SAMPLES 

Lead 

P r o b a b i l i t y  p l o t s  o f  a l l  lead da ta  d i d  not  f i t  e i t h e r  a  normal o r  log- 

normal d i s t r i b u t i o n .  One sample r e s u l t  ( f rom t h e  s tudy area) was an obvious 

o u t l i e r ;  however, removal o f  t h i s  s i n g l e  po i  n t  d i d  no t  s i g n i f i c a n t l y  increase 

t h e  goodness o f  f i t  t o  e i t h e r  t he  normal o r  lognormal d i s t r i b u t i o n .  The lead  

da ta  were then separated i n t o  subsets f o r  t h e  s tudy area and f o r  t h e  c o n t r o l  

s i t e s .  The da ta  f o r  t h e  c o n t r o l  s i t e s  f i t  both a  normal and a  lognormal sta- 

t i s t i c a l  d i s t r i b u t i o n ;  however, t h e  f i t  t o  t h e  normal was much b e t t e r  than t h e  

f i t  t o  t he  lognormal. The subset o f  lead data f o r  t h e  s tudy area f i t  n e i t h e r  

d i s t r i b u t i o n  and appeared t o  be a  m i x tu re  o f  a t  l e a s t  th ree  d i f f e r e n t  d i s t r i -  

but ions.  The mixed d i s t r i b u t i o n s  were no t  analyzed fu r ther .  Average s o i l  

concen t ra t ions  f o r  lead a re  g iven i n  Table 3. There was no apparent d i f f e r e n c e  

i n  lead  con ten t  o f  s o i l s  between t he  s tudy  area and t h e  con t ro l  s i t e s .  

S i l v e r  

The s i l v e r  da ta  reasonably f i t  both normal and lognormal s t a t i s t i c a l  d i s -  

t r i b u t i o n s ,  b u t  t h e  f i t  t o  t h e  normal was b e t t e r  than t o  t he  lognormal. 

Because t h e  range o f  values o f  t h i s  da ta  set  was small (25 t o  90 ppm), t he  da ta  

cou ld  f i t  many d i s t r i b u t i o n  models. A  s i g n i f i c a n t  s t a t i s t i c a l  problem w i t h  t h e  

s i l v e r  da ta  was t h a t  most o f  t he  values (96%) had one o f  e i g h t  d i s c r e t e  values: 

0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60, o r  0.65 ppm. Because o f  t h i s  and 



TABLE 3 .  Mean, Standard D e v i a t i o n  (SD) , and Range o f  Heavy M e t a l  Analyses 
o f  Soi  1 Samples (ppm d r y  wt )  

Lead S i  1 ver -- Zinc --- - -- -- -- - - -- -~OT!E%~ - - - - - -- - 
~ a n y l i n y ~ i t e s ( ~ )  --- M W ~ - - -  Range - K i n  SO Range Mean SO Range -- Clean SO Range - 

Study Area (183) 16.7 6.5 8.0 to  66.0 0.53 0.10 0.30 t o  0.90 56.2 20.2 29.3 t o  156.7 13.5 2.7 6.4 t o  22.4 

Riverview (21)  16.5 2.0 13.0 to  22.0 0.49 * 0 . 0 6  0.40 t o  0.60 65.3 25.0 42.1 t o  146.2 11.8 1.2 9.4 t o  13.7 

kxxon ( 11) 11.7 2.1 8.5 t o  15.0 0.33 0.03 0.30 t o  0.35 40.1 3.9 35.9 t o  42.8 7.9 0.6 7.2 t o  8.9 
t. 
QI Prosser Barr icade (5)  12.2 * 1.0 10.5 t o  13.0 0.33 0.03 0.30 t o  0.35 37.9 2.1 35.0 t o  39.8 8.0 0.5 1 . 3  t o  8.6 

(a)  The number i n  parenthesis i s  number o f  samples analyzed inc lud ing  r e p l i c a t e s  and q u a l i t y  con t ro l  ddp l icates.  



because a l l  s i l v e r  concen t ra t ions  were extremely low, no f u r t h e r  ana l ys i s  o f  

t h e  s i l v e r  da ta  was done. Average s o i l  concent ra t ions f o r  s i l v e r  a re  g iven  i n  

Tab1 e  3. No d i f f e r e n c e  between t h e  study area and t h e  c o n t r o l  s i t e s  was ev i -  

dent us ing robus t  s t a t i s t i c a l  comparisons. 

Z i nc  - 
The z i n c  data a l so  f i t  n e i t h e r  normal nor lognormal d i s t r i b u t i o n s .  The 

s tudy  area da ta  subset appeared t o  be a  m i x tu re  o f  d i s t r i b u t i o n s .  The subset 

o f  c o n t r o i  s i t e s  da ta  appeared t o  be a  m i x t u r e  o f  two d i  s t r i  bu t ions  where a1 1  

areas except Riverv iew f e l l  i n t o  one d i s t r i b u t i o n .  The Riverview da ta  had bo th  

a  l a r g e r  mean and a  l a r g e r  standard dev ia t i on  than t h e  o the r  con t ro l  s i t e s .  

There may a lso  have been two o u t l i e r s  i n  t h e  Riverv iew data, b u t  t h e  removal 

o f  these two da ta  values would not  a l t e r  t h e  observed p a t t e r n  i n  t h e  data. 

Again, s t a t i s t i c a l  t e s t s  cou ld  not  be performed on t h e  mixed d i s t r i b u t i o n s  and 

no f u r t h e r  ana l ys i s  o f  t he  z i nc  data was done. Average s o i l  concent ra t ions f o r  

z i n c  a re  g iven  i n  Table  3. No d i f f e r e n c e  between t h e  s tudy area and t h e  con- 

t r o l  s i t e s  was noted. 

Copper 

A  p r o b a b i l i t y  p l o t  c o r r e l a t i o n  c o e f f i c i e n t  t e s t  showed t h a t  t he  copper 

da ta  f o r  t h e  s tudy area cou ld  f o l l o w  e i t h e r  normal o r  lognormal s t a t i s t i c a l  

d i s t r i b u t i o n s .  However, t h e  f i t  t o  t he  normal was much b e t t e r  than t o  t h e  

lognormal, thus t h e  assumption o f  a  normal d i s t r i b u t i o n  was used f o r  s t a t i s -  

t i c a l  t e s t i n g .  The p r o b a b i l i t y  p l o t s  revealed f o u r  poss ib l e  o u t l i e r s  a t  t he  

h i g h  end. These f o u r  samples were c o l l e c t e d  f rom t h e  s tudy area a t  t h e  base 

o f  t he  b l u f f  (0-m v e r t i c a l )  and a t  0.8-km ho r i zon ta l .  The range o f  values f o r  

these f o u r  samples was f rom 19.9 t o  22.4 ppm. Other sample types analyzed from 

t h i s  same l o c a t i o n  ranged i n  va lue from 14 t o  18 ppm, so t h e  suspected o u t l i e r s  

were n o t  g r e a t l y  d i f f e r e n t  f rom nonsuspect samples. A l l  samples were then 

inc luded i n  t h e  da ta  analyses. 

The copper values f o r  t h e  con t ro l  s i t e s  d i d  no t  pass t h e  p r o b a b i l i t y  p l o t  

c o r r e l a t i o n  c o e f f i c i e n t  t e s t  f o r  f i t  t o  a  lognormal d i s t r i b u t i o n  and j u s t  

b a r e l y  passed t h e  t e s t  f o r  t h e  normal d i s t r i b u t i o n .  An examination o f  the  

p r o b a b i l i t y  p l o t  d i d  no t  revea l  any spec ia l  f ea tu res  such as c l u s t e r i n g  of 



values o r  m ix tu res  o f  d i s t r i b u t i o n s .  A  normal d i s t r i b u t i o n  was assumed f o r  t h e  

purpose o f  comparison t o  t h e  s tudy area. F i e l d  composite samples were used i n  

a  one-way ana l ys i s  o f  var iance t e s t  f o r  comparing t h e  c o n t r o l  s i t e s  w i t h  t h e  

s tudy area. The t e s t  found a  h i g h l y  s i g n i f i c a n t  d i f f e rence  between means o f  

l o ca t i ons .  L i nea r  c o n t r a s t s  were then used t o  f i n d  how l o c a t i o n  means were 

s t a t i s t i c a l l y  grouped. Th i s  procedure r e s u l t e d  i n  two over lapp ing  groups o f  

means. Exxon, Prosser Barr icade, Riverview and Yakima Barr icade means formed 

one group, and Riverview, Yakima Barr icade, t h e  s tudy area and Sunnyside means 

formed a  second group. The r e l a t i o n s h i p s  were: 

Loca t i on  

Exxon 

Prosser Barr icade 

Riverv iew 

Yak ima Barr icade 

Study Area 

Sunnys i de 

Mean Copper 
Value ( ppm) 

10.24 

10.94 

12.38 

13.20 

R e p l i c a t e  analyses o f  samples and severa l  types o f  sampling da ta  were 

a v a i l a b l e  f o r  sampling l o c a t i o n s  a t  t he  base o f  t he  b l u f f  i n  t h e  s tudy  area. 

Except f o r  l o c a t i o n  1.6 km, no s i g n i f i c a n t  d i f f e rences  were found between t h e  

mean v a l  ues f o r  copper i n  i n d i v i d u a l  samples, rep1 i c a t e s  o f  i n d i v i d u a l  samples, 

f i e l d  composites, o r  l a b o r a t o r y  composites. A t  the  1.6-km l o c a t i o n  t h e  mean 

o f  i n d i v i d u a l  samples was s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  mean o f  1  abora to ry  

composites, b u t  n e i t h e r  o f  these means was s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  

f i e l d  composi te mean. The analys is  o f  t h e  copper qua1 i t y - c o n t r o l  da ta  con- 

c luded  t h a t  t h e  q u a l i t y - c o n t r o l  dup l i ca tes  were not  s t a t i s t i c a l l y  d i f f e r e n t  

f r om  t h e  reco rd  sample analyses. The c o r r e l a t i o n  c o e f f i c i e n t  f o r  a l l  copper 

va lues  and t h e i r  q u a l i t y  c o n t r o l  dup l i ca tes  was 0.794 which i s  s i g n i f i c a n t l y  

g r e a t e r  than zero a t  t h e  99% conf idence leve l .  When t h e  da ta  were separated 

by  sample type, t h e  corresponding c o r r e l  a t i o n  f o r  i n d i v i d u a l  samples was 0.730, 

which i s  s i g n i f i c a n t  a t  between 95 and 99%, and t h e  c o r r e l a t i o n  f o r  f i e l d  corn- 

pos i  t e s  was 0.945. Al though these c o r r e l a t i o n s  show t h a t  t he  q u a l i  t y - c o n t r o l  

dupl  i c a t e s  were n o t  s t a t i s t i c a l l y  d i f f e r e n t  f rom t h e  corresponding reco rd  



sample values o n l y  t h e  f i e l d  composite da ta  show r e a l l y  good agreement. I t  

was concluded t h a t  t h e  p r e c i s i o n  i n  copper ana lys is  was adequate i n  t h i s  study. 

Uranium 

One o f  t he  r e l a t i o n s h i p s  t o  be examined i n  t h e  uranium da ta  was a compari- 

son o f  t he  data f r om  t h i s  s tudy w i t h  those o f  t he  h i s t o r i c a l  da ta  base. F ig-  . . 
u r e  3 shows lognormal p r o b a b i l i t y  p l o t s  f o r  t he  h i s t o r i c a l  s o i l  uranium data, 

as determined f o r  t he  r o u t i n e  Hanford Environmental Surve i  11 ance Program, and 

f o r  a l l  sample types a t  t h e  study area. The two se ts  o f  data obv ious ly  belong 

t o  two d i f f e r e n t  popu la t ions .  When t h e  c o n t r o l - s i  t e  data were inc luded  w i t h  

PROBABILITY [%) 

FIGURE 3. P r o b a b i l i t y  P l o t s  o f  S o i l  Uranium Concent ra t ions f o r  t h e  
H i s t o r i c a l  Data Base (1973-1981) and f o r  t h e  Study Area 



t h e  h i s t o r i c a l  data, t he  r e s u l t i  ng lognormal p r o b a b i l i t y  p l o t  was v i r t u a l  l y  t h e  

same as t h e  h i s t o r i c a l  da ta  alone. Table 4 prov ides a comparison o f  t h e  da ta  

f rom the  h i s t o r i c a l  da ta  base, t he  study area, and the c o n t r o l  s i t e s  f o r  a1 1 

types o f  s o i l  samples. It again appears t h a t  two d i f f e r e n t  popu la t ions  a re  

represented. When t h e  average uranium concentrat ions g iven i n  Table 4 as 

p C i l g  a r e  converted i n t o  ppm ( h i s t o r i c a l  = 0.5; s tudy area = 2.0; c o n t r o l  

s i t e s  = 0.8), a l l  values are w i t h i n  t he  range o f  the average uranium concen- 

t r a t i o n s  (0.2 t o  10 ppm) i n  t h e  m a j o r i t y  o r  rocks  and sediments making up t h e  

e a r t h ' s  c r u s t  (Seaborg 1973). For another comparison t o  h i s t o r i c a l  data, t h e  

average uranium concent ra t ion  f o r  t he  s tudy area was determined t o  be s i g n i f i -  

c a n t l y  g rea te r  than 1 pCi lg .  The d i f f e r e n c e  was found t o  be a t  l e a s t  0.7 w i t h  

essen t i a l  l y  100% conf idence. 

Most o f  the da ta  represen t ing  the study area were f rom f i e l d  composite 

samples. A l l  c o n t r o l  s i t e  data, except Riverview, also were f rom f i e l d  com- 

pos i  tes.  These data were used s t a t i s t i c a l l y  t o  compare uranium concent ra t ions  

a t  t h e  s tudy area w i t h  those a t  t he  c o n t r o l  s i t e s  (see Table 5 ) .  Both data 

s i t e s  f i t  a lognormal d i s t r i b u t i o n  b e t t e r  than a normal s t a t i s t i c a l  d i s t r i b u -  

t i on .  A one-way ana lys is  o f  var iance was performed t o  compare t he  logar i thms 

o f  the  uranium concent ra t ions  o f  a l l  f i e l d  composite samples, and a very  s ig -  

n i f  i c a n t  d i f f e r e n c e  was found between sampling loca t ions .  The ana lys is  o f  

var iance r e s u l t e d  i n  an F-value o f  42.07 w i t h  4 and 124 degrees o f  freedom. 

Comparing t h e  mean values using l i n e a r  con t ras t  showed t h a t  t h e  data f e l l  i n t o  

two d i s t i  n c t  groups: t h e  study area, and t he  c o n t r o l  s i t e s .  There were no 

TABLE 4. Uranium i n  S o i l  Samples from the  Environs o f  t he  Hanford S i t e  
( p C i l g  d r y  w t )  

sample source( a) - Mean SD Med i an Range 

H i s t o r i c a l  Data (203) 0.38 * 0.23 0.32 0.1 t o  1.4 

Study Area (181) 1.4 * 0.54 1.2 0.51 t o  3.1 

Cont ro l  S i t e s  (55) 0.51 * 0.15 0.49 0.21 t o  0.86 

(a)  The number o f  sample r e s u l t s  i s  g iven w i t h i n  parenthesis.  



TABLE 5. S t a t i s t i c a l  Data f o r  Uranium Concent ra t ions i n  F i e l d  
Composite Samples Co l l ec ted  f rom t h e  Study Area and 
Cont ro l  S i t e s  

Natura l  Log 
o f  Data 

Sampling s i t e s (  a) - Mean Mean SD Med i an Range 

Study Area (95)  . 1.34 0.22 0.39 1.23 0.63 t o  3.13 

Riverv iew ( 5 )  0.61 -0.50 0.21 0.60 0.50 t o  0.86 

Exxon (10)  0.50 -0.70 0.26 0.54 0.34 t o  0.75 

Prosser Barr icade (5 )  0.37 -0.99 0.35 0.44 0.21 t o  0.48 

Yakima Bar r i cade  ( 5 )  0.47 -0.76 0.12 0.46 0.39 t o  0.52 

Sunnysi de (10)  0.37 -0.99 0.30 0.38 0.26 t o  0.60 

(a )  The number o f  sample r e s u l t s  i s  g iven w i t h i n  parenthesis.  

s i g n i f i c a n t  d i f f e rences  among t h e  f i v e  c o n t r o l  s i t e s ,  and t h e  s tudy  a rea  had 

s i g n i f i c a n t l y  h igher  uranium concen t ra t ions  than t h e  c o n t r o l  s i t e s  combined. 

The uranium da ta  were a lso  used t o  eva luate t h e  c u r r e n t  s o i l  sampling 

procedure. The procedure was t o  be judged as u n s a t i s f a c t o r y  i f  a  f l u c t u a t i o n  

i n  uranium concen t ra t i on  va lues o f  g rea te r  than *50% was found a t  any s i t e  

where f i v e  o r  more composite samples were co l lec ted .  A mathematical statement 

o f  t h i s  c r i t e r i o n  i s :  0.5 rangelmean - < 0.5 f o r  any sampling s i t e  w i t h  n  - > 5. 

Th i s  c r i t e r i o n  was app l ied  t o  each o f  the  sampling s i t e s  w i t h i n  t h e  s tudy area 

and t o  t he  c o n t r o l  s i t e s .  I n  a l l  cases t h e  c r i t e r i o n  was s a t i s f i e d .  The 

l a r g e s t  va lue f o r  t h e  ha l f - range d i v i ded  by mean was 0.45, a t  t h e  l o c a t i o n  40-m 

v e r t i c a l  and 4.0-km h o r i z o n t a l  i n  t h e  s tudy area. The sma l les t  value, 0.13, 

was a lso  loca ted  i n  t h e  s tudy area, a t  40-m v e r t i c a l  and 5.6-km h o r i z o n t a l .  

A  one-way ana lys is  o f  var iance was used t o  t e s t  f o r  s p a t i a l  p a t t e r n  w i t h i n  

t h e  study area. T h i s  method assumes t h a t  i f  there  were no s p a t i a l  pa t te rn ,  a l l  

sampling l o c a t i o n s  cou ld  be considered as independent samples f rom a  s i n g l e  

popu la t ion .  S p a t i a l  p a t t e r n  can then be t es ted  us ing l i n e a r  c o n t r a s t  between 

t h e  means o f  sampling loca t ions .  The s p a t i a l  p a t t e r n  t e s t  us ing uranium f i e l d -  

conposi t e  da ta  showed a  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  between sampl ing loca- 

t ions. Thus, t he re  i s  an apparent s p a t i  a1 p a t t e r n  f o r  uranium concen t ra t ions  



a t  t h e  s tudy area. F i g u r e  4  shows a  s imple  p l o t  of sampl ing l o c a t i o n s  w i t h  

uranium c o n c e n t r a t i o n s  s i g n i f i c a n t l y  g r e a t e r  than  1 pCi1g d i s t i n g u i s h e d  f rom 

l o c a t i o n s  w i t h  l e s s  than 1 pCi lg .  

Because i n d i v i d u a l  samples were c o l l e c t e d  o n l y  a t  t h e  ze ro  e l e v a t i o n  i n  

t h e  s t u d y  area, t h e  a n a l y s i s  o f  s p a t i a l  p a t t e r n  cannot be repeated f o r  them. 

However, d i f f e r e n c e s  among t h e  s i x  l o c a t i o n s  f o r  which i n d i v i d u a l  uranium sam- 

p l e  d a t a  a r e  a v a i l a b l e  can be examined. A  one-way a n a l y s i s  o f  v a r i a n c e  showed 

t h a t  t h e  samples c o l l e c t e d  a t  3.2 km had a  mean concen t ra t ion  s i g n i f i c a n t l y  

h i g h e r  than  a l l  o t h e r  sampling l o c a t i o n s  and s i g n i f i c a n t l y  g r e a t e r  t h a n  1 p C i l g  

(1.9 p C i / g  w i t h  a  lower  95% conf idence l i m i t  o f  1.3 p C i l g ) .  Note t h a t  when 

f i e l d  c m p o s i  t e  samples were used, t h i s  l o c a t i o n  y i e l d e d  a  uranium concentra- 

ti on s i g n i f i c a n t l y  l e s s  than 1 pCi Ig .  F i e l d  composite samples a l s o  i d e n i t i f i e d  

h i g h  c o n c e n t r a t i o n s  a t  l o c a t i o n s  2.4, 4.0 and 4.8 km. The reason f o r  la rge-  

s c a l e  s p a t i a l  v a r i a t i o n s  was n o t  determined. Even though s t a t i s t i c a l  d i f f e r -  

ences were noted, t h e  a c t u a l  d i f f e r e n c e s  i n  uranium c o n c e n t r a t i o n s  were 

r e l a t i v e l y  smal l  corrpared t o  background concen t ra t ions  and p robab ly  r e p r e s e n t  

n a t u r a l  v a r i a b i l i t y  a t  t h e  s i t e .  

+ mean not  s i g n i f i c a n t l y  above 1 p C i l g  
o  mean s i g n i f i c a n t l y  above 1 p C i I g  

H o r i z o n t a l  D is tance (km) 

FIGURE 4. Graphic Represen ta t ion  o f  t h e  S p a t i a l  P a t t e r n  o f  Uranium 
Concent ra t ions i n  Field-Composi t e  Samples C o l l e c t e d  from 
t h e  Study Area 





The r e s i d u a l  mean square e r r o r s  ( f r o m  the  t e s t  o f  s p a t i a l  p a t t e r n )  o f  

f i e l d  composite and i n d i v i d u a l  samples were compared us ing an F- ra t io .  Th i s  

i s  a  t e s t  o f  s i g n i f i c a n c e  f o r  d i f f e rences  i n  v a r i a b i l i t y  between t h e  two d i f -  

f e r e n t  sampling methods. The t e s t  gave an F-value o f  3.00 w i t h  39 and 

72 degrees o f  freedom i n d i c a t i n g  t h a t  t h e  i n d i v i d u a l  samples were much more 

v a r i a b l e  than f i e l d  c m p o s i t e  samples. Th is  suggests t h a t  a  ve ry  smal l -sca le  

s p a t i  a1 v a r i a b i  1  i ty  i n  uranium concen t ra t i  ons was averaged out by the  process 

o f  f i e l d  composi t ing.  

Some r e p l i c a t e  uranium analyses were performed. I n  most ins tances where 

rep1  i c a t e s  were analyzed, t h e r e  a lso were da ta  on sever a1 sampl i ng techniques 

f o r  t h a t  sampl i n g  l oca t i on .  Thus a  simultaneous comparison o f  sample t ype  

( i n d i v i d u a l  samples, f i e l d  canposi te, and l abo ra to r y  composite) and sample 

r e p l i c a t i  on cou ld  be done. Sometimes s i g n i f i c a n t  d i f f e rences  were noted 

between t h e  means o f  d i f f e r e n t  sample types. For example, a t  2.4-km h o r i z o n t a l  

and 0-m v e r t i c a l  t h e  l a b o r a t o r y  composite mean was s i g n i f i c a n t l y  lower than t he  

f i e l d  composite mean. A l though the  r e s u l t s  v a r i e d  f rom sampling l o c a t i o n  t o  

sampl ing l oca t i on ,  t h e  o v e r a l l  conc lus ion i s  t h a t  r e p l i c a t e  samples d i d  no t  

d i f f e r  s i g n i f i c a n t l y  f rom t h e  corresponding o r i g i n a l  analyses. 

The uranium da ta  were then analyzed t o  see i f  t he  qual  i t y  c o n t r o l  dup l  i- 

cates were s t a t i s t i c a l l y  equal  t o  t h e  o r i g i n a l  sample analys is .  The c o r r e l a -  

t i o n  between t h e  o r i g i n a l  24 sample values and t h e i r  q u a l i t y  c o n t r o l  r e p l i c a t e s  

was 0.42, which was s i g n i f i c a n t l y  d i f f e r e n t  f rom zero a t  t h e  95% conf idence 

l eve l  but  not  a t  t h e  99% l e v e l .  Because t he  d i s t r i b u t i o n  o f  t h e  uranium da ta  

was lognormal, t h e  appropr ia te  t e s t  was t o  determine i f  t h e  d i f f e r e n c e  i n  t h e  

logar i thms was s i g n i f i c a n t l y  d i f f e r e n t  f rom zero. Th i s  t e s t  gave a  S tuden t ' s - t  

va lue o f  -1.14 w i t h  22 degrees o f  freedom which corresponds 

t o  o n l y  a  75% l eve l  o f  conf idence f o r  t he  d i f f e r e n c e  be ing g rea te r  than zero. 

Thus, by bo th  t h e  c o r r e l a t i o n  t e s t  and t h e  d i f f e r e n c e  t e s t  one must s t a t i s -  

t i c a l  l y  accept t h e  hypothesi  s t h a t  t h e  qual  i ty - con t ro l  dupl i c a t e s  are s imi  1  a r  

t o  t he  corresponding o r i g i n a l  analyses. Qua1 i ty - con t ro l  dup l i ca tes  a re  

expected t o  be h i g h l y  c o r r e l a t e d  and n e a r l y  i d e n t i c a l ,  bu t  i n  these da ta  the  

r e l a t i o n s h i p  i s  j u s t  b a r e l y  s t a t i s t i c a l l y  s i g n i f i c a n t .  An examinat ion of 



t h e  cross p l o t  o f  t h e  uranium q u a l i t y  con t ro l  da ta  revea l s  an almost random 

s c a t t e r  o f  t h e  da ta  values as shown i n  F igure  5. The apparent reason f o r  t h e  

weak s t a t i s t i c a l  agreement i s  t h a t  t he  q u a l i t y  con t ro l  rep1 i c a t e s  do agree 

reasonably we1 1 w i t h  t h e  o r i g i n a l  analys is  va lue f o r  concen t ra t ions  o f  

t l  pCi lg .  However, t h e r e  i s  very  poor agreement f o r  concen t ra t ions  >1 pCi lg .  

The f i n a l  ana lys is  o f  t he  uranium data was an eva lua t i on  o f  t h e  propagated 

a n a l y t i c a l  e r ro r s .  H i s t o r i c a l l y ,  t he  unce r ta i n t y  f o r  s o i l  uranium analyses was 

assumed t o  be about 35% o f  t h e  uranium concent ra t ion  and was based on repro- 

duci  b i l  i t y  o f  f luororneter r e s u l t s .  The l abo ra to r y  was asked t o  determine t h e  

propagated e r r o r  f o r  the  analyses t o  be performed i n  1982 and t o  est imate 

DUPLICATE URANIUM VALUE (pC i /g  DRY WTI 
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t he  propagated e r r o r  f o r  t h e  analyses a l ready  completed i n  1981. A  s c a t t e r  

p l o t  o f  uranium e r r o r s  versus uranium concen t ra t ion  revea led  two l i n e s  o r  

re1  a t ionsh ips .  The samples analyzed i n  September 1981 had s i g n i f i c a n t l y  l a r g e r  

e r r o r s  than t he  samples analyzed i n  February 1982 o r  March 1982. An ana l ys i s  

o f  var iance showed t h a t  t h e  r a t i o s  o f  a n a l y t i c  e r r o r s  t o  corresponding uranium 

concen t ra t ions  was s i g n i f i c a n t l y  d i f f e r e n t  f o r  a l l  t h ree  dates (i.e., February  

and March were a lso  s i g n i f i c a n t l y  d i f f e r e n t ) .  F i gu re  6 i s  a  p l o t  o f  uranium 

concen t ra t ion  versus t h e  percent  e r r o r  ( r a t i o  o f  propagated e r r o r  t o  uranium 

concen t ra t ion )  and c l e a r l y  shows these d i f fe rences .  

One o f  t h e  r e l a t i o n s h i p s  o f  i n t e r e s t  i d e n t i f i e d  a t  t h e  beginn ing o f  t h i s  

s tudy was t o  compare t he  a n a l y t i c a l  propagated e r r o r s  f o r  uranium analyses w i t h  

t h e  e r r o r s  assoc ia ted w i t h  t he  r e p l i c a t e s  o f  f i e l d  composite and lab  composi te 

samples. The comparison would show which type  o f  e r r o r  r e s u l t e d  i n  t h e  bes t  

s e n s i t i v i t y  f o r  use i n  s t a t i s t i c a l  hypothes is  t es t i ng .  The p l o t s  o f  pe rcen t  

e r r o r  t o  uranium concen t ra t ions  shown i n  F i gu re  6 demonstrate t h a t  t he  propa- 

gated e r r o r s  were concen t ra t i on  dependent, hence, t he  var iances were unequal. 

Comon t e s t s  f o r  d i f f e rences  between means, such as a  Students-t  t e s t  and t h e  

ana lys is  o f  va r iance  procedures, assume t h a t  t h e  da ta  f rom t h e  groups be ing  

compared come f rom popu la t ions  w i t h  normal d i s t r i b u t i o n s  ( o r  l og  transforma- 

t i o n s  t o  normal d i s t r i b u t i o n s )  and equal variances. Therefore, a  s t a t i s t i c a l  

eva lua t i on  o f  t h e  e r r o r s  associated w i t h  t he  uranium analyses would be i n v a l i d .  

For  t h i s  s tudy then, t h e  propagated a n a l y t i c a l  e r r o r s  d i d  no t  represen t  s ta -  

ti s t i c a l  e r r o r s  assoc ia ted w i t h  a  sampling f rom t h e  lognormal d i s t r i b u t i o n  o f  

t h e  t ransformed uranium concen t ra t i on  data and no canparisons of t he  e r r o r  d a t a  

cou ld  be made. 

Ur an i um-Copper Ra t ios  

Me ta l i c  copper was used as a  l u b r i c a n t  du r i ng  t h e  ex t r us i on  process f o r  

t he  p roduc t ion  o f  r e a c t o r  f u e l  i n  t h e  300 Area. Waste copper s o l u t i o n s  were 

disposed t o  t h e  former 300-Area process waste ponds over  t h e  years  i n  about the  

same p r o p o r t i o n  as uranium. The hypothes is  t h a t  t h e  former 300-Area process 

ponds could  have been a  p o t e n t i a l  source o f  wind-blown p a r t i c l e s  t h a t  s e t t l e d  

on t h e  b l u f f s  across t h e  r i v e r  imp l i es  t h a t  t h e  r a t i o  o f  uranium t o  copper 
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would be reasonably constant  f o r  t he  study-area samples b u t  d i f f e r e n t  f o r  

samples from the  control  s i t e s  provided no pa r t i t i on ing  occurred during t h e  

t r anspor t  process. 

The uranium data,  as noted previously, showed a lognormal d i s t r i b u t i o n ,  

whereas, t he  copper da ta  f i t t e d  a  normal d i s t r ibu t ion  b e t t e r  than a  lognormal 

one. While t h i s  d i f fe rence  may or  may not be r e a l ,  i t  does complicate the  

analysis  of uranium-copper r a t i o s  because s t r i c t l y  speaking the  logarithms of 

t h e  uranium data  should be compared to t h e  actual copper data.  

Sca t t e r  p l o t s  of t h e  study-area da ta  f o r  both uranium versus copper and 

the  natural  log of uranium versus copper indicated no re la t ionships  between 

the  var iab les .  T h e  co r re l a t ion  coe f f i c i en t s  f o r  both s e t s  of var iab les  were 

t0 .3  (n  = 183) which i s  a  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe rence  from zero, 

however, the 95% confidence in terva l  on the r a t i o s  was too wide t o  be of any 

p rac t i ca l  value. For example, the 95% confidence in terva l  on the r a t i o  of the 

log of uranium t o  copper was -0.037 t o  +0.074. For a  typical copper measure- 

ment of 15 ppm the  predicted uranium concentration would be, with 95% con- 

f idence,  between 0.57 and 3.03 pCilg, a  6 : l  range. The s c a t t e r  p lo t  of 

uranium and copper values f o r  the control s i t e s  a l so  indicated no r e l a t ionsh ip  

between uranium and copper measurements. The overa l l  conclusion f o r  uranium- 

copper r a t i o s  i s  t h a t  they a r e  of no value t o  predic t  uranium leve ls  from 

copper data .  

Uranium I s o t o ~ e s  

Six samples from t h e  study area and s ix  samples from the  Riverview control 

s i t e  were analyzed f o r  uraniun io topic  canposition. Table 6 l i s t s  the  average 

atom percent of 2 3 4 ~ ,  2 3 5 ~ ,  and 2 3 8 ~  f o r  each area. These values a re  

e s s e n t i a l l y  the  same as those reported f o r  na tu ra l ly  occurring uranium by 

TABLE 6. Average Atom Percent of Uranium Isotopes in Soil Samples 

Mean * SD ( n  = 6)  

Samplinq S i t e s  2 3 4 ~  2 3 b ~  2 3 8 ~  

Study Area 0.0058 * 0.0005 0.7233 * 0.0057 99.2705 0.0059 

Control S i t e  0.0054 * 0.0002 0.7208 * 0.0030 99.2737 * 0.0031 



Seaborg 1973 ( 2 3 4 ~  = 0.006%, 2 3 5 ~  = 0.71%, and 2 3 8 ~  = 99.28%). There was no 

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  between t h e  s tudy  a rea  d a t a  and t h e  

R i v e r v i e w  c o n t r o l - s i t e  data .  I f  some o f  t h e  uranium atoms i n  t h e  s tudy  area 

s o i l  samples were t r a n s p o r t e d  fra t h e  300 Area, an enr ichment i n  2 3 5 ~  i s o t o p e  

would be expected because some o f  t h e  r e a c t o r  f u e l  prepared i n  t h e  300 Area was 

en r i ched  w i t h  2 3 5 ~ .  I n  f a c t ,  h i s t o r i c a l  d a t a  on l i q u i d  e f f l u e n t s  r e l e a s e d  t o  

t h e  former  300-Area process ponds i n  1972 r e v e a l e d  a  2 3 5 ~  c o n t e n t  o f  0.977 atom 

p e r c e n t  (ERDA 1975). 

VEGETATION SAMPLES 

A n a l y t i c a l  r e s u l t s  o f  uranium and o t h e r  heavy meta ls  i n  v e g e t a t i o n  samples 

a r e  summarized i n  T a b l e  7. P r o b a b i l i t y  p l o t s  revea led  t h a t  many o f  t h e  heavy 

metal  d a t a  s e t s  c o u l d  f i t  e i t h e r  normal o r  lognormal d i s t r i b u t i o n s ,  whereas, 

t h e  uranium f i t  o n l y  a  lognormal d i s t r i b u t i o n .  Consequently, T a b l e  7 l i s t s  t h e  

mean and i t s  s tandard  d e r i v a t i o n ,  t h e  median, and t h e  range o f  values.  There 

were no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  between t h e  s t u d y  area and t h e  

c o n t r o l  s i t e s  f o r  any o f  t h e  heavy meta ls  and uranium i n  v e g e t a t i o n  samples. 

TABLE 7. Mean, Median and Range o f  Uranium ( p C i l g )  and 
Heavy Meta ls  (ppm) i n  Vegeta t ion Samples 

Study Area ( n  = 34) 
Element Mean * SD Medi an Range 

Lead 3.3 0.8 3.4 0.5 t o  4.5 

S i  1  ve r  0.28 * 0.06 0.28 0.19 t o  0.48 

Z i n c  27 * 6 27 16 t o  37 

Copper 9.7 * 2.3 9.1 7.4 t o  17.6 

Uranium 0.019 0.011 0.014 0.005 t o  0.054 

C o n t r o l  S i t e s  ( n  = 16) 
E  1  ement Mean * SD Medi an Range 

Lead 4.5 0.6 4.3 3.8 t o  5.3 

S i l v e r  0.33 0.10 0.30 0.23 t o  0.58 

Z i  nc 23 5 22 17 t o  32 

Copper 8.9 2.2 9.1 4.5 t o  11.9 

Uranium 0.020 * 0.017 0.013 0.008 t o  0.059 



CONCLUSIONS 

The purpose o f  t h i s  s tudy was t o  est imate t h e  concen t ra t ions  o f  uranium 

and o the r  heavy metals i n  s o i l  and vegetat ion samples c o l l e c t e d  across t he  

Colurnbia R i v e r  f rom the  300 Area o f  t he  Hanford S i t e .  Resul ts  were compared 

t o  those f o r  c o n t r o l  s i t e s  located bo th  on and o f f  t h e  Hanford S i t e .  These 

comparisons were used t o  eva lua te  t he  p o s s i b i l i t y  t h a t  heavy meta ls  had accum- 

u l a ted  i n  t h e  env i rons across t h e  r i v e r  f rom t h e  300 Area due t o  t h e  t r a n s p o r t  

o f  contaminated dust o r  o the r  m a t e r i a l s  by s t rong  winds. 

The o v e r a l l  conc lus ion  f rom t h i s  s tudy i s  t h a t  operat ions a t  t h e  300 Area 

have not  r e s u l t e d  i n  a  de tec tab le  impact on t h e  o f f s i t e  env i rons across t h e  

r i v e r .  Th i s  conc lus ion  was based on t h e  f o l l ow ing :  

There was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  s tudy area and con- 

t r o l  s i t e s  i n  t h e  concen t ra t ions  o f  lead, s i l v e r ,  z i nc  o r  copper i n  

s o i l  o r  vege ta t ion  samples. 

There was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  study area and con- 

. t r o l  s i t e s  i n  t h e  i s o t o p i c  canpos i t i on  o f  uranium recovered from 

s o i l  samples. Atom percen t  concen t ra t ions  were v i r t u a l l y  i d e n t i c a l  

t o  those repo r t ed  f o r  n a t u r a l l y  occu r r i ng  uranium isotopes and were 

no t  enr iched i n  235" 

There was no s i g n i f i c a n t  c o r r e l a t i o n  between copper and uranium con- 

cen t ra t i ons  i n  s o i l  samples f rom t h e  s tudy  area o r  con t ro l  s i t e s  

even though approx imate ly  equal amounts were disposed t o  t h e  former 

300-Area process waste ponds. 

Other f i n d i n g s  and conc lus ions f rom t h e  r e s u l t s  o f  t h i s  study are: 

Soi 1  u r a n i  um data showed lognormal d i s t r i b u t i o n s ,  whereas, lead, 

s i l v e r ,  z i n c  and copper da ta  u s u a l l y  f i t  normal d i s t r i b u t i o n s  o r  

were mixed d i s t r i b u t i o n s .  

S o i l  and vege ta t ion  samples f rom t h e  Exxon s i t e  were determined t o  

be no d i f f e r e n t  than  t h e  o the r  c o n t r o l  s i t es .  



Lognormal probability plots of soil uranium data showed that the 

study area and control s i tes  data were from different s ta t i s t ica l  
populations. 

The mean soil uranium concentration for the study area was signifi- 

cantly larger than the mean o f  the control s i t e s  by more than 

0.7 pCilg. (The 0.7 pCilg was used to overcome the natural varia- 
tion noted in other soil  samples collected from the Hanford Si te  
environs.) 

The variabili ty in the soil sampling method (compositing) currently 

used for  the H anford Environment a1 Survei 1 lance Program was deter- 
mined to be less than *50% and superior to collecting individual 

samples. 

The analytical precision evaluated from duplicate and replicate 

analyses was acceptable for  this  study and i s  suitable for use in 

the Hanford Environmental Survei 1 1 ance program. 

The propagated analytical error reported for soil  uranium analyses 

was unsuitable .for s t a t i s t i ca l  manipulations because the percent 
error was determined to be concentration dependent. 

Soil samples from the study area represented a unique geologic formation 

(Ringold Formation) compared to the control s i t e s  used in this  study. I t  i s  
l ikely that the study area samples reflected a naturally-occurring anomaly and 
that some Ringold formation soi ls  are slightly higher in uranium concentration 
than other local soi ls .  
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