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I. INTR DUCTION 

T h i s  r e p o r t  descr ibes t h e  r e s u l t s  o f  a sampl ing program f o r  t h e  sediments 
u n d e r l y i n g  t h e  P r o c e s s  Trenches s e r v i n g  t h e  300 Area on t h e  Hanford 
r e s e r v a t i o n .  These Process Trenches were t h e  s u b j e c t  o f  a Closure Plan(1)  
submi t ted t o  t h e  Washington S t a t e  Department o f  Ecology and t o  t h e  U. S. 
Environmental  P r o t e c t i o n  Agency i n  l i e u  o f  a P a r t  B p e r m i t  a p p l i c a t i o n  on 
November 8, 1985. The c l o s u r e  p l a n  descr ibed a proposed sampl ing p l a n  f o r  
t h e  u n d e r l y i n g  sediments and p o t e n t i a l  remedia l  a c t i o n s  t o  be determined by 
t h e  sample analyses r e s u l t s .  The r e s u l t s  and proposed remedia l  a c t i o n  p l a n  
are  presented and discussed i n  t h i s  r e p o r t .  

11. SUMMARY 

The sediment samplinq program f o r  t h e  300 Area Process Trenches had two - .  - 
p r imary  goals.  These were: 

Determine contaminant l e v e l s  i n  t h e  sediments between t h e  
groundwater caused by pas t  disposml o f  hazardous mater 
process sewer system. 

sur face  and 
a l s  i n  t h e  

Prov ide  t h e  b a s i s  f o r  remedial  a c t i o n  plans. 

The sampling program achieved these goals. Shal low sediments i n  t h e  t r e n c h  
bottoms were sampled every 100 f e e t  a t  t h r e e  depths and deeper sediments 
were sampled b y  d r i l l i n g  w e l l s  e v e r y  300 f e e t  between t h e  trenches. 
Contaminant l e v e l s  above background were found f o r  var ious  meta ls  i n c l u d i n g  
mercury, lead, n i c k e l ,  chromium and uranium i n  t h e  sha l low sediments. No 
s i g n i f i c a n t  concent ra t ions  o f  hazardous m a t e r i a l s  were found i n  t h e  deep 
s e d i m e n t s  f r o m  t h e  w e l l  samples. T h i s  c o n c e n t r a t i o n  o f  meta ls  i n  t h e  
shal low sediments i s  expected based on t h e  chemis t ry  o f  t h e  process t rench 
environment. The concent ra t ions  were n o t  h i g h  enough t o  cause t h e  shal low 
s e d i m e n t s  t h e m s e l v e s  t o  be c o n s i d e r e d  hazardous  waste. The h i g h e s t  
c o n c e n t r a t i o n  i s  f o r  uranium. 

Remedia l  a c t i o n  i s  necessary t o  e i t h e r  remove t h e  Contaminat ion o r  t o  
s t a b i l i z e  t h e  contaminat ion i n  place. A reasonable t e c h n i c a l  argument can 
be made t h a t  t h e  q u a n t i t i e s  o f  meta ls  i n  t h e  sediment cannot p r o v i d e  a 
s i g n i f i c a n t  hazard t o  t h e  p u b l i c  o r  t h e  environment. However, t h e  removal 
o r  s t a b i l i z a t i o n  o f  t h e  uranium t o  p revent  p o s s i b l e  d i s p e r s a l  i s  p robab ly  
prudent.  Removal or s t a b i l i z a t i o n  o f  t h e  o t h e r  meta ls  may be necessary t o  
s a t i s f y  t h e  s p i r i t  o f  s t a t e  and f e d e r a l  hazardous waste r e g u l a t i o n s .  I n  t h e  
process o f  removing uranium, t h e  o t h e r  meta ls  w i l l  p robab ly  a l s o  be removed 
t o  background l e v e l s .  

Among t h e  o p t i o n s  considered, t h e  p r e f e r r e d  remedial  a c t i o n  i s  t o  remove t h e  
c o n t a m i n a t i o n  and cont inue t o  use t h e  t renches f o r  t h e  d isposa l  of non 
hazardous process water. T h i s  i s  t h e  most economical ac t ion ,  except f o r  t h e  
no a c t i o n  opt ion,  and prov ides  o t h e r  b e n e f i t s .  The contaminat ion w i l l  be 
removed t o  a much more d i s t a n t  l o c a t i o n  f rom t h e  r i v e r  and t h e  groundwater, 
and o t h e r  t renches o r  ponds w i l l  n o t  have t o  be excavated. U t i l i z a t i o n  of a 
l e a c h i n g  t r e n c h  o r  pond i n s t e a d  o f  d i r e c t  d ischarge t o  t h e  r i v e r  p rov ides  
a d d i t i o n a l  p r o t e c t i o n  t o  t h e  r i v e r  and human d r i n k i n g  water  i n t a k e s  from 
acute e f f e c t s  o f  p o t e n t i a l  s p i l l s .  The p o s s i b i l i t y  o f  remedial  a c t i o n  i n  
response t o  a s p i l l  i s  a l s o  preserved. 

1 



The remedial action plan proposes the excavation of the contaminated trench 
sediments.  The depth wi l l  be j u d g e d  i n  t h e  f i e l d  from r a d i a t i o n  
measurements which detect  uranium. Samples will then be taken and analyzed 
t o  ve r i fy .  t h a t  o the r  contaminants have a l s o  been removed. Further 
excavation wi l l  be performed i f  necessary. The contamination level goal i s  
based on the range of background concentrations of the contaminants i n  the 
localized area around the process trenches. 

The schedule for  the remedial action i s  proposed t o  be integrated w i t h  
project 685. T h i s  project wil l  provide sp i l l  protection and greatly reduce 
the uranium discharged from the fuel fabr icat ion operations i n  the 300 Area. 
The remedial action would occur a f t e r  project  685 was implemented. T h i s  
means the remedial action should  be scheduled a f t e r  September 1988. 

111. HISTORY AND BACKGROUND 

The 300 Area Process Trenches serve as the discharge s i t e  for the Process 
Sewer system i n  the 300 Area on the Hanford Si te .  The trenches were 
constructed and p u t  i n  operation i n  1975 and are  located north of the 300 
Area. Each trench is  about 1500 f e e t  long,  15 f e e t  deep and 10 f e e t  wide. 
A concrete weirbox a t  the in l e t ,  or south  end, d i r ec t s  the water i n t o  the 
trenches. The trenches are  shown i n  Figure 111.1. 

The trenches are operated a1 ternately.  Waste water i s  discharged from the 
Process  Sewer system i n t o  one t rench  u n t i l  t h e  water r i s e s  t o  an 
operationally set level and then the discharge is switched t o  the other 
trench. Slowing of the i n f i l t r a t i o n  r a t e  causes the trench level t o  r i se .  
The switching frequency may be anytime from 2 t o  6 months. The trenches 
are inspected daily. An automatic sampler takes weekly composite samples 
which are analyzed for  various chemical const i tuents  and radioactivity.  

Approximately 2.6 m i l l i o n  gallons of water are discharged t o  the trenches 
each day. This water has been chlorinated by the water f i l t e r  plant for  the 
300 Area and contains materials added t o  the water d u r i n g  use. The water 
discharged t o  the Process Sewer i s  primarily used for cooling purposes and 
i s  not  modified. Other sources of discharges include steam condensate, 
j a n i t o r i a l  so lu t ions  from washing and waxing of f loors ,  water treatment 
( p r i m a r i l y  s a l t ) ,  laborator ies ,  process water from fuel fabr icat ion and 
other aqueous solutions not designated as  dangerous wastes by WAC-173-303. 
A major discharge t o  the process trenches is  uranium from fuel fabr icat ion 
ope ra t ions .  Quant i  t i e s  discharged a r e  es t imated  a t  severa l  hundred 
kilograms per year. The Process Sewer system i s  a t  risk for  sp i l l s  of 
var ious  nonhazardous and hazardous chemicals which are  not  ordinar i ly  
discharged t o  the sewer. 

Prior t o  1985, small amounts of a wide var ie ty  of chemicals were discharged, 
or potent ia l ly  discharged, t o  the sewer system which are  presently regulated 
a s  dangerous wastes. These included a wide variety of chemicals from 
chemical and b i  o l  og ica l  1 a b o r a t o r i e s ,  f u e l  f a b r i c a t i o n ,  photographic 
p r o c e s s i n g  and  m a i n t e n a n c e  o p e r a t i o n s .  Two k n o w n  s p i l l s  o f  
perchloroethylene to ta l ing  120 gallons are  documented. The intermittent 
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s a m p l i n g  p r i o r  t o  1985 demonstrated t h a t  because o f  t h e  d i l u t i o n  w i t h  
process water, t h e  i n f l u e n t  t o  t h e  Process Trenches g e n e r a l l y  was w i t h i n  
d r i n k i n g  water standards. The pr imary  chemicals d ischarged and q u a n t i t y  
es t imates  are shown i n  Tab le  111.1 and descr ibed i n  more d e t a i l  i n  t h e  
Closure P lan . ( l )  

I V .  CLOSURE PLAN SUMMARY (PART 8) 

A c l o s u r e  p l a n  was submi t ted t o  t h e  WDOE and t h e  USEPA i n  l i e u  o f  a P a r t  B 
a p p l i c a t i o n  i n  November 8, 1985. T h i s  p l a n  descr ibed t h e  proposed sampl ing 
p l a n  and t h e  c l o s u r e  opt ions.  The o p t i o n s  descr ibed were t h e  c lean ou t  o f  
contaminat ion and cont inued use o f  t h e  t renches o r  t h e  s t a b i l i z a t i o n  o f  
c o n t a m i n a t i o n  i n  p l a c e  u s i n g  v a r i o u s  c o v e r  m a t e r i a l s  and cont inuous 
mon i to r ing .  The a p p r o p r i a t e  sec t ions  o f  t h i s  c l o s u r e  p l a n  a r e  inc luded i n  
t h e  Appendix A f o r  re ference.  

V . SAMPL I N G  STRATEGY 

The s a m p l i n g  s t r a t e g y  was s e t  up t o  complement t h e  RCRA groundwater 
m o n i t o r i n g  program f o r  t h e  300 Area and t o  achieve t h e  f o l l o w i n g  goals:  

Determine contaminant l e v e l s  i n  t h e  sediments between t h e  sur face  and 
groundwater caused by pas t  d i  sposal  o f  hazardous m a t e r i  a1 s i n  , t h e  
process sewer system. 

Prov ide  t h e  b a s i s  f o r  remedial  a c t i o n  plans. 

The chemical c o n s t i t u e n t s  which were analyzed f o r  t h i s  p r o j e c t  are t h e  same 
as i n  t h e  groundwater m o n i t o r i n g  program w i t h  minor  except ions.  These 
parameters are descr ibed i n  s e c t i o n  V I .  Only  d i o x i n  was n o t  inc luded f o r  
t h e  sediment samples and was inc luded f o r  t h e  groundwater samples. T h i s  was 
because US T e s t i n g  was u n a b l e  t o  p e r f o r m  a s o i l  a n a l y s i s  f o r  t h i s  
c o n s t i t u e n t .  No evidence o f  d i o x i n  has been found i n  t h e  groundwater and 
t h e  q u a n t i t i e s  d ischarged would o n l y  have been a t r a c e  contaminant i n  t h e  
smal l  amount o f  " c h l o r i n a t e d  benzenes" d ischarged i n  t h e  past. T h i s  i s  
mentioned on Table 111.1. 

I n  o rder  t o  achieve t h e  goals  i t  was necessary t o  d iscover  t h e  p a t t e r n  of 
contaminat ion i n  t h e  t renches and sediments. I n  o r d e r  t o  determine t h e  
contaminat ion between t h e  t rench bottom and t h e  groundwater, t h e  sampl ing 
s t r a t e g y  inc luded w e l l s  every 300 f e e t  centered between t h e  two t renches 
s t a r t i n g  f rom t h e  i n l e t  end o f  t h e  t rench. The groundwater depth a t  t h e  
process trenches was est imated t o  be about 35 f e e t  below grade. Therefore,  
t h e  depth chosen f o r  t h e  w e l l s  was 40 f e e t  and samples were planned t o  be 
taken every 5 f e e t  i n  depth. T h i s  r e s u l t e d  i n  6 w e l l s  and 48 samples. 
S ince t h e  w e l l s  were o n l y  t o  be used t o  o b t a i n  s o i l  samples, t h e  w e l l s  were 
t o  be f i l l e d  i n  a f t e r  sampl ing except t h e  one nearest  t h e  i n l e t  which was 
f i n i s h e d  as a groundwater m o n i t o r i n g  w e l l .  T h i s  sample p a t t e r n  i s  shown i n  
F i g u r e  V . l .  
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Table 111.1 
/ .  

f 
An Estimate of Chemicals Potentially -Discharged to 

the 300 Area Process Trenches Prior to February 1, 1985 

Intermittent Discharges 
<Grams P g S  - 
Ammonium Bifluoride 
Antimony 
Arsenic I 

Barium 
Cadmi um 
Dioxane 
Di oxi nt 
Hydrocyanic Acid . 
Pyr i di ne 
Sel eni um and Compounds 
Th i ourea 
Misc. Laboratory Chemicals 

. ., 
' i j  

* 
Larger Discharges 

Benzene Copper % 30 kg/mo** 
Carbon Tetrachloride Detergents 2 30 kg/mo** 
Chromium Ethylene Glycol 5. 200 l/mo 
Chlorinated Benzenes Hydrofluoric Acid % 100 kg/mo 
Degreasing Solvents Nitrates 52000 kg/mo** 
Formaldehyde Nitric Acid 5 300 l/mo 
Formic Acid Sodium Hydroxide L 300 l/mo 
Hexachlorophene Paint Solvents L 100 l/mo** 
Kerosene Photo Chemicals 2 700 l/mo 
Lead Sodium Chloride T, 75 ton/yr** 
Methyl Ethyl Ketone Urani um % 20 kg/mo** 
Mercury 2-Butoxyl Ethanol 'L 1200 l/yr 
Napthalene Perchloroethylene% 450 1 *** 
Nickel Heating Oil % 300 1 *** 
Phenol 
Si 1 ver 
Sulfuric Acid 
Tetrachloroethylene 

(Perchloroethylene) 
To1 uene 
Tributylphosphate 

(Paraffin Hydrocarbon Solvents) 
1,1,1 Trichloroethane 

(Me thy1 Chl orof orlii) 
Trichloroethylene 
Xylene 

t Included only because of the potential for Dioxin to exist as a trace impurity in 
Chlorinated Benzenes. * These discharges were relatively continuous. 

** These materials are still discharged. 
. .  *** Known spills. 
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I n  o rder  t o  d iscover  t h e  p a t t e r n  o f  contaminat ion i n  t h e  shal low sediments 
i n  t h e  t r e n c h  bottom, t h e  sampling s t r a t e g y  i n c l u d e d  sample ho les  hand 
excavated every 100 f e e t  f rom the  i n l e t  end o f  t h e  t rench.  I n  each h o l e  
t h r e e  samples were taken t o  represent  t h e  loose sediments washed i n t o  t h e  
t renches w i t h  t h e  i n f l u e n t ,  t h e  near sur face  t rench bottom and 18 inches 
below t h e  t rench bottom. T h i s  r e s u l t e d  i n  about 16 ho les  and 48 samples per  
t rench. The sample p a t t e r n  i s  shown i n  F i g u r e  V . l .  

The t o t a l  number o f  samples which were planned t o  be c o l l e c t e d  was 144. I n  
o rder  t o  s t a y  w i t h i n  t h e  sample h a n d l i n g  c a p a b i l i t e s  o f  US T e s t i n g  and t o  
r e d u c e  a n a l y t i c a l  c o s t s  w h i l e  o b t a i n i n g  t h e  necessary in fo rmat ion ,  t h e  
f o l l o w i n g  a n a l y t i c a l  s t ra tagem was developed. Twenty per  cent  o f  t h e  
samples would be analyzed f o r  a l l  o f  t h e  c o n s t i t u e n t s  and e i g h t y  per  cent  o f  
t h e  samples would be analyzed f o r  a screening s e t  o f  cons t i tuents .  These 
a n a l y s i s  se ts  are descr ibed i n  Sec t ion  V I .  There would be .a t o t a l  o f  29 
f u l l  a n a l y s i s  samples and 115 screen a n a l y s i s  samples. 

The screen s e t  o f  analyses i s  designed p r i m a r i l y  t o  d e t e c t  t h e  meta ls  and 
p r o v i d e  an i n d i c a t i o n  o f  o rgan ic  chemicals such as c h l o r i n a t e d  hydrocarbons 
through TOX and TOC analyses. S i g n i f i c a n t l y  l a r g e r  TOX and TOC r e s u l t s  than 
average f o r  c e r t a i n  samples would i n d i c a t e  t h e  need f o r  a f u l l  a n a l y s i s  f o r  
t h e  sample. The samples t o  undergo f u l l  a n a l y s i s  were chosen so as t o  
i n c l u d e  samples f rom a l l  depths. The samples chosen f o r  t h e  f u l l  and screen 
analyses are  shown i n  F i g u r e s  V.2 and V.3. 

A separate 250 m l  sample was taken i n  a d d i t i o n  t o  those r e q u i r e d  f o r  t h e  US 
T e s t i n g  analyses. T h i s  sample i s  s t o r e d  under r e f r i g e r a t i o n  by Westinghouse 
Hanford Company and would be used f o r  any f u r t h e r  analyses which may be 
requ i red .  

V I .  DESCRIPTION OF THE SAMPLING PROJECT 

A. P lan Document 

A P r o j e c t  Management Plan was prepared t o  descr ibe  t h e  p r o j e c t  management 
methods and c o n t r o l s  t o  be used t o  manage t h e  300 area process t rench s o i l s  
c h a r a c t e r i z a t i o n .  The pr imary  o b j e c t i v e  o f  t h e  p l a n  was t o  s e t  up a p r o j e c t  
c o n t r o l  s t r u c t u r e  f o r  p repara t ion ,  approval  and a d m i n i s t r a t i o n  o f  procedures 
t o  o b t a i n  s o i l  samples and l a b o r a t o r y  t e s t  r e s u l t s .  The P r o j e c t  Management 
Plan (document #B83664-1) i s  conta ined i n  Appendix B. 

B. Procedures 

The shal low sediments i n  t h e  t renches were acqui red by manual d i g g i n g  a t  
sample l o c a t i o n s  i n  t h e  center  o f  t h e  eas t  and west t r e n c h  bottoms. Sample 
s i t e s  were a t  100 f o o t  i n t e r v a l s ,  throughout  t h e  l e n g t h  o f  t h e  t rench. A t  
each l o c a t i o n  samples were taken a t  t h r e e  l e v e l s :  t h e  loose sediments 
e n t e r i n g  t h e  t rench w i t h  t h e  i n f l u e n t ,  4 inches below grade and 18 inches 
below grade. T h i s  would produce a maximum o f  96 samples t o t a l  f rom 
t h e  s h a l l o w  sed iment  sampl ing e f f o r t .  The deep sediment samples were 
acqu i red  f rom s i x  w e l l s  d r i l l e d  between t h e  trenches t o  a depth o f  40 f e e t  
t o  t h e  ground water. Samples were taken a t  5 f o o t  i n t e r v a l s .  T h i s  would 
p r o d u c e  a maximum o f  48 samples f rom t h e  t o t a l  deep sediment sampl ing 
e f f o r t .  The deep sampling was performed t o  eva lua te  contaminat ion l e v e l s  i n  
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F i g u r e  V.2 I d e n t i f i c a t i o n  o f  Shal low Sediment Samples 
f o r  F u l l  and Screen A n a l y s i s  

Sample S i t e  

East Trench 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  

Loose Sediments x o x - - - o - - -  - -  0 - - 0  

Shal low Sediments 0 X 0 0 X 0 0 0 0 X 0 0 0 0 0 X 

Deep Sedi ment s o x - - - - x o o o o o o x o -  

Legend: X = F u l l  A n a l y s i s  
0 = Screen A n a l y s i s  - = Not Taken 

Sample S i t e  

West Trench 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6  

Loose Sediments x - x - 0 - - 0 0 0 - 0 - -  - -  
Shal low Sediments 0 X 0 0 X 0 0 0 0 X 0 0 - - - X 

Deep Sediments o x o o o o x o o o o o - - -  - 

Legend: X = F u l l  A n a l y s i s  
0 = Screen A n a l y s i s  - = Not Taken 
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F i g u r e  V.3 I d e n t i f i c a t i o n  o f  Deep Sediment Samples 
f o r  F u l l  and Screen Ana lys i s  
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Legend: X = F u l l  Ana lys i s  
0 = Screen Ana lys i s  
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t h e  sediments between t h e  bottom o f  t h e  t r e n c h  and above groundwater. 
The Shal low S o i l s  Sampling Procedure (document #B83664-2) and Deep S o i l s  
Sampling Procedure (document #B83664-3) a r e  conta ined i n  Appendix C. 

C. Q u a l i t y  Assurance/Qua l i t y  Cont ro l  

A QA p l a n  was prepared by WHC f o r  t h i s  p r o j e c t .  The q u a l i t y  assurance 
program f o r  t h e  Process Trench C h a r a c t e r i z a t i o n  was d i r e c t e d  by WHC Q u a l i t y  
Assurance i n  accordance w i t h  requi rements i n  MG-100 Q u a l i t y  Assurance, t h e  
q u a l i t y  assurance program manual f o r  WHC. The q u a l i t y  assurance program a t  
WHC i s  i n  c o m p l i a n c e  w i t h  t h e  requi rements o f  ANSI/ASME NQA-1 Q u a l i t y  
Assurance Program Requirements f o r  Nuclear  F a c i l i t i e s .  The QA p l a n  i s  
i n c l u d e d  as a s e c t i o n  o f  t h e  p r o j e c t  management p l a n  i n  Appendix B. 

An independent t h i r d  p a r t y  QC i n s p e c t i o n  was performed d u r i n g  t h e  sample 
c o l l e c t i o n  a c t i v i t i e s .  T h i s  i n s p e c t i o n  was performed by K a i s e r  Engineers. 
I t  i n c l u d e d  w i t n e s s i n g  o f  c o l l e c t i o n  a c t i v i t i e s  and v e r i f i c a t i o n  t h a t  
c o l l e c t i o n ,  sampling, s to rage and d e l i v e r y  o f  t e s t  samples was performed as 
r e q u i r e d  by t h e  p r o j e c t  procedures. I n s p e c t i o n  r e p o r t s  documented these 
r e s u l t s .  Sample t h i r d  p a r t y  i n s p e c t i o n  forms are prov ided i n  Appendix D and 
i n s p e c t i o n  f i n d i n g s  a r e  discussed l a t e r  i n  t h i s  r e p o r t .  

D. Personnel 

The s a m p l i n g  team c o n s i s t e d  o f  a r a d i a t i o n  p r o t e c t i o n  t e c h n o l o g i s t ,  an 
engineer  and a techn ic ian .  The sampling was d i r e c t e d  by a chemical engineer  
who had at tended a c o n t i n u i n g  educat ion c l a s s  e n t i t l e d  "Hazardous Waste: 
M o n i t o r i n g  and Sampling" as w e l l  as work ing i n  t h e  hazardous waste f i e l d  f o r  
s e v e r a l  y e a r s .  The c o u r s e  p r o v i d e d  i n s t r u c t i o n  i n  t h e  p r a c t i c e s  and 
procedures f o r  c o l l e c t i n g  mul t i -medi  a hazardous substance samples f o r  f i e l d  
o r  l a b o r a t o r y  a n a l y s i s  per  EPA gu ide l ines .  I n s t r u c t i o n  was a l s o  prov ided on 
var ious  types o f  f i e l d  ins t ruments  t h a t  a re  a v a i l a b l e  f o r  a i r ,  water  and 
s o i  1 moni t o r i c g .  Topics inc luded t h e  des ign o f  environmental  sampl ing 
programs, sampl ing devices, sampl ing c o l l e c t i o n  and sampl ing procedures, t h e  
r e g u l a t i o n s  on s h i p m e n t  o f  samples and s a f e t y  p r o c e d u r e s  f o r  sample 
c o l l e c t i o n .  The t e c h n i c i a n  t r a i n i n g  i n c l u d e d  p r o c e d u r e s  f o r  sample 
c o l l e c t i o n  and t r a n s p o r t  i n  a d d i t i o n  t o  t h r e e  l e v e l s  o f  hazardous waste 
t r a i n i n g ;  g e n e r a t o r ,  waste handler  and t reatment ,  s to rage and d i s p o s a l  
f a c i l i t y  operator .  The r a d i a t i o n  p r o t e c t i o n  t e c h n o l o g i s t  t r a i n i n g  i n c l u d e d  
t h e  generator  l e v e l  o f  WHC hazardous waste t r a i n i n g .  

E. Analyses 

US Test ing-Rich land D i v i s i o n  (UST-RD) prepared t e c h n i c a l  and p r i c e  proposals  
f o r  t h e  Process Trench C h a r a c t e r i z a t i o n  e f f o r t .  (See Appendix E f o r  t h e  
proposal . )  The general  scheme o f  a n a l y s i s  c o n s i s t s  o f  e x t r a c t i o n  o f  t h e  
a n a l y t e  o f  i n t e r e s t  i n  a s u i t a b l e  s o l v e n t  f o l l o w e d  by d e t e c t i o n  u s i n g  
a p p r o p r i a t e  a n a l y t i c a l  ins t rumenta t ion .  The proposal  d iscussed t h e  methods, 
t h e  d e t e c t i o n  l i m i t s ,  t h e  minimum sample s i z e s  necessary ,  sample 
p r e s e r v a t i o n  and h o l d i n g  t imes, t h e  impact on t h e  r o u t i n e  program and t h e  
turn-around t imes f o r  a l l  o f  t h e  requested analyses. 

UST-RD adhered t o  t h e  general  q u a l i t y  c o n t r o l  g u i d e l i n e s  descr ibed i n  t h e  
v a r i o u s  p r o c e d u r e s  used f o r  a n a l y s i s .  S p e c i f i c a l l y ,  UST-RD performed 
reagent  b lank a n a l y s i s  w i t h  every ba tch  o f  samples analyzed, 10% o f  a l l  
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samples were sp iked w i t h  t h e  ana ly tes  o f  i n t e r e s t  and analyzed t o  determine 
m a t r i x  e f f e c t s ,  and sample e x t r a c t s  e x h i b i t i n g  r e s u l t s  exceeding t h e  h ighes t  
c a l i b r a t i o n  standard were a p p r o p r i a t e l y  d i l u t e d  and re-analyzed. The US 
t e s t i n g  a n a l y s i s  procedures are i n  conformance w i t h  t h e  EPA procedura l  and 
QA requirements as descr ibed i n  SW-846. US Test ing,  QA and QC procedures 
are descr ibed i n  re fe rences  3 and 4 r e s p e c t i v e l y .  

The sample analyses r e q u i r e d  t o  c h a r a c t e r i z e  the  sediments and s o i l s  f o r  t h e  
300 area process trenches were s p l i t  i n t o  2 groups: t h e  f u l l  ana lys i s  and 
t h e  screen ana lys is .  The f u l l  a n a l y s i s  was performed f o r  20% of t h e  samples 
and inc luded  t h e  same c o n s t i t u e n t s  analyzed f o r  i n  t h e  300 area Process 
Trench groundwater m o n i t o r i n g  program(2) f o r  RCRA. The screen a n a l y s i s  was 
performed f o r  t he  remaining 80 % o f  t h e  samples. The a n a l y s i s  c o n s t i t u e n t s  
are l i s t e d  i n  Tables V I . l  and V1.2. 

F. Cost and Schedule 

Each f u l l  a n a l y s i s  cos t  approximately $3740 and each screen a n a l y s i s  c o s t  
approximately $480. The cos t  es t imate  f o r  t h e  sha l low sediments sampling 
a n a l y s e s  was $123,020 and f o r  t h e  deep sediments sampling analyses was 
$87,640. The t o t a l  cos t  es t imate  f o r  t h e  s o i l s  analyses i n c l u d i n g  QA 
analyses was $225,660. 

The deep sediment sampling was scheduled t o  begin i n  January and f i n i s h  a t  
t h e  end o f  February. The sha l low sediment sampling was scheduled t o  beg in  
s h o r t l y  a f t e r  t h e  complet ion o f  t h e  deep sediment sampling dependent on 
a v a i l a b l e  manpower, weather, e tc .  T h i s  schedule was much more f l e x i b l e  than 
t h e  deep sampl ing  because once t h e  w e l l  d r i l l e r  was on s i t e ,  t h e  deep 
sed imen t  samples had t o  be s u b m i t t e d  i n  a r e l a t i v e l y  cont inuous and 

- c o n s i s t e n t  manner. US T e s t i n g  cou ld  not accept more than 15 samples p e r  
- week. 

' V I I .  EXECUTION OF THE SAMPLING PROJECT 

A. We1 1 Sam1 i n a  

The f i r s t  deep sediment s o i l  sample was taken on A p r i l  24, 1986. T h i s  s t a r t  
d a t e  was f o u r  months l a t e r  than p r o j e c t e d  due t o  t h e  t ime  US T e s t i n g  
r e q u i r e d  t o  develop and implement t h e  a n a l y s i s  procedures f o r  s o i l s .  The 
d r i l l i n g  s t a r t e d  on t h e  n o r t h  end o f  t h e  center  d i k e  and moved southward. 
The d r i l l i n g  was accomplished w i t h  a cab le  t o o l  d r i l l i n g  r i g  us ing  hard  t o o l  
method. The 8 i n c h  cas ing  was d r i v e n  t o  t h e  d r i l l e d  depth and t h e  h o l e  was 
cleaned o f  a l l  d i s t u r b e d  ma te r ia l s .  A sample o f  t h e  sediments was ob ta ined 
f r o m  t h e  bottom o f  t h e  ho le  by means o f  a b a i l e r .  The samples were taken a t  
f i v e  f o o t  i n t e r v a l s .  The w e l l s  were d r i l l e d  w i t h  t h e  a d d i t i o n  o f  as l i t t l e  
w a t e r  as p o s s i b l e ,  t o  min imize  l each ing  and d i l u t i o n  o f  any substances 
depos i ted  on t h e  sediments. Clean r i v e r  water was used f o r  t h i s  purpose. 
The deep sediment sampling was completed on-May 23, 1986. The independent 
t h i r d  p a r t y  comp le ted  a "deep s o i l  s a m p l i n g  t h i r d  p a r t y  i n s p e c t i o n  
check1 i s t "  f o r  every sample c o l l e c t e d .  No except ions  were noted. 

Two samples o f  t h e  r i v e r  water used f o r  d r i l l i n g  and c l e a n i n g  of t h e  
sampling equipment were c o l l e c t e d  on May 7, 1986 and on May 16, 1986. These 
samples were analyzed by US T e s t i n g  f o r  t he  same c o n s t i t u e n t s  as t h e  
groundwater m o n i t o r i n g  program samples. The w a t w  ana lys i s  r e s u l t s  d i d  n o t  
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Table V I . l  

F u l l  Analysis Parameters: Coliform Bacteria 
Beta, radium and alpha 
ICP metals 6010 enhanced 
Method 8330 enhanced (Thiourea) 
Pesticides 8080 enhanced 
VOA method 8240 enhanced 
A / B / N  8270 enhanced 
Pesticides Method 8140 
Nitrate ,  Sulphate, .... (Anions) 
D i  rect  aqueous injection 
Herbicide 8150 enhanced 
Arsenic 
Mercury 
Sel eni um 
Thall i u m  
Lead by GFAA 
TOX 
TOC 
Cyanide 
Perch1 ora te  
Sulfide 
Ammonium Ion 
Ethylene Glycol 
Citrus Red #2 

Table VI.2 

Screen Analysis Parametws: Beta 
A 1  pha 
ICP metals 6010 enhanced 
Mercury 
Lead by GFAA 
TOX 
TOC 

See Appendix E for the l i s t  of spec i f ic  elements and compounds for the 
analyt ical  methods 1 is ted above. 
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i n d i c a t e  any contaminat ion.  Two process t rench water samples were taken 
d u r i n g  t h e  d r i l l i n g  o f  two separate w e l l s  on May 7, 1986 and May 22, 1986. 
These samples were taken as t h e  w e l l  d r i l l i n g  passed t h e  15-30 f t  l e v e l s  so 
we cou ld  see i f  any o f  t h e  t r e n c h  water components would be r e f l e c t e d  i n  t h e  
s o i l s  composi t ion a t  t h e  same l e v e l .  Trench water was encountered i n  t h e  
w e l l s  by t h e  t ime t h e  d r i l l  depth reached 10 f e e t .  The a n a l y t i c a l  r e s u l t s  
f o r  these samples i n d i c a t e  t h a t  t h e r e  i s  no s i g n i f i c a n t  contaminat ion o f  t h e  
s o i l  sediments f rom t h e  t r e n c h  water. The a n a l y t i c a l  r e s u l t s  a r e  discussed 
i n  Sec t ion  VIII. 

There were 48 samples c o l l e c t e d  9 o f  which were analyzed f o r  f u l l  a n a l y s i s  
and t h e  remainder analyzed f o r  t h e  screen analys is .  I t  took an average of 
3-4 days t o  complete t h e  sampl ing f o r  each o f  t h e  w e l l s  w i t h  more samples 
b e i n g  a v a i l a b l e  on t h e  l a t t e r  p a r t  o f  t h e  t h i r d  and f o u r t h  day. T h i s  
i n d i c a t e s  f a s t e r  d r i l l i n g  r a t e  i n  t h e  l a y e r s  below 15-20 f e e t .  The samples 
were o f  a s l u r r y  cons is tency  and most were screened through a USA #6 o r  #10 
s c r e e n  t o  develop a p a r t i c l e  s i z e  cons is tency  among t h e  samples and t o  
e l i m i n a t e  pebbles and chunks o f  rock.  

The s o u t h e r n  most  w e l l  #6 was l e f t  i n s t a l l e d  f o r  f u t u r e  groundwater 
sampling. The f i r s t  f i v e  w e l l s  were d r i l l e d  t o  an approximate depth of 40 
feet .  Then t h e  cas ing  was backpul led and t h e  h o l e  was sealed w i t h  b e n t o n i t e  
mix ture.  The s i x t h  w e l l  was d r i l l e d  t o  an approximate depth of 45 feet .  A 
6 i n c h  diameter, 20 s l o t  s t a i n l e s s  w e l l  screen was i n s t a l l e d  f r o m  45 '  t o  35' 
and a 6 i n c h  w e l l  c a s i n g  f r o m  35' t o  30" above t h e  ground l e v e l  was 
i n s t a l l e d .  The h o l e  around was f i l l e d  w i t h  a cement b e n t o n i t e  g rou t  m i x t u r e  
around t h e  casing. I t  was then capped and numbered f o r  f u t u r e  use by t h e  
Groundwater Moni t o r i n g  Program. 

8. Shal low Sediment Sampling 

The s h a l l o w  sed iment  s a m p l i n g  e f f o r t  began on June 16, 1986 and was 
completed on September 10, 1986. The t h r e e  week t ime frame between t h e  
c o m p l e t i o n  o f  t h e  deep sampl ing and t h e  s t a r t  o f  t h e  shal low sampl ing 
a l l o w e d  f o r  t h e  t r e n c h  b o t t o m  t o  d r y  out.  T h i r t y - t h r e e  samples were 
c o l l e c t e d  f r o m  each o f  t h e  eas t  and west process trenches. F o r t y - e i g h t  were 
e x p e c t e d  f r o m  each t r e n c h  b u t  i n  t h e  west t r e n c h  7 samples were n o t  
c o l l e c t e d  because t h e  loose sediment l a y e r  was nonex is ten t  and 9 i n  t h e  e a s t  
t r e n c h  were no t  c o l l e c t e d  f o r  t h e  same reason. An a d d i t i o n a l  9 samples and 
6 samples i n  t h e  west and eas t  t r e n c h  r e s p e c t i v e l y  were n o t  c o l l e c t e d  
because o f  t h e  presence o f  water cover. E f f o r t s  were made t o  t ry  t o  c l e a r  
these areas o f  water so they  cou ld  be sampled b u t  t h e  water cou ld  n o t  be 
c l e a r e d  t o  any s i g n i f i c a n t  degree. 

The approx imate ly  3 month t i m e  frame t o  c o l l e c t  these sha l low samples was 
due t o  t h e  need t 9  s w i t c h  between t h e  t renches and a l l o w  t h e  bottom t o  d r y  
ou t  b e f o r e  a t tempt ing  t o  c o l l e c t  more samples: Also, US T e s t i n g  had a 15 
sample per week l i m i t  so t h a t  t h e i r  r o u t i n e  program would.not  be adverse ly  
impacted. Too l o n g  a w a i t  a f t e r  changeover r e s u l t e d  i n  seepage i n t o  t h e  
dra ined t r e n c h  f rom t h e  one b e i n g  f i l l e d  as water l e v e l s  rose  i n  t h e  t rench 
in use. Hence t h e  samples had t o  be taken i n  some instances i n  t h e  dra ined 
t r e n c h  w h i l e  some water s t i l l  remained i n  pools  i n  it. The g e o l o g i s t s  
r e p o r t  " E x p l o r a t i o n  o f  t h e  300 area process water t renches"  c o n t a i n s  a 
d e s c r i p t i o n  o f  these changing water l e v e l s  and i s  inc luded in t h e  Appendix F. 
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The sampling s i t e s  were l o c a t e d  a t  100 f t  i n t e r v a l s  down t h e  center  o f  each 
t r e n c h  bottom. Each sample l o c a t i o n  y i e l d e d  a maximum o f  t h r e e  separate 
samples. The f i r s t  sample was taken f rom t h e  midd le  o f  t h e  loose sediments 
washed i n t o  t h e  t r e n c h  w i t h  t h e  i n f l u e n t .  The depth o f  these loose 
sediments v a r i e d  depending on t h e  d i s t a n c e  f rom t h e  weir.  The second and 
t h i r d  samples were taken a t  f o u r  inches below t h e  loose sediments and a t  
approx imate ly  18 inches below t h e  loose sediments. F o r  seven and n i n e  o f  
t h e  samples i n  t h e  west and east  t r e n c h  r e s p e c t i v e l y  t h e  loose sediments 
were so t h i n  o r  nonex is ten t  t h a t  n o t  enough m a t e r i a l  c o u l d  be c o l l e c t e d  f o r  
a sample. These c o n d i t i o n s  were logged and no samples o f  these sediments 
were taken. A l l  o f  t h e  shal low sediment samples were screened through a USA 
#6 o r  #10 mesh s i z e  s i e v e  i n  an e f f o r t  t o  achieve a u n i f o r m  sample p a r t i c l e  
s i z e  and t o  e l i m i n a t e  pebbles and rocks.  

Each sample s i t e  was hand dug w i t h  a shovel t o  a depth o f  a t  l e a s t  18 inches  
below t h e  loose sediments. Then u s i n g  a t rowe l ,  t h e  sample m a t e r i a l s  were 
c o l l e c t e d  f rom t h e  w a l l  o f  t h e  s i t e  a f t e r  t h e  w a l l s  were scraped of m a t e r i a l  
t h a t  migh t  have caused cross contaminat ion o f  t h e  sample. The samples were 
then s ieved and p laced i n  t h e  sample b o t t l e s .  The ho les  were f i l l e d  back i n  
a f t e r  sampling was completed. 

The i n d e p e n d e n t  t h i r d  p a r t y  c o m p l e t e d  t h e  c h e c k l i s t  f o r  each sample. 
E x c e p t i o n s  f r o m  t h e  procedure  were noted in severa l  ins tances  f o r  t h e  
c l e a n i n g  o f  t h e  sampl ing t o o l s .  The procedure c a l l e d  f o r  c l e a n i n g  t h e  t o o l s  
i n  r i v e r  water and then r i n s i n g  them i n  d i s t i l l e d  water. The r i v e r  water 
was s p e c i f i e d  t o  l i m i t  t h e  amount o f  d i s t i l l e d  water  r e q u i r e d  t o  be c a r r i e d  
i n  f rom t h e  labs every day of sampling. T h i s  q u a n t i t y  t u r n e d  ou t  t o  be 
minimal,  r e a d i l y  a v a i l a b l e  and e a s i e r  t o  o b t a i n  than t h e  r i v e r  water so t h e  
t o o l s  were cleansed t w i c e  i n  t h e  d i s t i l l e d  water  and n o t  a t  a l l  i n  t h e  
r i v e r  water. T h i s  c l e a n i n g  process s t i l l  mainta ined t h e  i n t e g r i t y  o f  t h e  
sample and t h e  i n t e n t  o f  t h e  procedure even though an except ion  f rom t h e  
procedure. 

C. Sampling Documentation 

1. General 

The d e t a i l e d  procedures are  i n  Appendix C. 

Sample t h i r d  p a r t y  i n s p e c t i o n  forms and Chain o f  Custody forms are  i n  
Appendix D. 

2. Logbooks 

S e v e r a l  l o g b o o k s  were k e p t  f o r  f i e l d  notes w h i l e  t h e  sampl ing was i n  
progress.  Waste Systems Engineer ing kept  a logbook f o r  sample da ta  per  t h e  
sampl ing procedure r e c o r d i n g  t h e  sample number, da te  and t i m e  o f  sampling, 
sample s ize ,  name o f  sample c o l l e c t o r s ,  and a b r i e f  d e s c r i p t i o n  o f  t h e  
sample. 

A second logbook was compiled by t h e  g e o l o g i s t .  T h i s  conta ined i n f o r m a t i o n  
f o r  t h e  d a i l y  d r i l l i n g  l o g  as w e l l  as f i e l d  notes and observa t ions  on t h e  
s h a l l o w  sediment samples. T h i s  notebook inc luded d r i l l i n g  progress and 
c h a r a c t e r i s t i c s ,  d e s c r i p t i o n s  of samples and surrounding geology and process 
t r e n c h  cond i t ions .  
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The independent t h i r d  p a r t y  completed a c h e c k l i s t  f o r  t h e  deep and shal low 
s e d i m e n t s  s a m p l i n g  e n t i t l e d  " t h i r d  p a r t y  i n s p e c t i o n  c h e c k l i s t " .  The 
c h e c k l i s t  denoted compliance w i t h  t h e  sampl ing procedure f o r  each s e t  o f  
samples. Samples are  i n  Appendix D. 

A n a l y t i c a l  QA and QC records  are main ta ined by US T e s t i n g  and a r e  descr ibed 
i n  re fe rences  3 and 4. 

4. Chain o f  Custody 

Chain o f  Custody documentation was prepared and accompanied a l l  samples. 
Samples are i n  Appendix D. 

D. Geo los ica l  ReDort 

The g e o l o g i s t  issued a r e p o r t  e n t i t l e d  " E x p l o r a t i o n  o f  t h e  300 Area Process 
Water Trenches" i n  September 1986. It descr ibed t h e  surrounding sediment 
fo rmat ions  and geology as w e l l  as t h e  d r i l l i n g  and sampl ing programs and 
corresponding geo log ic  a n a l y s i s  o f  t h e  samples obtained, i n  c o n j u n c t i o n  w i t h  
t h e  behavior  o f  t h e ' p r o c e s s  t rench water l e v e l s .  (See Appendix F f o r  t h e  
r e p o r t .  ) 

I n  summary, t h e  g e o l o g i s t s  r e p o r t  s t a t e s  t h e  f o l l o w i n g  in fo rmat ion .  The 
t renches o v e r l i e  an o l d  Columbia R i v e r  channel t h a t  i s  f i l l e d  w i t h  t h e  Pasco 
Gravels. The R ingo ld  Format ion sediments were n o t  encountered because they  
l i e  a t  a depth o f  about 50 f e e t  which i s  g r e a t e r  than t h e  depth o f  t h e  
sampl ing we l ls .  The Pasco Gravels cont inue down t o  t h i s  R ingo ld  Format ion 
l e v e l  through t h e  water t a b l e  which i s  a t  around 30 f e e t .  The n a t u r e  o f  t h e  
Pasco Gravels  i s  t h a t  they  are t h e  d e p o s i t s  o f  severa l  c a t a s t r o p h i c  f loods,  
r a t h e r  than normal stream, sha l low- lake  and f l o o d p l a i n  d e p o s i t s  as a r e  t h e  
R ingo ld  Formations. 
sequences. The grave ls  range from basal  cobble and boulder  gravels ,  upward 
through f i n e r  gravels .  Capping those grave ls  a re  c lean and we1 1-sor ted 
d e l t a i c ,  f o r e s t  bedded gravels.  

The Pasco Gravels c o n s i s t  o f  two i d e n t i f i e d  graded 

S i l t s  and f i n e  sands a r e  g e n e r a l l y  absent. 

The general  d e s c r i p t i o n  o f  t h e  sediment samples below i s  a l s o  d e r i v e d  from 
t h e  g e o l o g i s t s  repor t .  

1. Well Samples 

Tes t  Holes 1-5 p h y s i c a l  f i n d i n g s  can be summarized as f o l l o w s :  

0-15 ft: grave l  40%-60%, sand 40%-50% and s i l t  1-lo%, p o o r l y  s o r t e d  
grave l  most ly  <6"di ameter b u t  up t o  18"di ameter, c a l i c h e  <1% 

15-22 f t :  g r a v e l  30%-55%, sand 40%-60% and s i l t  1-5%, grave l  i s  
cobbles, no c a l i c h e  

22-27 ft: grave l  i s  pebbles <5mm diameter, l i t t l e  sand, t r a c e  s i l t  

27-32 ft: grave l  65%, sand 35%, grave l  i s  pebble t o  cobble, t r a c e  
s i l t  
32-40 ft: sand 65% - >go%, and gravel ,  s i l t  5% 
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Test  Hole 6 was s l i g h t l y  d i f f e r e n t  i n  p h y s i c a l  n a t u r e  f rom t e s t  ho les  
1-5 and can be summarized as f o l  1 ows: 

0-14 ft: grave l  90% (pebble t o  cobble g rave l ) ,  sand lo%, some c a l i c h e  
and s i l t  

14-20 ft: grave l ,  sand and t r a c e s  o f  s i l t  

20-30 ft: grave l  (g ranu le  t o  pebble s i z e )  

30-33 ft: sand 45%, grave l ,  pebbles and s i l t  

33-37 ft: grave l  (g ranu le  t o  pebble s ized) ,  sand, p e t r i f i e d  wood 

37-45 ft: grave l  (pebble s ized),  sand, no s i l t  

2. Shal low Sediment Samples 

On t h e  average t h e  loose sediment sample cou ld  be descr ibed as sand 
o r  sandylgravely  f o r  t h e  south end o f  t h e  t renches and humus towards 
t h e  n o r t h  end o f  t h e  trenches, 

Most ly  t h e  second l a y e r  sample, 4" below t h e  loose sediments, c o u l d  
be d e s c r i b e d  as e o l i a n  sand, c lean granu le  t o  pebble and cobble 
g rave l  and some organ ic  m a t t e r  a t  t h e  n o r t h  end o f  t h e  t rench. One 
sample s i t e  conta ined a chunk o f  s i l t .  

The deep sample, which was taken 18" below t h e  bottom o f  t h e  loose 
sediments layer ,  was sandy pebble t o  cobble g rave l  w i t h  no humus i n  
most cases. One sample s i t e  had a c l a y  chunk. Also, some bou lder  
g rave l  was encountered i n  severa l  s i t e s .  

I n  each case o n l y  t h e  f i n e r  g ra ined sediments were inc luded i n  t h e  sample. 
A l l  samples were s ieved through a USA f6  o r  #lo screen. Any contaminants 
p resent  should be associated w i t h  t h e  f i n e r  sediments and n o t  t h e  pebbles o r  
cobbl es. 

V I  I I. DESCRIPTION OF ANALYTICAL RESULTS 

A l l  t h e  r e s u l t s  o f  t h e  chemical analyses which were above d e t e c t i o n  l e v e l  
a re  l i s t e d  i n  t a b u l a r  form i n  Appendix E. These l i s t i n g s  c o n t a i n  t h e  deep 
w e l l  sample r e s u l t s ,  t h e  shal low sediment sample r e s u l t s  and t h e  process 
t r e n c h  and process water r e s u l t s .  The numbering system used f o r  t h e  samples 
i s  exp la ined i n  Appendix C. The o n l y  c o n s t i t u e n t s  which a r e  s i g n i f i c a n t l y  
above background l e v e l s  i n  t h e  sediment are c e r t a i n  metals.  

The a n a l y t i c a l  r e s u l t s  f o r  t h e  c o n s t i t u e n t s  s i g n i f i c a n t  f o r  t h e  sha l low and 
deep sediment samples are presented i n  Tab le  VIII.l and F i g u r e s  VIII.l and 
VIII.2. The t a b l e  presents  t h e  peak va lues of these c o n s t i t u e n t s  anywhere 
i n  t h e  shal low sediment samples and t h e  peak values i n  t h e  w e l l  samples. 
The uranium r e s u l t s  were n o t  measured d i r e c t l y  b u t  a r e  i n f e r r e d  f rom t h e  
a lpha counts. The a lpha count i s  o n l y  a rough i n d i c a t o r  t o  d e t e c t  uranium 
c o n t a m i n a t i o n  a n d  t h e r e  i s  a l a r g e  u n c e r t a i n t y  i n  t h e  u r a n i u m  
concent ra t ions ;  up t o  a f a c t o r  o f  2 o r  3. 
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Table VIII.l 

Concentration o f  Constituents 
in Sediments 

(PPm) 

Shal low Samples Well Samples 

Loose Shallow (4") Deep (18") 
Constituents Avg Peak Avg Peak Avg Peak Avg Peak 

Arsenic (As) 1.5 10 0.9 6 1 14 0.6 7 

Cadmium (Cd) 2.4 20 1.8 5.4 1.3 2.9 0.49 0.9 

Chromium (Cr) 274 551 59 319 30 131 6 10 

Copper (CUI 

Lead (Pb) 

Mercury (Hg) 

Nickel (Ni) 

Si 1 ver ( Ag ) 

Uranium (U)  

3550 7320 1109 8470 522 2230 18 42 

205 486 33 230 21 86 3 7 

15 58 6 69 2 21 0 0.1 

529 1550 306 4700 95 1030 5 11 

137 405 35 245 12 110 <1 <1 

7400 20400 1200 6900 3400 27700 7.3 15.5 
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L Figure V I I I . l  

Shallow Soil Sample Contaminant Concentrations in the 300 Area Process Trenches 
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Figure VIII.l (cont.) 

Ul 

O a B -  

oaooa- 

om7- 

- 9  

oms- 

U 1  

moa- 

sow- 

om7- 

a0089 

om6- 

om4- 

m- 

oaoo2- 

OS001 - 
o $  

I 

+ 
t 4 t $ f t 3 t $ ?  I I 1 + I 

A + + + * + + e  + 0 'c I I I I 'c I I I I I I I 

1 2  3 4 8 6 7 8 0 1 0 1 1 1 2 1 3 1 4 1 8 1 6  

U L  =-+wym O D  

19 



Figure VIII.l (Cont.1 
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Figure VIII . l  (cont  . )  
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Figure VIII.l (conk.) 
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Figure VIII.1 (cont.) 
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Figure VIII.l (con t . )  
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F igu re  VIII.l (cont.) 
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F i g u r e  VIII.l (cont.)  
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F igure  VIII.2 
Deep S o i l  Sample Contaminant Concentrat ions Under the  300 Area Process Trenches 
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Figure VIII.2 ( con t . )  
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Figure VIII.2 (cont.) 
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Figure V I I I . 2  (cont.) 
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The f i g u r e s  present  p l o t s  o f  c o n s t i t u e n t  concent ra t ions  as a f u n c t i o n  o f  
sample depth and d is tance down t h e  trenches away f rom t h e  t rench i n l e t  f o r  
t h e  sha l low sediment samples. For  the  deep w e l l  sediment samples, t h e  
f i g u r e s  present  p l o t s  o f  concent ra t ions  f o r  each c o n s t i t u e n t  and each w e l l  
as a f u n c t i o n  o f  depth. The deep w e l l  c o n s t i t u e n t s  p l o t t e d  a r e  t h e  same 
c o n s t i t u e n t s  p l o t t e d  f o r  the  shal low sediments. The concentrat ions f o r  t h e  
deep sediments are i n  many cases too  low t o  d i f f e r e n t i a t e  from zero on t h e  
p l o t s .  

eva 
we 1 

I X .  

A. 

The 

Four water sample analyses are presented i n  Appendix E. These analyses were 
t a k e n  d u r i n g  t h e  t r e n c h  s a m p l i n g  t o  eva lua te  t h e  p o t e n t i a l  f o r  c ross  
contaminat ing t h e  samples by process t rench water o r  r i v e r  water. The r i v e r  
water was used t o  c lean t h e  sampling t o o l s  between samples and was a l s o  used 
d u r i n g  t h e  d r i l l i n g  process. R i v e r  water was chosen because i t  had n o t  been 
c h l o r i n a t e d  and was no t  s i g n i f i c a n t l y  contaminated w i t h  t h e  c o n s t i t u e n t s  f o r  
which t h e  samples were be ing  analyzed. Two samples o f  r i v e r  water used f o r  
t o o l  c l e a n i n g  and d r i l l i n g  were taken and analyzed. These are  repor ted  as 
samples R - 1  and R-2. Two samples o f  t h e  water i n  t h e  process trenches were 
taken d u r i n g  t h e  w e l l  sampling program f o r  deep sediments. Th is  was done 
because t h e  w e l l  samples were sa tura ted  w i t h  water f rom t h e  trenches a t  
l e a s t  by t h e  ten f o o t  sample. The process t rench water samples permi t  t h e  

u a t i o n  o f  t h e  source o f  any contaminat ion found i n  t h e  samDles f rom t h e  
s. The process water sampfes are  l a b e l e d  P-1 and P-2. 

EVALUATION OF SAMPLING RESULTS 

Discuss ion o f  Environmental and Regul a t o r y  Impact 

r e s u l t s  descr ibed i n  Sect ion V I I I ,  " D e s c r i p t i o n  o f  A n a l y t i c a l  Results." 
demonstrate t h a t  contaminat ion above background l e v e l s  e x i s t s  i n  t h e  process 
trenches bu t  f a i l s  t o  d e t e c t  contaminat ion i n  t h e  deeper w e l l  samples. The 
c o n s t i t u e n t s  f o u n d  i n  t h e  shal low sediments c o n s i s t  o f  t h e  meta ls  and 
compounds as descr ibed i n  t h e  s p i l l  t a b l e  o f  Appendix VI11 o f  t h e  RCRA 
r e g u l a t i o n s ( 5 ) .  The concent ra t ions  are  t o o  low t o  determine what t h e  
compounds a c t u a l l y  are, b u t  c o n s i d e r a t i o n  o f  t h e  environmental  chemist ry  and 
t h e  sources o f  some o f  t h e  meta ls  suggests the  i d e n t i t y  o f  t h e  compounds. 
The compounds probably  c o n s i s t  most ly  o f  ox ides and var ious  s a l t s  such as 
phosphates ,  s u l f a t e s ,  ch lo r ides ,  n i t r a t e s  and f l u o r i d e s .  Based on t h e  
concent ra t ions  and t h e  probable compounds, t h e  t rench sediments a re  n o t  a 
hazardous waste as de f ined by t h e  t o x i c  m i x t u r e  procedure o f  WAC 173-303(6). 
S i x  samples were chosen f rom the  shal low sediment samples f o r  an EP Toxic  
Leach a n a l y s i s .  The samples were chosen t o  r e p r e s e n t  t h e  range o f  
c o n s t i t u e n t  concentrat ions f rom the  most concentrated t o  t h e  leas t .  The 
r e s u l t s  o f  t h e  analyses are presented i n  Table I X . l ,  A l l  o f  t h e  r e s u l t s  
are below t h e  l e v e l s  which de f ine  a dangerous waste i n  WAC 173-303-090(8). 

Recent EPA proposed amendments re leased on March 19, 1987(7) i n d i c a t e  t h a t  
j u s t  because t h e  contaminated m a t e r i a l  does n o t  c o n s t i t u t e  a dangerous waste 
does not  r e l i e v e  the  f a c i l i t y  owner f rom cleanup requirements. No s p e c i f i c  
g u i d e l i n e s  are g iven as t o  what c o n s t i t u t e s  c o n s t i t u e n t  concent ra t ions  which 
r e q u i r e  remedial a c t i o n  except t h a t  t h e  goal i s  t o  remove o r  decontaminate 
a l l  m a t e r i a l s  on s i t e  t h a t  c o u l d  p o t e n t i a l l y  c o n t r i b u t e  t o  f u t u r e  
contaminat ion problems. 

32 



Arsen ic  

Bar i um 

Cadmi um 

Chromium 

Lead 

Mercury 

Sel en i  um 

..4)’ 

IC 

S i  1 ver 

t 

Table I X . l  

EP Tox ic  Leach Test Resu l ts  

A n a l y t i c a l  Resu l ts  - EP T o x i c i t y  (ppm) 

W5LA 

<o. 20 

12 

<0.01 

0.02 

0.46 

0.10 

<O. 25 

<o. 02 

- WlOSA 

<o. 20 

6.6 

<0.01 

<o. 01  

<o. 20 

<O. 05 

<O. 25 

CO.02 

- WlODA 

<o. 20 

7.20 

< .10 

0.01 

0.23 

C0.05 

<O. 25 

<0.02 

E l D A  

<o. 20 

10.30 

0.03 

<0.01 

<0.20 

(0.05 

<O. 25 

<0.02 

E6SA 

<o. 20 

11.6 

< .10 

0.06 

<o. 20 

<0.05 

<O. 25 

CO.02 

- E2LA 

<o. 20 

6.90 

< .10 

0.02 

0.24 

<0.05 

<O. 25 

<o. 02 

- 
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W h i l e  t h e s e  g u i d e l i n e s  and goals  a re  c l e a r  i n  a s u b j e c t i v e  sense, t h e  
problem i s  t o  determine what i s  r e q u i r e d  t e c h n i c a l l y  t o  comply w i t h  t h e  
r e q u i r e m e n t s  a t  a p a r t i c u l a r  s i t e  and f o r  p a r t i c u l a r  cons t i t uen ts .  To 
deve lop  t h e  techn ica l  goals, t h e  f o l l o w i n g  s teps o u t l i n e  an approp r ia te  
approach: 

1. Determine background l e v e l s  o f  t h e  contaminants found and compare w i t h  
concent ra t ions  i n  t h e  t rench  sediments. 

2. Evaluate pathways t o  determine p o t e n t i a l  t h r e a t s  t o  human heal th .  

a. 
b. Wind blown p a r t i c u l a t e  
c. Waterfowl 

Leaching t o  groundwater and Columbia R ive r  

3. Determine remedial a c t i o n  steps 

a. No a c t i o n  
b. Remove present  contaminat ion 
c. S tab i  1 i z e  contaminat ion i n  p lace  

Background Cons t i t uen t  Leve ls  

The pu rpose  o f  de termin ing  t h e  background l e v e l s  o f  c o n s t i t u e n t s  i s  t o  
e s t a b l i s h  a c l e a n u p  g o a l  f o r  remedial ac t ions .  Background l e v e l s  a re  
es tab l i shed  by t a k i n g  and ana lyz ing  samples from areas near t h e  300 Area 
Process Trenches which have no t  been impacted by human a c t i v i t i e s .  These 
background concent ra t ions  are  shown i n  Tab le  IX.2. The background samples 
came from the  f o l l o w i n g  l oca t i ons :  

Average of t h e  Ear ths  c r u s t ( l 0 )  

Geologica l  samples f rom 10 and 15 f o o t  depths from a w e l l  d r i l l e d  i n  t h e  
1 9 5 0 ' s  b e f o r e  t h e  P rocess  T renches  were c o n s t r u c t e d  and l o c a t e d  
approx imate ly  20 f e e t  west o f  t h e  west t rench;  t h i s  i s  w e l l  399-1-4 
which i s  a l so  p a r t  o f  t h e  RCRA groundwater m o n i t o r i n g  p r o j e c t .  

Samples a t  depths o f  10 and 15 f e e t  f rom a new f i l t e r  backwash pond 
about one h a l f  m i l e  south o f  t h e  t renches 

Samples a t  8 and 16 f o o t  depths f rom t h e  proposed l o c a t i o n  o f  a new 
sewage t reatment  p l a n t  nor theas t  o f  t h e  trenches 

F r o m  t h i s  i n f o r m a t i o n ,  an a v e r a g e  b a c k g r o u n d  c o n c e n t r a t i o n  w i t h  
u n c e r t a i n t i e s  were c a l c u l a t e d  from t h e  f i l t e r  backwash pond and sewage 
t reatment  p l a n t  samples and a proposed goal concen t ra t i on  w i t h  u n c e r t a i n t i e s  
f o r  t h e  remedial a c t i v i t i e s  i s  suggested i n  Table IX.3. The va lue o f  104 
ppm f o r  C r  i n  t h e  f i l t e r  backwash pond 15 f o o t  sample was no t  used t o  
c a l c u l a t e  t h e  average i n  order  no t  t o  b i a s  the  average background high. I t  
i s  proposed t h a t  t he  goal o f  a cleanup be t o  achieve concent ra t ions  o f  
c o n s t i t u e n t s  which do no t  exceed t h e  average concent ra t ion  p lus  unce r ta in t y .  
The u n c e r t a i n t y  i s  c a l c u l a t e d  as a concen t ra t i on  30% g rea te r  than t h e  peak 
background concentrat ion.  The exact  percent  va r ies  because o f  round o f f  
e r ro rs .  T h i s  goal should pe rm i t  t he  d e t e c t i o n  of t h e  background c o n s t i t u e n t  
l e v e l  when a l l  s i g n i f i c a n t  non-background contaminat ion has been removed. 
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Table IX.2 

Concentrat ion o f  Const i tuents  
i n  Background Samples 

( PPm) 

Ea r th  We1 1-399-1-4 
Const i tuents  Crus t  10 f e e t  15 f e e t  

Arsenic  ( A s )  5 C91.7 C91.0 

Cadmium (Cd) 0.15 <1.3 <1.3 

Chromium ( C r )  200 

Copper (Cu) 70 

Lead (Pb) 16 

Mercury (Hg) 0.5 

N icke l  ( N i )  80 

S i l v e r  (Ag) 0.1 

Uranium (U)  4 

<2.6 C2.6 

<2.6 <2.6 

<91.7 <91.0 

C26.2 <26.0 

<7.9 C7.8 

<1.2 <1.2 

<65 (6 5 

F i l t e r  Pond New Sewage P1 ant  
10 f e e t  15 f e e t  8 f e e t  8 f e e t  10 f e e t  

3.2 

<0.2 

10 

12 

12 

<o. 2 

6 

<1 

7.9 

10 

0.5 

104 

22 

18 

<o. 2 

9 

<1 

6.4 

<0.8 

1 

7 

15 

12 

<1 

7 

<1 

0.9 

<O. 7 

<o. 2 

6 

8 

8 

<1 

5 

<1 

0.6 

<O. 7 

1 

6 

16 

13 

<1 

6 

<1 

1.1 
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Table IX.3 

Average Background Concentrat ions and Proposed Goal 
Remedi a1 Ac t i on  Concentrat ions 

(PPm) 

Average Background Proposed Goal 
Cons t i t uen ts  Concentrat ion Range Concentrat ion Uncer ta in t y  

Arsen ic  (As) 3 (0.7-10 3 +13 

Cadmium (Cd) 1 CO.2-1 1 t1.3 

Chromium ( C r )  7.25 6-10 7 +13 

Copper (Cu 1 14.6 8-22 15 +29 

Lead (Pb) 12.6 8-18 13 +23 

Mercury (Hg) <1 <o. 2-(1.0 1 +1.3 

Nicke l  ( N i l  6.6 5-9 7 +12 

t1.3 S i l v e r  (Ag) <1 (1 1 

Uranium ( U )  3.4 .6-8 4 +10 

I 
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It i s  obvious by comparing t h e  values i n  Table IX.3 w i t h  t h e  values i n  
Table V I I I . l  t h a t  severa l  o f  t h e  c o n s t i t u e n t s  found i n  t h e  t rench sediments 
are a1 ready w i t h i n  t h e  background range p l  us uncer ta i  n t y  presented i n  
T a b l e  IX.3. A r s e n i c  i n  t h e  s e d i m e n t s  i s  l o w e r  t h a n  t h e  background 
concentrat ions.  The average concent ra t ion  of cadmium, l e a d  and mercury a r e  
g e n e r a l l y  w i t h i n  t h e  range o f  concent ra t ions  o f  t h e  proposed goal. However, 
t h e r e  are a few peaks i n  concent ra t ion  i n  t h e  shal low sediments which a r e  
s i g n i f i c a n t l y  above background. The average and peak concent ra t ions  of 
chromium, copper, n i c k e l  and s i l v e r  a re  s i g n i f i c a n t l y  above background. The 
chromium i s  a n t i c i p a t e d  t o  be i n  t h e  +3 i o n i c  s t a t e  r a t h e r  than t h e  more 
hazardous +6 (chromate) s ta te .  T h i s  i s  because most chromate ( u n l i k e  Cr+3) 
compounds are s o l u b l e  i n  water and would have been d i s s o l v e d  i n  t h e  water 
f l o w i n g  t h r o u g h  t h e  t r e n c h e s .  A l s o ,  t h e  chemical environment i n  t h e  
t renches would probably  tend t o  conver t  t h e  Chromium +6 i n t o  Chromium +3. 
The average and peak uranium concent ra t ions  i n  t h e  t rench are much h igher  
than background range. The conversion f rom t h e  alpha counts, which was used 
t o  es t imate  uranium concentrat ions,  i s  o n l y  accurate t o  w i t h i n  approx imate ly  
a f a c t o r  o f  two. I t  i s  a l s o  known f rom r a d i a t i o n  measurements in t h e  
t renches t h a t  some sur face  uranium concent ra t ions  near t h e  i n l e t  t o  t h e  
t r e n c h e s  a r e  much above background. The deep sediment o r  w e l l  sample 
concent ra t ions  are  w i t h i n  t h e  background range f o r  a l l  t h e  cons t i tuents .  

C. Pathwavs Discuss ion 

The f o l l o w i n g  p o t e n t i a l  pathways e x i s t  i n  t h e  300 Area Process Trench System 
which may impact human heal th :  

1. Columbia Leaching t o  ground water and thence t o  t h e  Columbia River ,  t h e  
r i v e r  i s  used f o r  d r i n k i n g  and i r r i g a t i o n  water; 

2. Windblown p a r t i c u l a t e  when one o f  t h e  t renches i s  al lowed t o  d r y  ou t  
w h i l e  t h e  o ther  t rench i s  be ing used; and 

M i g r a t o r y  waterfowl which may be hunted and consumed o f f  t h e  Hanford 
s i t e .  

3. 

There are no other  known pathways. Crops are  n o t  grown around t h e  trenches 
and p u b l i c  access i s  not  permi t ted.  The pathways which might  impact p u b l i c  
h e a l t h  must t r a n s p o r t  t h e  hazardous c o n s t i t u e n t s  o f f s i t e .  The pr imary  
pathway i s  t h e  one t o  groundwater. P a c i f i c  Northwest Laboratory  operates 
t h e  RCRA groundwater m o n i t o r i n g  program f o r  t h e  300 Area Process Trenches. 
Groundwater m o n i t o r i n g  r e s u l t s  a re  r e p o r t e d  t o  WDOE i n  q u a r t e r l y  r e p o r t s ( 8 ) .  
These r e s u l t s  do no t  i n d i c a t e  groundwater concent ra t ions  above d r i n k i n g  
water standards f o r  t h e  c o n s t i t u e n t s  found i n  s i g n i f i c a n t  concent ra t ions  i n  
t h e  process t rench sediments. The gross r a d i o a c t i v i t y  concent ra t ions  (a lpha 
and beta)  a re  sometimes above d r i n k i n g  water standards. However, i f  t h e  
a c t i v i t y  due t o  uranium i s  subt rac ted  as s t a t e d  i n  t h e  regu la t ions ,  then t h e  
a c t i v i t y  l e v e l  i s  below t h e  d r i n k i n g  water standards. There are a l s o  o t h e r  
p o t e n t i a l  sources f o r  uranium contaminat ion i n  t h e  300 Area from CERCLA 
s i t e s .  The pr imary source o f  t h e  uranium i s  no t  c l e a r  a t  t h i s  time. 

The c o n s t i t u e n t s  f o u n d  i n  t h e  d r i n k i n g  water o f  p r imary  i n t e r e s t  a r e  
c h l o r i n a t e d  h y d r o c a r b o n s .  T h e s e  i n c l u d e  p e r c h l o r o e t h y l e n e ,  
t r i c h l o r o e t h y l e n e  and d i c h l o r o e t h y l e n e  ( a breakdown product  o f  t h e  f i r s t  
two). These are sometimes detected above d r i n k i n g  water standards. The 
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d e t e c t i o n s  are i n t e r m i t t e n t  and a d e f i n e d  plume o f  contaminat ion has n o t  y e t  
been determined. These c o n s t i t u e n t s  are n o t  detected i n  t h e  process t rench 
sediments. The source i n  t h e  groundwater i s  probably  f rom pas t  operat ions,  
documented s p i l l s  and t r a c e  amounts f rom s o l v e n t  car ryover  i n  r i n s e  water 
which i s  c a r r i e d  through t h e  sediments i n  t h e  process water. A p r o j e c t  i s  
p r e s e n t l y  funded and scheduled ( P r o j e c t  685) which w i l l  reduce o r  e l i m i n a t e  
t h e  o n l y  known sources o f  so lvent  carryover.  

There i s  a f i n i t e  p o t e n t i a l  t h a t  t h e  c o n s t i t u e n t s  found i n  t h e  sediments can 
be moved i n t o  t h e  ground water. The sediments have been leached by l a r g e  
q u a n t i t i e s  o f  water (approx imate ly  2.6 m i l l i o n  g a l l o n s  per  day) s i n c e  1975. 
T h i s .  water i s  g e n e r a l l y  n e u t r a l  o r  bas ic  up t o  a pH o f  9. The f a c t  t h a t  
t h e s e  c o n s t i t u e n t s  are s t i l l  i n  p lace  argues f o r  t h e  s t a b i l i t y  o f  t h e  
sediments i n  t h e  present  chemical environment. I t  can be pos tu la ted  t h a t  
should t h e  t rench i n f l u e n t  become a c i d i c ,  t h e  metal  c o n s t i t u e n t s  found i n  
t h e  sediments would become mobile. An a c i d  s p i l l  l a r g e  enough t o  move a 
s i g n i f i c a n t  amount o f  t h e  c o n s t i t u e n t s  i s  n o t  considered l i k e l y  i n  t h e  300 
Area because g e n e r a l l y  o n l y  smal l  amounts o f  ac id  a r e  used i n  t h e  d i f f e r e n t  
l a b o r a t o r i e s .  The N-Reactor f u e l  f a b r i c a t i o n  opera t ion  i s  t h e  most l i k e l y  
source o f  a l a r g e  s p i l l .  Several thousand g a l l o n s  o f  concentrated a c i d  o r  
base a r e  s t o r e d .  T h e r e  i s  some e v i d e n c e  f rom p a s t  s p i l l s  t h a t  some 
c o n s t i t u e n t s  are mob i l i zed(9) .  T h i s  i s  p r i m a r i l y  based on increases i n  
a lpha counts i n  groundwater m o n i t o r i n g  samples. A p r o j e c t  i s  p r e s e n t l y  
funded and scheduled ( p r o j e c t  685) which w i l l  p r o t e c t  t h e  process sewer f rom 
s p i l l s  f rom t h e  f u e l  f a b r i c a t i o n  operat ion.  

There i s  a p o t e n t i a l  t h a t  t h e  wind cou ld  blow p a r t i c u l a t e  f rom t h e  300 Area 
P r o c e s s  T r e n c h  area.  T h i s  c o u l d  happen because t h e  two trenches a r e  
operated a l t e r n a t e l y .  One t rench i s  al lowed t o  d r y  ou t  w h i l e  t h e  o t h e r  i s  
i n  use. R a d i a t i o n  surveys o f  t h e  area have however demonstrated very l i t t l e  
spread o f  uranium f rom t h e  t rench bottom. What contaminat ion was found 
cou ld  more l i k e l y  be exp la ined by personnel t r a c k i n g  contaminat ion ou t  o f  
t h e  t renches  d u r i n g  sampling and o t h e r  operat ions.  Other circumstances 
m i t i g a t i n g  the  p o t e n t i a l  f o r  wind spread o f  c o n s t i t u e n t s  are t h e  f a c t  t h a t  
t h e  t r e n c h  b o t t o m s  are about 15 f e e t  below grade; thus be ing  somewhat 
p r o t e c t e d  f rom t h e  wind and l a r g e  areas of the  bottom of the unused t r e n c h  
g e n e r a l l y  remain wet because o f  crossover and seepage f rom t h e  t r e n c h  i n  
use. 

Waterfowl have been observed in t h e  t r e n c h  and presumably cou ld  feed and 
nes t  i n  t h e  area. The c o n s t i t u e n t s  i n  t h e  Process Water samples P - 1  and P-2 
discussed above would n o t  be expected t o  impact the  waterfowl,  hunters  o r  
consumers o f  waterfowl.  Bottom feed ing  cou ld  p o s s i b l y  be more o f  a problem. 
Very l i t t l e  i n f o r m a t i o n  i s  p r e s e n t l y  a v a i l a b l e  r e g a r d i n g  t h i s  p o t e n t i a l .  
The PNL environmental  m o n i t o r i n g  program may have sampled waterfowl f rom 
t h i s  a r e a  and contaminat ion  l e v e l s  i n  water fowl  f rom t h i s  area may be 
a v a i l a b l e  f rom t h e  program. The i n f o r m a t i o n  has no t  been obta ined f o r  t h i s  
r e p o r t .  

D. Remedial Ac t ion  Plannino 

The r e m e d i a l  a c t i o n  p lann ing  addresses a number o f  o p t i o n s  which would 
address  t h e  p o t e n t i a l  r i s k  t o  human h e a l t h  o r  t h e  environment as a 
consequence o f  contaminants i n  t h e  process trenches. The a c t i o n s  considered 
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are as f o l l o w s :  

1. No A c t i o n  

A r e a s o n a b l e  case can be made f o r  no a c t i o n  r e l a t i v e  t o  a l l  o f  t h e  
contaminants except t h e  uranium. Even under worst  case cond i t ions ,  i f  a l l  
t h e  contaminat ion leached i n t o  t h e  groundwater, no d e t e c t a b l e  e f f e c t  on 
human h e a l t h  o r  t h e  environment would be expected because t h e  concent ra t ions  
i n  t h e  r i v e r  wou ld  be s o  low. However, t h i s  may n o t  s a t i s f y  t h e  
requirements o f  r e g u l a t i o n s  t o  prevent  accumulations o f  these contaminants 
i n  s o i l s ,  t h e i r  d i s c h a r g e  t o  g r o u n d w a t e r s  and t h e  p o t e n t i a l  f o r  any 
e n v i r o n m e n t a l  harm. A lso ,  a l though t h e  uranium concent ra t ions  do n o t  
present  a s i g n i f i c a n t  h e a l t h  hazard, t h e  concent ra t ions  are  h i g h  enough t h a t  
i t  wou ld  be p r u d e n t  t o  remove o r  s t a b i l i z e  t h e  sediments so t h a t  t h e  
p o t e n t i a l  f o r  spread o f  contaminat ion i s  e l im ina ted .  For  these reasons t h e  
no a c t i o n  o p t i o n  i s  no t  considered t o  be v iab le .  

Because o f  t h e  d i l u t i o n  e f f e c t  f rom t h e  r i v e r ,  any c o n s t i t u e n t s  which 
p r e s e n t l y  e n t e r  t h e  groundwater f rom t h e  Process trenches a r e  undetectable 
i n  t h e  d r i n k i n g  water i n t a k e s  downstream. The t o t a l  amount o f  t h e  m e t a l l i c  
and uranium sediment c o n s t i t u e n t s  i s  est imated i n  Table IX.4. T h i s  i s  based 
on t h e  concent ra t ions  found i n  the  sediment samples. 

2.  Cleanout and Continued Use 

T h i s  o p t i o n  c o n s i s t s  o f  d i g g i n g  out  t h e  sediments c o n t a i n i n g  c o n s t i t u e n t s  i n  
concent ra t ions  grea ter  than t h e  goals s e t  i n  Table IX.3. T h i s  would remove 
t h e  p o t e n t i a l  f o r  leach ing  o f  these c o n s t i t u e n t s  i n t o  t h e  ground water i n  
any g r e a t e r  concent ra t ion  than f rom t h e  n a t u r a l  s o i l s .  Since the  p o t e n t i a l  
f o r  l e a c h i n g  o f  hazardous  c o n s t i t u e n t s  i n t o  t h e  groundwater would be 
removed, t h e  t r e n c h e s  c o u l d  c o n t i n u e  t o  be used f o r  d isposa l  o f  non 
hazardous waste water. The sediments would be removed t o  an engineered 
d isposal  area p r o t e c t e d  f rom water and much f u r t h e r  f rom groundwater and t h e  
r i v e r .  The p r e c i s e  l o c a t i o n  has n o t  been determined bu t  i t  would p robab ly  
be i n  t h e  200 Area d isposa l  s i t e  f o r  low l e v e l  r a d i o a c t i v e  s o i l s  o r  gravel .  
Note t h a t  t h e  sediments do n o t  q u a l i f y  as a dangerous waste b u t  t h e  uranium 
concent ra t ion  may be h i g h  enough t o  q u a l i f y  some o f  t h e  sediments as low 
l e v e l  r a d i o a c t i v e  waste. 

The p r o b l e m  w i t h  t h i s  o p t i o n  i s  t o  be c e r t a i n  t h a t  t h e  s i g n i f i c a n t  
c o n t a m i n a t i o n  above background has a c t u a l l y  been removed. The sampl i n g  
program was d e s i g n e d  t o  p r o v i d e  t h e  i n f o r m a t i o n  n e c e s s a r y  f o r  t h i s  
determinat ion.  The deep w e l l  samples demonstrate t h a t  t h e  contaminat ion has 
n o t  progressed s i g n i f i c a n t l y  beyond t h e  shal low sediments i n  t h e  t rench. 
T h e  s h a l l o w  samples d e m o n s t r a t e  t h a t  f o r  most  o f  t h e  t r e n c h ,  t h e  
contaminat ion can be removed by d i g g i n g  up t h e  upper few inches t o  24 inches 
o f  sediment. I n  t h e  areas near t h e  i n l e t ,  t h e  samples i n d i c a t e d  t h a t  t h e  
contaminat ion may go deeper and more sediment w i l l  r e q u i r e  excavation. The 
samples do g e n e r a l l y  i n d i c a t e  l e s s e r  concent ra t ions  w i t h  depth. These 
statements can be v e r i f i e d  by s tudy ing  the  p l o t s  presented i n  Sect ion V I I I .  
R a d i o l o g i c a l  measurements a l s o  i n d i c a t e  shal low uranium contaminat ion up t h e  
s i d e s  o f  t h e  t r e n c h  n e a r  t h e  i n l e t .  T h i s  contaminat ion seems t o  be 
a s s o c i a t e d  w i t h  c r u s t  l i k e  d e p o s i t s  l e f t  a t  t h e  w a t e r  edge. T h i s  
contaminat ion would have t o  be scraped off. 
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Table IX .4  

Est imated T o t a l  Amount o f  Cons t i t uen ts  i n  t h e  Sediment 

C o n s t i t u e n t  

(kg)  

S h a l l  ow 
Sediments 

A rsen ic  (As) (1) 

Cadmium (Cd) 

Chromium ( C r )  

Copper (Cu) 

Lead (Pb) (2)  

Mercury (Hg) ( 2 )  

N i c k e l  ( N i )  

S i  1 ver  (Ag) 

Uranium ( U )  

2 

3 

341 

2261 

1 oa 
12.8 

578 

74 

720 

Est imated 
Amount f rom 
Background 

8 

3 

19 

30 

33 

3 

1 7  

3 

9 

(1) The a rsen ic  i s  always w i t h i n  background range. 

( 2 )  The lead  and mercury a re  w i t h i n  t h e  range of background 
v a l u e s  e x c e p t  i n  some o f  t h e  l o o s e  and s h a l l o w  
sed i men t s . 
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The p l a n  would be t o  excavate the  sediments t o  a depth based on the  sampling 
r e s u l t s .  T h i s  depth would be deepest a t  t h e  i n l e t  and shal lowest  a t  t h e  f a r  
end. I n  t h e  f i e l d ,  t h e  depth would be determined by p o r t a b l e  r a d i a t i o n  
inst ruments used t o  i n d i c a t e  t h e  presence of uranium. When t h e  de tec tab le  
r a d i a t i o n  was near background l e v e l s ,  t h e  excavat ion would s top  and s o i l  
samples would be taken and analyzed f o r  t h e  metal  contaminants o f  i n t e r e s t  
p l u s  TOC and TOX. Any unusual r e s u l t s  would be cause f o r  f u r t h e r  sampling 
and analyses. Based on these r e s u l t s ,  t h e  excavat ion would cont inue o r  if 
t h e  r e s u l t s  were w i t h i n  t h e  background range, t h e  excavat ion would be 
considered complete. 

The schedule f o r  t h i s  p r o j e c t  should be coord inated w i t h  t h e  schedule f o r  
P r o j e c t  685. Th is  should be scheduled f o r  implementat ion a f t e r  p r o j e c t  685 
i s  complete so t h a t  i n f l u e n t  w i t h  t h e  l e a s t  p o t e n t i a l  f o r  s p i l l s ,  uranium 
conten t  o r  so lvent  carryover  would e n t e r  t h e  r e f u r b i s h e d  t r e n c h  system. 

Clean gravel  may be hauled i n  t o  f i l l  holes. 

3. S t a b i l i z e  i n  P lace 

Another o p t i o n  i s  t o  s t a b i l i z e  t h e  contaminat ion i n  place. T h i s  process i s  
descr ibed i n  d e t a i l  i n  t h e  Closure Plan submi t ted t o  WDOE and t h e  USEPA i n  
l i e u  o f  a P a r t  B a p p l i c a t i o n  i n  November 1985. Th is  p a r t  o f  t h e  s u b m i t t a l  
i s  enclosed i n  Appendix A. f i l l i n g  and a s e r i e s  
o f  covers such t h a t  t h e  contaminat ion i s  s t a b i l i z e d  and cannot be leached 
i n t o  t h e  groundwater. Cont inual  groundwater m o n i t o r i n g  would be r e q u i r e d  t o  
v e r i f y  t h e  i n t e g r i t y  o f  t h e  s t a b i l i z a t i o n  process. 

A n o t h e r  method f o r  d i s p o s i n g  o f  t h e  nonhazardous waste water f rom t h e  
Process Sewer would be requi red.  There are two v i a b l e  opt ions.  These a r e  
t o  b u i l d  another s e t  o f  leach ing  trenches o r  t o  d ischarge d i r e c t l y  t o  t h e  
r i v e r  under an NPDES permit .  New leach ing  trenches o r  ponds would probably  
be cons t ruc ted  n o r t h  o f  t h e  present t rench l o c a t i o n  bu t  a l o c a t i o n  has n o t  
been selected. 

T h i s  p r i m a r i l y  c o n s i s t s  o f  

The o t h e r  d i s p o s a l  o p t i o n  i s  t o  acqu i re  an NPDES p e r m i t  and d ischarge 
d i r e c t l y  t o  t h e  r i v e r .  The present i n f l u e n t  i n t o  t h e  t renches e s p e c i a l l y  
a f t e r  P r o j e c t  685 i s  complete, does seem t o  meet t h e  requirements f o r  an 
NPDES permit .  
i n  t h a t  no new trenches o r  t h e i r  opera t ion  i s  r e q u i r e d  and i t  would be 
p r o b a b l y  cheaper  than new trenches because bo th  o p t i o n s  would p robab ly  
r e q u i r e  t h e  l a y i n g  o f  s i g n i f i c a n t  l e n g t h s  o f  p i p e l i n e .  The o u t f a l l  
s t r u c t u r e  may be a s i g n i f i c a n t  cos t  item. There are a l s o  disadvantages. 
One o f  t h e  o r i g i n a l  purposes o f  t h e  t rench system was t o  p r o t e c t  t h e  r i v e r  
f r o m  s p i l l s .  With t h e  present  system, a s p i l l  i s  delayed and d i l u t e d  
cons iderab ly  by t h e  t ime i t  reaches t h e  r i v e r .  T h i s  reduces s h o r t  term 
contaminat ion l e v e l s  i n  d r i n k i n g  water downstream o f  t h e  300 Area and i n  t h e  
Columbia River,  thus prevent ing  acute harm t o  b i o l o g i c a l  systems o r  human 
heal th .  The t rench system a l s o  removes p a r t i c l e s  and l e s s  s o l u b l e  m a t e r i a l s  
f rom t h e  water. The 300 Area s a n i t a r y  water i n t a k e  i s  a t  t h e  south end o f  
t h e  300 Area. Unless the  d ischarge o f  t h e  Process Sewer were d i r e c t e d  south 
o f  t h i s  i n t a k e  ( a n  expens ive  p r o j e c t ) ,  i t  i s  p o s s i b l e  tl a t  opera t ions  
personnel cou ld  n o t  r e a c t  soon enough t o  prevent  s i g n i f i c a n t  contaminat ion 
o f  t h e  300 Area d r i n k i n g  water i f  a major s p i l l  occurred. Also, u s i n g  
process trenches prov ides some o p p o r t u n i t y  t o  c lean up t h e  s p i l l s  before 
contaminants reach t h e  r i v e r  by pumping t h e  appropr ia te  mon t o r i n g  we l ls .  

There are advantages t o  t h i s  opt ion.  T h i s  o p t i o n  i s  s imp ler  



S p i l l s  have i n  f a c t  been very  few, b e t t e r  c o n t r o l s  have r e c e n t l y  been 
i n s t i t u t e d  and b e t t e r  sampling systems are planned, however, t h i s  i s  s t i l l  
an impor tan t  cons iderat ion.  

4. Summary o f  Opt ions 

Consider ing both environmental p r o t e c t i o n  and cost,  t h e  second o p t i o n  o f  
c l e a n i n g  out  t h e  t renches and c o n t i n u i n g  usage i s  p re fe rab le .  Assuming t h a t  
t h e  contaminat ion can c o n f i d e n t l y  be removed f rom t h e  trenches, t h i s  o p t i o n  
prov ides  a l l  t h e  environmental  p r o t e c t i o n  o f  t h e  t h i r d  opt ion,  does n o t  
r e q u i r e  a new d isposa l  f a c i l i t y  and environmental  m o n i t o r i n g  systems are  
a l ready  i n  place. It i s  assumed t h a t  t h e  no a c t i o n  o p t i o n  i s  no t  v iab le .  If 
t h e  contaminat ion cannot economical ly be removed f rom t h e  process trenches 
than t h e  t h i r d  o p t i o n  w i l l  p robably  have t o  be pursued. T h i s  w i l l  r e q u i r e  a 
new d i s p o s a l  f a c i l i t y .  New l e a c h i n g  t r e n c h e s  o r  ponds wou ld  be 
env i ronmenta l l y  p re fe rab le .  Any remedial  a c t i o n s  should be coord inated w i t h  
p r o j e c t  685. 

X. OPERATION OF THE PROCESS SEWER SYSTEM 

The opera t ion  o f  t h e  process sewer system as a non hazardous waste system 
r e q u i r e s  an i n t e g r a t e d  approach. T h i s  inc ludes  a d m i n i s t r a t i v e  procedures 
and t r a i n i n g  t o  prevent  s p i l l s  t o  t h e  sewer system, p h y s i c a l  systems t o  
prevent  acc identa l  d isposa l  t o  t h e  system and measurement systems t o  v e r i f y  
t h a t  hazardous  c h e m i c a l s  a r e  n o t  b e i n g  d isposed.  The a d m i n i s t r a t i v e  
procedures and t r a i n i n g  were implemented i n  1985. A new m o n i t o r i n g  system 
which prov ides b e t t e r  q u a l i t y  samples and i s  more r e l i a b l e  was i n s t a l l e d  i n  
August 1987. Th is  new sampling system takes a weekly composite sample and 
c o n t i n u o u s l y  m o n i t o r  pH and c o n d u c t i v i t y  a t  t h e  i n l e t  t o  t h e  Process 
Trenches. 

I n  a d d i t i o n  another sampling system i s  p r e s e n t l y  be ing  designed. T h i s  w i l l  
c o n s i s t  o f  about 15 samplers which w i l l  c o l l e c t  weekly composite samples a t  
d i f f e r e n t  l o c a t i o n s  w i t h i n  t h e  process sewer system. These samples w i l l  be 
analyzed when something unusual i s  detected i n  t h e  t rench i n l e t  sample, t o  
l o c a t e  t h e  source o f  t h e  m a t e r i a l  de tec ted  o r  t o  v e r i f y  a problem w i t h  t h e  
i n l e t  sample o r  analys is .  By be ing  ab le  t o  l o c a t e  the  d ischarge o f  m a t e r i a l  
t o  a few b u i l d i n g s  as opposed t o  t h e  approx imate ly  50 served by t h e  process 
sewer, o p e r a t i o n s  p e r s o n n e l  w i l l  be ab le  t o  l o c a t e  t h e  source o f  any 
unpermi tab le discharges and c o r r e c t  t h e  s i t u a t i o n .  T h i s  sarnpl i n g  system i s  
scheduled f o r  i n s t a l l a t i o n  by March 1988. 

The i n f l u e n t  t o  t h e  t renches has been sampled weekly s i n c e  1975. The 
a n a l y s i s  parameters cons is ted  o f  pH and a few heavy metals. I n  1985, t h e  
Resource C o n s e r v a t i o n  and Recovery Act  r e g u l a t i o n s  were app l ied  t o  the  
t r e n c h e s .  A d d i t i o n a l  e f f o r t s  were implemented a t  t h a t  t i m e  t o  prevent  
d ischarge o f  hazardous chemicals t o  t h e  Process Sewer. I n  June, 1986, a 
more ex tens ive  weekly sampling e f f o r t  o f  t h e  i n f l u e n t  t o  t h e  t renches was 
implemented t o  v e r i f y  compliance w i t h  o p e r a t i o n a l  procedures designed t o  
p r e v e n t  d ischarge o f  hazardous substances i n t o  t h e  sewer and t o  d e t e c t  
s p i l l s .  

A new and improved process t rench i n f l u e n t  sampler has been designed t o  
p r o v i d e  f o r  t e c h n i c a l l y  adequate and r e l i a b l e  c o n t r o l  samples t o  v e r i f y  
o p e r a t i o n a l  comp! iance w i t h  DOE orders,  s t a t e  and f e d e r a l  hazardous waste 
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r e g u l a t i o n s  and complement t h e  300 area Groundwater Mon i to r i ng  Program. 
The present  sampler i s  l oca ted  down i n  t h e  t rench  area and i s  d i f f i c u l t  t o  
use. The new sampler w i l l  be re loca ted  t o  t h e  ground l e v e l  area up above 
t h e  present  sampler which w i l l  make i t  s a f e l y  access ib le  a t  a l l  t imes. The ' 

new s a m p l i n g  s t a t i o n  w i l l  i n c l u d e  d u a l  c o m p o s i t e  wa te r  samplers and 
con t inuous ly  recorded pH and c o n d u c t i v i t y  instruments. The s t a t i o n  a l s o  has 
an e x i s t i n g  f lowmeter  which i s  recorded cont inuously .  The equipment w i l l  be 
l o c a t e d  i n  an e x i s t i n g  c a b i n e t  a t  ground l e v e l  which a l s o  has f reeze 
p r o t e c t i o n  and e l e c t r i c a l  connections. 

P r e s e n t l y  one p o l y e t h y l e n e  sampling b o t t l e  i s  u t i l i z e d  f o r  t h e  weekly 
composite sample. The new system w i l l  c o l l e c t  approx imate ly  8 samples per  
hour t o  form the  weekly composite sample. Two samples w i l l  be drawn a t  t h e  
same t ime w i t h  t h e  use o f  t he  dual pump heads and p laced i n  separate sample 
c o n t a i n e r s  - one g lass  and one polypropylene. T h i s  w i l l  e l i m i n a t e  t h e  
p o s s i b i l i t y  o f  cross contaminat ion o f  t h e  samples f rom meta ls  o r  o rgan ics  
l each ing  ou t  o f  t h e  con ta ine r  i t s e l f .  

The weekly composite sample i s  analyzed f o r  pH and c o n d u c t i v i t y .  The new 
sampling system w i l l  con t i nuous ly  mon i to r  and record  t h e  pH and c o n d u c t i v i t y  
a t  t h e  t rench  i n f l u e n t  po in t .  Th i s  w i l l  a l l o w  f o r  t r a c k i n g  f l u c t u a t i o n s  i n  

. these measurements. 

' T h i s  new sampling s t a t i o n  w i l l  p rov ide  f o r  b e t t e r  r e l i a b i l i t y  and accuracy 
/ *  *= 

w i t h  a minimum o f  downtime and maintenance. 

P r e s e n t l y ,  s p i  11 c o n t r o l  measures such as ca tch  tanks, leak  d e t e c t i o n  
devices, l e v e l  con t ro l s ,  personnel awareness and weekly i nspec t i ons  o f  waste 
con ta ine rs  comprise t h e  p reven t i ve  measures f o r  t h e  s p i  11 c o n t r o l  program. 
Pr imary r e l i a n c e  i s  on personnel t r a i n i n g  and awareness o f  t h e  Washington 
S ta te  Dangerous Waste Regulat ions and t h e i r  a p p l i c a b i l i t y  t o  t h e  process - sewer and t renches t o  p rov ide  the  d isposa l  c o n t r o l s  t h a t  a re  necessary t o  
ma in ta in  compliance w i t h  t h e  in tended use o f  t h e  300 area process t renches 
f o r  nonhazardous aqueous wastes. 
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APPENDIX A 

Part o f  the Closure Plan Submitted 
i n  Lieu o f  a Part  B Application 

on November 8, 1985 
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6 .0  CLOSURE AND POST-CLOSURE REQUIREMENTS 

The 300 Area Process Trenches comprise a facility that received regulated 
waste in the past. However, effective February 1, 1985 new administrative 
controls were instituted which prevent discharge of hazardous materials into 
the trenches. The trenches currently receive non-hazardous, non-regulated 
aqueous solutions (for composition of discharge, see Section 3.0). All future 

discharges into the trenches will be non-hazardous. 
section is to demonstrate that the U.S. Department of Energy - Richland 
Operations Office (DOE-RL) is cognizant of the current and past practices 
relative to the 300 Area Process Trenches and that DOE-RL has a plan to 
administer the unit so that any future releases are within acceptable limits 
and will not harm the environment. The general closure plan involves several 

steps, some of which have already been initiated as a demonstration of DOE- 

RL's intent. The general steps are: 

The purpose of this 

/ 

( 1 )  Discontinue Discharges of Regulated Materials to 
Trenches ( impLemented 2/ 1 /85) 

( 2 )  Sample Trench Area Soils - Shallow Sampling (initiated 6/25/85) - Deep Sampling (planned 2/28/86) 
( 3 ) '  Analyze Samples for Hazardous Components (initiated 

7/26/85 1 

(4) Close Facility Under RCRA 
- Decontaminate - A l t e r n a t e  Closure Opt ion  

DOE-RL wishes to make clear that a commitment to close the facility under RCRA 
does not necessarily preclude the use of the facility in its current capacity 
(i.e., as a receiver of non-regulated solutions). The intent of DOE-RL is to 

operate the trenches while establishing that the trenches are not an environ- 
mental hazard. Should investigations reveal that significant and non-localized 
contamination is present at depth, then DOE-RL will begin immediately to i n i -  
tiate physical closure of the facilities or to take other appropriate actions 
that are consistent with RCRA. 

will be conducted in accordance with common best engineering practices, under 
the direction of a registered engineer and with the approval of the cognizart 
regulatory authority; i.e., either: 

Should they become necessary, those activities 

6 -  1 
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Regional Administrator 
Region X 
U.S. Environmental Protection Agency 
1200 Sixth Avenue 
Seattle, Washington 98101 

Director 
Washington Department of Ecology 
Mail Stop PV-aa 
Olympia, Washington 98504 

or 

Details of the 300 Area Process Trenches Closuse/Post-Closure Plan are presen- 

ted below. 
are given in Appendix H. 
these copies is given in Appendix I. 
Appendix J. 

The locations of official copies of the Closure/-Post-Closure Plan 

The certification of closure is found in 
The person responsible for storage and updating 

6.1 CLOSURE PLANS 
6.la Closure Performance Standard 
The 300 Area Process Trenches will be closed in a manner that minimizes 

further maintenance and that minimizes post-closure escape of regulated waste 
to the extent necessary to protect human health or the environment. 

necessary, a cover system will be designed for the trenches [see Section 
6.1e(2)] which will prevent contaminant migration to groundwater. The 
vegetative cover will consist of two perennial wheatgrasses which are drought- 
tolerant and well suited to the local soils, thus minimizing maintenance at 

the site [Section 6.le(4) I .  

If 

6.lb Partial and Final Closure Activities 
The DOE-RL does not anticipate any partial closure activities. Instead, 

DOE-RL will proceed to final closure of both trenches upon approval of this 
plan (expected in 1986). However, since two trenches are involved, it is pos- 

sible that different closure alternatives may be indicated for each. It is 

therefore possible that one trench may be closed while detailed characteriza- 

tion of the other trench is proceeding. Thus, while all activities relate to 

final closure, final closure of the faciiity may occur in stages. 

c 
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C h a r a c t e r i z a t i o n  ac t iv i t i e s  l e a d i n g  t o  f i n a l  c l o s u r e  f o l l o w  a l o g i c a l  pro-  
g r e s s i o n  of i n c r e a s i n g  detai l .  I n  t h e  i n i t i a l  phase ,  sha l low samples  w i l l  b e  

taken of t h e  so i l  i n  t h e  t r e n c h .  
feet .  
be s p l i t  so t h a t  r e p r e s e n t a t i v e  samples  of s ed imen t ,  s e d i m e n t / g r a v e l  i n t e r -  
f ace ,  and r o c k / g r a v e l  i n t e r f a c e  are o b t a i n e d  from each  h o l e .  The r e g u l a r  
sampling g r i d  w i l l  c o n s i s t  o f  a s i n g l e  l i n e  down t h e  a x i s  o f  each  t r e n c h  w i t h  

a sample s p a c i n g  of 100 f ee t .  
taken a t  s i g n i f i c a n t  d e p r e s s i o n s  and areas where f i e l d  a n a l y t i c a l  i n s t r u m e n t s  
(e .g . ,  f i e l d  g a s  chromatograph or o r g a n i c  vapor  a n a l y z e r )  detect  l o c a l  "hot 
s p o t s . "  
middle of t h e  t r e n c h  to  tes t  for lateral h e t e r o g e n e i t y .  I f  s i g n i f i c a n t  l e v e l s  
of con tamina t ion  are d i scove red  by t h e  i n i t i a l  sample g r i d ,  a more c l o s e -  
packed sampling a r r a y  w i l l  be c o n s t r u c t e d  t o  d e f i n e  its n a t u r e  and  e x t e n t .  

The maximum d e p t h  of t h e  samples  w i l l  be two 

Samples w i l l  be  taken  by s o i l  a u g e r s  o r  o t h e r  s u i t a b l e  method and w i l l  

These samples  w i l l  be  supplemented by samples  

In a d d i t i o n ,  p a i r e d  samples  w i l l  be t aken  a t  each end and  a t  t h e  

To p e r m i t  sampl ing ,  t he  t r e n c h e s  w i l l  c o n t i n u e  t he i r  p a r a l l e l  o p e r a t i o n .  Tha t  
is, sampling i n  one t r e n c h  w i l l  be conducted while  t h e  o t h e r  t r e n c h  is r e c e i v -  
ing water. Once t h e  sampling program i n  t h e  f i r s t  t r e n c h  is f i n i s h e d ,  holes 
w i l l  b e  back f i l l ed  w i t h  n a t i v e  materials and t h a t  t r e n c h  w i l l  r e c e i v e  p r o c e s s  
water so t h e  o t h e r  t r e n c h  can b e  sampled. 

Because of p a s t  p r a c t i c e s ,  t h e  remote p o s s i b i l i t y  e x i s t s  t h a t  r e g u l a t e d  waste 
materials may have seeped i n t o  t h e  ground i n  t h e  p a s t  and may c u r r e n t l y  reside 
a t  some d e p t h  below t h e  bottom o f  t h e  t r e n c h  and above groundwater .  
sampling p r o g r a  will be conducted t o  e s t a b l i s h  t h e  c o n d i t i o n  of t h e  s o i l  a t  
depth.  The DOE-RL will d r i l l  v e r t i c a l  holes between t h e  two t r e n c h e s .  The 

A deep 

d i s t a n c e  between the  two t r e n c h e s  is such  t h a t  sed imen t s  i n  t h e  zone of 
in f luence  of t h e  t r e n c h e s  w i l l  be sampled v i a  these v e r t i c a l  holes. 
w i l l  b e  t aken  a t  f i v e - f o o t  i n t e r v a l s  and auge r  t a i l i n g s  w i l l  be  moni tored  
con t inuous ly  wi th  an o r g a n i c  vapor a n a l y z e r .  

Samples 

These deep h o l e s  w i l l  b e  d r i l l e d  
a t  a s p a c i n g  of 300 feet  a long  a l i n e  t h a t  p a r a l l e l s  t h e  a x i s  o f  t h e  t r e n c h .  

I n  a d d i t i o n  t o  sampling s o i l s ,  samples  o f  t h e  s l u d g e s  a t  t h e  i n l e t  weir box 

will be t aken .  
procedures  i n  SW-846 (Second E d i t i o n ,  3ev i sed  1984).  A l l  s ampl ing  t o o l s  w i l l  

be steam c leaned  o r  wasned x i t h  d e t e r g e n t  and r i n s e d  between samples .  All 

Those and a l l  o t h e r  samples  w i l l  be  c o l l e c t e d  a c c o r d i n g  t o  

-5-3 
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o Tracked bulldozer 
o Roadgrader 
o Dump trucks 
o Shovels, augers and rigs 
o Water trucks (if needed) 

samples will be labelled to indicate the trench, location, and depth from 

which they were taken. 
taken and will be shipped for analysis at the end of each day. 

Samples will be logged in and preserved as they are 

Analyses will be performed in a manner that will ensure all analytical proce- 

dures and controls comply with EPA specifications. 
unidentified blanks and five percent duplicate samples will accompany regular 

samples. 
independent laboratory. 
Process Trenches are.shown in Table 6-1. It is proposed that 20 percent of 
the samples be analyzed for the parameters in Table 6-1. The rest of the 
samples will be analyzed for metals and TOC. 
above the average will require analysis for all Parameters in Table 6-1. 

For quality assurance, 

In addition, five percent of all analyses will be confirmed by an 
Proposed analytical parameters for the 300 Area 

Any TOC results significantly 
/ 

All data generated by the sampling and analysis program will be evaluated to 
identify the most effective closure alternative. For example, if significant 
contamination is found and it is shallow or localized, then the contaminated 

sediments will be excavated, segregated into compatible groups as necessary, 
drummed, labeled, manifested, and transported for disposal at an authorized 
facility. If contaminated liquids are encountered in the trenches, the li- 
quids will be removed using a vacuua truck. 

an authorized disposal site for solidification and disposal. 
contamination is found at depth and is non-localized, then DOE-RL will take 

steps immediately to initiate closure of the trench (e.g., discontinue aqueous 
discharge into the trench, design and construct a cap containment structure). 

They will then be transferred to 

If significant 

6. lc  Maximum Waste Inventory 
The maximum waste inventory is currently unknown. It will be provided once 

the characterization activity for the trenches is complete. 

6.ld Inventory Removal, Disposal or Decontamination of Equipment 

If contamination is found, a variety of equipment will be used in the final 
closure of the 300 Area Process Trenches. These include: 
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All tools used in the sampling and final closure program will be assumed to be 
contaminated with regulated waste. They will be steam-cleaned prior to remov- 

al from the area. 
cleaning residues may be collected and analyzed for TOC and TOX. If cleaning 

residues contain hazardous constituents, the materials will be disposed of in 
a RCRA-regulated disposal facility at the Hanford Site. 

Cleaning will take place-in a plastic-lined area where 

6.ld(l) Closure of Containers 

This section is not applicable to the 300 Area Process Trenches. 

6.ld(2) Closure of Tanks 
This section is not applicable to the 300 Area Process Trenches. 

-ic 6.ld(3) Closure of Wasce Piles 
This section is not applicable to tKe 300 Area Process Trenches. 

6.ld(4) Closure of Surface Impoundments 
This section is not applicable to the 300 Area Process Trenches. 

' 4  6.ld(5) Closure of Incinerators 
'':.> This section is not applicable to the 300 Area Process Trenches. 

6.ld(6) 
This section is not applicable to the 300 Area Process Trenches. 

Closure of Land Treatment Facilities 

6.le Closure of Disposal Units 
If contamination is extensive, the 300 Area Process Trenches will be closed as 
disposal units (i.e., contaminated materials will remain in place). The final 

I cover and its expected performance is described in Section 6.le(2). 

6.le(l) Disposal Impoundments 
No preparation of wastes for final cover is expected to be required if the 300 
Area Process Trenches are to be closed as disposal units. 

- . _. . . . . . .-. . - -  . 

r -  
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b.le(2) Cover Design 

It is believed that any contamination found in the 300 Area Process Trenches, 
will be removable by excavation. 

However, if deep, significant, and/or extensive contamination renders total 
excavation impractical, then a cover for the facility will be constructed as 

described below. 

As a result, no cover will be required. 

Final Cover General Design Description 
A multilayer cover will be used for closure of the trenches. 
consist of 4 foot (1.2 meter) deep revegetated soil underlain by a woven 
synthetic geotextile fabric and 6 inches (15 centimeters) of-gravel. 
foot (1.2 meter) depth of soil will provide storage for annual precipitation 
and support the establishment and growth of a perennial grass cover that will 

stabilize the surface and enhance soil-water removal. The geotextile will 
minimize the sifting of fines into the gravel interstices. The gravel layer 
will serve as a capillary barrier between the cover soil ana waste zone, 
increasing the amount of water storage potential in the upper soil layer and 

maintaining greater levels of plant available moisture. 

The cover will 

The 4 

Conceot and Function of the Multilayer Cover 
Soil water moves in response to pressure-head differences. The pressure heads 

are positive in saturated soils became of hydrostatic forces and negative in 
unsaturated soils because of capillary forces. In unsaturated soil, water 

movement is influenced both by capillary forces and by gravity. For relative- 
ly salt-free soils, the combination of capillary and gravitational heads 

determines the total hydraulic head, usually.expressed in terms of length 
(centimeters or meters) of an equivalent water column. Infiltration into 

either uniform or layered s o i l s  can be predicted by properly characterizing 
the gradient of hydraulic head and hydraulic conductivity. Another simple, 

yet basic, soil water concept is the soil water outflow law [Richards, L. A., 
1950, "Law of Soil Moisture", Trans. her. Geophys. Union, 3 1  (511. This law 

states that water will not move from soil into an open cavity until the water 
pressure is atmospheric or greater. For layered soils, this means that water 

will not move from fine s o i l  into very coarse soils until the soil at the 
boundary between the soil layers is virtually saturated [i.e., until the water 

pressure (capillary pressure) in the fine soil at the boundary is near or L 

s -5 
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equal to zero]. 

a multilayer cover. 

This basic law is fundamental to understanding the concept of 

The final cover intended for use at the trenches is based on the concept just 

described. 

barrier. 
ward through the soil of relatively fine porosity to the point of contact with 

the large-pored (gravel) layer. 
at the tensions which exist at the wetting front and water-filled cross 

section is reduced. Before the wetting front can advance, the soil-water 
pressure at that point must increase until it is large enough to allow the 

pores to fill with water. 
water at this point than would the same soil depth had a coarse (gravel) layer 

not been present. 

The gravel layer underlying the cover soil serves as a capillary 

As moisture infiltrates the cover soil, a wetting front moves down- 

The Volume of pores capable of holding water 

The overlying soil will retain considerably more 
f 

Fine Soil for Final Cover 
In order for a multilayer cover to be effective in eliminating drainage, it 
must be capable of storing at least the anticipated annual precipitation and, 
preferably, the maximum expected amount. The greatest annual amount of 

precipitation recorded at Hanford to date is approximately 11 inches (28 
centimeters). There is a greater than 95 percent probability that the 1 1  inch 

total will not be exceeded (see Figure 6-11. This amount of precipitation has 
been established as a design criterion. 

To meet the criteria of’higher water-holding capacity and less permeability, 
the final cover soil will have to be obtained from selected sites outside of 
the immediate areas surrounding the trenches. The most promising s o i l  identi- 
fied thus far belongs to the Esquatzel series. Esquattel series s o i l s  are 
typically deep and medium-textured. and exhibit moderate permeability and high 

water-holding capacity. Relatively uniform deposits of this soil type have 
been indicated*approximately 10 miles (16 kilometers) northwest of the 
nonradioactive dangerous waste landfill; however, further investigations and 
soil analyses are planned to locate a source of suitable materials nearer the 

trenches. 
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In lieu of detailed soil data, the Benton County Soil Survey was used to 

obtain estimated properties of the Esquatzel series soils. 
properties are as follows: 

These estimated 

o Textural class: fine sandy loam 

o Unified class: ML 

o Permeability: 2.0 - 6.0 centimeters per hour 
o Water-holding capacity 0.16 - 0.20 centimeters per 

centimeter soil 

Based on the estimated minimum water-holding capacity of 0.1-6 inches water per 

inch soil, a non-layered 4 feet (1.2 meters) deep soil profile will retain 7.8 
inches (20 centimeters) of water. 

/ 

Gravel for Final Cover 
Materials ranging in size from coarse, washed sand to cobble-sized rock could 
be used to achieve the textural change necessary for the capillary barrier; 

however, 1/4 to 1/2 inch (6 to 12 millimeters) gravel is easily handled and 
provides a stable base over which the remainder of the barrier can be con- 

structed. 
plant. The thickness of the gravel or  capillary barrier will be at least 6 
inches (15  centimeters). Barrier experience gained thus far has shown that 
this is the minimum thickness obtainable by use of heavy equipment during 

construction. 

The gravel is also available on site at the excess concrete batch 

Geotextile for Final Cover 
The distinctness of the textural change between the soil and the gravel layer 
will be maintained by use of a woven synthetic geotextile fabric. 
tile is commonly used for load distribution and subgrade stabilization during 

roadway construction and offers excellent resistance to installation abuse. 
The product chosen is manufactured by MirafL Construction Fabrics (Product No, 

The geotex- 

600X) which offers the tested properties shown in Table 6-2. 

This product has been used in barrier construction at Hanford to prevent soil. 
fines from sifting into the underlying gravel layer. This experience should 

prove useful during construction of the final cover at the trenches. i 

.. . . . - . ... - . 



Vegetative Cover 
Having established the ability of the final cover to safely store maximum 
annual precipitation, a mechanism for removal of the stored soil water must be 
provided. While estimates of annual evaporation closely approximate the annu- 

al precipitation, these estimates relate more accurately to total potential 
evaporation. Evaporation does account for the majority of the soil water 
removed; however, its effectiveness diminishes with soil depth. 

To prevent the eventual accumulation of moisture and the possibility of drain- 
age through the capillary barrier, a vegetative cover will be established to 
enhance soil water removal. 

I 

The two perennial wheatgrasses selected for revegetation of the final cover 
are Siberian wheatgrass (Agropyron sibericum) and thickspike wheatgrass 

(Agropyron dasytachyum), both of which have been used routinely with good 
success at Hanford. These species are drought tolerant and well suited to the 

medium- to coarse-textured local soils. 

I 

Once established, the vegetative cover will assure effective removal of avail- 
able moisture (i.e., water held at less than -15 bars) throughout the 4 foot 
( 1 . 2  meter) deep soil layer. 
and contain the rooting depth of the intended plant cover, and similar plant 

covers are known to be effective in exploiting soil-water to depths of at 
least four feet. 
to occur because of the gravel pore size and-resultant lack of available 

moisture. 

The soil layer depth is sufficient co support 

Plant root penetration into the gravel layer is not expected 

6.1e(3) Minimization of Liauid Migration 
The primary objective of a cover system design is prevention of water infil- 
tration into underlying waste zones where contact may leach contaminants into 
the groundwater. Most cover designs typically. rely on impermeable barriers. 
An impermeable barrier as envisioned by the EPA at the present time would 
consist of clay and/or a synthetic liner. However, the use of clays in an 
arid environment is unacceptable because an optimum moisture content necessary 

to maintain the integrity and intended purpose of the clay liner cannot be 
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assured. Eventual dessication will result in clay shrinkage and cracking with 

a subsequent loss of integrity. Synthetic liners would not be affected by the 

arid environment. However, their effectiveness depends heavily on the methods 
and care with which they are installed. Synthetic liners would be a barrier 
to both downward and upward moisture movement; but, over time, condensate 

would collect on the bottom side of the liner, which would act as a diverting 
mechanism for moisture to reenter the waste confinement zone. 
ther clay nor synthetic material will fulfill the intent of the regulations, 
which are to prevent the entry of liquids into the closed waste containment 

area. 

Therefore, nei- 

Recent research related to the long-term disposal of radioactive waste has 

shown that multilayer cover systems are effective in minimizing and preventing 

liquid migration into a buried waste zone in arid environments. 
systems can use the natural material of rock and soil to provide a durable and 
long lasting cover system. 

Multilayer 

The basis for the multilayer approach is the soil water outflow law which 
states that water will not move from a fine-pore soil into much larger pores 

until the water is atmospheric or greater. For layered soils, this means that 
water will not move from fine soil into very coarse soils until the soil at 

the boundary between the soil layers approaches saturation. Field observa- 
tions of layered soils indicate that significant increases in soil water 

storage can be attained when soils are underlain by coarse-textured materi- 
als .  This is particularly true when the soil is moderately fine-textured. 

Table 6.3, (Miller, D. E., 1973, "Water Retention and Flow in Layered Soil 
Profiles", Field Soil Water Regime, R. R. Bruce, pp. 107-177, Soil Science Am. 

Special "5, Madison, Wisconsin) shows the effect of layering on water storage 
in an overlying soil. 

The greater water retention is attributed to the textural differences between 
the upper soil and the capillary barrier. The coarser the underlying materi- 
al, the less flow is expected until nearly saturated conditions prevail. The 

effectiveness of the multilayer cover to prevent or minimize liquid migration 

will thus be assured by: 
L 
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o Highly nonlinear nature of unsaturated hydraulic 
conductivity across the fine soil/coarse gravel 
interface . .  

o Water-holding capacity of the final cover soil 

o Evapotranspiration of accumulated soil water 

The soil of the multilayer cover system is a fine sandy loam. As a textural 

class, sandy loam is intermediate between loam and loamy sand. From Table 

6-3, it can be inferred that moisture retention in a sandy loam soil underlain 
by coarse material (i.e., a capillary barrier) can be increased by a factor of 
at least 1.5. 
(1.2 meter) deep sandy loam soil profile will hold 7.8 inches (20 centimeters) 
of water, which is 2 inches ( 5  centimeters) more than the average annual 
precipitation and 3 inches (8 centimeters) less than the maximum recorded 
precipitation. Utilizing the above inferred increase in moisture retention 

capacity attributable to the presence of a capillary barrier, the estimated 
7 . 8  inch total water retention capacity is increased to 11.7 inches (30 

centimeters). Referring to Figure 6-1, the probability that annual precipi- 
tation will exceed this amount is estimated to be less than one percent. 
Further, assuming that evapotranspiration equals precipitation, the proba- 
bility that precipitation will be great enough to penetrate the multilayer 

barrier can be estimated to be less than one percent. 

As stated previously in section 6.le(2), a nonlayered 4 foot 

- 

6.le(4) Maintenance Needs 
Experience gained with Hanford Site surface stabilization (800 acres) since 

1978 has shown that very little maintenance is required following the success- 
ful establishment of the vegetative cover. Successful establishment generally 

requires from two to three years. During this period, the straw mulch applied 
for initial stabilization and the natural emergence of cheatgrass (Bromus 
tectorum) which is ubiquitous in southeastern Washington, combine to protect 
the soil cover from erosion by wind. Also, trained personnel periodically 
evaluate seedling progress and recommend any necessary corrective actions. 
Herbicides are'often used in the spring to selectively control annual 

broadleaf species which compete for available moisture and nutrients. Herbi- 

cide applications are discontinued following successful perennial grass 

establishment. 

5- '  1 
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Fertilizer applications are sometimes needed after closure to stimulate plant 
vigor during the second or third year. 
small rodent activity have been discovered, primarily in the form of burrows 

in the trench cover side slopes. 
eliminated by decreasing the side slope angles to three-to-one. The only. 

other maintenance instituted as a result Of periodic surveillance has been the 
manual removal of deep-rooted shrubs which might penetrate the soil cover. No 
additional backfilling has been required as a result of wind or water erosion 

Some instances of apparently increased 

This potential problem has been practically 

. to date. Maintenance of the final cover is not expected to be dissimilar from 
that experienced to date on other Hanford stabilization projects. 

6.le(5) Drainage and Erosion 
No artificial drainage will be incorporated into the final cover system. 
permeability and typical rainfall intensities are such that water erosion has 

not been a problem at Hanford. 
the late winter when rapid snow melts may occur over frozen ground. 
ficant erosion has been recorded during routine surveillance of areas 

stabilized to date. 

Soil 

The greatest potential for erosion arises in 
No signi- 

Initial erosion/abrasion protection will be provided by the application of a 

strau mulch. 
tion will be mulched at a rate of one ton of straw per acre. 

integral part of the revegetation process at Hanford and it has proven very 
successful in minimizing seedling damage and soil loss by winds. Once 

established, the perennial grasses will provide the protection necessary to 
minimize erosion over the long term. Little erosion has been recorded on 

other areas (800 acres) stabilized to date. 

The entire cover and surrounding area disturbed during construc- 
Mulching is an 

6.le(6) Settlement and Subsidence 
Localized settlement should not prove detrimental to the integrity of the 

multilayer cover. 
of the final cover and reduce its effectiveness in preventing liquid 

migration. 
providing load distribution should subsidence occur. 

tored through periodic surface measurements taken from permanent benchmarks 

Significant subsidence events could disrupt the integrity 

The geotextile will lend some support to the soil cover by 
Subsidence will b e  moni- i 

L- 
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and concrete perimeter posts. Possible maintenance actions are contained in 
the post-closure plan (6.2). 

6.le(7) Cover Permeability 
Since no bottom liners (clay or synthetic) have been used at the trenches, the 

final cover system permeability need only be less than that of the underlying 
native soil. 
was used to obtain estimated properties for Quincy series soils which 
correlate very closely to the Rupert series encountered at the trenches. 
These estimated properties are as follows: 

In lieu of detailed soils data, the Benton County Soil Survey 

o Textural class: loamy sand 

o Unified class: SM 

o Permeability: 25 centimeters per hour 

o Water-holding capacity: 0.10 centimeters per 
centimeter soil 

Referring to the estimated properties presented earlier for the Esquatzel 
series soils, the final cover soil has an estimated permeability of 0.8 to 2.5 
inches per hour (6.0 centimeters per hour) compared to greater than 9.8 inches 
per hour (25.0 centimeters per hour) for the underlying native soil. 

fore, the permeability of the final cover soil (excluding the retarding effect 
of the cover system) is much less than that of the native soils at the 

trenches. 

There- 

6.1f Continuance of Operations - 
During closure one trench will be in operation (i.e., receiving non-regulated 

aqueous solutions) while the other trench is characterized and remediated. 
Groundwater monitoring will continue as described in Section E. 

6.lg Schedule for Closure 
Closure will be initiated and all samples taken within 30 days of approval of 
the closure plan. 
closure complete in 180 days. 

A l l  on-site waste'will be removed by 90 days with final 
If' a cover system is necessary, a detailed 

schedule for installation w i l l  be submitted to the regulating authority.. 

6-13 
- 
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6.lh Extensions for Closure Time 
If before or during the start of closure operations for the trenches it 
appears that closure may take more than 180 days, a demonstration will be made 
to the appropriate regulatory authority to explain the need to extend the 180 

day closure time. 

If the soil surrounding the trenches is contaminated and if extensive sampling 
and analysis are required, the removal of all the soil may take longer than 
180 days. 
appropriate regulatory authority to explain the need to extend the 180-day 
closure time to protect human health and the environment. - 

If this situation occurs, a demonstration will be made to the 

6.2 POST-CLOSURE PLAN 
If the contamination is extensive and the trenches are closed in place, the 
following post-closure plan will be implemented. 

6.2a Inspection Plan 
An engineer or scientist with experience in the construction and function of a 
multilayered cover system will perform the following monitoring activities 

semiannually for the first five years and annually for the remainder of the 

post-closure period: 

- a. Evaluation of settling/sabsidence 
b.  Evaluation of vegetative cover 
c. Evaluation of bench marks 
d. Evaluation of security 
e. Evaluation of rodent intrusion 
f .  Evaluation of erosion 

The frequency of inspection is expected to be adequate to detect any serious 

problems with the cover system. 

Maintenance action will be initiated within 90 days if the inspection reveals 
that the integrity of the final containment structure can potentially be 

breached. 

A potential breach is defined below along with the poss 
i act ion : 

5-14 

b 1. e maintenance . 

1 



10/25/85 Rev. 0 

a. Settling/subsidence greater than three feet will initiate 
maintenance action. 
a grout into identified void spaces and reestablishing the 
integrity of the multilayer cover system; or stabilizing the 
settling/subsidence area and relaying the multilayer system 
over the affected area. If, at the time of maintenance 
action, new products and/or information is available to per- 
form the needed repair in 'a comparable manner to the actions 
listed above, those maintenance actions may be considered in 
lieu of the above proposed actions. 

Maintenance action may include injecting 

b. Vegetative cover less than ten percent after two years of 
closure (seeding) will initiate maintenance action. Main- 
tenance action will include reseeding and possible fertilizer 
application. 

c. Bench marks observed to be damaged or out of alignment will 
result in maintenance action. Maintenance action will 
include replacement of damaged bench marks and resurveying of 
bench marks found to be out of alignment. 

3. d .  Damage to the enclosing fences which allow access to the 
trenches will result in maint-enance action. Maintenance 
action will include repair of the fence. 

e. Rodent intrusion in densities that are judged to threaten the 
integrity of the multiliner system will result in maintenance 
action. Maintenance action might include the use of chemical 
deterrent and/or trapping. 

f. Erosion damage that results in the loss of 0.5 meters of the 
fine soil top layer will result' in maintenance action. - Maintenance action will include replacement of the Fine soil 
top layer at the affected area, reseeding, and performing 
other selected tasks that were performed during closure to 
insure a vigorous vegetative growth. 

6.2b Monitoring Plan 
During the post-closure care period, groundwater monitoring will be conducted 

as described in Section 5 . 7 .  There are no liners or leachate collection and 
removal systems at the 300 Area Process Trenches. All groundwater monitoring 

vells for the 300 Area Process Trenches are within a secured area of the Han- 

ford Site. All wells will be routinely inspected to ensure proper operation. 

6 . 2 ~  Maintenance Plan 
During the post-closure care period, the maintenance organizations are 

directed at maintaining the integrity of the Masts containment system. 

Experience gained since 1978 with containment systems has shown that the waste 
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containment system will remain intact if the vegetative cover is successfully 

established. Invading plants, primarily Russian thistle (Salsola m), with 
root systems that can extend into the waste zones, are the greatest potential 

problem. 
seeding will give the vegetative cover enough time to become firmly 

established. 

(- 

The active elimination of these invading species for two years after 

Each Spring (generally between March 15, and April 15) for two to three years 
following closure, selective herbicides 2,4-9 amine and dicamba (or their 

equivalent) will be applied to the closure area to minimize the establishment 
of deep rooting broadleaf annual plants that compete with the grasses for 
moisture and nutrients. 
acre with 2,4-D amine and 0.19 to 0.44 pounds per acre with dicamba have 
proven effective in controlling undesirable broadleaf species. Selective 
herbicide applications will be discontinued following successful establishment 
of the perennial grass cover. 
cover, manual removal of deep rooting shrubs may be required periodically. 

Field application rates of 0.57 to 1.32 pounds per 

Following establishment of the perennial grass 

Soil permeabilities and rainfall intensities at Hanford are such that water 

erosion has proven to be practically nonexistent. 
wind erosion is possible, particularly during the period of vegetative 

However, the potential for 

estkblishment. Current mulching practices, which will be implemented during 
closure, have been quite effective at minimizing wind erosion. To date, there 
has been no need to import or provide additional backfill as a result of 
erosion. 

Maintenance of bench marks has not been a problem to date. 

is limited in the arid environment and bench marks are easily observable. 
Enough ground cover exists so that drifting sand does not overrun the bench 

marks. If a bench mark needs to be replaced, that action will be completed 
within 90 days of the original observation. 

Vegetative growth 

6.2d Land TreatmeRt 

This section is not applicable to the 300 Area Process Trenches. 

c 
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6 . 3  NOTICE IN DEED 
Notice to Local Land Authority 
The DOE-RL will file, within 90 days after the start of post-closure care 

period, the following documents or similar documents to the local land use 

authority and the regulating authority. 
County Planning Department located at Courthouse Building, Prosser, 

Washington, 99350. 

The land use authority is the Benton 

a. A survey plat indicating the location and dimensions of 
trenches to the extent the information exists and with 
respect to permanently surveyed bench marks will be sub- 
mitted. 
professional land surveyor. 

This plat will be prepared by a certified 

b. The following note is to accompany the survey plat: 
This plat describes real property in which hazardous wastes 
have been disposed and buried in accordance with requirements 
of 40 CFR Part 264 and/or WAC 173-303. 
dous waste disposal facility is now closed, public health, 
environmental safety, and regulations issued by the EPA in 40 
CFR 264.119 and/or the NDOE in WAC 173-303-610(9) require 
that post-closure use-of the property never be allowed to 
disturb the integrity of the final cover unless it can be 
demonstrated that any proposed disturbance will not increase 
any risk to the human health or the environment. 

Although this hazar- 
+:. 

c. A record of the type, Location, and quantity of hazardous 
wastes disposed of within each trench t o  the extent that the 
information exists will be submitted. During the post- 

- closure care period, any changes to this record will be 
submitted to the regulating authority. 

Notice in Deed to Property 

The DOE-RL will, in accordance with state law, sign, notarize, and attach the 
following notation to the deed of the 300 Area Process Trenches within 180 
days of the start of the post-closure care period: 

TO WHOM IT MAY CONCERN: 
The U.S. Department of Energy-Richland Operations Office, an operations office 
of the U.S. Department of Energy, which is a Department of the United States 
Government, the undersigned, whose local address is the Federal Building, 825 
Jadwin Avenue, City of Richland, County of Benton, State of Washington, hereby 
gives the following notice as required by 40 CFR 270.14(b)(14) and/or WAC 173- 

I 
L 303-806( 4 ( a )  (xiv) . 
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a. The U.S. Department of Energy is, and since April 1943, has 
been in possession in fee simple of the following described 
lands ( legal description ) . 

b. Since November 19, 1980, the U.S. Department of Energy- 
Richland Operations Office has disposed of hazardous and/or 
dangerous waste under the terms of regulations promulgated by 
the. United States Environmental Protection Agency and/or 
Washington Department of Ecology to the above-described land. 

c. The future use of the above-described land is restricted 
under the terms of 40 CFR 264.117(c) and/or WAC 173-303- 
610(7). 

d. Any and all future purchasers of this land should inform 
themselves of the requirements of the regulations and 
ascertain the amount and nature of wastes disposed on the 
above-described property. 

e. U.S. Department of Energy-Richland Operation Office have 
filed a survey plat with the Benton County Planning Depart- 
ment and with the United States Environmental Protection 
Agency Region 10 and/or Washington Department of Ecology 
showing the location and dimensions of trenches and a record 
of the type, location and quantity of waste disposed within 
each area of the facility. 

6.4 CLOSURE COST ESTIMATE 

This section is not applicable because federal facilities are exempt from this 
sect-ion per 40 CFR 264.140(c) and WAC 173-303-620-(1)(~). 

6.5 FINANCIAL ASSURANCE MECHANISM FOR CLOSURE 

This section is not applicable because federal facilities are exempt from this 
section per 40 CFR 264.140(c) and-WAC 173-303-620-(1)(~). 

6.6 POST-CLOSURE COST ESTIMATE 

This section is not applicable because federal facilities are exempt from this 
section per 40 CFR 264.140(c) and WAC 173-303-620-( l)(c). 

6.7 FINANCIAL ASSURANCE MECHANISM FOR POST-CLOSURE CARE 
This section is noc applicable because federal facilities are exempt from this 
section per 40 CFR 264.140(c) and WAC 173-303-620-(1)(~). 

6- 18 
- 
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6.8 LIABILITY REQUIREMENTS 
This section is n o t  applicable because federal facilities are exempt from this 
section per 40 CFR 264.140(c) and WAC 173-303-620-(1)(~). 

5-19 



TABLE 6-1 
PROPOSED ANALYTICAL PARAMETERS FOR THE 300 A R E A  PROCESS TRENCHES SAMPLES 

Required Constituents (Drinking Water Parmeters) 

Arsenic 
Barium 

Cadmium 
Chromium 

Fluoride 
Lead 

Nitrate (as N) 2,4-D 

Selen iun 2,4,5-TP Silvex 
Silver Radium 
Endrin Gross alpha 

Lindane Gross beta - 
Methoxychlor Coli form bac t er ia 

Mercury Toxaphene 

Site SDecific Constituents 

Hydrofluoric Acid 
Hydrogen 

Tetrachloromethane (Carbon tetrac..-3ride) 
Antimony 

Benzene 
Chlorinated Benzenes 

Dioxane 
Dioxin 
Formaldehyde 
Formic Adid 

Hexachlorophene 
Hydrazine 

Hydrocyanic Acid 
Methyl Ethyl Ketone 

Naphthalene 
Nickel 
Phenol 
Pyridine 

Selenium compound - Selenium Sulfide 

Listed 
Listed 

Listed 
Listed 

Listed 
Listed 

Listed 
Listed 
Listed 
Listed 

Listed 
Listed 
Listed ( a ) 
Listed 

Listed 
Listed 
Listed 
Listed 
Listed ( a )  

See i'ootnotes at end of table. 



TABLE 6-1 
(Continued) 

Site Specific Constituents (Continued) 

Thiourea 
Toluene 
l,l,l-Trichloroethane (Methyl Chloroform) 
Trichloroethane (Ethane 1,1,2-trichloro-) 

Trichloroethene (Trichloroethylene) 
Copper 

. .  

Perchloroethylene 
Nitric Acid 

Sulfuric Acid 
Sodium Hydroxide 

Ammonium Bifluoride 
Aluminum Nitrate 

Sodium Chloride 
Ethylene Glycol 

Sodium Nitrate 
Xylene 

Kerosene 
Tributylphosphate - Paraffin Hydrocarbon Solvents 
Degreasing Solvents 
Detergents 
Photochemicals 

10/25/85 Rev. 

Listed 
Listed 

Listed 
Listed 

Listed 
Unlisted 

Listed 
Un 1 is ted ( a ) 
Unl is ted ( a 
Unl is ted ( a ) 

Unlisted(a) 
Unl is ted ( a 

Unl is t ed ( 
Unl is t ed 

Unl is ted ( a 
Listed 
Unl is ted ( a 
Unl is t ed ( 

(b) 

(b) 

(b) 

/ 

Additional constituents specifically required by EPA and State Regulations. 

(a)No approved analytical method is currently available for this compound; 

(b)When listing the chemicals discharged at the facility, the facility 

components will be analyzed separately where possible. 

operators indicated these general categories #if chemicals as well as some 

guidance. 
\ specific chemicals. No analysis is currently planned, pending further 

0 
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TABLE 6-2 
PROPERTIES OF HIRAFI GEOTEXTILE 

600X FABRiC UNIT TEST METHOD TYPICAL VALUES 

Grab T e n s i l e  S t r e n g t h  l b  ASTM D-1682-64 300 

Grab T e n s i l e  E longa t ion  5 ASTM D-1682-64 35 (Max) 
B u r s t  S t r e n g t h  psi ASTM D-3786-80 600 
Trapezoid  T e s t  S t r e n g t h  lb ASTM D-1117-80 120 
Puncture  R e s i s t a n c e  l b  ASTM D-3787-80 130 

. .  

..- . .. 

1 

. . .. 
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TABLE 6-3 
WATER RETENTION IN LAYERED SOIL PROFILES 

STORED WATER (cm Water160 cm Soil) 
TEXTURE 

SOIL MATERIAL LOAMY SAND LOAM SILT LOAM 

Soil underlain by sand 16.4 17.4 20.0 

Uniformly deep soil 6.7 11.4 .- 16.7 

Ratio layered/uniform 2.5 1.5 1.2 

layer (at 60 cm depth) 

with no layer 
- - - 
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Project Management Pi an 

300 Area Process Trench Characterization 

Revision 0 
February 24, 1986 

Introduction 

This plan describes the Project Management methods and controls to be 
used to manage the 300 Area Process Trench soil characterization. 
characterization i s  being completed to meet the requirements o f  the 
Closure/Post - Closure Plan, 300 Area Trenches, dated 11/85 submitted 
to the State of Washington by DOE. The 300 Area Process Trenches 
include two 1500 ft long leaching trenches, 45 ft apart, used f o r  
disposal of cooling water and nonregulated aqueous wastes gsnerated in 
tho 300 Area. 
and.this characterization is pzrt o f  the averall cornx,ixnent ty DOE to 
administer this facility and limit future releases to the environment 
within acceptable limits. Characterization will Se accormlished by 
shallow soil sampling in the trench bottoms completed by WHC and deeo 
soil sampling via wells drilled under JAJ subcoqtract i n  tCle eve2 
between the trenches. 

This 

These trenches have received regulated waste in the past 

Project Objective 

The primary objective of this o r g j x t  i s  t ?  s e t  ;I? ? ~ri?j'xt cnnt.rc11 
structure for preparation, approval, and ad-ninistration of procedures 
to obtain soil samples and laboratory test results. 

Schedule objectives are to make preparations and proceed as soon as 
Battelle/U.S. Testing can receive soil smD1es for lab3ratory testinq. 
The present target date for acc~3cafiit2 of s z i ~ l e s  i s  h r i l  15, 1935. 
(Short Term Planning Schedule a t c x n e l . )  

. total project cost o f  237,000 for the Short Term schedule items. 
Coordination o f  activities involved with sampling, transporting, 
testing and reporting are extramly important. This will require care- 
ful planning and coordination between PNL, RHO, JA Jones and WHC. The 
results of the short term szmpling will determine the next s t e p ,  which 
will be a final report to DOE on clean up and closure of the trenches. 

Cos: o'sjsctives arz 'io m32t a 

3.0 Project Organizations 

This project will involve interface between personnel of Gattelle/ 
U.S. Testing, RHO, JA Jones, a Third ?arty Inspector and IU'HC. See t h ?  
attached project organizations chart. 

. .  

3.1 ZHO will provide coordination with JA Jones for preparation of a 
K e d  Price contract to drill  ID :amlinq :;.-.lis. The 4riIliqo 
contractor dill t3Xs the 1-eqdirea jalilgles an5 pro:iide th2:n to :dd,C 
Personnel at the test sit?. 

1 



. 3.2 JA Jones will prepare and manage a fixed price contract for 
drilling of the sampling wells. 

3.3 - WHC will provide overall project coordination, documentation con- 
trol and cost control. WHC will also sample the trench bottoms 
and coordinate packaging, labeling and transport o f  these samples 
t o  Battel1ejU.S. Testing. WHC will also receive samples from the 
drilling site and coordinate packaging, labeling and shipment t o  
Batte1lehJ.S. Testing. WHC will a l s o  generate a final report. 
WHC will obtain a geologist for onsite services during the trench 
bottom sampling and the sample well drilling. 

3.4 Batte1lejU.S. Testing will schedule to complete laboratory testing 
as required and provide timely test results back to WHC. All 
testing will be completed under a procedure reviewed and approved 
by WHC Waste Systems Engineering and WHC Quality Assurance. 

3 . 5  Third Party Inspection will provide overview insoection services 

Project Participants Responsibilities and Authoritv 

4.1 

. for the sampling, storage and transportation of samples. 

z.0 

Westinghouse Hanford ComDany (W9C) will be resgonscble f 3 r  ol.+.rall 
technical direction and coordination of project efforts. :JHC will 
provide a project fil? aid set ‘JD r ) r o j e c ~ :  corltvlr t o  o ’ 3 t ~ i q  zrr2)pr 
review and approval o f  all procedures I% scnedules and QA r 9 v i e w s  
and the timely update of 9 r o j z c t  d a c c s n t s  2s nex iqforqztJ3i 
becomes available-. T”I2 pr9ject file *;!i?1 SP s z t  IJCI to prZ*: i t2  s 
traceable history of progress and al1ol.v fiqal disgosition ai: /or 
storage o f  project records. 

WHC will issue excavation and/or drilling permits and weldinq and 
cutting permits for the fixed Jrice work. 
tion Monitoring services at t9e drillirlg site aqd 3s reqyiy5d for 
the transported samples. IU”C dill prmid? any tmctorary SaJq‘lnq 
and escort services as required to meet site security requirements. 
WHC will review and approve the Battelle/U.S. Testing Laboratory 
procedures. 

!K will Drovid-. 3a6ia- 

WHC will notify the third party inspection personnel of trench 
bottom sampling. WHC will complete sampling of the  trench bottoms 
and coordinate testing of these samples by Battelle/U.S. Testing. 
WHC will also coordinate with JA Jones and the drilling contractor 
for sampling during the drilling operation and coordinate testing 
o f  these samples by Battelle/U.S. Testing. 

4 .2  Rockwell Hanford Ooerations Comoanv (RHO) will provide soecific 
direction to 3A Jones company to facilitate DreDaration of a fixed 
price contract for onsite drilling usinq the RHO requlated cable 
tool drilling rig and drilling eqgipinent. 
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5.0 
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4 .3  

4.4 

4.5 

4.6 

JA Jones Construction Company will provide construction manaqement 
services to include: 

Prepare bid packages and award construction fixed price sub- 
contracts as required. 

Provide orientation for construction subcontractors relative 
to policies and requirements applicable to contractors per- 
forming work at Hanford. 

Provide subcontractor personnel badging and escorts required 
to meet site security requirements. 

Review applicable project procedures and plans and provide 
comments. 

Provide and update SChdiJ12S as required. 

Provide safety inspection for subcontract. 

Participate in project kickoff meeting, planning meetinqs, 
and provide mon'thly progress reports. 

Notify the Third Party Inspection pirsonnel gf planned well 
sampling. 

Third Party Inspector will prepare an inspection plan for idHC 
review and approval and provide insoection personnel to cover the 
sampling activity. 

Subcontractor responsibilixizs will 3e spzcified i n  contract 
documents. 

Project Management Control Systen 

5.1 This project will be controlled i n  accordance with Project Yanaqe- 
ment System, o f  Engineering Services, Standard Engineering Prac- 
tices, MG-200 and NHC QA requirements, MG-100. Approval o f  and 
any subsequent changes to the baselines, will be processed i n  
accordance with these documents. 



5.2.2 

5 . 2 . 3  

5.2.4 

5 . 2 . 5  

5.2.6 

from this project. Final results from ~ l l  sampling and 
testing will be compiled by WHC into a final report to 
DOE/EPA-STATE. 

Procedure for Shallow Soil Sampling of 300 Area Process 
Trenches - W.O. 883644-2 

This plan/procedure will describe/define methods used in 
taking samples from the bottom of the trenches and the 
inspection requirements required to meet the State and 
Federal regulatory compliance requirements. Packaging, 
labeling and transporting requirements will also be 
included in the pl adprocedure. 

Procedure for Deep Soil SarnDlinq of 300 Area Process 
Trenches - W.O. 883644-3 

This plan/procedure will describe/define methods of 
taking soil sample; during the drilling operation and 
the inspection requirements required to meet the State 
and Federal regulatory compliance requirements. 
Packaging labeling and transporting will be included in 
the plan/ procedure. 

Caboratorv 4 n a l v s i c  ' l a r l  ?q* ?r10 3 r q c s s s  Tr?oC+ 
S o i l  Samoles - W.d. 833644-4 

This pl-an will d e s c r i b e  t?e l a b o r z t o r y  :Tt.lysis t3 be 
performed on the soil savlples and t h e  QA controls used. 
This plan will also describe the handlinc differeices 
between the regular samples and the 20% fully analyzed 
samples. 

Schedu 1 e 

The schedule is based on preparations by Battelle/ 
U.S. Testing to receive and handle the large numbers of 
samples and provide turnaround to meet the project 
requirements.. Presently the schedule is based on 
Battellel U.S. Testinq being ready to accept fifteen 
samples per week starting April 15, 1986- Twelve of the 
fifteen weekly sainples will receive screen testinq and 
three will receive a full analysis. 

Cost Estimate 
Shallw Szinolinq (96 Sarnnles) 

Physical sampling $1 5,000 
Analysis of regular samples ( 7 6 )  36,480 
Full analysis smoles [ 2 9 )  7 3 ,  '333 

10.330 QA samples 
Slib'.\?tll > I ;>, L 2 J  

c.?- e,. 

J 



Deep Samoling (48  Samules) 

$20,000 
Physical sampling 

RHO support 12,000 
Analysis o f  regular samples (38) 18,240 
Full analysis samples (10) 37 , 400 
QA samples 5,000 

Subtotal $92,640 
Total $228,920 

We1 1 dri 11 ing 

Contingency ( 12%) $26,310 rn 
6.0 Approval and Change Control 

6.1 All documents prepared or changed under this project will be 
handled within WHC as Impact Level 2 with the concurrence o f  
Battelle/U.S. Testing, RHO, the third party inspector or JAJ as 

' required. These docunents include but ara not linited io those 
listed under Section 6.4. Approval organizations snall include, 
Project Engineering, Waste Systems Engineering, Industri a1 Safety 
and Fire Protection, Operational Health Physics, Environmental and 
Radiological Engineering and Fuels Qgal i ty .Assurmce. 

. 

6.3 All documents prepared as part of this project will be handled Der 
the WHC Management Guide 5-03 as detailed in the "NHC Records 
Management Guide," HEDL-MG-121 Rev. 1 Appendix C, Schedule 24, 
Item #9. 

6.4 Project Documents 
. .  

W.O. B83644-1, Project Management Plan 
14.0. 883644-2, Procedure for Shallow Soil Sanpling of 300 Area 

W.O. 883644-3, Procedure for Deep Soil Sampling of the 300 Area 

W.O. 883644-4, Laboratory Analysis Plan for 300 Area Process 

Process Trenches 

Process Trenches 

Trench Soil Samples 

Soil Sample Log Sheets 
Soil Sample Chain of Custody Sheets 
Laboratory Test Result reports 



. 

7.0 Quality Assurance 

The quality assurance program for the Process Trench Characterization 
will be directed by WHC Quality assurance in accordance with require- 
ments in MG-100 Quality Assurance, the quality assurance program manual 
for WHC. 
the requirements of ANSI/ASME NQA-I Quality Assurance Proqram Reauire- 
rnents for Nuclear Facilities. 
and implemented by the WHC quality assurance program have been applied 
to the Process Trench Characterization work. 

The quality assurance program at WHC is in compliance with 

The following requirements as detined 

7.1 

7 . 2  

7.3 

7.4 

7 . 5  

Quality Assurance Proqram 

The management, direction and definition o f  the WHC QA program is 
defined in MG-100. The Process Trench effort will be managed and 
controlled in accordance with procedures in this manual. 

Instructions, Procedures and Drawings 

The procedures described in Section 5 of this program plan will be 
prepared to define and control the activities that have a bearing 
on the validity o f  projects results. These activities include 
shallow ramp1 ing, deep sampling and laboratory analyses control. 
Existing WHC procedures will be used to control other activities 
such as supplier seliction ??d ev?l :z t i?? ,  i n s p x t i c n  a?:! drsc,nen!t 
preparation, review and approval. 
found in MrJ-100 and XS-200 5::?dard En?i?eerilq Przcticcs. 

The existinq procedures are 
. .  

Document Control 

Documents will be prepared, reviewed, approved and controlled as 
defined by Section 6.0 of this program plan. 

Control of Purchased I t e m s  srld Szrvices 

The significant procured items for this project are the samle 
testing services and the inspection overcheck services of the 
drilling and sample collection activitiss. WHC QG will assure 
through supplier evaluation and selection that the selected 
testing lab is capable o f  performance t o  the project requiremen-s. 
The inspection overcheck services will be perforned by the Third 
Party Inspector in accordance with an inspection plan approved by 
WHC qual i t y  and project personnel. 

Identification and Control of Items 

The procedures discussed in Section 5 of the Dlan will define t h e  
method to be used to assure that the test samples are identified 
and the identity is maintained until the cormletion of the test 
activity. The Droccdures 1 ; i i  11  defin? :he ta?ginq, nunberiqg, 
recording and tracking of s?a?la containers Lhrouqhout the testing 
process. 



7.6 

7.7 

7.8 

7.9 

Control o f  Special' Processes 

The special processes that apply to this project are the activities 
to be performed by the test lab to analyze and control the test 
samples. WHC QA will assure that the selected testing facility 
has an established and documented system for control of their 
testing activities. 

Inspection 

Inspection activities for the project will occur during drilling, 
sample collection and testing of the collected samples. 
inspection of the sample collection activity may be performed by 
WHC QA personnel or by a separate third party inspector. It will 
include witness of collection activities and verification that 
collection, sampling, storage and d2livery of test samples i s  
performed as required by the project Frocedures. 
inspections will be docunented on inspection reports. NHC Q.4 will 
assure that appropriate inspections o f  the test analysis activity 
is performed by the quality organization of the test lab through 
overview of inprocess testing and review of supplier insoection 
records as appropriate. 

The 
' 

The results of 

Test Control 

WHC QA will verify that the selected test lab has established and 
documented systems for tkle c z i t ? ~ !  2 f  t2sZ tct'vities and t b z t  
objective evidence is avail 2514 t+zf-  :?O_SP s_vste?s ake fgl lw?d 
during the performance o f  cii? work f o r  this project. 

Handling, Storaae and Shipoinq 

The handling, storage and shigpinq 3f t h e  samles  xi11 be 
performed in accordance 1;iith t h e  proczd2ris  E15:'elo;)ed as dsscribed 
in Section 5 o f  this plan. The orocedures * i l l  d2fine the ixtnods 
to be used to assure the integrity of the samples throughout the 
process and until they are under the control of  the test lab. 

7.10 Control of Nonconforinances 

Nonconformances discovered d3ring the performance of this Droject 
will be identified, documanted, controlled and dispositioned i n  
accordance with MG-100 Section 15 Nonconformance Control. 
Nonconforming items are identified and controlled with hold tags 
or other appropriate means, documented on nonconformance reportinq 
forms and dispositioned by the responsible technical authority and 
qual i ty assurance. 

7 



. .  . . .  .. . . .  . .  . .  . , 
7.11 Records 

The records that furnish evidence that sampling program was 
performed in accordance with the requirements of the project plan 
will be identified, collected, stored and maintained as defined in 
Section 6 of this project plan. Section 6 identifies the records 
to be collected, the storage location and the storage life of each 
record. 

- 

3 



SHORT TERM PLANNIhG --- SCtIEDI'' 

June J u l y  AUS Sept Feh March A p r i l  May 

Develop P r o j e c t  
Manageiiient P l a n  

-- Shallow S o i l s  Sampling 

Develop Plans 
Sampling ( 9 6  samples) 
Ana lys is  ( 1 5  saiiiples per week rnax) 
Report  

D w o  S o i l s  Sampling 

May June Ju lv  Auq Sept -- March A n r i l  --. Feh 
Develop P lans  
Sampling (48 samples) 
Ana lys is  ( 1 5  saiiiples per week max) 
Report  

_-- 
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1 

i 
I 
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WHC MANAGEMENT 
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Eng i neerinq 
Services 
KG Tovoda 

. . . - - .  . i  . . .. 

Third Party 
Inspector 

Kaiser Enqineers 
Hanf ord 

LD Salsberry 

r 

r- U.S. Testinq 
Govind Rau 

I ,  t 

I 

. . -  

Direct Organizational Responsibilitv 
------------ -Coordination P,esnonsib, i  1 it,/ 



APPENDIX C 

Shall ow and Deep Soi 1 s 
Sampling Procedures 
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883664-2 I N / A  
T l T L t :  

1 300 Area Process Trenches - Shallow Soils Samplinq Procedure I o  
4/2/85 

R L V I S I O M  NO. 

1.0 Purpose 

- .- 

This procedure defines the methods to be used in obtaininq so i l  samles 
the bottom of the two 300 Area Processes Trenches and for handling thes 
samples from the field to the laboratory. 
controlled per EPA Publication SW-846, Second Edition, July 1982, "Test 
Methods for Evaluating Solid Waste," such that they are compatible with 

State.and Federal regulatory compliance requirernents. 

A l l  samples must be taken and 

from 

2.0 General' 

2.1 Each of the two trenches will be sampled, at their center in 16 loca- 
tions starting as close to the weir box as practicable and proceedinq 
i n  100 ft. intervals.- Measurement of the distance from the weir box 
to the first sample station will be recorded. A stake will also be 
placed in the side of the trench at each sample station. 
location shall yield three separate samples. The first sample shall 
be taken from the loose sediments washed into the trench from the weir 

box. The depth of these loose sediments will vary depending on the 
distance from the weir. The second and third samples will be taken at 
four inches below the loose sediments arid at approximately 13 inches 
below the loose sediments. The actual depth o f  each exc~vation will 

vary according to the thickness of  the looss sediments. 
away from the weir box the sediments may be so thin that not enouqh 
material can b s  collected for a sarnplc. In these cases t h e  condition 
w i l l  'be lagged and no sample o f  the sediments :Jill be taken. 

Each samole 

A t  same point 

, ---. . . . .. 

_. .- - 
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u v 4 v * :  c . .  

th ree  250 nL amber glas's bo t t les  a n d  three 1 2 5  m l  polyethylene bottle;. 
Each bo t t l e  will  be f i l l e d  with so i l  leaving no head-space a n d  t hen  
sealed t i g h t l y .  Bot t le  caps must n o t  be interchanged. A seal  tape 
wi l l  be plzced over each bo t t l e  l i d  and then the bot t les  w i l l  be packed 
i n  ice  f o r  t ransport  t o  the laboratory. Each s e t  o f  nine bot t l2s  will  
be pre-labeled t o  include the sample location code, a use designation 
code and an analysis  code. 

The following tab le  indicates the infornation to  be supplied on the 
labels .  

Trench: E - East; W - West 

100 f t  markers: 1-16 

D 2 p t h :  L - Loose Sediments 
S - 4" below Sediments 
D - 18" below Sediments 

... Bottle Designation: A - Analysis a t  U.S. Testing 
B - Backup Storage a t  325 B l d g .  

Analys'is T,ype: VOA - X (Bot t le  1 -3 )  

,Metal - Z ( 8 o t t l 2  1-3)  
ABN - Y ( 5 o t t l 2  1 - 2 )  

Example: ElLAXl 
East Trench 
Marker a t  0 f t .  = 1  
Sed iment Samp 1 e 

VOA Analysis, bo t t le  S1 
. . -  Analysis a t  U.S. Testing 

When the smp1.e has  been labeled and packed i n  ice i n  the t rsnsport  
cooler ,  a CHAIN-OF-CUSTODY form w i l l  be f i l l e d  o u t  (PPIL Forin 
#BC-1200-245 ( 7 - 8 5 ) ) .  . The sample infot*alat ion wi 1 1  then be enter.;?d 011 
the "Sample Log Form" and  a "Sample A i i a l y s i s  Reqaest Form" :vi1 1 b? 
f i l l e d  out. Eacn sample ; v i 1 1  have eig;it o f  the nine bot t les  t r w s -  
pcrtcd t o  U.S. Testing.with one 250 m i  j;mgle keot by YiHC i n  r - s f r iq -  
erat ion *it 325 91dg. 

Testit19 <:rid L'HC samples. For. eac:i ?el  i:.er*?, the 2 : id i r ! - l ? i - r : I i s t c~ ' I  

t 'or?S . : / i l?  95 Slcliled ;::I 5 3 t i i  ::it! DCt-s:ii r~ l inquis i i ina  En? s~i i i !oI- .s 

Se.par~te  c o o l ? r s  s , - i i l l  be I I S ? ~  f o r  t h e  U.S. 



, 

a n d  the person receiving the samples. See tile 
Custody," "Sample Log Form" and "Sample Analys 
Appendix A .  

- 

tjd5304- i 

sample of "Chain-Of- 
s Request Form" i n  

2 . 3  Samples must include only f ine  materizls w i t h o u t  stones. 
t i o n  o f  the f i n e r  materials from gravel and cobbles becomes a problem 

from the larger  materials.  Three U.S. standard screens w i l l  b.2 

avai lable  w i t h  screen sizing of Tyler f6 ,  69 and 916. 
wi l l  be ducj and t ransferred d i r ec t ly  t o  a screen and shaken i n t o  a 
bucket unt i l  suf f ic ien t  material i s  ava lable for  the nine sample 
bot t les  . 

If separa- 

' sc reens  will be used along w i t h  hand brushing of the f i n e r  materials 

The sample 

Pr ior  t o  f i r s t  sampling of the d a y  a n d  between samples the tools  
wil l  be cleansed. Each t o o l  used will  be washed i n  a bucket o f  
r i v e r  water and rinsed t h o r o u g h l y  Iwith d i s t i l l e d  water. 
washing wi 1 1  stop cross contamination between samples. 
required will  include shovels, a pick, trowels, U.S. standard 
screens, brush, - f ive  gallon cans of d i s t i l l e d  water, r i ve r  water, 
coolers ,  ice, sample bot t les  and empty buckets. 

This 
Equipment 

2.4 Personnel present f o r  the sampling shal l  include as a rninirnurrl  
R a d i a t i o n  Protection Technician ( R ? T ) ,  a Waste Systems Operat 
( W S O )  Technician, a t h i r d  p a r t y  inspector and  a Naste Systems 

a 
ons  

' Engineering (WSE) representative.  A geologist will  s t o p  i n  a t  the 
s i t e  a s  needed t o  examine materials i n  the samples. 
inspector wi l l  verify completion o f  specified steps durina the 
sampling ac t iv i ty  a n d  record completion on the  attached inspection 
checkl is t .  The !daste Systems Engineering renresentative w i l l  f i l l  

o u t  the "chain-of-custodv" form, t h e  "Sai:iplc Log Forrr~" a n d  t h ?  
Sampl2 Analysis R?qiJest Forn.  
a log o f  2 1 1  unusual happeninns o r  d2vidtions. 
keep a l o g  o f  sa:nole descriptions. 

The t h i r d  p a r t y  

The \ iSE  r e p r e s e n t ~ t i v e  : v i 1  1 also kc?? 
The rleolooist ! J i l l  
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2.6 

2.7 
- .  

not i f ied  each mbriiing t h a t  sanples wil l  be delivered t h a t  d a v .  
Delivery o f  samples will  be made t o  the back d o o r  ( I l o r t h  East side 
of Guilding) where lab personnel can be signaled b y  a be l l .  The 
cooler  f u l l  of samples will  be l e f t  a n d  a n y  empty coolers will be 
picked up.  

3.0 Safety 

Copies of each d a y s  sampl ing  paperwork will  be provided t o  !Jaste 
Systems Engineering a t  the end of the  d a y .  This w i l l  include copies 
of the "chain-of-custody'' form, "Sample Log Form," "Sample Analysis 
Request Form," geologists log and the t h i r d  p a r t y  inspectors check 
sheets.  All paperwork will  be completed in ink. 

All samples sha l l  be transported i n  t h e i r  coolers t o  the  laboratory 
o r  t o  WHC storage by the end of  the  d a y  the samples are taken. 

Safety concerns are  those typical hazards associated w i t h  an o u t d o o r  
worksite. 
. s l ippery conditions and  extreme weather conditions. 
aware of the  conditions and plan accordinaly. 
contain uranium and s t a n d a r d  radiological precautions must be observed so 
a1 1 work wil l  be performed under a Radiation !.lark Procedure ( R W P )  . 

These include steep trench walls,  potential  t r i p p i n g  hazards 
Personnel must be 

The trenches themselves 

. . -  4.0 Prerequisites . - .  

4.1 

4.c 

T h e  trench t o  be sampled must be d r y  enough t o  move around i n  and  

d i g  w i t h o u t  problems w i t h  mud o r  surface water. Fluddv conditions 
w i l l  affect  the sampling procedure and cause cross contsinin~tion o f  

samples. Ground water wi.11 a f f ec t  the dig9ing a n d  wasii away 
materials from the side o f  the excavation so that 3 smpl?  w i l l  b 2  

impossible t o  obtain.  

2aaioloQicsl  protection rleJr anti clothirirl sriJ11 ix ~ v ~ i l ~ t ~ i ~  ~ i o i l g  
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4.3 A l l  t oo l s  sha l l  be avai lable  f o r  s t a k i n g  o u t  the samp 

. .- . * .  

d i g g i n g ,  preparing the samples a n d  transport  

tj a: u 0,; - L 

e locations,  
ng  the samples. 

Pre-labeled sample bo t t l e s ,  t rove ls ,  coolers w i t h  ice ,  d i s t i l  led 
water, sieves,  brush, p l a s t i c  sheet, pen, clipboard, f i e l d  logbook 
and proper forms. 
Responsibi l i t ies :  
Tools: Project Engineering/'Aaste Systems Engineering 
Transporting Samples: Waste Systems Operations 

._  -4-:q Notify the tes t ing  laboratory t h a t  sari191 i n g  i s  proceeding and verify 
the  NHC sample storage area i s  available.  . .  

Responsibil i ty:  Waste Systems Engineering. 

4 .5  Notify the  th i rd  party inspector. 
Responsibility: Project Engineering. 

5.0 Procedure 

5.1 Select  the f i r s t  sample s i t e  a t  ttie center of the trench as close as 
pract icable  t o  the  weir box. Record the distance from the weir b o x .  
Set  a survey pin t o  the s ide of the sample s i t e  f o r  location and 
measurement t o  the  next s i t e .  Drive a stake labeled with the  s i t e  
location into the side of the trench abcve h i g h  water mark. 
stake i s  f o r  fu ture  reference. Select  the s e t  of prelabeled sample 
bot t les  f o r  the f i r s t  sample and  s e t  them o u t  on the p l a s t i c  sheet. 

This 

, 

5.2  Using the survey pin f o r  a l ignmnt ,  take the shovel and pick and d i g  
a 2 1/2-3 f t  l o n g  trench down t h r o u g h  the loose sediments exposing a 
near ver t ica l  wall o f  material i n  excess of  1s inches below the 
looze sedim2nt. Using a t r o w l ,  scrape some material from ttie w a l l  
a t  approximately 18 inches bc?lor./ the sediment. T h i s  w i l l  rr?move 
material t h a t  m i g h t  cause cross contmination of the swp le .  !Ji th 

the t roxe l ,  sample the InateriJls 13 inches below the sedirnprits 2 n d  

t r u s f e r  the material to i selected s i e v e .  Shake t h e  inateriJl 
tnrouari t he  s i e v e  i n t o  a bucke'. ana ,?ad ::ore fern t t i e  SJ:W 'incation 
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5 . 3  

5 . 4  

~ 1. 

. - .  . -  

5 . 5  

uoduuv-c 

until enough material i s  available to fill nine sample bottles 
(approximately 1-1/2 1 iters). Take approximately one quart of 
material without sieving for the geologist sample, put it in a 
plastic bag and label it for location. Fiil the nine pre-labeled 
sample bottles conpletely (no  head SPECP) from the sieved material 
in the bucket. Cap the bottles tightly as they are filled and place 

a seal tape over the cap. 
Place the eight sample bottles for U.S. Testing in the proper cooler 

and place the lJHC backup sample in the proper cooler. Make sure all 
sample bottles are packed in ice. 

Bottle caps must not be interchanaed. 

Register the sample in the "sample log form" and provide any 
necessary or interesting disruptions or obs2rvations. Fill out the 
"Chain-Of-Custody" f o m s  and a "Sample Analysis Request" form for 
the sample. Wash all tools in a bucklr: of river water and rinse 
with disti 1 led water to prevent cross contanination betxeen samples 

Select the next set of nine pre-labelad samole bottles. Scrape a 
small amount of-soil from the side o f  the hole at approximately 
4 inches below the sediment layer to ranov2 material that may poten- 
tially cross contaminate the sample. Dig out and screen enough' 
material into a clean bucket to provid? a sample that will fill the 
nine bottles. Collect and label the aeoloaists sample. Fill the 
nine sample bottles from the bucket, cap them tightly and place a 
seal tape on each cap. Place the bottles in the proper coolers f o r  
U.S. Testinq and WHC and make sure they are packed in ice. 

Register the ssmDle in the "Sample Loa Form" ana provide anv 
necesssrv o r  interestina disruptions or- observations. Fill out the 
"Chain-Of-Custody" forms and a "Sam:, ic? Analysis Request Fcrrri" for 
the sa;rig;?. 'Aasri ,111 tools in the t;:c:?t o f  river water ir id rinse 

:.iith disti 1 led water. 
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5.6 Select  the next s e t  of nine pre-lab?led sample b o t t  
material from the  wal 
ment layer t o  prevent 
screen enough materia 
bo t t les .  Collect  and 

2s. Scrape s o w  
of the excavation in the middle of the sedi-  

sample cross contanination. Dig o u t  a n d  
into a clean bucket t o  f i l l  the n i n e  sample 

label the Geologists sample. F i l l  the  nine 
sample bot t les  from the bucket, cap the bot t les  t i gh t ly  and place a 
seal  tape on each cap. Place the  bot t les  i n  the  proper coolers f o r  
U . S .  Testing and WHC and make sure they a re  packed i n  ice. 

5.7 F i l l  o u t  "Chain-Of-Custody" forms and a "Sample A n z l y s i s  Request 
Form" f o r  the sample. 
and provide any observations. Wash a l l  too ls  in the bucket o f  r i v e r  
water and r inse  w i t h  d i s t i l l e d  water. 

Register the szmple on the  "Sample Log Form" 

5.8 Using the survey p i n ,  measure 100 f t  u p  the trench and s e t  a new 
survey pin. Drive a stake labeled x i t h  the s i t e  lccation into the 
s ide  o f  the trench above h i g h  water mark .  This stzke i s  f o r  fu ture  
reference. 

5.9 Repeat steps 5.2 t h r o u g h  5.8, 
un t i l  the  sixteen sample locat 

NOTE: The tes t ing laboratory 
L a b o r a t o r y  requirement 

. .  

ontinue t o  sample the trench bot tom 
ons have been completed. 

can t ake  15 samples per week maxinun. 
must be coordinated a s  the  samp?ing 

proceeds. Do n o t  begin a sarcple excavation unless a l l  
samples from the excavation can be handled by t h s  laboratory 
within the shelf l i f e  o f  the sa31712 f o r  ths type analysis t o  
be completed. (Five days maximrn)  

5.10 Repeat the steps 5.1 throuoii 5 .9  on the second trench. 

NOTE:  Any deviations fro:n thi ;  procedure  will 5e  noted i n  the N S E  

RepresentJtives Log i n  de t a i l .  
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Company Conrx ; :  Te I u p h one : 

S~mples Csllec:ed by: Date: Time: 

Sample L o c a t i o n :  

Ice Chest  No.: Field L c g b o o k  P a p  No.: 

Remarks: 

Ictethod of Snipcent: 

Sample Identification 

CHAIN OF POSSESSION 

Rclinquished 5'1: DareiTirne : 

.I, ;. ... _. I .-. . . . ::/ 

BC- 1 2 0 0 4 4  5 

-. 
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Sam?le LOCI Form 

Name o f  
Sample No. D a t e  Time S i z e  Collector Signature Description - -  
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FULL ANALYSIS 

I -. 
conpony Conc:act Carol v n  Duoui s 376-331 S Date T i a e  
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I 1 

I CHAXN QE' CUSTC3Y NO- 

I S A X T L Z  I3 
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. SHALLON S O I L S  SAi<PL!NG 

T h i r d  P a r t y  Inspection Checklist 

Samp 1 e Sample 
Ident i f  i -  Identif i - 

Inspect i o n  Check1 i s t  cation cation 

*Sample location ident i f icat ion 

"Neasurenent for  sample location 
w z s  correct .  

*Sarcple tools  were cleaned before 
szrnpl ing. 

*Szrnpl? materials taken from the 
proper depth . 

*?roper sample bot t les  were 
used. 

*Sampl? bo t t lgs  f i l l e d  
properly. 

"Seal tape applied t o  sample 
bo t t l e  caps. 

* C h a i  n-Of-Custody Forms 
prepared. 

Samp 1 e S a m  1 e 
Iden t i f i -  Identi 
cat ion ca t io  

"Request f o r  Analysis Forin 
p r e y  a red  . 

*S. i inp ls  listed i n  tr,e Sample 

i o 9  ;om. - 
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P R O C E D U R 6 N U M B h A  F A C I L I T Y  

883664-3 N/A 
T I T L L  

300 Area Process Trenches -'Deep Soil Sampling 

1.0 Purpose 

D A T E  

4/8/86 

0 
R E V I S I O N  No. 

The purpose of this procedure is to provide deep soil samples from the area 

between the 300 Area process Trenches. 
controlled per EPA Manual SW-846,Second Edition , July 1982, "Test Methods 
for Evaluating Solid Waste," such that they are compatible with State and 
Federal regulatory compl i ance requirenents. 

These samples must be taken and 

C R E P A  ED BI R E V I E W E D  BY 5. L. Pursley EDT A-12459 

2.0 General 

A P P R O V E D  B Y  

EDT A-'12459 

2.1 Six wells will be drilled between the two process trenches as 

requested in letter G. L. Wagenaar/RHO to J. H. Mortimer/JA Jones 
"Characterization of the 300 Area Process Water Trenches," RRE54763. 
The drilling contractor will be under the direction of the RHO 
Drilling Engineer. 

personnel in a bucket that can be moved away from the drilling site 
for handling. 

Soil samples will be taken at five foot intervals 

- down to forty feet. Soil samples will be provided to the WHC 

2.2 The sample will be moved away from the drilling site and nine separate 
pre-labeled sample bottles including three 40 ml amber glass bottles, 
three 250 ml amber glass bottles and three 125 ml polyethylene bottles 
will be filled with sample material. The nine bottles will be capped 
tightly with a seal tape placed over the cap. Bottle caps must not be 
interchanged. The samples will then be packed in ice for transport to 
the testing laboratory and WHC storage. Only fine materials can be 

. used for sample materials. I f  obtaining fine material becomes diffi- 
cult, three different mesh sized standard screens will be available 
for use as needed along with brushes for hand brushing the fines from 
the larger materials. 

bucket from which nine sample bottles will be filled. 

The materials will be screened into a clean 



Page 2 of 9 
883664- 3 

A separate sample will be placed in a plastic bag and labeled for 
examination by the geologist. This sample will not be screened or 
modified in any way and will consist of approximately one quart of 
material. 

2 . 3  The sample bottles will be pre-labeled to indicate the sampling 

with the following information. locat ion along 

We1 1 

SrnP 

No.: 1-6 (well 
e Depth: 5,10, 

I U O Y S ~  #l to t h e w )  
5,20,25,30,35 or 40 ft. 

Bottle Designation: A - Analysis at U.S. Testing 
B - Backup storage at 325 Building 

Analysis type and Bottle #: 
VOA - X (Bottle 1-3) 
ABN - Y (Bottle 1-2) 
Metal - Z (Bottle -1-3) 

Example Labe 

Well # - 1 
Depth - 5 ft 
Sample - Ana 

: 1A5X1 

Isis at U.S. Testing 
Analysis type and Bottle # - VOA #1 

2.4 Each sample will be registered on a "Sample Log Form" and have a 
"sample analysis request form'' and a "Chain-Of-Custody" form 

prepared. The samples will be transported in Ice Chests, packed in 
ice. Separate coolers will be used for the samples for U.S.  Testing 

and WHC storage. Eight of the nine sample bottles go to U.S. Testing 
with one bottle placed in WHC storage at 325 Building. Only fifteen 

samples per week can be handled by U.S. Testing so careful scheduling 
is required. 

samples will be delivered that day. Delivery of samples will be made 
to the back door (Northeast side of Building) where lab personnel can 
be signaled by a bell. 

any empty coolers will be picked up. 

U. S. Testing must also be notified each morning that 

The cooler full of samples will be left and 
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2.5 The minimum personnel involved with the sampling will include a Radia- 
tion Protection Technician (RPT), a Waste Systems Operations (WSO) 
Technician, a third party inspector, a Waste Systems Engineering (WSE)  
representative and the well driller. 
supervisor will stop in at the site as needed. 
examine the sampled materials and keep a log of his observations 

A geologist and a RHO drilling 
The geologist will 

The WSE representative will fill out the "Sample Log Forms", "Sample ' 

Analysis Request Forms," the "Chain-Of-Custody" forms and keep a field 

log book. The field log will be used for a list of personnel, person- 
nel job assignments, field measurements taken, procedure deviation, 
etc. Information will also be logged on any unusual occurrences. The 
third party inspector will complete check off of the inspection points 
for each sample on copies of the Inspection check list attached to 
this procedure. 

3.0 Safety 
. ,  

Safety will involve the normal safety concerns of a drilling operation. 
These include tripping hazards involved with equipment in the area of the 
well, overhead movement of drilling equipment and falling debris. 
personnel should avoid the area of the drilling operation except to obtain 
the samples from the driller. 
drilling equipment. 
Work Procedures and the special work procedures. 

Sampling 

Hard hats will be required around the 
All work at the site will be completed under Radiation 

4.0 Prerequisites 

4.1 Schedule the driller and brief him on the complete schedule including 
the number'of samples per week and d.iscuss procedure for obtaining the 
soil samples from the well and providing them to WHC personnel. 
Measure and mark locations for all six wells. 
Responsibility: WHC Project Engineering/JA Jones. 



4 . 2  Check it and prepare all eqi 
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ipment required for the sampling 
operation: Pre-labeled sample bottles, trowels, coolers with ice, 

distilled water, three sieves, brush, plastic sheet, pen, clipboard, 
field log books and proper forms. 

Responsibility: Waste Systems Engineering/Project Engineering. 

4.3 Verify the RWP requirements and check out the radiological protec- 
tion gear and clothing. 
Responsibility: 
JA Jones. 
Operations. 

Verify RWP requirements - WHC Project Engineering/ 
Check out radiological protection gear - Waste Systems 

4.4 Verify that U.S. Testing is ready to accept samples. 

Responsibility: Waste Systems Engineering. 

4.6 Verify sample capacity at U.S.  Testing before each day's sampling and 
verify the WHC storage location is available for sample storage. 
Responsibility: Waste Systems Engineering. 

4.7 Notify Third Party Inspector. 

Responsibility: Project Engineering. 

5.0 Procedure 

The drilling operation will proceed under the direction of the RHO Drilling 
Supervisor 2nd samples from the correct well depths will be provided to the 
WHC personnel in a bucket. The bucket will be moved clear of the drilling 

site by the WSO Technician before filling of the sample bottles begins. 

5.1 Verify the depth at which the sample will be taken prior to actual 

sampling. Record the date well depth and well number in the field log. 



5.2 

5.3 

5.4 

5.5 

5.6 
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O b t a i n  the  sample from the  d r i l l e r  in a bucket. 
require enough material t o  f i l l  the nine sample bo t t l e s  (approximately 
1 1 / 2  quarts)  and  provide approximately one quar t  f o r  the  geologist  
examination. 

The sample wil l  

Separate enough f i n e  material from the sample t o  f i l l  the  nine sample 
bot t les .  
l a rger  materials.  F i l l  the  bot t les  f u l l  with no head space, cap 
t i g h t l y ,  a n d  place a seal  tape over the cap. 
interchanged. Place the sample bot t les  in the correct  cooler  f o r  
e i t h e r  U.S.  Testing o r  WHC storage and make sure they a re  packed i n  

ice.  

This may require the use of the sieves or brushing of the 

Bott le  caps must n o t  be 

A separate sample will  a lso be taken and placed i n  a p l a s t i c  bag and 
labeled f o r  examination by the geologist .  
screened o r  modified in any way and will  consis t  of approximately one 
qua r t  of material .  

This sample wi l l  n o t  be 

Log the sample on the "Sample Log Form", prepare a "Sample Analysis 
Request" Form and f i l l  out a "Chain-Of-Custody" form f o r  each cooler.  

Wash the sample handling equipment w i t h  r iver  water and r inse  w i t h  
d i s t i l l e d  water p r i o r  t o  use with the  next sample. 
cross  contamination between samples. 

This wi l l  prevent 

Repeat steps 5.1 t h r o u g h  5.5 un t i l  a l l  sampling f o r  the day i s  
complete. 
Testing and t o  the  325 Building f o r  storage. Samples f o r  U.S. Testing 
a r e  t o  be delivered t o  the  North East door where a bell  can be used t o  
signal the  laboratory personnel. 
be signed by the  person delivering the sample and the person receiving 
the samples. 
analysis request forms, sample log forms, geologist log, th i rd  party 
inspection check l i s t s  and f i e l d  log t o  Waste Systems Engineering a t  
t he  end of each d a y .  

Transport the two coolers with the sample bo t t l e s  t o  U.S. 

The chain-of-custody forms must a l l  

Provide a copy of a l l  chain-of- custody forms, sample 
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CHAIN OF CUSTODY 

Company Contact: Telephone : 

Samples Collected by: Date: Ti me : 

Sample Location: 

Ice Chest No.: 

Remarks: 

Field Logbook Page No.: 

Method of Shipment: 

Sample I dent i f ica ti on 

~ ~~ 

CHAIN OF POSSESSION 

Re1 in qu i s  he d by : 

Reltnquished by:  

Re I inqui sned by : 

Received by: 

- 
Received by: 

Received by: 

Da te/Time : 

Da teiTime : 

3atz/Time: 

DateiTl me 

BC-1 IO& 
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Sample Log Form 

Sample Name of 
Sample No. - -  Date Time Size Collector Signature Description 



raye o u r  Y 
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S A H P L E :  A N A L Y S ~ S  R E Q U E S T  

(- Westinghouse 
W/B-46 / 337 Bldg. I/ , wHC / 300 Area 

. -  

Unatod Stator testinq Company*  
2800 George Washington Way 
Richland WA 99352 

Collector Received b y  

Title - Data /Time samp1.d 
Company Contace Carolyn Dupuis 376-3318 Dace Tim. 

CHAiN Or CUSTCDY NO- 

SAMPLE ID 

UST fAMPL.2 ID 

C O H l r E N T S  

SCREEN ANALYSIS 



Deep Soil Sampling 

Third Party Inspection Checklist 

Inspections Checklist 

*Sample Location 
Identification 

*Date/Time Sample taken 

*Well Depth o f  Sample 

*Were the nine sample 

*Were tne bottles sealed 

Bottles f i 1 led? 

with a seal tape? 

i n  a proper coolers? 
*Were the bottles placed 

*Were the chain-of-custody 
and sample analysis request 
f o rms  prepared? 

samples taken? 
*Was the geologists 

*Were the tools cleaned? 

Page9 of  9 
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I 

s.i For cownents put a 1 , 2 , 3 , ... at the point the comment applies and 
write. the comment on the back of this sheet. 



APPENDIX D 

Sample Forms 

T h i r d  P a r t y  I n s p e c t i o n  
and 

Chain o f  Custody 



Carolyn Dupui s 376-3318 
Company Contact: Telephonc : 

Samples Collected by: hJtf .<AI r l  f l  Pb /CAB Date: 511 / B L  Time: 2:zo P M  
1 / 

Sample Location: Jm A-14  p t x f 5 - 5  X-fl,,Ls /tJ,,.kA._ - nk I e 

Ice Chest No.: WPC - I Field Logbook Page No.: Lf-. 
Remarks: .yA M u  beK- 245 / L i  I f N  NO. 3 . d p n t h  .q 

Method of Shipment: Xo-&d'?< h1A6b' c I J ;J.ri+ i c e  r h s  t 
Sample Identification 

( 3 )  40 ml G - C68 2 A 5 - X j ,  2 R 5 - X 2 ,  Z A S  - x 3  
( 2 )  250 ml G - C69 2 ~ 5 - y l  2145- y% 
(3) 125 ml P - 726, A21, A51, 212, 111 2 A 5 -  z 1 . 2 R S  -3L 

CHAIN OF POSSESSION 

Re I in qui s hed by : 

mD44l-u +L 
Relinquished by: 

Received by: 

Relinquished by: 

- 
Received by: 

Da te/Ti me : 

~~ 

Received by: 
. .. 

Da te/Ti me : 

Relinquished by: Received by: Date/Ti me 



. - .  
. .. .- 

. -. . 

Company Contact: Carolyn Dupui s Telephone: 376-3318 

Samples Collected by: Ski nner/CAD Date: 7/21 lrlp Ti me : f o  :2r4 

Sample Location: 300 Area Process Trenches East Trench 

Ice Chest No.: WHC- / Field Logbook Page No.: .w 
Remarks: Sample Number E I ts-  bA 

B o t t l e s  in plast ic  bag in an ice  chest 
Method of Shipment: 

- 
Sample Identification 

b 
I PI+ B.9 -Y L ( 2 )  250 ml G - 727, 729, 
, 

b -3-1 3 FW27.4 -ZL. ( 3 )  125 rnl P - 726, A20, 
E /+DA -22 109, 181, 

CHAIN OF POSSESSION 

Relinquished by : 

&W 
Relinquished a,: 

Relinquished by: 

Rel innui  shed by: 

Received by: 

~~ ~ 

733, 734, C69, C80, C81, C86, 736, 737 
A21, A22, A23, A51, C70, 735, C77, C78, 
212, 111, C87 

Q 
Re%eived by : 

Received by: 

Received by: 

Date/Time: 

Date/ Time: 

oc. -on 



1. f' 

*Sample location identification. 

*Oate/Time sample taken. 

*Correct measurement for sample 

... 
*. - 

location. 

sampling. 
*Tools were cleaned before 

*Sample materials taken 'from 
the proper depth. 

*Seal tape applied to sample 
bottle caps. 

*Chain-Of-Custody Form and Analysis 
Request Form perpared. 

*Geologist sample taken. . 

. . .  
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. SHALLOW SOILS SAMPLING 
Third Party Inspection Checklist 
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' Inspection Checklist 
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7 
Deep Soil Sampling 

Third Part Inspection Checklist 

Sample Location 
Identification 

1 

For comments put a 1 , 2 , 3 , ... at the point the comment applies and 
write the comment on the back of this sheet. . ... 
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U.S. T e s t i n g  
Techn ica l  and P r i c e  

Proposal 

and 

A n a l y t i c a l  Method Group Codes 

and 

Hazardous Substance Cons t i t uen t  Codes 
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D l O A S 8 A 1  

AGRICULTURAL S L I I I C C S  United States Testlng Company, Inc. 
LNCINCLRIMO IN8PtCTI01 

Richland Division 
2800 GEORGE WASHINGTON WAY 
RICHLAND. WASHINGTON 99352 (509) 375-3131 , 

... 

February 10, 1986 

WD McCormack 
Chron  
SPWA 
Task w / o  attachment 
MG Zimmerman 

Dean H.  Glazier 
Subcontract Administrator 
Paci f i c Northwest Laboratories 
OSB Building 
300 Area / Room 282 

p i i ’  

Dear Mr. Glazier: 

Attached f o r  PNL’s  review and consideration are  UST-RD’s technical 
a n d  price proposals f o r  Special Project Request f o r  Price Proposal, 
SPRFFP 86-9. 

If  you have any questions regarding this  proposal, please contact 
G . R .  Rao f o r  technical matters and V.H.  Pettey f o r  financial  matters. 

Sincerely, 

UNITED STATES TESTING COMPANY, INC. 

Van H .  Pettey 
Vice President - General Manager 

VHP:lmm 

Enclosure 

xc: Govind Rao 
Fi le  
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PROPOSAL 86-9 

Introduction 

Methods 

Water Extraction Procedure 

Ouality Control 

Samples Sizes, Sample Preservation, Holding Times 
and Detection Limits 

Facilities, Equipment and Personnel 

Impact on the Routine Program 

Reports and Turn-around Times 

Price Troposai 

RECEIV ED 
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E 6 - 9  - i inzroduct j on 

U s Y - 2 3  has been performing analyses for organic and inorganic 
pollutants, primarily in ground water samples. The qenersl 
scheme of analysiE consists of extraction of the analyte of 
incerest in 5 suitabie solvent followed by detection using 
appropriate analytical instrumentation. The analysis of soil 
samples will f c j l l o w  the same aeneral pattern. However, there are 
significant differences in the detailed application of the 
analytical procedures. These differences arise mainly in the 
extraccion procedures, wnile detection techniques remain the 
same. 

Documented extraction procedures are available for many of 
the specified analyses. For these cases, UST-i?D will use the 
apprcpriate procedures. For cases where a definite extraction 
procedure is not available, UST-RD will use the aqueous 
extraccion procedure describe6 in Section 86-9.3. The aqueous 
extract will then be handled in a manner identical to that used 
for the analysis of aqueous samples. In either case, in the 
event that sample extracts are "dirty" (contain potentially 
troublesome interferences), UST-RD will dilute the extracts prior 
to analysis. Additional clean-up procedures that would require 
major capital equipnent purcnases will not be employed. The 
lower limit of deteczion for diiuted extracts wili be 
appropriately higher. 

1 

;n subsequent sectiohs.we will discuss the methods, the 
detection limits, tne minimum sample sites necessary, sample 
preservacion an& hoiGing times, the impact on the routine program 
and the turn-around times for all of the requested analysss 
excepc Dioxin. The analysis for Dioxin itt UST-RD will nave 
severe adverse impact on tne routine program. Acquisition of 
major equipment will be necessary to offset sucn an impact. 
Non-rsdioactive soil sampies can be analyzed by UST-Hoboken. 

in preparing chis proposai, UST-RD has the understanding 
that: 

(a) The soil samples will either be non-radioactive or be only 
slightiy radioactive so that U S T - R D  will not have co expend 
considerabie effort in ettempts to minimize radiation 
exposure to personnel as weli as prevent contamination of its 
low-level radiochemistry laboratories; 

(b) The turn-around times are contingent upon the timely 
acquisition of a i l  of the new equipment ana cjlessware 
identified in the proposal; 

(c) The detection limits discussed in 86-9.5 are a ?riori limits 
a n a  may b e  revrsed under certain c~rcumstances; ana 
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(e) UST-RD will require at least 5 weeks from the time of 
acceptance of this proposal to prepare for the analysis of 
soil ssm?ies. 

66-9 - 2 METHODS 

In most cases8 the methods described in SW646 procedures will 
be employed for analysis. In a few cases8 methods for water and 
waste water analysis will be adaproa =o soil sample analysis. 
Instrument calibration and other instrument-related procedures 
will remain the same a s  used for the analysis of aqueous samples. 
The specific methods that will be used are enumerated below, 
along with variations if anyr.from the procedures. Detection 
limits and sample sizes are presented in Section 86-9.3. 

86-9 - 2 - 1 ICP METALS - ENHANCED LIST 
( a )  Method 6010 of SW8461 procedures will be used. The soil 

sampies will be subjected to the acid digestion procedure 
described in Method 3050. Note: ( 1 )  Method 6010 does not 
explicitly address the analysis of Sr and Os. However, 
previous experience wich these analytes has shown that 
reliabie Sr results can be obtained for aqueous samples. 
There is some uncertainty regarding Os. ( i i )  Mechoa 3050 
is an acid digestion procedure that will be used to prepare 
soil samples for analysis by ICP. The method aoes not 
explicitly address't.he dissolution of.Sodiumr Aluminumr 
Manganese, Potassium8 Iron8 Osmium, Strontiumr and Calcium. 
Preliminary indications suggest that Method 3050 will be 
applicable to all of the above metals except Osmium. 
UST-XD will investigate Osmium analysis furtner. 

( b )  A 1.0 g portion of sample will be used for each analysis. 
The diqestate will be diluted to 100 m L  with Type II (or 
better) water. The decection limits for the various metals 
in the aigestate wiil be the same as in the analysis 0: 
aqueous samples. 

86-9 ..2.. 2 .  Arsenic 

( a )  Method 70601 of SW846 procedures will be used. The soil 
samples will be subjected to the acid digestion procedure 
described in Method 3 0 5 0 1 .  

( b )  A 1.0 g portion of sample will be used for each analysis. 
The aigestate will be diluted to 100 mL with Type ii (or 
better) water. The detection limit for Arsenic in the 
aiqestate will be the same as in the analysis of aqueous 
samples. 

66-9.2-3- Mercurv 

( a )  K e c n o c  74711 of SW846 procedures will be u s e a .  
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( b )  A 0 . 2  g portion of dry sample will be used for eacn 
analysis. Each samole will be analvzed in triplicate. The  
averaae of the three aecerminations w111 be reported. The 
a priori detection limit for a 0.2 2 sample will be 
equivaient to that in the analysis of aqueous sampies. 

86-9.2.4. Selenium 

(a) Method 77401 of SW846 procedures will be used. The soil 
samples will be subjected to the acid digestion procedure 
described in Method 30501. 

( b )  A 1.0 g portion of sample will be used for each analysis. 
The digestate will be diluted to 100 mL with Type ii (or 
better) water. The detection limit for Seienium in the 
digestate will be same as in tne analysis of aqueous 
sampies. 

86-9-2.5 Thallium 

(a) Method 764ii of SW846 procedures wili be used. The soil 
samples will be subjected to the acid digestion procedure 
ciescribed in method 30501. 

(b) A 1.0 g portion of the sample will be used for each 
analysis. T h e  digestate will-be diluted to 100 mL witn 
Type I 1  (or better) water. The detection limit ' f p r ,  
Thallium in the digestate will be the same as in . the 
analysis of aqueous samples. 

86-9.2 - 6 Thiourea Compounds - Enhanced iist 
(a) Thiourea compounds will be analyzed b y  XPLC by Method 83301 

of SWS46 procedures with the followin? variations: 

(1) The thiourea compounds will be extracted in watsr 
according to the procedure described in 66-9.3. 

( i i )  Tne sample extract will be analysed by direct aqueous 
injection into a High Pressure Liquid Chromatograph. 

(b) The detection limits for the thiourea compounds in the 
extract will be the same as in the analysis of aqueous 
samples. 

86-9- 2 . 7 -  Chlorinated Pesticides - Enhanced tisc 

( a )  Method 80801 of SW846 procedures will be used. The 
chlorinated pesticides will be extracted in hexane:acetone 
(1:1) by  the Soxhlet extraction procedure (Method 3 5 4 0 1 ) .  

( 5 )  ..i i o  J portion of sarnpl-l will be used for eacn anrlysrs. . 
:he sample e x r r a c i  W,I& oe concenzratea :O  i C  RL ana an 
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aliquot will be analyzed by CC/ZC2.  The detection limits 
:or tne chlorinzteo pesticides will be 0.1 ug/g. 

(c) Sample extract will be cleaned up by passing them througn 
an alumina column. If the cleanup proves insufficient, the 
extract will be dilutsd appropriately b e f o r e  analysis by 
GC/ECD. 

66-9.2.8- VOA - Enhanced List 
(a) Method 8 2 4 0 1  of SW846 procedures will be used. The 

volatile organics will be incroauced into the gas 
chromatograph by the purge and trap metnod (Method 50301). 

(b) A 5 . 0  q portion of sample will be used for each analysis. 
The sample will be extractea in methanoi and an aliquot of 
the extract will be analysed. Detection limits for the 
various compounds in the excract will be the same as for 
aqueous samples. 

(c) Sample extracts that ere "dirty" will be diluted 
appropriately before analysis. No additional cleanup will 
be attemptea. 

8 6 - 9 . 2  9. ABN - Enhanced Lis: 
(a) Method 62701 of SW846 procedures will be used. The 

semi-volatile organics will be extracted in methylene 
chioriae by tne Soxnlet extraction procedure (Method 
3 5 4 0 : ) .  

( b )  A 10 g portion of tne sample will be used for each 
analysis. The sample extract will be concentrated 
appropriately an6 analysed by a capillary GC/MS. Detection 
limits in the extract will be similar to that for aqueous 
samples. 

( c )  Sampie extracts that are "dircy" will be diluted 
accordingly before analysis. No additional cleanup will be 
attempted. 

66-9 - 2 - 10 Phosphorus ?esticides 

(a) Method 81401 of SW846 procedures will be used. The 
phosphorus pesticides will be extracted in hexane:scetone 
(1:l) by the Soxhlet extraction procedure (Method 3 5 4 0 1 ) -  

(b) A 10 g portion of sample will be used for each analysis. 
The sample excract will be concentrated to 10 mL'ana 
analysed by GC/FPD. The detection limits in the extract 
will be same as tnat for aqueous samples. 

i c )  Sampie extracts wili be cleanea up b y  an alumina cleanup 
p r o c e d u r e .  "3ir::y" sample extracts wlii be drluted 



5 -  

accordingly before anslysis. 

- 2 .  ii Extractable Oraanic Halide ( E O X )  

The extractable organic nalides will be extracted from a 
1.0 q aliquot of sample in ethyl acetate by sonification as 
described in €PA Document 600/4-84-008 '(see attschment)2. 
A 125 W ultrasonic bath will be used for sonification 
instead of a 220 W bath. The sonification time will be 
doubled. (Because of the smaller size of the 125 W 
ultrasonic baths8 the effective power per square inch will 
be about the same). 

The extract will be analysed with a Dohrmann DX-20 TOX 
analyzer. An EOX sampling kit will be purchased from 
aohrmann to permit analysis of the exrract. 

Each sample will analyzed in duplicate in order to provide 
a measure of sample innomogeneicy. A minimum of 1.0 q of 
sample will be used for each analysis. Because the metnod 
detection limit can vary with instrument sensitivity and 
matrix effectsl an :priori detection limit of 1.0 uq/g is 
proposed. 

Sample extracts that are "dirty" or that exceed the 
instrument capabilities will be re-analysed after 
appropriateiy dilucing the extracts. 

86-9.2.12 Total (Ext;actable) Oraanic Carbon (TGC) 

( a )  

( b )  

(C) 

The extraccable organic carbon will be extracted in water 
in accordance with the procedure described, in 86-9.3. 

The sample extract will be analysed by an Ionics TOC 
analyzer in a manner identical to that used in the analysis 
of aqueous sample (Method S O 5 A 3 ) .  

A minimum of 10.0 g of soil will be used for each analysis. 
The detection limit will depend upon sample homogeneityr 
matrix effects and instrumental sensitivity. An a priori 
detection limit of 10 ug/g is proposed, with a 1.0 g portion 
of sample being analyzed. Howeverr the actual detection 
limit may have to be revised upwards. 

Each sample will be analysed in duplicate in ordar to 
provide a measure of sample inhomogeneity. 

"'3irty" sample extracts will be diluted appropriately prior 
to analysis. 

86-9 - 2 - 13 Cyanide 

( a )  T h e  "extractable" c:Janido will be extracted in water b y  rrhe 
procedi l re  described in 86-9.3. 
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( b )  The aqueous extract will be analysed in a manner identical 
to =he analysis of aqueous sanlpirs  ( ~ e t n o d  4 1 ~ ~ 2 ) -  

( c )  A minimum of 10.0 g of soil will be used f o r  each analysis. 
The detection limit will depend upon several, as yet 
undetermined, factors. The sensitivlty will be limited b y  
matrix effects rather than by instrumental capabilities. 
An %priori estimate of 100 ug/g is proposed :or tho 
detection limit. 

86-9.2-14 Lead bv GFAk 

( a )  Mechod 74211 of SWE46 procedures will be used. The soil 
sampies will be subjected to the acid digestion procedure 
described in Method 3030. 

(b) A 1.0 g portion of sampie will be used for each analysis. 
The digestate will be diluted to 100 mt with Type I1 (or 
better) water. The detection limit for Lead in the 
digestate will be expected to be the same as that for 
aqueous samples. 

86-9 - 2 -  15 Anions (Nitrate, SulDhate, ... ) 
.i (a) The anions will be extracted in water by t h e  procedure 

described in 86-9.3. - -  

( b )  The extract will be analysed by Ion Chromatograpny in a 
manner identical to that used for aqueous samples. 

(c) "Dirty" extracts will be diluted appropriately prior to 
analysis. 

86-9.2.16 Perchlorate 

(a) The same considerations as those for Anions (86-9.2.15) 
will be used. 

86-9.2.17 Su lph i de 

( a )  Sulphide will be extracted in water by the proceciure 
described in 86-9.3 

( b )  The extract will be analyzed by titration. 

86-9 - 2 - 18 Ammonium I o n  

( a )  Ammonium Ion will be extracted in Sodium ace'tate. 

( b )  The extract will be analyzed by Selective Ion Electroje in 
a manner icienzical to that used for aqueous samples. 
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86-9- 2 - 19 Etnviene Glvcol 

( a )  Ethylene glycol will be extracted in water by tne procedure 
described in 86-9.3. 

- .  

( b )  The extract will be analysed by direct injection into d 
GC/TID in a manner identical to tnat used for aqueous 
samples. 

(c) A minimum of 10.0 g of sample will be used for each 
analysis. An %priori detection limit of 3.0 ppm in the 
extract is proposed. 

(d) "Dirty" extracts will be diluted appropriately. 

86-9 - 2 - 2 0  Coliform Bacteria 

(a) The soil samples will be subjected to the extraction 
procedure described in 86-9.3. 

( b )  The extract will 5e analysed for coliform bacteria in a 
manner identical to Khat used for aqueous samples (Method 
908443). The water used in tne extraction procedure will be 
concurrently testad f o r  coliform bacteria. 

86-9 - 2- 21 Radium (Total) 

(a) Fifty grams of Soil w i l l  be leacned with 8N Nitric Acid. 

( b )  The leachate will be analysed by procedure 20-RA-02 
discribed in UST-RD's procedure manual, UST-RD-PK-2-86. 

( c )  Some developmental effort wiil be necessary. 

86-9.2.22 Alpha 

( a )  Up to io0 mg of Soil will be directly counted in a 
proportional counter. 

86-9 - 2 - 23 B e t a  

( i r )  Up to 1.0 g of Soil will be directly counted in a 
proportional counter. 

86-9-2-24 Dioxin 

LJST-RD currently does not perform dioxin analysis in 
Richland. Non-radioactive sampies will be sent to 
UST-Hoboken for analysis. The acquisition of the capability 
to a n a l y z e  Dioxin in Richland is dependent on the following: 

( i j  Avai;abiii:y of surroC~s~es and standards - E P A  provides 
t:ox:n surroqates ana standards free 0 2  c n a r q ~  only to 



cont:ac: laboratories approved fo r  dioxin ana1ys:s .  
surrogates and s tandarc i s  are comm&rciaily ava:iahle but 
are quite expensive. It is our estimate that start-up 
and calibrations would cost around $ l C I O O O .  

( i i )  Availability of GC/MS - A more serious concern is tnr 
severe adverse imnact dioxin analysis may have on thr 
routine program. The GC/MS presently used for kaN 
analysis would have to be re-configured for dioxin 
analysis. During the dioxin analysis period, the GC/MS 
would.notbe available for AZPi analyses. It is 
anticipated that at least 1 to 2 weeks wouid be required 
to set up and calibrate for Dioxin. 

( i i i )  Training of Personnel - Because of tne extreme hazarli 
associated with handling Dioxin, additionel training of 
personnel wiil be necessary prior to sample analysis. 

86-9 - 2 . 2 5  Citrus R e d  No. 2 

( a )  Citrus Red No. 2 will be extracted in water by the 
procedure described in 86-9.3. 

( 0 )  The extract will be analysed in a manner.identica1 to that 
used for aqueous samples. A Beckman UV/VIS spectrophoto- 
meter wili be used. 

86-9 - 2 . 2 6  

( a )  Dir 
wat 

Direct Aqueous Iniection 

ect aqueous injection compounds will be extracted in 
er by the procedure ciescribed in 86-9.3. 

. .  ( b )  An aliquot of tne extract will be directly injectaa into 
the analytical instrument ( G C / M S )  in t h e  same manner as 
that used in the analysis of aqueous samples. 

(c) A minimum of 10.0 g of sample will be used for esch 
analysis. The a priori detecticn limits in the exzracts 
will be the same as tnose for aqueous samples ( v i z . ,  3 
PPm) - 

( 6 )  "Dirty" extrsccs will be diluted appropriately before 
analysis. 

86-9 - 2 27 Herbicides 

( a )  Herbicides wiil be extracted in ether-acetone and analysed 
by GC/ECD according to the procedures described In Method 
81301 of S u b 4 6  procedures. 

( b )  Fifty Trams of soil will be used for each analysis. T h e  
sensitivity of tne metnod depends upon =he level of 
~nterferences rather than on instrumental capaoilitLss. An 
2 3 r : o r i  aetec=;on limit of 1.0 ug/q is proposed here. 



. .  

( c )  " ~ i r c y "  extracts will be diluted appropriately before 
analysis. 
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F o r  :hose anaiyses that require a water extraction procedure, 
U S T - R D  wili use the procedure described beiow: 

(1) A weigned portion of the sample will be place6 into a 
prr-cleaned container with a teflon lined lid. 

( 2 )  A measured volume of Type I water wiil be added to the bottle 
and the bottle will be capped. 

( 3 )  The constituents of interest will be extracted by 
continuously shaking the container in a reciprocatinq shaker 
for 30 minutes. 

( 4 )  The samFle extract wiii.then either be centrifuged or 
filtered to remove particulate matter. 

(5) The extract will then be analysed for the intended analyte by 
the appropriate methods described in 86-9.2. If the analysis 
cannot be performed immediately, the extracts wiil be 
preserved until analysis. Table 1 summarizes the 
preservation of the extracts for tne various analyses. 

Typical aliquots that will be used in tne extraction 
procedure are shown in Table  2 (86-9.5)- The actuai amounts used 
will depend upon data from preliminary analyses. We do not have 
a priori knowledge of t h e  extraction efficiency, or of any 
potential problems that may be encountered. The extraction 
proceciure will be modified appropriately if other, as yet 
unavailable, information makes it necessary. 



C03E - 
727 

C69 

C70 

735 

c77 

C78 

C8 1 

109 

cs7 

736 
., 

Table 1. 
Preservation of Aoueous Extracts 

AKALYSZS PRESERVATIVE 

Thiourea Enh. Cool to 4oc 

Cyanide Cool to 4 O C ,  NAOH to p H > 1 2  

Anions Cool to 4 o c  

Perchlorate Cool to 4oc 

Sulphide cool to 4OC, 0.5 mL Zinc 
Acetate plus NAOH to p K > 9  

Ethylene Glycol Cool to 4 o c  

Coliform aacteria Cool to 4 o c  

Citrus Red No. 2 cool to 4oc 

Direct Aqueous 
Injection cool to 4oc 
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8 6 - 9 . 4  Quality C o n t r o l  

UST-XD will adnere to the general quality control guidelines 
described in the various procedures used for analysis. The 
followins is intended tO clarify the specific actions that UST-RD 
wili take: 

. (a) UST-RD will analyze a minimum of four "blank" soil samples 
for  all the analytes of interest as part of the start-up 
program and personnel training. At least two matrix spikes 
will be analyzed. 

(b) With every batch of samples analyzed, UST-RD will perform 
reagent blank analysis to ensure that the reagents are free 
from interferences. 

(c) Ten percent of all samples will be spiked with the analytes 
of interest and analyzed to determine matrix effects. 
Anotner aliquot of the same sampie will be similarly spiked 
and analyzed. Data from the duplicate matrix spikes will be 
used to monitor the precision of the method. In certain 
cases ( A s t  Set Tlr Pbt NH4+, etc.), i f  matrix effects are 
consistently severet U S T - R D  will determine the analytes of 
interest by the method of standard aaciition. 

(d) Sample extracts exhibiting results exceeding the highest 
calibracion standard will be appropriately diluted-and 
re-analyzed. The re-analysis of dilutions will be bi1,led at 
the negotiated unit prices. 

86-9.3 Sample Size and Samole Preservation, Holding Times, 
and Detection Limits 

86-9.3.1 Sample Size and Sample Preservation 

Varying quancities of soil will be used for the different 
analyses. The typical quantities that will be used are shown in 
Table 2 .  The actual quantities used may have to be revised 
upwards or downwards after the first few analysesr if it is 
determined that becter detection limits can be realized by using 
a larger aiiquot of sample or that severe matrix interferences 
exist (hencer requiring that a smaller aliquot be used). In any 
event, sufficient sample must be collected to permit some 
variation in the sample aliquots analyzed. Additional sample 
wili also be required for duplicate and matrix spike analysis. 
UST-RD recommends that a minimum of 1000 a of soil be collected 
for each samDle. 

Samples must be collected in several pre-cleaned containers 
that are appropriate for t h e  various analyses. Teble 3 shows the 
recommended concainers and the analyses for which they are 
intended. kli sample containers must be "iced" or refrigerated 
Uc "_OC from the cirne of collsc:ion u n z i l  analysis. Special 
~ r t 4 l i z : ~ n  s n o u l d  be  p a i d  E O  :he sa>L1~c:ion of s n m p i e s  intended 
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fur vO'A and EOX anslyses. These should be coilected w : t h  no 
headspace in glass contdiners wirh oprn-top lids ana teflon 
septa. 

86-9.5 - 2 Holding Times 
. .  

U S T - R D  will analyze the samples witnin the maximum holding 
times recommended in the procedures for the individual analysis. 
The samples will be refrigerated until analysis can be performed. 
The maximum holding times are listed in Table 4 .  

8 6 - 9  -5.3 Detection Limits 

A priori detection limits for  the various analytes are 
presented in Table 5 .  The detection limits are based upon the 
assumption that the sample aliquots shown in Table ( 2 )  will be 
analyzed and that no matrix imterferences exist. The actual 
decection limits will depend to a large extent upon matrix 
effects rather than upon instrumental capabilities. The 
detection limits have been calculated for the sample aliquots 
analyzed and the extraction volumes shown in Table ( 2 ) .  In 
general, the detection limits are higher than those for aqueous 
samples because much smaller aliquots of soil are analyzed as 
compared to water samples- For example? 1.0 g of soil is 

' analyzed for metalsl as cornpared to 100 mis of water samples. so 
tietection limits for metals will be at least a factor of 100 
higher for soils. The detection limits shown in Table ( 5 )  may be 
revised under the following circumstances: 

Larger or smaller aliquot used for analysis - This may be 
necessitated either by very low levels of tne analyte of 
interest in the soil, or by severe matrix interferences. 

Dilutions of "dirty" excracts - Sample extracts that are 
observed to contain extraneous material that wouid interfere 
with the determination of the analyte of interestr or that 
wouid pose a thre.at of potential damage to analytical 
instrumentation, will be diluted appropriately before 
analysis. Detection limits would increase appropriately. 

Method Limitations - If as yet undocumented limitations of 
the employed methods exist8 the detection limit may be 
at fected. 

. .  
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T A B L E  z 

Sample Aliquots Analyzed 

Code Ana lvs i s 
Sample Final Extract 
Weiaht ( a )  vo?. un!8 ( ITlL ) 

726 
A 2 0  
A2 1 
A 2 2  
A23 
727 
729 
731 
733 
734 
C66 
CG9 
C70 
A51 
7 3 3  
c 7 7  
C78 
C80 
C8 1 
109 
1 8  1 
212 
111 
Ca 6 
C87 
736 
7 3 7  

I C P  Metals 6010 Enh. 1.0 100 
Arsenic 1.0 100 
Mercury 0.2 ( 3  times) 1 0 0  
Selenium 1.0 100 
Thallium 1.0 100 
Thiourea 8330 Enh. 10.0 10 
Pesticides 8060 Enh. 10.0 10 
VOA Method 8240 2 . 0  - 

10 A/B/N/ 8 2 7 0  Ent i .  
Pesticicies 8 1 4 0  10.0 10 
EOX 1.0 
TOC 10.0 100 
Cyanide 1 0 . 0  l G 0  
LEAD a Y  GFAA 1.0 io0 
Anions 1 0 . 0  2 0  
Perchlorate 10.0 2 0  

100 10.0 Sulphide 
Ammonium ion 10.0 100 

10 10.0 Ethylene Glycol 
Coliforum Bacteria 10.0  100 

to be determined Rad i um 5 0 . 0  
Alpha 0.1 - 
Beta 1.0 - 
Dioxin - - 
Citrus Red No. 2 10.0 100 
Direct Aqueous injection 10.0 100 
Herbicide 8150 Enh. 5 c . o  3 

10.0 

1. The Final Extract Volume is the volume of ihe extract after 
a11 concentrations or dilutions have been made. For example, 
the initial extract volume for A/E\ /N and pesticides is 300 
mL. However this is concentrated down to 10 mi, prior to 
ana lys is. 
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Samsie Contziners(l),(Z) 
&umber of 

Concaines Containers Ana 1 y s  i s 

* 7 - s  
25 m i  Amber glass P - 3 d  
with open-top lid and 
teflon septum. Sample 
shoald be collected 
with no naad-spsce. 

2 - 2-73 -3 
ABN(7331, 8080 Pesticides (7291, 125 mi Amber glass k/ 

8140 Pesticides ( 7 3 4 1 ,  Thiourea wide-mouth with 
(7271, Herbicides (7371, Direct teflon-lined lid. 
Aqueous Injection (7361, Ethylene 
Glycol (C87), Dioxin (C86), 
Ammonium Ion (C601, TOC (C69) 

Metals (726), Arsenic (k20), 125 mL polyethylene 3 
Mercury (AZl), Selenium (A22), wide mouth with 
Thallium (A231, Lead (A5l), teflon-lined lid 
Anions ( 7 3 5 1 ,  Perchlorate (C77), 
Coliform Eacteria (1091, Radium 
(1811, Alpha (2121, Beta (1111, 
Sulpnide (C781, Citrus Rea (C87) 

1. Pre-cleaned sample concainers are available from iiChem 
Research inc.t 23787 F Ficner Streetr Hayward, Ck 9 4 5 ' 4 3 , .  

2. All samples must be refrigerated from the time of collection 
until analysis. 

. .  
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Maximum Holding Times ( 1 )  

Code Analysis Extraction Analvsic - 
7 2 6  
A 2 0  
A 2  1 
A 2 2  
A 2 3  
7 2 7  
7 2 9  
7 3 1  
7 3 3  
7 3 4  
C 6 8  
C 6 9  
c70 
AS 1 
7 3 5  
c77 
C 7 8  
CEO 
cs1 
100 
181 
212 
111 
C 8 6  
C E 7  
7 3 6  
7 3 7  

See Tsble 1 
18 

M 

,f 

M 

n 

ll 

88 

n 

M 

n 

M 

n 

88 

I 8  

n 

n 

81 

8* 

" 
I* 

8s 

I 8  

n 

M 

18 

81 

7 days 
7 days 

14 days 
7 days 

- 
7 days 

6 months 
6 months 

6 months 
6 months 
6 months 

3 0  days 
7 days 

4 0  days 
14 days 

2 8  days * 

6 months 
48 hours * 

7 days * 
2 8  days * 

28 days 

- 
1 4  days * 

- *  

- *  
6 hours * 
- *  
- *  
- *  . .  

- 
- *  
- *  

2 3  days 

1. The maximum holding times are maximum times for which samples 
can be held prior to extraction or analysis and still be 
considered valid. The "extraction" hoiding times apply from 
the time of receipt of the sample at UST-XD. The "analysis" 
holding times are also measured from the time of receipt of 
the sample at UST-RD. 

* In those cases where the aqueous extraction procedure of 
Section 8 6 - 9 . 3  will be usedr the sample extract will be 
analyzed within the holding times shown here. The times, in 
these cases8 are measured from the time of extraction. From 
the time of extraction until analysis, the extracts will be 
appropriately preserved and cooled to 4OC. For the , 

preservation of the extracts, see 86-9.3. 

?aqe - i8 
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Table 5 

Detection Limits 

Code 

7 2 6  
A20 
A2 1 
A22 
A2 3 
727 
7 2 9  
731 
733 
734 
C 6 8  
C69 
C70 
A S 1  
739 
c77 
C76 
CEO 
C61 
109 
161 
212 
111 
C8 6 
C87 
7 3 6  
737 

- Analysis 

ICP Metals 6010 Enh. 
A r  sen i c 
Mercury 
Selenium 
Thall i um 
Thiourea E 3 3 0  Enh. 
Pesticides 8080 Enh. 
VOA Method 6240 
A/B/K E 2 7 0  Enh. 
Pesticides 8140 
EOX 
TOC 
Cyanide 
Lead by GFAA 
Anions 
Perchlorate 
Sulphide 
Ammonium Ion 
Ethylene Glycol 
Coliforum Bacteria 
Radium 
Alpha 
Beta 
Dioxin 
Citrus Red No. 2 
Direct Aqueous Injection 
Hebicide 8150 Enh. 

See footnote 1 below 
0.5 
0.1 
0.9 
1 . 0  
0 . 2  
0.1 
0.0it 1.0 see footnote 2 below 
1.0 
0.i 
1.0 
10.0 
1.0 
0.3 
see footnote 3 below 
2 ug/g 
10.0 
0 . 5  
10.0 
3 MPN/lOO mL of extract 
to be determined _ _  . 
6 pCi/g i .  

3 pCi/g 

10 
3.0 
0.1 

- 

DP. Page - 19 



Footnotes: 

( 2 )  

( 3 )  

The detection limits for the metals in soil will be 100 
times hicner than the corresponding limits for aqueous 
samples. for examplef for Bar the detection level will be 
200 ppb which is equivalent to 0 . 2  ug/g. The other metals 
are similarly affected. 

The detection limit will depend upon wnether the soil 
samples contain medium to high levels of organic compou,nds. 
The extraction/anslysis procedure differs slightly for the 
low level and me6ium to high level soil samples. The 
detection limit for low level soils is expected to be 0.01 
ug/g, wnereas for higner level soilsr it will be 1.0 ug/g. 
The actual detection limits will be established only after 
the first few soil samples have been analyzed. 

The detection limits for the anions will be twice those for 
aqueous samples. 

P3qe - 2 0  



86-9.6 Fa c i L i t i e s ,:., .Ea u i pme n t a n d ? e r.s o.n n e 1 

No major additional facilities will be required. Er.iscing 
facilities will be used. The following equipment, glassware, 
etc. will be required: 

(a) €OX analyzer kit for EO): (C68) determination 

( b )  Centrifuge (for EOX, etc.) 

(c) Soxhlet extractors for the extraction of A B N ' s  and 
pesticides 

( d )  Miscellaneous glasswarer reagents, etc. 

An additional person will be hired to handle the extra 
workload arising from the tedious, labor-intensive EOX (C68) and 
Herbicide (737) analyses. 

86-9 - 7 Impact on the Routine Proaram 

The major impact on the routine program will arise from the 
EOX ( C 6 E )  and. Herbicide (737) analyses, and from the additional 
aqueous extraction procedure (86-9.3). Appropriate steps will be 
taken to minimize any adverse impact on the routine program. A s  
a minimum, these steps will consist of the following: 

( a )  scheduling a l l  ot most of the effort under S P W A . 8 6 - 9  to 
be performed on over-time and on weekendsl if necessary; 

(b) Hiring additional personnel; 

(c) Acquiring an additional TOX analyzer. 

86-9 - 8  Reports and Turn-around Times 

U S T - R D  will provide data reports on hard cony onlv. Results 
can be provided on magnetic tape if additional funding is 
available for the necessary programming effort. The additional 
effort is required to convert the reporting units from ug/L to 
ug/g,  etc. The effort is estimated to take at least 8 hours of 
programmer ana daca handling time on an overtime basis. 

Hard copy reports will be.provided within 3 5  business days of 
the receipt of samples. 

Pase - LL 



E6-Sa 9 

A 2 0  
A t  1 
A 2  2 
A 2  3 
A5 1 
C68 
C69 
C70 , 

c77 
C 7 8  
C60 

C66 
C87 
io9 
b l i  
112 

726 
727 
729 
731 
733 
734 
735 
736 
737 

ca 1 

; a i  

Pri ce I'roaosa 1 

lvsis 

Arsenic 
mercury 
Selenium 
Thall ium 
Lead b y  GF&h 
EOX 
TOC 
Cyanide 
Perchlorate 
Sulfide 
Ammonium I o n  
Ethylena Glycol 
Dioxin 
Citrus Red $ 2  
Coliform Bacteria 
Beta 

Radiam 
ICP Metals 6010 Enhanced 
Method 8330 Enhanced 
Pesticides 8080 Znhanced 
VOA Method 8240 Enhanced 
A/B/N 6270 Enhanced 
Pesticides Method 8140 
Nitrate, Sulphate r....(iC) 
Direct Aqueous Injection 
Herbicide 8130 Znhanced 

Alpha 

Unit 
Pric - 
s 35.00 
$ 85.00 
s 35.00 
s 3 3 . 0 c  
$ 3 3 - 0 0  
slo0.00 
$ 30.00 
$ 4 5 - 0 0  
$ 90.00 
$ 45.00 
$ 35.00 
$ii5-00 

$ 70.00 
5 20.00 
$ 30.03 
$ 50.00 
$135.00 
$150.00 
$360.00 
$280.00 
5 5 0 0  -00 
$600.00 
$165.00 
$115.00 
s3i3.00 
5245.00 

* - -  

* To be neqotiatec5. 
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FOREUORD 

Environmtntal  measurements are required t o  d e t e n d n e  t h e  
The Env ambient waters and t h e  character of waste e f f l u e n t s .  

q u a l i t y  of 
rowental 

k b n i t o r i n g  and Support  Laboratory-Cincinnati  conducts research to :  

0 Develop and e v a l u a t e  methods to measure t h e  presence 
and c o n c e n t t a t f o n  of phys ica l ,  chemical and radiol-  
gical p o l l u t a n t s  i n  water, u a s t e v a t e r ,  bottom s e d b e n t s ,  
and sclfd w a s t e .  

I n v e s t i g a t e  methods for t h e  concencratlon, r e c o v e g ,  
and i d e n t i f i c a t i o n  of vimses, b a c t e r i a  and other 
microbfo log fca l  organisms i n  water; and, to determine 
t h e  responses  of a q u a t i c  organisms to water q u a l i t y .  

, Deveiop and o p e r a t e  an Agencp-vide quaJ.ltp a s u r a n c e  
progrhk to a s s u r e  s t a n d a r d i z a t i o n  and q u a l i t y  c o n t r o l  
of systems f o r  monitor in2 water and wastevatet .  

e Develop and o p e r a t e  a computerized system f o r  in s t rumen t  
automation l e a d i n g  t o  improved dara c o l l e c t i o n ,  a n a l y s i s .  
and quality con t ro l .  

Under authority of  S e c t i o n s  30t(h)  and 5Ol(a) of t h e  Fede ra l  Water Pollutfon 
Cont ro l  A c t  of 1972 and the Clean Water Act of 1 9 7 7 ,  t h e  U.S. E n v i r o m e n r a l  
P r o t e c t i o n  Agency (U.S. EPA) is r equ i r ed  t o  promulgxtc g u i d e l i n e s  e s t a b l i s h i n g  
test procedures  f o r  t h e  a n a l y s i s  of p o l l u t a n t s .  
e v a l u a t i o n  of various procedures  f o r  the determination of o rganfc  halides i n  
industrial wastewaters and s o l i d  samples as a group p a r m e t e r .  

This r e p o r t  r e p r e s e n t s  an 

Robere L. 300ch, Acting D i r e c t o r  
Envi ronnental Y o n l  t o r l n g  and 

Support  Labotatory-Cincinnat i  



coNTmTs 

D i o c l a i a r . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  il 
Foreword . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ili 
Abstract . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IV 
Figures.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v i  
f a b l e s . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vii 

I. h t r o d u c r i o n . . . . . . . . . . . .  . . . . . . . . . . . . . . .  1 
2. Conclusions. . . .  . . . . . . . . . . . . . . . . . . . . . . .  4 
3. Recomenda:ions. . .  ; . . . . . . . . . . . . . . . . . . . . . .  6 
O .  Li:erart?re Review. . . . . . . . . . . . . . . . . . . . . . . . .  7 

Acknwledgement . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ix 

5 .  f x p e r i m n t t l .  . . . . . . . . . . . . . . . . . . . . . . . . . .  13 

13  

15 

Sodium bIrhcny3. determination approach f o r  

Evaluatfon of  mecfroo' for POX i n  v a t e r  using 

Detenzinatioa of  TQX by carbon absorption using 

Detemrinat lon of e x t r a c t a b l e  o rgan ic  h a l i d e s  (EOX). . . . . .  19 

dete=slintclon of organic h a l i d e s  I n  vater 

t h e  a ic rccculomecr lc  t i t r a t i o n  approach . . . . . . . . . .  
t h e  Dohrnana DX-20 d c r o c o u l o w t r i e  t i t r a c l o n  sysren. . . .  17 

DeterPfnat ion of EOX i n  so l fds .  . . . . . . . . . . . . . . .  19 
6 .  Resu l r s  and Discussion . . . . . . . . . . . . . . . . . . . . . .  22 

k c e n d n a t i o n  of organ ic  h a l i d e s  using t h e  SBP approach . . .  
microcoulomerrfc t i t r a t i o n  approach . . . . . . . . . . . .  2 4  

decersnfnacfon of M X  i n  vasteuater. . . . . . . . . . . . .  k 4  
D e t e d n a t i o n  of fOX i n  vater . . . . . . . . . . . . . . . .  5 2  
D e t e d n a t i o n  of EOX i n  solids. . . . . . . . . . . . . . . .  5 5  

References .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61 

. . . . . . . . .  

22 
Evaluat ion of method for POX in vacer using t h e  

Evaluat ion of U.S. EPA Method t 5 0 . 1  f o r  t h e  

Appendices 

A. h e h o d  f o r  Purgeable  Organic Hal ides  (POX) . . . . . . . . . . . .  6 5  

the Herhod Dccection Limit . . . . . . . . . . . . . . . . . . .  8 3  
C. Total Organic Halide %thod 450.1 . . . . . . . . . . . . . . . .  90 
D. Xethcd for Lxtraccable  Organic Hal ides  (EOX) in Sol ids  . . . . . .  104 

8 .  Deflnfcfon and Procedure f o r  the k c e m i n a t i o n  of 

I 



e x t r a c t e d  organic  h a l i d e s  (e.g. 

polar, nonex t t ac t ab le  organic h a l i d e s  vhich are detec ted  
by t h e  TOX carbon adso rp t ion  approach. 
t h e  method io advantageous i f  t h e  selective d e t e c t i o n  
of nonpolar organ ic  h a l i d e s ,  such as t h e  p r i o r i t y  
p o l l u t a n t s ,  it of i n t e r e s t .  b u t  undes i rab le  i f  t h e  TOX 
concen t r a t ion  is of  i n t e r e s t .  

PCBs, c h ~ o r i n a t e d  
. p e s t i c i d e s ) .  However. this approach does not dececc 

This f e a t u r e  of 

The u)X method for ro l fd8  appears  t o  v o t k  quite v e l 1  
for a v a r i e t y  of types of s o l i d s  (c.g., soils,  s o l i d  
vasrts, suspended s o l i d s  contained in vantevrtcr>. 
However, because of the diversity of s o l i d  sample 
p r o p e r t i e s  vh ich  are p o t e n t i a l l y  of i n t e r e s t .  t h e  
a p p l i c a b f l i t y  of this approach t o  any s p e c i f i c  samlc 
needs t o  be evalua ted  be fo re  the su r roga te  method 
d a t a  cac be used by i t s e l f  v i t h  a high degree of 
confident?. 
experimental parameters  for this ncthod should be 
explore4 b e f o r e  v idespread  use of t he  method occurs. 

Addirfonal  extraction s o l v e n t s  and other 

5 



XETHOD FOR EXTR CT 

APPEHDIX 0 

BLE ORGANIC HALIDES (EOX) IN SOLIDS 

1. Scope and App l i ca t ion  1.1 

1.1 T h i s  method is t o  be used f o r  t h e  de t e rP ina t ion  of e x t r a c t a b l e  o rgan ic  

h a l i d e s  (EOX) as C1' i n  so l id s .  EOX i s  defined as t h e  sum of t h o s e  

o r g a n i c  h a l i d e s  v h i c h  a r e  e x t r a c t e d  and de tec t ed  by pyrolys is /  

oicrocoulometry  under t h e  conditiorrs spec i f  l e d  in t h l s  method. 
EOX i n c l u d e s  but  is no t  l i m i t e d  t o  the p r i o r i t y  p o l l u t a n r  o r g a n i c  h a l i d e s  
s p e c i f i e d  i n  EPA Wezhod 624 and 625 (1.2). 
t o n t a i n i n g  c h l o r i n e ,  btomine, or iod ine  a r s  detected.  Rowcvtr, f l u o r i n e  

c o n t a i n i n g  species are not  de t ec t ed  bg t h i s  method. 

E x t r a c t a b l e  o r g a n i c  halides 

1.2 This method has  been eva lua ted  f o r  s o l i d  vasteo, s o i l s ,  and suspended 
s o l i d s  i s o l a t e d  from i n d u s t r i a l  vastexatrr (2). 

1.3 Any modi f i ca t ion  of t h i o  method, beyond those  express ly  p e r m i t t e d ,  shall 
be cons ide red  as a m j o r  mod i f i ca t ion  subject t o  a p p l i c a t i o n  and approval  

of alternate test  procedures  under  60 CFR 260.21. 

1 . 4  This method is r e s t r i c t e d  to uac by, or under the supervision of, 

analysts experienced i n  the operatioa of a pyro lys i s  d c r o c o u l o w t e r  and 
in the i n t e r p r e t a t i o n  of t h e  r e s u l t s .  

1.5 Since t h i s  method does not  i d e n t i f y  ind iv idua l  components, it i s  
a d v i s a b l e  t h a t  c o q o u n d  r p e c i f i c  techniques be employed t o  de te rmine  the 

i n d i v i d u a l  components p re sen t  i n  oamples e x h i b i t i n g  c i g n i f i c a n t  EOX 

levels, u n l e a s  t h e  n a t u r e  of t h e  o a q l c  1s a l ready  known. 

2 .  SU-T Qf HethOd 2.1 

A l-grarp Aliquot  of a s o l i d  sawle is e x t r a c t e d  with e t h y l  a c e t a t e  by 
sanification t o  I s o l a t e  organic  ha l ides .  

is  i n j e c t e d  i n t o  a p ~ t o l p b i s  furnace using 4 stream Of C 0 2 / 0 2  and the 

hydrogen h a l i d e  (HX) pyrolysis product in determined by microcou lomet r i c  
t i t r a t i o n .  - 

A 23-uL a l i q u o t  of t h e  e x t r a c t  
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. .  .. 

as a p o t e n t i a l  h e a l t h  hazard.  

them c a l s  m u s t  be reduced to t h e  lovest poss ib l e  l e v e l  by vha tcvcr  means 

a v a i l a b l e .  
awareness f i l e  of OSHA r egu la t ions  regard ing  t h e  safe handl ing of t h e  
chemicals  used in t h i s  method. A r e f e r e n c e  f i l e  of m a t e r i a l  handl ing  
d a t a  s h e e t s  should a l s o  be made a v a i l a b l e  t o  a11 personnel  involved i n  
t h e  chemical  a n r l y s i s .  

been i d e n t i f i e d  (4-6) f o r  t h e  infoxmation of the ap.1y.t. 

From t h i s  v ievpoin t ,  exposure t o  these  

The l abo ra to ry  is r e spons ib l e  f o r  m i n t a i n i n g  a currenc-  

Addi t iona l  r e fe rences  t o  l abora to ry  s a f e t y  have 

4 . 2  C e r t a i n  EOX compounds a r e  t e n t a t i v e l y  classified as k n m  o r  suspec ted  

human or  m-liam carcinogens.  

carbon t e r r a c h l o r i d e ,  chloroform, l , 4 4 i c h l o r o b e n z e n e ,  v i n y l  c h l o r i d e ,  

po lych lo r ina t ed  b iphenyls ,  a-BHC, 0-BHC, 6-BHC, y-BHC, and L,L'-DDT. 

Primry s t anda rds  of t hese  conpounds should be prepared i n  a hood. 
NIOSH/HESA approved t o x i c  gas r e s p i r a t o r  should be  worn when t h e  a n a l y s t  
handled h igh  concen t r a t ions  of t h e s e  t o x i c  conpounds. 

These inc lude  (but  are not l i m i t e d  t o )  

- 

A' 

c 

5 .  A x t a r a t u s  2nd K z t e r i a l s  ( A l l  s p e c i f i c a t i o n s  are suggested. Catalog 

nr?mDers are included € o r  i l l u s t r a t i o n  only.)  

5.1 Sampling equipment, f o r  d i s c r e t e  sampling. 
.- 

5.1.1 Vial - 25-mL c a p a c i t y  o r  l a r g e r ,  equipped v f t h  a screw 
cap w i t h  h o l e  in c e n t e r  ( P i e r c e  113075 o r  equ iva len t ) .  

Detergent  vash ,  r i n s e  wi th  t a p  and d i s t i l l e d  vater,  and 

d ry  a t  105'C be fo re  use. 

5.1.2 Septum - Teflon-faced s i l i c o n e  (P ierce  012622 o r  e q u i v a l e n t ) .  

Detergent  vash ,  rinse v i t h  t a p  and d i s t i l l e d  water ,  and 
dry a t  10S'C f o r  1 hour be fo re  use. 

5.2 Hodi f ied  Dohrmann m i c r o c o u l o o c t r l r t i t r a t i o n  system DX-20, o r  equfva lenc ,  

con ta in ing  che fo l lowing  components: 

5.2.1 Solvent i n j e c t i o n  system 

5.2.2 Pyro lys i s  fu rnace  
5.2.3 i f : racion cell. 

106 



t a l i b r a  - 
k s t m b l t  t h e  so lven t  i n j e c K i o n / p y r o ~ y s i s / ~ c r o c o u ~ o l # c t i c  t i t r a t i o n  

apparacus s h a m  i n  Figure 1 in accordance wi th  t h e  manufac turer ' s  

e p c c i f l c a t i o a o  and t h e  mod i f i ca t fon t  sham. 

300 &/minute and t h e  02 flow t o  100 d./mlnurc us ing  rhe auxiliary flov 
c o n t r o l l e r s  (bypass the DX-20 f lar c o n t r o l l e r s ) .  The p y r o l y r i s  furnace 

should  be set a t  800 z l O ° C .  

t u b e  o u t l e t  and fill v f t h  e l e c t r o l y t e  (70Z a c e t i c  a d d ) .  

Turn on t h e  i n s t r u s e n t  and a l l w  t h e  gas  flws and tempera tures  t o  

r t a b l l i r e .  When t h e  background c u r r e n t  of t h e  t i t r a t i o n  cel l  has 
s t a b i l i z e d  t h e  ins t rument  is ready f o r  use. 

C a l i b r a t e  t h e  m i c r o c o u l o w t r i c  t i t r a t i o n  e.vstea f o r  C1- detection by 
i n j e c t i n g  va r ious  amounts of t h e  sodium c h l o r i d e  c a l i b r a t i o n  s t anda rd  

d i r e c t l y  i n t o  t h e  t i c r a t i o n  cell and f n t e & r a t i n g  t h e  response  us ing  t h e  
POX i n t e g r a t i o n  mode. 

t h e  range of expected ranrple coacentrationo and should alvmym be l eos  
t h a n  80 ug Cl-. Over t h e  tange 1 - 80 sg C l -  t h e  i a c c g r n t e d  r e m p c a c  

shou ld  r ead  vfthln  2% o r  0.05 ug (vhfchever  is l a r g e r )  o,C t h e  qu.'nzlrp 

i n j e c t e d .  I f  t h i s  c a l l b r a c i o n  requirement  is not utet ther;  t h e  lns t r rnscnt  

sensitivity parameters should be a d j u s t e d  according to t h e  manufac turer ' s  

apedf i ca t ioar  KO achieve a c c u r a t e  response. 

Check the perfo-nee of t h e  ent i re  a n a l y t i c a l  system by i n j e c t i n g  t h r e e  
25-uL r l i q u o t r  of the tr iddoroknrtne  c lr l lbratt  utandard i n t o  the 

fu rnace  a t  a r a t e  of 1 &/second. The mean of t h e s e  t h r e e  a n a l y s e s  
should  be 2.2 - 2.8 ug C2 and the percent r e l a t i v e  s t anda rd  d e v f a t i o n  

should be 52 o r  less. If t h e r e  criteria a r e  not mcc Khc system should be 

checked a s  desc r ibed  in t h e  instrument maintenance rnrrnurl in o r d e r  KO 

i so la te  t h e  problem. 
Perform a blank e t h y l  a c e t a t e  i n j e c t i o n  (ZS-uL) each day. 

i n t e g r a t e d  response is g r e a t e r  t h a n  0.1 ug C1-, then  t h e  ey~tcm should be 

checked for sources  of conramlnation- 

Adjust  t h e  cO2 flow t o  

At tach  t h e  t i t r a t i o n  cell t o  t h e  p T l r s i s  

The rauac  of - sodium c h l o r i d e  amounts- should cover  

If t h e  
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8.5 

i i ,  
9 .  

9.1 

9 -2  

9.3 

10 . 
10.1 

8.2.3 Calcu la t e  t h e  average Percent  r e c o v c q ,  (El), and the s t anda rd  

d e v i a t i o n  of t h e  pe rcen t  recovery (SI, for t h e  r e s u l t s .  Soil 

background c o r r e c t i o n 8  -St bc made before  R and S calculations 
are  p c r f o m d .  

8.2.4 Using the  a p p r o p r i a t e  d a t a  from Tab le  2 ,  determine t h e  

recovery and s i n g l e  ope ra to r  p r e c i s i o n  expected f o r  t h e  

method, and compare theoe r e s u l t s  t o  t h e  va lue r  m u u r e d  in 

analyzed as desc r ibed  i n  Sec t ion  8.2. If the recovery f o r  a 
particular parameter  does n o t  f a l l  v f t h i n  t h e  c o n t r o l  limits for 

method p e r f o m a n c e ,  t h e  r e s u l t s  r epor t ed  f o r  t h a t  parameter in a l l  
samples processed as p a r t  of t h e  same set  must be q u a l i f i e d  a s  

descr ibed in Sec t ion  11.3. 
quency of data so q u a l i f i e d  t o  ensu re  t h a t  i t  r e m i n s  a t  o r  below 52. 

The l a b o r a t o r y  should monitor t h e  fre- 

Each day, t h e  a n a l y s t  m s t  demonstrate, through t h e  a n r l y s i e  of, 

uncontatainated soil, t h a t  i n t e r f e r e n c e s  frep the a n a l y t i c a l  oystcrn are 

under con t ro l .  

Sample CclZect fon ,  P r e s e r v a t i o n ,  and Handl ing 

A l l  samples rmst be i c e d  or r e f r i g e r a t e d  from t h e  time of c o l l e c r i o n  

u n t i l  a n a l y s i s .  

Crab saruples mst be c o l l e c t e d  in glass c o n t a i n e r s  having a t o t a l  volume 

of a t  least  25 d. Fill the s a u p l e  bot t le  as c o q l e t c l y  as possible t o  

nrfnimirc headspact u n t i l  time of a n a l y s i s ,  

If the a n a l y s i s  is t o  be conducted on ouspended solids from a wascewater 

s a q l e ,  i s o l a t e  t h e  solids by c e n t r i f u g a t i o n ,  ve igh  t h e  vet s o l i d s ,  and 

a n a l y z e  i m w d i a t e l y .  Determine the d t p  weight of a separate p o r t i o n  of 
t h e  w e t  solids by h e a t i n g  ove rn igh t  a t  l l0 .C.  

Sarnofc Analysis 

Calibrate and check system p e r f o m n c e  d a i l y  as descr ibed i n  S e c t i o n  7. 
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11.2 Report r e s u l t s  i n  m i c r o g r a s  per  gram. -en d u p l i c a t e  and sp iked  s a q l e s  - - t  
are analyzed, r e p o r t  a11  d a t a  obtained wi th  t h e  o w l e  r e s u l t s .  

11.3 For samples processed as p a r t  of a set where t h e  spiked sanrple recovery 
f a l l s  o u t s i d e  of t h e  c o n t r o l  lilrits which w e r e  establ imhed accord ing  t o  

Sec t ion  8.3, d a t a  for t h e  a f f e c t e d  parameters mst be l a b e l e d  as suspec t .  

11.6 I f  t h e  aqutorrs p o r t i o n  of a water  sample, from which t h e  suspended r o l i d s  
are k i n g  analyzed, is expected t o  con ta in  high levels of organ ic  h a l i d e ,  

a 1-ml. a l i q u o t  of t h e  cen t r i fuged  sample should be analyzed. 

d a t a  mst then  be c o r r e c t e d  us ing  t h e  f o l l w i n g  equation: 

The s o l i d s  

- &OX ( c o r r e c t e d )  - EOXS - EOXy x - 
vD 

vhere :  

EOXs. -  &OX i n  w e t  solids, bg/g as C1 

E O X ~  - EOX i n  water sample, d g  as C 1  

Us = Wet weight of s o l i d s ,  gram 
i 

UD = Dry weight of s o l i d s ,  grams 

12. Method P e r f  o-acc 

12.1 The nethod detection lidt (mt) is def ined  ab the etninnrrn concen t r a t ion  
of 8 subs tance  t h a t  can be measured and r epor t ed  v i t h  99X c o d i d e n c e  t h a t  

the v a l u e  is above zero. 
e t h y l  a c e t a t e  s t a n d a r d s  (3 ) .  
ysis w i l l  v a v  depending on i n s t r u u n t  sensitivity and matrix e f f e c t s .  

12.2 This method ' i s  recormended f o r  use i n  t h e  concen t r a t ion  range .  f rom *the 

An WDL of 10 ugfg was obtained u s i n g  injected 

The HDL a c t u a l l y  achleved i n  a given  anal-  

HDL up t o  1000 x mt. 
12.3 I n  a s i n g l e ' l a b o r a t o v  ( B a t t e l l e  Columbus L a b o r a t o r i e s ) ,  u s ing  s o l i d  

sp iked  a t  var ious  levels.  the  average r ecove r i e s  presented  in Table 1 

w e r e  ob ta ined  ( 3 ) .  
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.. 

11.2 Report r e s u l t s  i n  mlcrogranra per gram. When d u p l i c a t e  and spiked s a q l  ? 
are analyzed, r e p o r t  all d a t a  obtained wi th  the ca0ple r e s u l t s .  

11.3 For samples processed as p a r t  of a se t  where t h e  spiked s a q l e  recovery 

f a l l s  o u t s i d e  of t h e  c o n t r o l  limits which w e r e  e s t a b l i s h e d  according to 
Seccion 8.3, d a t a  f o r  t h e  a f f e c t e d  parameters EUSC be l a b e l e d  as suspec t .  

1 1 . 4  If t h e  aqueous p o r t i o n  of a vater sample, from which t h e  suspended solids 

are being analyzed, is expected t o  c o n t a i n  high l e v e l s  of o r g a n i c ' h a l i d e ,  

a l-d, a l i q u o t  of the cen t r i fuged  sample should be analyzed. 

d a t a  a u s t  t hen  be c o r r e c t e d  us ing  the f o l l w i n g  equation: 

The s o l i d s  

i 

EOX ( c o r r e c t e d )  - EOXS - EOXW x - 
vD 

vhere:  

E O X S . -  EOX i n  vet s o l i d s ,  ug/g as Cl 

EOX" - EOX i n  vater sample, ug/g as C1 

Us - U e t  v e i g h t  of s o l i d s ,  grams 

. .  

. I .  

UD - Dry weight of solids,  grams 

It. Method P e r f o m a n c e  

12.1 The method d e t e c t i o n  limit (WL) is def ined  as the  ulnlnarre conccntraclon 

of a subs t ance  that can be measured 8nd r epor t ed  wi th  992 coa f idence  t h a t  

the v a l u e  is above zero. 

e t h y l  a c e t a t e  s t a n d a r d s  (3) .  
ysis vi11 v a v  depcndfng on i n s t rumen t  s e n s i t i v i t y  and austrix e f f e c t s .  

12-2 T h i s  mechod'fi  rcconsnnded f o r  uae i n  t h e  concen t r a t ion  r ange - f rom *the 

An HDL of 10 ug/g vas obtained using i n j e c t e d  

The HDL a c t u a l l y  achieved i n  a given anal-  

HDL up t o  1000 x M)L. 
12.3 I n  a s i n g l e ' l a b o r a t o v  ( B a r t e l l e  Co~unbuo L a b o r a t o r i e s ) ,  u s i n g  solid 

spiked a t  va r ious  levels. the average r e c o v e r i e s  presenced i n  Table  I 
w e r e  obcalned ( 3 ) .  

T 
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US Testing 

Analytical Method 
Group Codes 



, I 

I 

Coinonly 
C a l l e d  

ICP 
Metals 
(unf i I tercd /  
f i I b r e d )  

ICP 
U e t a l s  
(Enhanc cd) 
(unf i I tered /  
f i I tercd)  

(unf i l t / f  i It) 

(unf i I t / f  i It) 

(unf i l t / f  i It) 

(unf i It/f i It) 

(unf i It/f i It) 

IIAZARDOUS SUOSTANCE ANALYSIS - U.S. TESTlNO 

Constl tuen t  
/ 

Zinc 
Ca  I c  i u r  
Barium 
Cadniur 
Chrom i u r  
S i l v e r  , 

Sodium 
Nicke l  
Copper 
Vanadiur 
Aluminum ' 

Uanganese 
.Potass iur 
I ron , 

Uagnor iu r  

A l l  ICP Yetilr (see above) 
Dery I I iur 
Osmiun 
SLront i urn, 
Antimony 

Lead 

Arsenic 

Uercury 

Selenium 

TliaI  I i u r  

uDc I PPb 

6 
50 
6 
2 

10 
10 
IO0 

10 
10 

5 
150 

6 
100 
50 
60 

6 
300 
300 
100 

- 6  

6 

0 .1  

6 

10 

Conrt i tuent 
Code 

A04/lll8 
A0S/l119 
A06/li20 
A07/1121 
A08/1122 
Al0/ll23 
A11/1124 
A12/1125 
A13/1126 
Al4/ll27 
A16/1128 
A17/1129 
A18/I130 
A I9/ll3 1 
A50/1132 

A01/1133. 
A02/1134 
A03/1135 
A15/1136 

A51/1141 

A20/1137 

A2l/ll38 

A22/113B 

A23/1140 

Group 
Code - 

726/140 

726/141 

I 

'l0/86 

Sample 
S ize  ' Yethod 

1 L P  SW-846, 16010 

1 1 P  Si-846, (6010 

. .  
I 0 1  . ,.... 

* 

FY 1987 
U n i t  P r i c e  

98 

100 

600 r j  P SY-846, (7421 22 

600 Bl P Si-846, 17060 22 

42 I: 
'. 

500 r [  0 51-648, 17470 

22 Si-846, (7740 600 a1 P 

600 a! P Si-846, (7840 22 



Comaon 1 y 
C a I  l ed  Const i tuent  

Endrin 

Toxaphene 
Lindane (and Isomers) 

r e s t i c i d c s  Uet l ioxyclor 

A l l  P e s t i c i d e s  (see abovo) 
4,4 ' - DDD 

P e s t i c i d e s  4 , 4 '-DDE 
(Enhanced) . 4  I 4 '-001 ' 

I lcptach l o r  
I lcptach l o r  cpox i d s  
D i e l d r i n  
A l d r i n  
Chlordane 
Endosul fan I , I I  
Chloroben i i  I a t o  

Po I ych l o r  ina  t e d  O i  plieny I I 

l l c r b i c  idea 2.4-D 
2,4,S-TP S i l v e r  

l le rb ic  ides AI I I le rb ic ides  (see above) 
(Enhanced) 2,4,6-T 

Te t rae thy  I pyrophospha t o  
Carbophenothion 

! Phosphorus D i  su  I f oton  
OiaelhoaLc 
UcLhyl Para th ion  
Para th ion  

Pes l i c  i der 

Wc, PPb 

1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

100 

1 

1 
1 

1 

100 
2 
2 
6 
2 
2 

c o n s t i t u e n t  
Code 

A31 
A3 4 
A35 

A36-A39 

A40 
A 4 1  
A42 
A43 
A4 4 
A46 
A 4 1  
A48 

A49,A52 
C62 

A54-AB0 

Ill3 
1114 

1116 

C61 
C63 
CG4 
C65 
C68 
(67 i 

Group Saaple , 
Code S i t e  - 

728 2 1 0  

729 2 1 0  

739 

738 

137 

734 

FY 1987 
Uethod U n i t  P r i c e  

SW-846, 18000 112 

S1-846, 18080 198 

2 1 0  SI-846, d8880 126 

2 l o  51-846, 18150 112 

z l o  112 
1: 

. .  



Croup Saip le * FY 1987 
Code S i r e  Method Unit P r i c e  

Cons t i t uen t  
UDC I PPb Code - Cormonly 

Ca l l ed  Const i  t u e n t  

Tct rachloro ic thane 
Ue thy l e thy  I Ketone 
1 , 1 , 1-tr ich loroethane 
1, l I 2 - t r i ch lo roe thane  
1,1 , 2 - t r  i c h  l o r o e  thy l cne  
Perch loroethy I ene 
Xy I ene 
Ch lo ro fo r r  
, Ue thy lane Ch I or i de 

10 
10 
10 
10 
10 
10 
i a  
10 
10 

l a  

A6 1 
A64 
A67 
A68 
At9 
A i a  

814,A71 
A00 
A93 

V o l a t i l e  
Organics 
(VOA's) 

730 169 

40 r! 0 SI-846, 18240 267 A I  I' V o l a t i  l e  Organics (see above) 
Add i t iona I 9905 VOAs 

(see l i s t  attached) 

731 VOAs 
(En h anccd) 

cs4 
c55 
c57 
c79 

, llexachlorophsne 
Naphtha I one 
Phenol . 
Kerosene 
Ch lo r ina ted  Benrenes 

' 1,2-dtchlorobenzene 
1,3-dichlorobenzene 
1 , 4-dichlorobenrene 
hexachlorobenrene 
pcntachlorobenrene 
1,2,4,S-tetrachlorobcnrena 
1,2,4-trichlorobenzene 
1,2,3- t r i th lorobenrcne 
1,3,6-tr ichlorobcnrcne 
1,2,3,4-tetrachlorobenrene 
1,2,316-tetrachlorobenzone 

86 1 
062 
063 
009 
C26 
c37 
CIJ 
C56 
C58 
c59 
c6a 

Ac id/Oase/ 
Neut r a  I a 
(ABNs) 

z f a  SW-846, {e270 253 732 

I 

.'. 
I: 

407 A I  I Acid/Oaso/tleutrals (see abovo) 
Add i t i ona l  9805 AONs 

(see l i s t  attached) . 

733 Antis 
(Enhanced) 10 

63 1157 

' *  
Phenol 1 



C o n r t i  tuerr t  Group 
Code - Code 

A97, A98,019, 
CS3,CB8-CB0 I 

CB4-I112 
C63 

Simple FY 1987 
Sire  Uolhod U n i t  P r i c e  

40 11 0 . In-house 7 1  

Commonly 
C a I  l e d  C o n r t i  t u e n t  

D i r e c t  Aqueous I n ] e c t i o n  
(see l i s t  attached) 

l lydraxine 30 112 

Thiourea 200 A24 60 .I a S1-848, (8336 
( r o d i l  led) 49 

.Thiourea 
l - a c c t y l - 2 - t h i o u r e 1  
1-(0-chloropheny I) th iourea  

Thiourea D i t t h y l s t i  l b e s t e r o l  
(Enh anccd) Ethy leneth iourea  

.H-plieny I thlourea 
1-napthy I -2-th i ourca 

200 
208 
206 
200 
280 

280 
zae 

A24 
A26 
A28 
A27 
A28 
A29 
A32 

s1-84e, te33a 225 
(modi f ied) 

60 DI a 

2 1 8  

1 l o  

C87 AOAC 134.0156 18 

42 

332 

C i t r u s  Red 12 

Cyanide 

D i o x i n  

10 c70 S1-848, 119016 

WA 1613 8.1 COB 

TOX ( a v a i l a b l e  2 de t .  lovols)  100 
20 

' C60 
1142 

51-848, 10028 
51-848, (0820 

18 
78 

C69 760 11 0 SLI 1505 TOC 18 

768 If D T o t a l  Carbon H1e su (515 

SY 12090 

18 

10 600 D f  P Total Disso lved S o l i d s  H I 7  

I 

.. 



..A , 

Const i tucnt Group Samp I e 0 FY 1987 
Cod0 Code Size Uethod Unit P r i c r  

600 
600 
600 
600 

1PP. 

N i t r a t e  
S u l f a t e  

Ions F l u o r  ido 
Ch lor ide  
Phosphate 
(HOT€ - each ion  a v a i l a b l e  

s i n g l y  f o r  142) r .  

125 rf P In-house (Ion 78 
Chromatography) C76 

C76 

SW-846, 19038 28 

E4 

lPPm C78 , S u l f i d e  

lor 
' P e r c h d a  t o  In-house (Ion 

Chromatography) 
1PPE , c77 

SU 1417E 22 

49 

11 

Ammonium Ion 60 C80 

Ethylene Olycol  In- house l0PPE C81 

SU I908A 2.2opn 109 C o l i f o r r  Bac ter ia  

Rad i ua EPA Uethod 
1 ~ 3 . 8  I p C i / /  , 181 1 t r  

1 f P  

135 

42 
E P A  Ncthod 
680/4-75-001 

Gross Alpha 
4 p c i / l  212 

EPA Ucthod 
680/4-75-001 

Cross Oeta  
1 .I P 

60 m f  

25 

0 

8 p c i / f  111 

199 

191 

PI1 

S p e c i f i c  Conductance e 

I 
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US Testing 

Hazardous Substance 
Constituent Codes 



A 4 6  
us7 
fi40 
A 4 3  
G 7 I:) 
-5 1 

berylam 
o s m i  u m  
o t ranuin 
z inc 
calcium 
barium 
cadrni utn 
chrornurn 

si 1 ver 
sod i ubn 
n i c k e l  
copper 
vanrdum 
ant iony 
a1 uinnum 
Inanqesm 
p o t  asum 
a r m  
d f S B n l C  
mercury 
s o l  enurn 
t h a l  L u n  
thioura 
acstrea 
chl orea 
d i e t r o l  
e t h y r e r  
naphrea 
n i  trrea 
nr t r m o t  
phenrea 
endrin 
msth lw 
to,: aene 
r -BHC 
b - P K  

d-PHC 
D D D  
D O E  
D D T  
hep t lo r  
hept ide 

q-BHC 

d i e l r i n  
aldrin 
chloane  
ando+an 
maqnes 
1 eadqf 

b w y l l  i dn 
osmi uln 
s t ron t i utn 
z inc 
calcium 
bar  i u m  
cadmium 
chromium 

s i  1 ver 
sod i utn 
n i c k e l  
COPPW 
vanadium 
ant 1 m o n y  
a1 urn1 n u m  
~nana aneso 
potassium- 
1 ron 
srsanic 
InWCw-'/ 
sal en1 urn 
thdl1 rum 
th ioursa 
l-acetyl-2-thiuurea 
l-(a-chloraphsnyl J th iourea 
d i e t h v l s t t  1 basterul 
ethylenathiourea 
l-oaphthyl-2-thioursa 
N-ni t r o s o - N - e t h y l u r e a  
N - n i  troso-N-tmthyl urea 
N-phenyl th iourea 
endrin 
m a t h o x  ychl ar 
t ox ap hen 8 
alpha-bHC 
beta-BHC 
gammir-BHC 
del ta-dHC 
D D D  
D O E  
DDT 
h ept ach 1 U r  
hep t ch 1 o r  SpOx 1 de 

d i e l d r i n  
a l d r i n  
t h 1 o r  dane 
andosul fan 
rnaqnesr urn 
load (graph1 ts furtndcd) 



A 5 4  
A 3 5  
A 5 6  
A S 7  
AS 8 
A S 9  
A 6 0  

a62 
a63 
A 6 4  
G6S 
A 6 6  
467 
406 
A 6 9  
A 7 0  
A 7  1 
A 7 2  
A 7 5  
A 7 4  
A 7 3  
A 7 6  
477 

A 7 9  

A S %  
A 8 2  
A83 
A 8 4  
A 8 5  
AB6 
A 8 7  
A 8 8  
A 8 9  
A 9 0  
A9 1 
A 9 2  
a95 
A 9 4  
A 9 5  
A 9 6  
A 9 7  
A 9 8  
A 9 9  
BO 1 
992 
PO3 
PO4 
50s 
I306 

ab i 

a70 

aeo 

A R 1 0 1 6  
A i l 1 2 2 1  
A R 1 2 3 2  
A R 1 2 4 2  
AR1248  
A R 1 2 S 4  
A R 1 2 6 0  

tetrane 
benz one 
di o x  one 
mothone 
pyridin 
to1  uene 
t.l.1-t 
1.1.2-t 
trrcene 
p ec c one 
opxyle 
acral i n  
ecryile 
bl sther 
bromone 
mothbr 0 
carbide 
chlbent 
chi thew 
chl+or? - 
methchl 
chmtnor 
crotona 
dibrchl 
dibreth 
dibrmet 
dibutrn 
dicdifm 
1, L-dic 
1.2-dic 
trandco 
dicethy 
mothych 
di  cprno 
dtcpenm 
NNdi ehy 
1. l - d i m  
1 ,Z-dim 
hydrsul 
i o d o m t  
mothacr 
mmththi 
prntach 
11 lZ-tc 
11ZZ-tc 

8(:)8 bromorm 
E09 t r c me0 1 
!310 trcn+lrn 
B11 trcpano 
312 123-trp 
P1.5 v i n y i d e  

Arochlor 1 0 L 6  

Arochlor * ' - 2 1  
A c o c h  lo t  1 2 3 2  
Aroch lor 1 2 4 2  
Arochlor 1 2 4 8  
Arochlor 1 2 5 4  
Arochlor 1260 

t et r  ach 1 orornothano 
bontone 
dioxane 
methyl ethyl ketone 
pyrrdino 
toluene 
l,l,l-trichloroothano 
1.1,Z-trichloroethrno 
trtchl oroethylme 
perrhlororthylorro 
X Y l ~ W * P  
rcrol o i  n 
acrylonitrile 
bis(chloromothy1) s t h w  
bromoacotonm 
mothy1 bromido 
carbon d i w l f r d o  
e h 1 orobmz eno 
2-chloroethyl v i n y l  ether 
c h 1 ora+ orn 
mothy1 ch-lorrdo 
chloromrthyl methyl s t h w  
crotonaldehydm 
I . l - d i b r o m o - 3 - c h l o r O p r ~ p ~ n ~  
1 ,t-dibromoethrnu 
d i bromomethano 
l,+drchlaro-2-butenm 
di chl orod a + 1 uoromothme 
t 1-drchloroethano 
1 ,Z-dichlorouthon~ 
t r a n r - l , ~ - d i c ~ l o r a e t h ~ ~  
1.1-dichloroothylene 
mmthylamu ch lor ide  
1 ,Z-drchlof oDropan* 
1,34ichloropropme 
N,N-di ethyl hydra- &ino 
1.1 -dimethylhydrazine 
1 *:-dimethyl hydra:rne 
hydroqm sulfide 
iodomothane 
methacry I on i trl 1 e 
methanethi.rd 
pentachl ororthmo 
i,l,l,~-tetrachlorethano 
1 1 ,=,=-totrachloreth~ne 

bromo+.orm 
trichlofomethanethlol 
trichloromonofluoromothan~ 
trichloropropane 
1,2 ,.;-trlch Laropropeno 
vinyl chloride 



P14 
81s 
P19 
BZO 
P2 1 
822 
823 
BZ4 
8:s 
826 
027 

929 
830 
E31 
852 
833 
834 
BSS 
656 
837 
038 
BZ9 
0 40 
84 1 
04'2 
843 
E44 
833 
846 
847 
848 
B49 
859 
BS 1 
832 
855 
834 
0ss 
BS6 
857 
8sa 
8S9 
B60 
36 1 
P62. 
B65 
B64 
I365 
866 
E67 
600 
B69 
Ec 70 

0za 

y 1 8 
diethv 
ace t i  19 
acetone 
wocFrin 
aceCene 
aminoyl 
a m i  i sox 
a m i  t r o l  
a n i l i n e  
d r a m 1  ta 
a u r a m i  n 
benzcac 
ben: pan 
bendicm 
benthol 
bondine 
bmn:bf 1 

pben:qu 
b m r c h l  
b i  s 2 h m  
b i  r2cho 
bi%Zrsph 
brophen 
butbonp 
butdrnp 
chaleth 
ch-1 an i 1 
c h l c r e i  
chl  epox 
chlnilph 
c h l p h m  
chryson 
c reso ls  
cychdin  
d ib rh rc  

d ibahm 
dibcqca 
dibaeey 
di bahpy 
dibarpy 
di bphth 
12-db- 
1 5 - d b ~  
14-dbeo 
dichben 
Zq-dchp 
26-dchp 
diephth 

d i m e t h b  
d 1 :neamt, 

bW=Jf1  

d l  ba J aC 

dl h V . S a f  

:: y 1 +n e-m 
dr ethvl ar s i ne 
a c e t o n i t r i  Is 
acetophenone 
wrrf ar  i n 
2-acetylaminof luorene 
4-aminobvphsnyl 
S-(aminomothyl ) -5- iaoxato lo l  
ami t r o l s  
analrne 
aramr te 
a u r a m i n m  
b m r C c l a c r i d i n r  
bentCalanthracmno 
benr m m  , d i ch 1 or  omot hy 1 
bentenethoi 1 
benz 1 dine 
bmnr o C b 3 9 1 uor an t hone 
bentoCJ3f luorrnthmo 
p bentoquinono 
benzyl c h l o r i d e  
b i s ( 2-ch 1 oroothox y 1 mot h m o  
b is(2-ch loromthy l )  ethmr 
b is(Z-ethy lhmy1)  p h t h r l r t m  
4-bromphmyl  p h m y l  ether 
b u t y l  bonty l  ph tha la te  
Z-sec-butvl-4,6-dinitrophenol 
ch lo roa l  k y l  ather s 
p-c-hloroanil ine 
p-chloro-m-cresol 
1 -ch 1 or  0-2 * 3-epox yprop ane 
2-chloronaphthalane 
2-Chlorophenol 
chryrone 
cresol 3 
2-cycl ohex y 1 -4 * 6-d  i n i tropheno 1 
d i  hen: Ca , h I acr i d i n s  
di bwnz I: a J 3 acr i d i ne 
di bmn= C a, h 3 ant hr ecen e 
M-di ben=oCc .glcarbazol e 
diben=oCa.alpyrme 
diberv=oEa.hlpyrene 
diben:oCa,rlpyrene 
di-n-butyl ph tha la te  
1,Z-dich 1 or0bert:env 
1 ,Z-di ch1oroben:ene 
1 , $4 i ch 1 or oben: ane 
-I, 
2,4-dichloropnenol 
2,b-d~ C h  1 Of OphenOl 
d i e t h y l  p h t h a l a t e  
da hydt O S a f r Q l 8  
3 Z ' -d i m e t  ho:: yben: 1 d I n e  

-. -.. -d i ch 1 orobenz 1 d i  ne 

p-dimethylamlnoa~oben-L -=me 



871 
E472 
B75 
074 
875 
876 
877 
878 
879 
600 
88 1 
B B 2  
883 
884 
B 8 S  
886 

888 
E 8 9  
890 
89 1 
892 
E93 
894 
B9S 
096 
897 

899 
cot 
COZ 
COS 
C64 
cos 
C06 

a s i  

a98 

CQ7 
CO8 
c09 
C l O  
Cll 
c1z 
c13 
Cl4 
Cll 
C 1 6  
C 1 7  
C18 
ClY 
CZO 
CZ t 
C22 
C Z 3  
C24 

di mbon: 
dimoylb 
thionox 
dimpham 
dimphen 
dimphth 
dinbernz 
diner- 
dinphrn 
24-di nt 
26-dint 
diophth 
diphami 
diphhyd 
diprnit 
othmr no 
othmoth 
fluoran ’ 

hoxcbon 
hoxcbut 
hoxccyc 
Rexceth 
indmop 
a sosol e 
mal oi 1 e 
molphai 
mothapy 
mothnyl 
motatrr 
met c hen 
-motbi sc 
met ac to 
matacry 
motm?iul 
m e  tpt-op 

moth i ou 
naphqui 
1 -n apho 
“L-napha 
nitranr 
n i  tbenz 
ni tphen 
nnrbuty 
nnidaor 
nn i d i e y  
nnidtmo 
nnimeth 
nnruret  
nniviny 
nnimorp 
nninico 
nniprpe 
ni trpyr 

7,l~-dimmthvlbontCaJanthracene 
3,s ’ -d i methyl benz r di ne 
thi of anon 
alphd~alPha-dimethylphen~thylamrne 
2,4-dimmthylphmol 
dimmthyl phthalate 
din1 trobemmno 
4,6-dinitro-orrm%ol and salts 
2 * 4-dini trophonol 
2.4-dini trotoluene 
2 * S-d i n i trot01 uono 
di-n-octyl phthaloto 
diphonylrmtno 
1 * 2-diphonyl hydratino 
dr -n-gropyl nr troraarr no 
ethyl moiar n m  
othyl mothmeurlfonrto 
f luormthono 
hox ich 1 wobont onr 
hox ach 1 or obu t ad i en* 
hex rch 1 orocyc 1 o p w  t r d i  m m  
hon ech 1 w o o t  hano 
~ndono(t,=,S-cd)pyrro 
i rooa+rol e 
malononi tr i 1 e 
me1 phal an 
mothapyrr lone 
mRthOlony1 
2-mothy 1 az i r i d i ne 
S-mothylchol anthrme 
4,4’-mmthylanebrs(2-chloroanilrno~ 
2-mothyllactonitrile 
methyl mothocrvlato 
mmthyl mothanorulf onato 
2-methyl-Z-(msthyl thio) propionaldehyde-o 
(mothy1 car bony 1 1 ox 1 m e  
methylthiouracil 
1,4-naphthoqurnone 
1-naphthyl amine 
2-naphthyl a m i  no 
p-ni troani 1 ine 
n r t r o b m t r n o  
4-1 trophenol 
N-nr trorodi-n-butyl amine 
N-rri trosadiothanolamrno 
N-ni trosodiethyl ami no 
N-nitro~odimmthyl~mrne 
N-nitroromothylethyla~~n~ 
N-n 1 troso-N-methy 1 uret h ane 
N-nrtrosomrthylvlnylaminm 
N-nitroromorpholrnff 
N-nitrosonornicotine 
N-n i trosopr por i da ne 
n i  trosopyrrolidine 



--W 
'4-d 

C26 
cz7 
c20 
CZ9 
czo 
c5 1 
C Z 2  
C'53 
C.31 
C X  
C'sr6 
C 3  
C38 
C Z 8  
c 40 
c4 1 
c42 
c43 
c44 
c4s 
C46 
c47 
C48 
c49 
CSO 
cs 1 
C 5 2  
cs3 
C f 4  
CSS 
CS6 
c57 
CSa 
c's9 
C 6 0  
Cbl 
C62 
C 6 5  
C64 
C6S 
Cb6 
C67 
C 6 8  
C 6 9  
C10 
C7 1 
C72 
c77 
c74 
c73 
C76 
c77 
C78 

n i  t r t o l  
pontchb 
psntchn 
pentchp 
phenkin 
phentne 
phthest 
p i c o l  rn 
pronido 
r e r e r p i  
resorer 
sa+ro l  
t e t r chb  
TCDQ 
t e t r chp  
thiuram 
t o l u d i a  
otol hyd 
t r i c h l  b 
245-trp 
246-trp 
t r i p h o s  
symtr in  
t r rphos  
bentapy 
chlnaph 
b i d o t h  
hex den0 
hydraz i  
henachl 
naphtha 
12Z t r i  
phenol 
1SStri  
l Z 4 t O  
1235te 
t e thoy r  
c h l l o t o  
carbpht 
d i  su l  f o 
dimetho 
mothpor 
par a th i 
TOX 
TOC 
cyoni dr, 
formaln 
nr t r a t e  
s u l f a t e  
f 1 uor i d 
ch 1 o r 1  d 
phospha 
perchlo 
sulfide 

S-nitro-u-tolurdtne 
pent ach 1 orob en: en 8 
pent ach l o ron i  trobontene 
pent ach 1 oropheno 1 
p h m  ;Lc ot 1 n 
phmylenediamrno 
p h t h a l i c  a c r d  esters  
2-o ico l ino 
pranatntde 
rs rorprno  
reso rc ino l  
so9 r o l  
1,2,S,S-tetrachlorob~z~O 

~,~,4,6-totrachloro~hmol 
th iurom 
to luen -d i  a m i  ne 
o - t o l u i  d i  no hydrochl o r i  do 
1 , ~ . 4 - t r r c h l o r o b ~ t r o  
~ , 4 , S - t r i c h l o r o p h ~ o l  
2,4,6-trichloraphonol 
O,O,O-trimthyl phosphorothiorto 
sym-trini t r o b r z o n o  
trir(=,3-drbromopropyl) phosphate 
bemtofafpyrwe 
chl ornaphari no 
b i r ( 2 - c h l o r o r s o p r o p y l ) ~ t h ~  
hexachl oraprapme 
h ydr az i no 
hexochl orophono 
naph t ha1 ene 
1 , ~ , 3 - t r i c h l o r a b e n t m o  
phmnol 
1.3 , S - t r i  ch l  or  obenz eno 
1,Z.S. 4-tetrachl ar0ben:eno 
1.2. Z,S-tetrachl or oben:ene 
tetraethylpyrophosOhate 
c h l  o robmt  I 1 a te  
carbophenothrm 
dt  our f aton 
d i methoato 
mothy1 para th i  on 
parath ion 
t o t a l  orqonic halogen 
t o t a l  orqanrc carbon 
cyanide 
formal i n  
ni t r a t o  
sul+ate 
fluoride 
ch 1 or a de 
phosphate 
perch lorate 
su l f  rd*  

-.dr7.8-TC00 
L I .  



c79 
C80 
C81 
109 
181 
112 
I l l  
C 8 6  
C87 
C88 
C89 
C 9 0  
C 9  1 
c92 
c93 
c94 
c3s 
C96 
c97 
C 9 8  
c99 
HO t 

H03 
H04 
HOS 
HO6 
H07 
W8 
H09 
Hl0 
H11 
Hl2 
H15 
H14 
H1S 

keroson . 
ammon i u 
OthYglY 
colifrm 
radium 
alpha 
botr 
dioxin 
ei twSr 
cyrnbro 
cyanchl 
paroldm 
stryehn 
mal hydr 
nicotin 
acryidr 
allylrl 
chlor a1 
chlacet 
chJ.F)roP 
cymoqn 
dicprop 

et h c ar b 
othcyan 
ethon id 
othmmth 
4 1 uor OP 
glycidy 
i sobuty 
m e t f  i ne 
p r o w l a  
prawn0 
&, 4-9 
2,4, STP 
2.3.5-T 

k eroseno 
ammonium ion 
ethylmo glycol 
coli4orm bactmria 
radium 
gross alpha 
qrosr bota 
dioxin 
citrus rod 
cyanoqm bromi d m  
cyanoqm chloride 
paraldegydo 
strychnine 
maleic hydrizido 
ni 'cot in ic  acid 
act- yl amide 
allyl alcohol 
chloral 
chloroacrtrldohydm 
3-ch 1 oropr opi on i tr i 1 e 
cyanoqen 
dichlorooropwol 

ethyl carbamate 
ethyl cyanide 
ethylene oxide 
ethyl methacrylato 
f luoroacetic acid 
gl yci dyl a1 dehydo 
isobutyl alcohol 
mothy 1 hydra- &rne 
n-propyl a m i  ne 
2-propyn-1-01 
2.4-0 
2,4,5-TP si 1 vex 
L. 4.5-T -l 
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New C o n s t i t u e n t  a n d  G r o u p  Codes f o r  F i l t e r e d  Samp les  

Code 

H18 
H 1 9  
H 2 0  
H 2 1  
H22 
H23 
H 2 4  
H 2 5  
H26 
H27 
H28 
H 2 9  
H3 0 
H3 1 
H3 2 

H3 3 
H3 4 
H3 5 
H3 6 

H3 7 

H3 8 

H3 9 

H40  

H4 1 

C d L l h m B  

f z i n c  
f c a l c i u  
f b a r i u m  
f c a d m i u  
f c h r o m i  
f s i  1 v e r  
f s o d i u m  
f n i c k e l  
f c o p p e r  
f v a n a d i  
f a 1  umi  n 
fmangan  
f p o t a s s  
f i r o n  
fmagnes  

f b e r y l l  
f o s m i  urn 
f s t r o n t  
f a n t i m o  

f a r s e n i  

f m e r c u r  

f s e l e n i  

f t h a l l  f 

f 1 ead 

Graun 
z i n c  
c a l c i u m  
b a r i u m  
c a d m i  um 
c h r o m i u m  
s i l v e r  
s o d i u m  
n i c k e l  
c o p p e r  
v a n a d i u m  
a1  umi  num 
manganese 
p o t a s s  i um 
1 r o n  
magnes ium 

b e r y l  1 i um 
osmium 
s t r o n t i u m  
a n t i m o n y  

a r s e n i c  

m e r c u r y  

s e l  en  1 urn 

t h a l l i u m  

1 ead  

NOTE: E q u i v a l e n c i e s  f o r  D-samples: 

Filtered w 
G r o u p  7 4 0  Group  725 

G r o u p  7 4 1  G r o u p  7 2 6  

H3 7 
H3 8 
H3 9 
H 4 0  
H4 1 

A20 
A 2 1  
A22 
A23 
A 5  1 

7 4 1  



ADDITIONAL COHPOUND LIST 

H16 

I01 

IO2 

I03 

IO4 

TOTAL CARBON 

ACETONE 

HEXANE 

METHYLCYCLOPENTANE 

102 BENZENE DICARB 

I05 

I06 

I07 

. .  I08 

I09 

110 

111 

112 

113 

I14 

I15 

I16 

I17 

118 

I19 

I20 

121 

I22 

123 

124 

XYLIC 
BUTYL0 2 METHYLPROPYLESTER 

N I TROMETHANE 

ISOPWERONE 

BUTANAL 

3-BUTEN-2-ONE 

1 -BUTANOL 

2-PROPANOL 

1-H INDENE OCTAHYDRO 

ETHYLMETHYL CYCLOHEXANE 

CYCLOHEXANE ISOMER 

CYCLOHEXANE ISOMER 

5-METHYL-4 NONENE 

TRIMETHYL HEPTATRIENE 

102-OCTADIENE 

N-METHOXYMETHANAMINE 

METHYLFORMATE 

METHYLNITRATE 

TRIBUTYLPHOSPHORIC ACID 

HEXANOIC ACID 

2-BWTOXY ETHANOL 

BENZALDEHYDE 

TC 

ACETONE 

HEXANE 

MECYPEN 

CID0 
HEBUPHT 

NITROM 

ISOPHER 

BUTANAL 

BUTENON 

BUTANOL 

PROPANOL 

INDOCHY 

CYCETME 

CYCISOl 

CYC I so 2 

NONEME 

TMEHEPT 

OCTADIE 

MEOXAMI 

MEFORMT 

MENITRA 

TRIBUPH 

HEXACID 

BUTOXET 

BENZALD 

PAGE 1 

. 



12s 

I26 

I27 

Iaa 

129 

I30 

I31 

132 

133 

134 

I 3 5  

I36 

I37 

I38 

I39 

I40 

I41 

142 

143 

I44 

I45 

I46 

147 

I48 

I49 

I50 

IS1 

2-(2 BUTOXYETHOXY) ETHANOL 

184 BUTANEDIOLI DINITRATE 

3,4-DICHLOROBENZOIC ACID 

TETRAHYDORFURAN 

ACENAPHTHENE 

FLUORENE 

ANTHRACENE 

PYRENE 

ETHYLBENZENE 

STYRENE 

l,lr3-TRfMETHYLCYCLOHEXANE 

I~ZI~-TRIMETHYLCYCLOHEXANE 

3-ETHYLHEXANE 

TRANS-1-ETHYL-4METHYL 
CYCLOHEXANE . '_ - 

183 DIMETHYLBENZENE (M-XYLENE) 

(1-METHYLETHYL)-BENZENE 

BROMODICHLOROMETHANE 

CHLORODIBROHOMETHANE 

PROPYL BENZENE 

lr4-DIMETHYL CYCLOOCTANE 

CYCLO HEXANE 

METHYL CYCLOHEXANE 

1-ETHYL-4-METHYL BENZENE 

3-METHYL HEPTANE 

DECAHYDRONAPHTHALENE 

2-METHYL OCTANE 

BUTOX2 

14BDDN 

34DCBA 

TAF 

ACENAPH 

FLRENE 

ANTHRA 

PYRENE 

ETHBENZ 

STYRENE 

TMCYCH 

12TMCYH 

3ETHHEX 

CYCTETR 

ETMTCYC 

13DMBEN 

MEBENZ 

BDCM 

CDBM 

PROBENZ 

14DMCYO 

CYCLHEX 

MECYCHE 

ETMTBEN 

MEHEPT 

DECANAP 

MEOCTA 

PAGE 2 



152 

I53 

IS4 

TRIMETHYL SILANOL 

DICHLOROFLUOROMETHANE 

PENTENAL 

TMSILO 

DCFM 

PENTAL 

PROCY EN 

DIMEHEX 

ETHECYC 

DMBCYCL 

METBUTA 

PENTANE 

2PENTEN 

2MEHEX 

BHT 

15s 

283-DIMETHYL-2-HEXENE 

ETHENYL CYCLOPENTANE 

183-DIMETHYLEUTYL CYCLOHEXANE 

156 

157 

2-METHYL BUTANE I59 

160 PENTANE 

161 2-PENTENE 

2-METHYL HEXANE 162 

286-BIS(18l-DIMETHYLETHYL)-4- 
METHYL PHENOL 

163 

2NITPH 

246DCMP 

2-NITROPHENOL I64 

165 2rQ-DICHLORO-6-METHYLPHENOL 

166 

167 

I68 

I69 

170 

171 

172 

173 

I74 

I75 

I76 

I77 

ZI~-DICHLORO-S-METHYLPHENOL 245DCMP 

ETHANOL ETHANOL 

lrlr2-TRICHLORO-lr2r2-TRIFLOUROETHANE TRECTRFE 

3-METHYL-2-BUTANONE 3M32BUT 

ISOOCTANOL ISOCTOL 

2-ETHYL-1-HEXANOL 2ETlHOL 

TRANS-lr3-DIMETHYLCYCLOHEXANE TDMECYC 

CIS-183-DIMETHYLCYCLOHEXANE CDMECYC 

'~-ETHYL-~-METHYLCYCLOHEXANE 1-E lMCY C 

2-METHYLNAPHTHALENE 2MENAPH 

5-METHYLUNDECANE ZMEUNDE 

TR IDECANE TRIDECA 



178 

179 

f80 

181 

182 

I83 

184 

I85 

186 

187 

188 

I89 

n o  

I91 

192 

193 

I34 

I95 

I96 

I97 

198 

I99 

PENTADECANE 

3-METHYL-5-PROPYLNONANE 

PENTATRXACONTANE 

PHENANTHRENE 

NONANE 

1-ETHYL-2-METHYLBENZENE 

l.Zr4-TRIMETHYLBENZENE 

DECANE 

216-DIMETHYLNONANE 

BUTYL CYCLOHEXANE 

405-DSMETHYLNONAkE 

2-METHYL DECANE 

UNDECANE 

2rSr6-TRIMETHYL DECANE 

2-METHYL DECAHYDRO-NAPHTHALENE 

PENTYL CYCLOHEXANE 

DODECANE 

lr5-DIMETHYL NAPHTHALENE 

UNKNOWN AROMATIC HC 

UNKNOWN ALIPHATIC HC 

UNKNOWN 

PENTDEC 

NONMEP 

PHYTANE 

PENTRCO 

PHENANT 

NONANE 

lE2MBEN 

124TMBE 

DECANE 

26DMNON 

- BUTCYCL 

4 SDMNON 

ZMEDECA 

UNDECAN 

256TMDE 

ZMEDECA 

PENTCYC 

DODECAN 

15DMNAP 

UNKARO 

UNKALI 

PAGE 4 



JO 1. 

JO 2 

303 

J04 

J05 

J06 

JO 7 

J08 

309 

J10 

Jl1 

512 

J13 

514 

Jl5 

516 

5 1 7  

J18 

J19 

J20 

J21 

J22 

323 

524 

J 2 S  

5 2 6  

ADDITIONAL CMPND LIST 

3-METHYL PENTANE 

3-ETHYL-2r2-DIMETHYL PENTANE 

2r2r3-TRIMETHYLBUTANE 

3-METHYLHEXANE 

ETHYL CYCLOHEXANE 

2-METHYL HEPTANE 

3,4,4-TRIMETHYL-t-HEXENE 

OCTANE 

3-METHYL OCTANE 

(1-METHYLPROPYLI-BENZENE 

PROPYL CYCLOHEXANE 

2r4-DIMETHYL HEPTANE 

I-ETHYL-2-METHYL BENZENE 

2t6-DIMETHYLUNDECANE 

2-ETHYL NAPHTHALENE 

Zt6rlOr14-TETRAMETHYL PENTADECANE 

3r34-TRIMETHYL DECANE 

5-METHYL NONANE 

1-ETHYL-2-METHYL CYCLOHEXANE 

JrS-DfMETHYL HEPTANE 

3-METHYL NONANE 

3-ETHYL-2-METHYL HEPTANE 

lrZ-DIMETHYL CYCLOHEXANE (TRANS) 

lr3rS-TRIMETHYL CYCLOHEXANE 

BUTYL CYCLOPENTANE 

ETHYL CYCLOOCTANE 

3MEPENT 

3EDMPEN 

223TMBU 

3MEHEX 

ECYCHEX 

2MEHEPT 

SN2HEXE 

OCTANE 

3WEOCT 

1MPBENZ 

PRCYHEX 

24DMHEP 

13 2MBEN 

26DMUND 

2ETNAPH 

PRISTAN 

3TMDECA 

SMENONA 

IElMCYC 

3SMHEPS 

3MENONA 

3EZMHEP 

12DMCYC 

1 3 5 MCYC 

BUTCYCP 

ETHCYCO 
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527 

J28 

J29 

330 

531 

532 

533 

J34 

535 

536 

537 

3 3 8  

5 3 9  

J40 

541 

542 

543 

544 

345 

546 

547 

548 

549 

Lis0 

3S1 

352 

5 5 3  

4-METHYL NONANE 

lr2r3-TRIMETHYL CYCLOPENTANE 

203-DXMETHYL HEPTANE 

20307-TRXMETHYL OCTANE 

5-ETHYL-2-METHYL HEPTANE 

2r3-DSHYDRO-IH-SNDENE 

4-(l-METHYLETHYL)-HEPTANE 

2-METHYL TETRADECANE 

4r6-DIMETHYL UNDECANE 

br2r3-TRSMETHYL BENZENE 

208010 TRIMETHYL HEXADECANE 

DIMETHOXYMETHANE 

BUTYLNITRATE 

N04-DIMETHYL BENZENE SULFONAMSDE 

TETRADECANE 

204-DIMETHYL-1-DECENE 

BENZYL ALCOHOL 

NONANOIC ACSD 

2-METHYL-5-PROPYLNONANE 

DODECANOIC ACID 

HEXADECANOIC ACID 

1-(2-THIENYL) ETHANONE 

MOLECULAR SULFUR ( S 8 )  

HEXATHIZPANE 

~IZI~-TRITHIOLANE 

HEXADECANE 

HEPTADECANE 

QMENONA 

123MCYC 

73DMHEP 

SMEOCT 

SE2MHEP 

DHYfNDE 

41WEHEP . 

2METDEC 

46DMUND 

l23SMBE 

TMHEXAD 

DWWTHN 

BUTNITR 

N4DMBSA 

TETRADE 

DMDECEN 

BENZALC 

NONANAC 

MEPRNON 

DODECAC 

HXDECAC 

THYETHA 

MOLSULF 

HEXTHIE 

TRITHIO 

NC16HC 

NC17HC 
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. 

554 

5 5 5  

556 

357 

5 5 8  

J S 9  

560 

561 

562 

563 

564 

565 

566 

567 

368 

569 

570 

OCTADECANE 

NONADECANE 

EXCOSANE 

HENEICOSANE 

DOCOSANE 

TR I COSANE 

HEPTACOSANE 

~02-DSMETXYLNAPHTHALENE 

DOCOSANOXC ACID 

HEXADECANAL 

2-ETHYC HEXANOXC ACID 

2-(2-METHOXYETHOXY)ET"OL 

2-[2-(2-METHOXYETHOXYlETHOXY]ETHANOL 

- 

2,5,80~l-TETRAOXADODECA" 

2-[2~(2-ETHOXYETXOXY)ETHOXY]ETHANOL a _  

2-HEXANONE 

S-METHYL-2-HEXANONE 

*571 BENZO(K)FLUORANTHENE 

ADDED 9/12/86 

NClBHC 

NClOHC 

NC2OHC 

NC2IHC 

NC22HC 

NC23HC 

NC27HC 

DMNAPHT 

DOCOACX 

H X D E W  

ETHHEXA 

22MEETX 

222METH 

TETDODE 

2 2 2 ETHO 

2HEXANO 

MEHEXON 

BNZKFLU 
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CODE 

X O l  
x02 
X 0 3  
XO 4 
X 0 5  
XO 6 
X 0 7  
X 0 8  
xo9 
x10 
Xll 

- 
SURROGATE CODES AND DESCRIPTIONS 

CODE NAME 

2FLPHEN 
PHEND6 
NITBN2 
2FLBIPH 
246TRI 
TERD14 
12DCAD4 
TOLLS08 
BP0 
DBC 
CHLOR37 

CONSTITUENT 

Z-FLOUROPHPNOL 
PHENOL-D6 
NITROBENZENE D9 
2-FLOUROBIPHENYL 
2r4r6-TRIBROHOPHENOL 
TERPHENYL-Dl4 
L-2-DICHLOROETXANE 
TOLUENP-08 
BFB 
DIBUTYLCHLORENDATE 
CHLORINE-3 7 
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INTRODUCTION 

This r e p o r t  s u m m a r i z e s  t h e  r e s u l t s  c f  d r i  I l i n g  a n d  

g e a l o g i c z l  s a m p l i n g  of t h e  s e c i r n e n t s  S e n e a t ?  a n d  i n  t he  

b o t t o m  o f  the  300 A r e a  p r o c e s s  !+ater t r e n c h e s ,  n o r t h  o f  

.- 

t h e  500 Area.  I t  s u m a r i z e s  t h e  g e o l c , l i c a l  znalysis o f  t h e  

da ta  o b t a i n e d ,  s u c h  t h a t  t h e  b e h a v i o r  o f  t h e  !.;aste i i a t e r s ,  

g r o u n d  ;. taters, a n d  t h e  c o n t z i n e d  ivasr? m a t e r i a l s  c 2 n  be  

b e t t e r  p r e d i c t e d  a n d  t h e i r  S e h a v l s r  t z t t e r  e x o l a i n e d .  

The x o r k  ;.;as o e r f o r n r e d  . u n d e r  a c o n s u l  tan: . a g r e e m e n t ,  
. I  

o r d e r  n u m b e r  Y6:-:-044-20975, d a t e d  i c r i  I 17 ,  1336. 

SUYMA59V 9P!3 cc?:cLus ICP!S 

The d r l l l f n g  p r o g r a m  a t  the  >CO Artla J r o c e s s  ;rater 

t r e n c h e s  a f f i r m e d  e a r l i s r  c o n c l u s i o n s .  I n  no  d e l l  or t e s t  

hole t h e r e  drilled on t h e  j u s t - c o m p l e t e d  

9 f n g o l d  F o r T z t i o n  s e d i m e n t s  s n c o u n t e r c d  

l i e  a t  a d e ? t h  o f  a b o u t  50 f e e t ,  t o c g h l y  

s t a t i c  v a t e r  l e v e l  ( t i a t e f  t a D l e ) .  Tg t h e  

a b o u t  1003 F e a t  a:i-:y i n  each d i r e c t i G ; n  t 

n r o j e c t  x e r e  t h e  

n p l z c e .  They t h 2 r 2  

Sc) f e e t  b e l o w  t h e  

? a c t  a n d  v e s r ,  on1 y 

e y  I i q ?  ~ U O V C  t h e  



. . _ .  

. ,  
e 

I 

(.,:- 

The c o n c l u s i o n  ~ r e  a f f i r m e d  t-clat t h e  t r e n c h e s  3 v e r l i e  

an s l d  C o l u f l b f a  E l v e r  channel t h a t  i s  f i l l e d  i g l t k  the  P n s c o  

G r a v e l s .  The c h a n n e l  p a r a l l s l s  e n d  m i r r o r s  t he  c u r r a n t  

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

I t  fs i m p o r t a n t  t h a t  t h e  n a t u r e  of '  t h e  Pasco  Grzvels 

be  u n d e r s t o o d ,  z n d  t h e i r  i n - g l a c e  9 r o p e r t i t . s  t e c o g r i z e i .  

They a r e  t h e  d e p o s i t s ' o f  s e v e r i r l  c a t a s t r s p h i c  f l o o d s ,  r a t h e r  

thzn n o r m a l  s t r e a m ,  s h a l  l o w - l a k e  a n d  f l o o d p l a i n  d e p o s i t s  as 

i s  t h e  u n d e r l y i n g  R i n g o l d  F o r m a t i o n .  P o s i t i v e  i d e n t i f f c a t i o n  

o f  t h e  ?asco  G r a v e l s  a t  t h e  3CO Area t r z - n c h e s  o s r n i t s  t h e  



- 3- 
I 

d i p p i n g  s o u t h  

H a t e r ,  p r o b a b  

t o  s o u t h e a s t .  They w e r e  d e o c s l t e d  i n  s t a n d i n g  

y t h e  r e s u l t  o f  b a c k f l o o d i r t g  o f  t h e  Pasco  

S a s f n  5 y  f l o o d s  3r f l o o d  s u r g e s  dcrxn t h e  Snake 3 l v e r .  

S i l t s  a n d  f i n e  sands  ( t h e  T o u c h e t  3 e d s )  t h 2 t  e l s e -  

w h e r e  c a p  t b e  g r a v e l s  a r e  h e r 2  zbser?:. They p r o b a b l y  : i e r e  

e r o d e d  b y  a l a t e r  f l o o d  i t h s s e  g r a d e d  d e o o s i t s  now e x t e n d  

t o  t h e  g r o u r d  s u r f a c e .  Thgse l a t e r  g r a d e d  g r a v e l s  

p r o b a b l y  w e r e  c a o p e d  b y  d e l  t a l c  f o r e s e t - J e d d e d  ; r c i ve l s  a n d  

t h e  T o u c h e t  Seds, that a e r e  l a t e r  e r o d e d  b y  a m z I t : i z t s r -  

S M O I  l e n  C o l u m b i a  R i v e r .  

Some o f  the.  e a r l i e s t  : J d r K  o n  3 i f f E r e n t i a t l h g  ; I  t h e  t r i o  

f o r m a t i o n s  b e n e a t h  t h e  H a n f s r d  3 e s e r v a t i c n  isas 3 y  : , jcHenry(2) 

i n  1957. H e  u s e d  s a m p l e s  o s t e i n e d  f r o m  e a r l i e r  d r i l l e d  wells, 

a n d  d e t a r r n i n e d  some o f  t h e i r  c h e c i c i l l  and p n y s i c o l  C r ~ o e r t i e s .  

F r o n  t h o s e  s t u d i e s ,  t h e  r e s p s c t i v e  st?.I!iq.rents. ; + e r e  S e t t e r  

c h a r a c t 2 r i z e d  a n d  i a e n t i f i z d .  

O f  s p e c i a l  s i g n i f i c a n c e  a r e  t h z  r e s u l t s  n e  o b t a i n e d  

-.. . . -.- . - . 

c 

. -1 



t h e  d f s t i n c t f o n  ( c s p e c f a l  l y  i n  d r i l  I c u t t i n g s )  
b e t r i e e n  t h e  R1 'ngo ld  F o r z a t i c n  a n d  t h e  g l a c i o -  
f l u v i a t i  l e  a n d  f l u v i a t i  l e  s e d i m e n t s  i s  v i t a l  t o  
the s u c c e s s  o f  many g round- ; :a t s r  d e v e l o 2 r s n t s  
a n d  ; d a s t e - d i s o c s a l  x o r k s . . . "  

f t iay  f e l t  a t  t h e  t i m e  t h a t  t h e  Pasco  Gravels, 7dhich t h e y  

c a l l e d  " g l a c i o f l u v i a t i l e  a n d  f l u v i a t i l e  d e p C ) s i t s "  i i e r e  

l a r g e l y  t h e  d e p o s i t s  o f  g l a c i a l  n e l t i i a t z r s  an2 ol;t..ash. 

S u b s e q u e n t  r e s e a r c h  has  s h o i i n  c l  sEr  I y t h a t  al t h c u g h  g l a c i a l  

m e l  t 2 ; a t e r s  a l o n e  i i e r e  r e o e a t e d l y  i n v o l v e d ,  r lucb o f  t h e  

s c o u r i n g  a n c  s u b s e q u e n t  3eposi t i c r n  r ~ f  sediments ?;zs t h e  

r i s u l  t o f  numerous ,  u n p r e c e d e n t o d  ca taszrcpkic  f l c o d s .  

;&ny o f  t h e  f e a t u r z s  fo r roed  as 2 r e s u l t  rJf t h a t  I z t t e r  

p r a c e s s  r a t 5 e r  t h n n  5 y  ncr;;ral t h o u g h  v e r y  l a r g e  amoun ts  o f  

r u n 3 f f .  R e c o g n i t ' i D n  o f  t h a t  r e s u l t s  i n  a G e t t e r  u n d e r -  

s t a n d i n g  3f  t h e  d e p o s i t s ,  a n d  t h e i r  i r p z c t  on g r a u n d  water 

f l o i i  a n d  x a s t e  b e h a v i o r .  

T a b l e  1 l i s t s  t h e  d i f f e r e n c e s  5 c t ; J e e n  t h e  P a s c o  

G r a v e l s  a n d  t h e  R i n g o l d  F o r m a t i o n  s e d i z e n t s ,  as c i t e d  b y  

Ne!+con;b, S t r a n d  a n d  F r a n k ( 3 ) .  T h a t  t a b l e  i s  f c l  l o i j e d  by  

t h e  o r  D p e r  t i  es h e r e i n  r e c o g n i z e d  as  d i  s t i  n g u  i s h i  r,g be tween  

t h e  two f o r m a  t i  ons  . 



I 

T a b l e  1 
I ----- 

G l ~ l ” ~ u v l ~ t l l r  
nuvlatrlr  drvos.ru ChUU- Rlncold Forrnacloa 

LItbobrYf 4 

Roek tipes.-.--Upper C d u m b i a  R1r.r nu- N-rbr bmalt lc  ntetcrlalr 
tulab prrdomlnalo. aC p r d o r n l n a t a  tu n a r d  
mcut rxclurivclr bebr r l r n  and are rcht t rdy 
m c d w n d  b b 0 .  

CrJn mb.-Sl l t  and I- nand wmloaC Excep t  f o r  Toachet Bd% 
n r t e :  m a n y  lhlrk and mavr l .  and coarse to m c  
euol lnuous rilt and  cLy dlurn rand p r rdamlnaw:  
strata p m r n t .  IltUe ctmr p r a e n t - o d r  

d k o n t l n a o u a  aut W. 
and kom. 

bkh in sand rlrc.. ‘i 

.- 

1 .  The P a s c o  G r a v e l s  i n  many s i t s s  3 c c u f  i n  r !c3gn i z a b  I y 

g r a d e d  d e ~ ~ s i t s ,  i n  u h i c h  a s o e c i f i c  s e q u e n c e  o f  m a t e r i a  

:.ias l a i d  d s x n  b y  a s i n g l e  f l g o d  o f  f l o o d  s u r g e .  C c m u n l y  

g r a d e d  d e p o s i t s  c s n s i s i :  Q f  3. basa l  3 3 u l d e r  a n d  c ~ , 5 b l e  

g r a v e l ,  o f t e n t f r l l e s  h i g h l y  s i l t y ,  ov r3 f I . a id  b y  o r o g r e s s i v e  

f i n e r  material, i n c l u d i n g  p e b 5 l e  a n d  S r a n u l e  . ;ravel.  C v e r  

t h e v  a r e  c c a r s e  t o  f i n ?  s a n d  a n d  s i l t .  T h e  G r a v e l s  a n d  

c o a r s e  sanrjs a r e  k n o x n  a s  t h e  P a s c o  3 r c v s l s ,  t h e  s e d i m e n t s  

c 
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The t o t a l  a s s e m b l a g e  o f  f l o o d  d e o o s i t s  I s  kno.rln 

I n f o r . n a l l y  as t h e  H a n f o r d  F o r m a t i o n .  I n  c o n t r a s t ,  t h e  

R i n g o l d  Fo rmat ton  sed. i rnents  2 r e  s t r ? a m ,  s h a l  I m - l a k e  a n d  

f l o o d p l a i n  d e p o s i t s  l a i d  do:dn o v e r  a c o n s i d e r a b l e  p e r i o d  

o f  t l r n e .  

2. The b o u l d e r  2 n d  c o b b l e  g r a v e l s  o f  t h e  Pasco G r a v e l s  

a r e  e x t e n s i v e ,  : + i t h  t h e  c o a r s e s t  g r a v e l s  a t  s i t e s  i i h e r e  

h i g h  w a t e r  velocities o c c u r r e d  b u t  i i h e r e  v e l o c i t i e s  x e r e  

f a l l i n g  r a p i d l y .  P r i m e  examp les  a r e  a t  t h e  m o u t h  o f  t h e  

Snake g i v e r ,  a n d  x h e t e  t h e  C o l u m b i a  3 i v e r  emerges f r o m  I t s  

c a n y o n  j u s t  d o w n s t r e a m  f r o m  P r i e s t  F inp ids  Dan on t o  t h e  

Han f o r  d R e s  e r  11 a t  f on . 
O t h e r  b o u l d e r  gravels occur  i n  old, s c o u t e d - o u t  s t r e a m  

c h a n n e l s  o n  t h e  H a n f o r d  R e s e r v a t i o n  s u c h  as a t - t i r e  300 A r e a  

t r e n c h e s .  I;ater v e l o c f t f e s  d e c r e a s s d  r a D i d l y  xheere t h e  f l o o d :  

e n c o u n t e r e d  b a c k f l o o d s  f r o m  s u r g e s  t h a t  e n t e r e d  t h e  b a s i n  

d o w n s t r e a n  o f  t h e  b o u l d e r  s i  t c s .  i 7 i n g o l  d Formatis:! gravels, 

o n  t h e  o t h e r  hand, e x i s t  as a s x a t n  t h a t  e x t e n d s  t h r o u g h  t h e  

basin f r o m  S e n t i n e l  Sap t o  , Ja l !u la  Gdo. They s j o i i  g r o s s  
f a c i e s  c h z n g e s  f r o m  t h e  m a i n  s t r e 2 3  gravels a l o n g  t h a t  

s x a t h  t o  sands ,  s i l t s  a n d  c l a y s  on t h e  f l o o d o l a i n  a r e a s  t o  

t h e  s i d e s  o f  t h e  m a i n  s t r e a m  B S  7oin:sd o u t  o y  grown  ( 4 )  

3. The Pzsco  G r e v e l s  c o b b l e  a n i  b o u l d J r  G r a v e l s  conrmonly a r e  

v e r y  p o o r l y  s o r t e d  a n d  h e t e r o g ? n e o u s ,  T h e y  a r e  t h e  d e p o s i t s  

07 r o i l y  f l r ; od :$a te rs  a n d  I o c a l . I y  4 3 f  G r c S a b l y  s l u r r y  f l o o d s  

t h a t  n u s t  h a v e  Sucyed  u3 t h e  b o u l d e r s .  T h e  s e d i m e n t s  vary 
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4. The u o p e r  p s r t  o f  a t  l e a s t  some o f  t h e  P z s c o  G r a v e l s  

g r a d e d  d e p o s i t s  i n  some s i t e s  c o c t a i n  d e l t a i c ,  f 3 r e s e t -  

bedded,  % e l  I - s o r t e d  p e b b l e  g r a v e l s  t o  c o a r s e  sands .  S r e t z ,  

S m i t h  and X e f f ( ' ) O b s e r v e d  rnany s u c n  d e g o s i  t s .  iJe:tcc)nb, 

S t r a n d  and F r a n k ( 3 ) d i s c o s s  some o f  t hem e l s s ; i h e r e  on  t h e  

H a n f o r l  R e s e r v a t i o n .  They e v i d e n t l y  u e r e  d e p o s i t s  i n  a reas  

t h a t  M e r e  b a c k f l o o d e d  s o  t h a t  s t a n i i n g  water,  p r o j a b l y  

- 

r e l a t i v e l y  c l e a n ,  and a t  l e a s t  some t e n s  3f  f e e t  dee? a t  

t h e  s i t e ,  was p r e s e n t .  T h e i r  s i g n i f i c a n c e  is t h a t  t h e  f o r +  

s e t  b e d d i n g  d i p s  d o w n - c u r r e n t  a t  t h e  t i m e  o f  deoosition. 

The f l o u  d i r e c t i o n  g f t e n ? f m e s  var ' i 'ed in s h o r t  d i s t a n c e s  

or i n  t i m e  d e p e n d i n g  upon t h e  i m p a c t  o f  t h e  f l o o d  s u r g e s  

t h a t  w e r e  v a r y i n g  t h e  f l o w ' r z t e  i n  t l r n e  and ota.c;e, . .  The 

d e l t a i c  f o r e s e t  Seds,Secause o f  t h e i r  we1 I - s o r t e d  n a t u r e ,  

h a v e  a h i g n  t o  a v e r y  h i g h  p e r m e a b i l i t y .  

G r o u n d  :gater f l o w  d i r e c t i o n s  a n d  f l o ; ~  r a t e s  t e n d  t o  

b e  l o c a l l y  i n f l u e n c e d  b y  t h e  'Sedd fns ,  S c t h  l a t e r a l l y  and i n  

deDth.  The R i n g o l d  F o r m a t i o n  g r a v e l s  a r e  i n  f l a t - l y i n g  o f  

v e r y  g e n t l y  d i p p i n g  beds  w i t h o u t  f a a t u r e s  t ha t  a o u l d  b e  

e x o e c t e d  t o  c a u s e  a d i s t i c c t  r i s e  o r  s e t t l i n g  3 f  t h e  g r o u n d  

r i a t e r  s .  

5. G r e a t  ~ e t e r o g s n e i t y  i n  s h c r t  c i i s t z n c e s .  T h e  f l o o d  s u r g e s  

o f  e a c h  o f  t h e  n u q e r o u s  n a j o r  floods *iLrr-ic.d 3 t a s t l c a l l y  i n  

r a t e s  u i t i :  t i m e .  I n  X Z d i t i o n ,  s ~ t - 7 ~ ~  .iio;in t h e  m n y  c o u r s e s  

i n t e r s c t e d  ;;it;? 12zicz o t h e r  i n  ;i ::(i;;131.:~ f a 3 h i u c .  : : l e  

?ir!c!.sld F J r - F z t i n n  ; r : i ve l :  

_. 

'.::-qz t c  2 3  . - ~ I ~ ~ i ~ j ~ l  1~ s n i f o r q  

c 
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6. The Pasco  G r a v e l s  w e r e  d e o o s i t e a  511 a s e r i e s  a f  hu9e  

t o  C a t a s t r G D h i c  f l o o d s ,  a t  l e a s t  Some o f  t h e m  l a s t i n g  a 

r e l a t i v e l y  f e w  days.  The R i n l ; c l 3  F o r m z t i o n  s e d i m e n t s  o n  

t h e  o t h e r  h a n d  ;$ere d e p u s i t e d  s l o ; s l y  u v z r  s e v e r a l  m i l  l i o n  

y e a r s .  C a l i c k e  ( ,2aCG3) i n  t h e  P a s c r  G r a v e l s  i s  g e n e r a l l y  

o n l y  a t h i n  c o a t i n g ,  cof?monly  o n l y  3n t h e  l o w e r  s i d e  o f  t h e  

g r a v e l .  C a l i c 5 e  i n  t h e  ? i n g o l d  F o r n a t i r J n  o c c ? r r s  as con- 

c r e t i o n s  a n d  i n  Seds w h e r e  t h e  9 i n g a l d  F o r m t i o n  f l 3 o d -  

p l a i n  was e x p o s e d  t o  t h e  a t m s p h c r e  a n d  t o  e v a s o r a t i o n .  

The R i n g o l d  F o r m a t i o n  i s  much h i g h e r  i n  c a l i c h e  ; v e r z l l  o u t  

w h e r e  t h e  beds  :$ere  c o n s t a n c t l y  c o v e r e d  k y  w a t e r ,  c a l i c f i e  -nay 

b e  a b s e n t .  

7. The p e b b l e s  a n d  coDoles - in t h e  9 i n g o l d  F o r m i t i o n  commonly 

h z v e  a w e a t h e r i n g  r i n d  ( s e e  T a b l e  1 )  o w i n g  t o  t h e i r  con- 

s i d e t a 5 l e  age a n d  t o  e x p o s g r e  i n  a t h e n  numid e n v i r o n T e n t .  

; ihere  t h o s e  g r a v e l s  :+ere r 2 x o r k e d ,  t h e  r i n d  was q u i c k l y  w o r n  

o f f  s o  t h a t  t h e  P a s c o  G r a v e l s  o e o b l e s  and  c c b b l e s  h a v e  a 

g e n e r 2 . l  I y f r e s h  s u r f a c e .  The p r  c s e n c e  o f  w e a t h e r  i n 3  f i n d s  

i n  t h e  Pasco  G r a v e l s  ( s e e  - d e l l  l o g s )  i n d i c a t e s  d e 2 o s t t i o n  

o f  t h a t  g r a v e l  a r e l a t i v e l y  sh,c ; r t  r l i s t a n c t  f r 3 q  t n e  s i t e  o f  

i t s  scoL;r i n g .  

The c r i t e r i a  0 7  ?le:$cornb, S t r a n d  a n d  F r a n k  ( 5 )  i n  n o  

, i ay  3 r e c ! u d e  c z t a s t r o o h i c  f l o o d  3r  i q i n  f o r  :he F z s c o  Sravc?ls .  



l o g s  i n c l u d e d  i n  F e c h t :  a n d  L i  I l i p  sho;; ;.ihat a r e  

p r o b a b l y  g r a d e d  s e q u e n c e s  i n  many i n s t a n c e s ,  and t h a t  may 

c o r r e l a t . 3  t o  t h e  3CO A r e a  sequences ,  b u t  h a v e  s o  f a r  n o t  

Seen c o n s i d e r e d  i n  t h a t  r e g a r d .  I f  c o r r e i a t f o n  i s  possible, 

a c h r o n o l o g y  o f  t h e  f l o o d  h i s t o r y  o f  t h e  Pasco S a s i n  c a u l d  

r e s u l t .  

The U.S. G e o l o g i c a l  Su rvey " )  d i d  n o t  i d e n t i f y  g r a d e d  -- 

g r a v e l s  i n  w e l l  10/2%1051, o n l y  a S o u t  a h a l f  m i l e  s o u t h v e s t  

o f  t h e  p r o c e s s  w a t e r  t r e n c h e s  ( s e e  l o g  o f  u e l l ,  page  5 7 )  ( 3 )  . 
The p r o x i m i t y  o f  t h a t  w e l l  t o  t he  p r o c e s s  w a t e r  t r e n c h e s  

s u g g e s t s  t h a t  t h 2  g r a d e d  g r a v e l s  s h o u l d  3 e  p r e s e n t .  P r o b a S l y  

t h e  p o s s i 3 l e  c r e s e n c a  o f  g r a d e d  g r a v e l s  'i;2s n o t  c o n s i d e r e d  a n d  

e v i d e n c e  t h e r e  f o r  a n 3  a g a i n s t  s u c h  a c o ~ c e o ?  ,$as n o t  s o u g h t .  

DESCPIPTISN CF TYE PASCCI GRAVELS 

/ 

. .  

Ne;~como, S t r a n d  and Frank (3 )  s u n m s r i z e  t h e  p r o p e t r i e s  

and makeup o f  t h e  Pasco G r a v e l s ,  C a l l i n g  t h s n  t h e  " g l s c i o -  

f l u v i a t i  l e  and f l u v f a t f  l e  deposits". T h e i r  descrfotfon 

f o  1 1o:JS : 



. . .  
. .  - 

and mineral ( G c T n T  
Ezotle t y ~ n -  - 

Tcld- 
--__ Grain l i a r  

(Prrctnc of  LO^) 
Quarry 

LITIIOLOClC F E A T U R U  
* _  

( .! Gravel predominates in most facies of the glacio- I 

fluviatile and fluviatle deposits. I t  is a rudely bedded 

-1 3- 
I 

- . -  
Hu.1: Rork aua.t. .*a? xic? - - 

Cmhlc muuntnin ....... Grmvci ( 6 )  ................ 46 40 ...-.......--.__.. 
Sand : 

Very coarse (0 

Mrdium t.3 wry 
mnfium ( 6 0 )  ..- 10 40 40 1 .- 
f l n e ( 3 5 )  ......-__ 5 SO 64 1 ...".. . Silt and clay ( 0 )  -- 

Concrdrmir pit ...- Cravrl ( 5 ) .  ............_ 60 36 ..._ 6 
Sand : 

Vrry-roane to 

Mdrurn to v n y  
mrdiurn (591 .... 10 $8 48 1 3 

I n c ( 2 9 )  .......-_. 2 2 T O  2 4 
Silt and clay ( 7 )  ................ I O 2  862 19.2 ...... 

The gravel particles in these quarries a re  mostl) 
well rounded, but the sand particles a re  more an. 
gular, the coarse sand being subrounded and thc 
finest beinr angular. The snnd is poorly sorted corn. 
plired with the sand of most of the Ringoli 
Formation. - --- 

and fluviatile deposits. Rare lenses and beds of silt 
occur irregularly' within the  principal current-laid 

The si111d, both tha t  intervtitiai to the gravel and 

. . . .  

. .  

.-  . . . .  
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As earlier n o t e d ,  McHenry  ( * )  d e t e r n i n e 6  some o f  t h e  

p r o p e r t i e s  o f  t h e  s e d i m e n t s  b e n e a t h  rlluch o f  t he  H a n f o r d  

R e s e r v a t i o n ,  c o n c e n t r a t i n g  on t h o s z  p r o p e r t i e s  i ! v p o r t r r n t  

t o  a d e t e r m i n a t i o n  o f  t h e  p r o b a b l e  b s h n v i o r  o f  r a d i o -  

a c t i v e  was ' tes i n  g r o u n d  ; + a t e r s .  

He u s e d  t h e  samoles e a r l i e r  o b t a i n e d  b y  d r i l l i n g  o f  

w e l l s .  He h z d  t e s t s  run  t h a t  s h o x o d  t h z t  d r i l l i n 9  o f  the 

g r a v e l s  r e s u l t e d  in c r u s h i n g  o f  p e b b l e s ,  c o b b l e  a n d  b o u l d e r s  

down t o  a s i z e  r a n g i n g  f r o m  a b o u t  5 t a  10 mm i n  d i m e t e r .  

R e l a t i v e l y  l i t t l o  c r u s h i n g  o c c u r r e d  ir; s m a l l e r - s i z e d  

f r a c t i o n s .  A c c o r d i n g l y  n e  s i e v e d  tr?e sarc;oIes, r e c a r d e d  t h e  

w e i g h t  o f  t h e  f r a c t i 3 n  l z r g e r  t h a n  2 m, then d i s c a r d i d  i t .  

As h e  n o t e d ,  t h e  g r e a t e s t  e f f e c t  o f  t h e  s e d i m e n t s  ?;as b y  t h e  

f i n e r  f r a c t i s n s ' N h l c h  h a d  t h e  l a r ~ e s t  t ~ t a t  S u r f z C ?  area 7 e r  
. .  

u n i t  s l e i g h t ,  a n d  t h a t  w e r e  m o s t  i m c r t a n t  i n  p r e c l u d i n g  

w a s t e  m i g r a t i o n .  Those a r e  t h e  c l a y  m i n e r a l s .  

H i s  x o r k  shawed  t h a t  the  R i n g o l j  i G r n 2 . t i o n  s e d i x 2 n t s  

t e n d e d  t o  a l o w e r  g r a v e l  c G n t e n t ,  a h i g h e r  sand, s i l t  a n d  

;lay c o n t e n t ,  a h i g h e r  CaCS3 c o n t e n t  a n d  a h i g h e r  e x c h a n g e  

c a p a c i t y ,  r e f 1  e c t i n g  l a r g e !  y t h e  d i f f e r e n c e  in cia!/ c o n t z n t .  

AlcHenry rzn  a p r o f i l e  o n  o n l y  o n e  : $ e l l  i n  t h i  s o i l t h e r n  

p a r t  o f  t h e  H a n f o r d  R e s e r v a t i o n .  I t  %as u c l l  339-1-2, b e t i ~ e e n  

t h e  x a s t e  t r e n c h e s  a n d  the  330 J r e 3 .  H e n c s  i t  i s  i n  an i d e a l  

l o c a t i o n  f o r  c o r r s l a t i o n  t o  t h e  s a m o l e s  o b t a i n e d  d u r f n g  tho  

. ..-- - . . - ... 
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R o e d d e r  i n  1957 ( 7 )  d e t e r m i n e d  t h e  c l z y  m i n e r a l o g y  

o f  nurnarous s a m p l e s ,  e s p e c i a l  l y  o f  t h e  P z s c o  S r a v e l s  and 

t h e  T o u c h e t  3eds, a l t h o u g h  a t  s i t e s  sorlle m i l e s  f r o n  . t h e  

3CO A r e a .  Yo:dever, the o t l g f n  o f  t h o  d e p c s i t s  a r g u e s . t h a t  

the  d a t a  a re  a p p l  i c a S I  e. 

The s i l t  f r a c t i o n  o f  t h e  Pasco  G r a v e l s  i s  an e s t i m a t e d  

505 q g n r t z  a n d  405 f e l d s p a r t  The c lzy  F r a c t f o n  i s  zn e s t i r r a t e d  

505 q u a r t z ,  20% f e l d s p a r ,  205 c h l o r i t e ,  13;; n i c a ,  z n d  10% 

m n t n o r i  I l o n i  t e .  

T h e  s i l t  f r a c t i o n  o f  t h e  T o u c h e t  3eds is 50;': q u a r t z ,  

3O$ f e l d s o s r ,  a n d  t r a c e s  o f  m i c a  and k a o l i o i t a .  Ths clay 

f r z c t i c n  i s  20,: v i c a ,  203 k a o l i n i t ? ,  1s; x n t n o r i t l c n i t s ,  

13s c h ! o r i t s ,  IC',< n i x e d  c h l o r i t e - m o ~ = n o r i l l ~ n i : e ,  a n d  

t r a c z s  o f  f e l  d s j a r  and k a o l  i n i  t e .  Roedder  c o n c l u d e d  t h a t  

t h e  c a t i o n  e x c h a n g e  c a p a c i t y  v a l u e s  " : i i  I I fa1 I r a t h e r  c l o s e  

t o  v a l u e s  c a l c u l a t e d  b y  t he  e x p r e s s i o n  

( 1 . 1  x ;$ m o n t m o r i l l o n i t c  = 4 )  'I 

t h u s  e m p h a s i z i n g  t h e  i m p o r t a n c e  o f  e v e r ;  s m a l l  a m o u n t s  o f  c l a y  

r n i n e r a l d ,  r a t h e r  t h a n  merely clay-sized p a r t i c l e s  o f  quar tz .  

The r o c k  t y o e s  p r e s e n t  i n  t h e  P Y S C O  S r a v e l s  ; ;ere 

c 



19,$ 3 a s a i t ,  in l a r g e  p a r t  p r o b a b l y  l o c a l l y  . 

c f e r i v e d  as i n d i c a t e d  b y  t h e  comT3n s n g u l z r i t y .  
I C  s s r e  i r : s t ? n c e s  t k e  Sasai: f 1 3 H  f t o n  rgh i ch  
t h e y  'der e 5 tr i 2 o e d  ;;as i d c : i i  i f i e d .  I: : ten t h a t  
f l 9 i i  igas lccailj exgcsee.  

113 G r e a n s t c n e ,  I r r s e i y  c n l d r i t i z o d  v o l c a n i c  
r o c k ,  f r o x  nurnerous s a s r c c s .  L a r j s  amounts o f  
g r e e n s t o n e s  w o u l d  i n d i c z t e s o g r c e s  i n  t h e  Snak 
? i v e r  canysn i n  Idaha, h e n c e  i n d i c a t e  t h a t  
t h e  g r a v e l  d s p o s i t s  > ] e r e  o f  3 c j l a c i z l  Lake  
s o n n e v i  I l e  f l o o d .  
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TH 9? I L L I ? i S .'i i'i !3 S -4 :APL 1 >! I; ? 3C ,G ? .'I kf 

S i x  ; j e l l s  f i r s t  :gere  d r i l l s d  e t  t h e  300 A r e a  : f a t e  

t r e n c h e s  on t h e  l e v e e  o r  b e r m  beti-!een t h e  t;;;3 t r e n c f i e s .  

The f i r s t  5 w e l l s  w e r e  d r i l l e d  40 f o e t  d e i p ,  t h e  s i x t h ,  a t  

t h e  s o u t h  e n d  c f  t h e  t r e n c h e s  a t  t h e  ; i c i t  boxes ,  :)as 

d r i l l e d  45 f e e t  deeo. -4 w e l l  s c r f e n  i j a S  i n s t a l l e d  i n  t h e  - 
s i x t h  :vel1 and t h e  w e l l  was c a s e d .  T5a.t x e I I  ? e r r n i t s  r o g t i n e  

g r o u n d  water sam:llng.. The casings i n  t h o  f i r s t  f i v e  ; $ e l l s  

! s ' e re  o u l l e d  aRd s a l v a g e d  as t h e  u e l l s  ;;ere d r i l l e d .  

T h e  i i e l l s  ; i s re  d r i l l e d  h ' i t h  t h e  a d d i t i o n  o f  as l i t t l e  

i i a t e r  as possible, t o  l n i n i m i z e  l e a c h i n g  a n d  d i l u t i o n  o f  any 

suSs tz inces  d e o o s i  t e d  on t h e  s e d i n e i l ~ s .  T h e  c u t t i n g s  a n d  

j a i l e d  ma1:er iz l -s  w e r e  c h e c k e d  b y . - 2  r a d i z t i o n  m o n i t o r ,  then 

e x a m i n e d  a n d  d e s c r i b e d  b y  me. The raterials were COmpatpc! t o  

t h o s e  m s r e r i a l s  e x p o s e d  i n  t h e  t r e n c h  ! i a l \ s ,  a n d  t:, the 

logs o f  n e a r a y  ;$e l  Is, p r e v i o u s l y  d r i  I l e d .  

Samp les  f rom t he  u e l . 1 ~  i j e r e  o b t a i n e d  a t  5 - f o o t  f n t c r -  

vals b y  b a i l i n g .  A t t e m p t s  :+ere made tc) o b t a i n  s a m p l e s  t h a t  

w e r e  as r e p r e s e n t a t i v e  as p o s s i d e  C o b b l e  a n d  b o u l d e r  

g r a v e l s  ho: iever a r e  inajor c o n s t i  t c l e n t s  o f  much o f  t h e  sed -  

i m e n t s  a n d  c o u l d  n o t  Se i n c l u d e d  i n  t h e  sarnp I2s  x i t h o u t  

c r u s h i n g .  9enc.e t 3 e  s a m p l e  5 e s c r i 3 t i z n s  w e r e  atcgrnanted b y  

o b s e r v a t i g n s  o f  t h e  t t e n c 9 e s . n e a r  t h e  r c . s o e c t i v e  ;ieI I s .  
- [ h e  q ~ a r t z i l e s  a n d  quar t t : , se  ~ i 3 5 l e  t a  c o 9 o l e  Gravels 

slnosc; ; ~ i ~ e r . , z l  1 y  a r ?  3 r i s e n t  21:; s o z - r 3 u r i d c d  t o  x e l  I - t o u n d s d .  

r ~ ~ k 3 ,  ; ; : ? ~ s ~ s ~  r ~ f  tnt?ir : i e z r  d ~ r i ~ : :  : r a n s o a r t  f o r  Icnq 

, j i s ~ z . : ; c ; s .  ; jeZc?,  ;insn 2 c ; ~ ; l z r  ~ J ' I T : L ~  ~2 t~ slrartZoS2 

. ~ r r t n ~ ~ e  ~ n , z  ; i n 2  , ~ e j ~ I s  , : r a v e l  .;as 3 r e s ? ! l i ,  c . s z e c i a l i y  i n  t.ie 

f i v e  t o  t e n - ~ i l l i x e t e r  ranse o f  d i a - . e t e r ,  i t  k'as c o n s i d e r e d  

- .  

... . 
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t o  h a v e  'seen b r o k e n  i n  d r i l l i n g .  T h e  ;ve l1  l o g s  then r e f l e c t  

that  o b s e r v a t i o n .  

3 o u l d c r s  and c o b b l e s  o f  c o u r s e  d r i  I l e d  w i t h  d i f f i c u l t y .  

F r e q u e n t  d i s c u s s i o n s  w j t h  t h e  d r i l l e r  r e s u l t e d  i n  d a t a  

3n t h e  s i z e  o f  t h e  c o b b l e s  a n d  b o u l d e r s  a n d  : Jhe the r  o t h e r  

c a u s e s  o f  d i f f i c u l t  d r f l l i n g  ;;ere e v i d e n t .  

Foi l o w i n g  c o m p l e t i o n  sf t h e  ;.re1 I s ,  samoias ; < e r e  ob- 

t a i n e d  f r o m  t h e  t r e n c h  b o t t o m s .  T h a t  s a m o l i n g  r e q u i r e d  

t h a t  s t a n d i n a  water n o t  be p r e s e n t  I n  o r d e r  t h n t  thr? sad-  

i m e n t s  b e  s m n p l e d  a n d  n o t  t h e  xciater. d e n c e  s z n o l i n g  h a d  t o  

S e  c g o r d i n a t e d  x i t h  a c h a c g e o v e r  o f  s f f l u e n t  diSpGSa1 f r o m  

3 n e  t r e n c n  t o  the  o t h e r .  Too l o n g  a iiai t a f t e r  than,-eover 

r e s u l t e d  I n  s e e p a g e  i n t o  t h e  d r a i n e d  t r e n c h  f r o m  t h e  one 

b e i n g  f i l l e d  as a z t e r  l e v e l s  r o s e  i n  t he  t r e n c n  i n  use. 

Hence t h e  s a m p l e s  h a d  t o  b e  t a k e n  i n  s o n e  i n s t a n c e s  i n '  

t h e  d r a i n e d  t r e n c h  x h i l e  some :dater s t i l l  r e m a i n e d  i n  p o o f s  

i n  i t .  

Examination o f  t h e  s e d i m e n t s  sarnpl ea, a n d  e x a m i n a t i o n  

o f  t h e  t r e n c h  wal I s  near the  s m p l  i n g  s i t e ,  s h o : ~ e d  tha t  

a11 the  s a n p l 6 s  w e r e  t y p i c a l  o f  t h e  h i g h l y  h e t e r o g e n e o u s  

m a t e r i a l s  p r e v i o u s l y  d r i l l e d .  They a c c D r d i n g l y  w e r e  n o t  

s p e c i f i c a l l y  d e s c r i b e d .  C t h e r  r e a s o n s  r ; t e r e  ( 1 )  t he  s e d i m e n t s  

x e r e  s a n d y  a n d  s i l t y  p e b b l e  t o  b o u l d e r  g r a v e l s  : # h i c h  c o u l d  

n o t  c e  i n c l t i d e d  i n  t h e  r e l c l t f v e l y  s m l l  samples taken, 

( 2 )  3 n y  contaqinsnts p r e s s n t  mos t  l i k e l y  ;dould b e  a s s c c i a t e d  

;.;iC,h t h e f i n e r - q r a i p o d  s e d i r r l e n t s  b 2 c x u s e  o f  t he  l a r g e r  s u r f a c  

G r - ? i ?  71?r ~ 3 i . t  : iei ;n+ 3r ' J O I U T O  l ing t k e  r c a c t i c n  3 f  t h e  clay 
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m i  n e r z  1 s p r e s e n t  . 
T h a t  t he  f i n e n e s s  o f  t h e  s e d f m e n t s  i s  I m p o r t a n t ,  8 s  

n o t e d  b y  h k i f e n r y  a t  w e l l  399-1-2,?1as o b s e r v e d  i n  s e v e r z l  

o f  t he  s a m p l i n g  p i t s .  Blocks o f  s i l t ,  e v i d e n t l y  s a t c r a t e d  

a n d  f r o z e n  xh.en t r a n s p o r t s d  a n d  d e p o s i t e d ,  c o n t a i n e d  

c o n s i d e r a b l y  h i g h e r  l e v e l s  o f  uranlurn c o n , t a m i n a t i o n  than ' 

a d j a c e n t  c o a r s e r - g r a i n e d  ma te r ia l .  I n  a d d i t i o n ,  t h e  can- 

t a m i n a t i o n  f e l l  o f f  r a p i d l y  w i t h i n  a n  i n c h  or t!io. P r o b a b l y  

t h a t  iqas t h e  r e s u l t  o f  s e v e r a l  f a c t o r s  ( 1 )  t h e  low p e r - ,  

meab i  I i t y  t h a t  o r e c l u d e d  e f f e c t i v e  c 3 n t z c t  S e t v e e n  t o e  s i  1 t 

c O r e  a n d  t h e  u r a n i u m - o e a r i n g  s o l u t i o n s ,  a n d  ( 2 )  t h e  l a c k  o f  

.- 

a s t . e ? p  enough c 3 n c e n t r a t i o n  g r a d i e n t  t o  move t h e  uranium 

d e e p e r  i n t o  % h e  c c r e  o f  t h e  b l o c k .  

d a t e r  i s  d i s c h a r g e d  t o  c n e  t r e n c h  a t  a t i n e  o f  t h e  

t w o  t r e n c h e s .  Raics r a n g e  f r o n  l e s s  t h a n  2003 t o  9 0 0  gpm 

o f  e v e n  more. I n i t i a l l y  t h e  i f a t e r  l e v e l s  i n  t h e  r e c e i v i n g  

t r e n c h  remain 10:~. ;;ith t i m e ,  o r d l n a r i l y  n f e w  ;reeks, t h e  

, i n f i l t r r t i o n  r a t e  d e c r e a s e s  a n d  t h s  : i a t z r  l e v e l '  i n  t h e  

t r e n c h  s13:JIy r i s e s .  U l t i m a t e l y  t i l e  r iater l e v e l  r i s e s  t o  

a few  f e e t  f r o n  t h e  t c p  o f  t h e  b e r m  o r  l e v e e  separating 

t h e  t r e n c h e s .  Then t h e . : q a t e r  i s  . d i v e r t e d  t o  t h e  o t h e r  t r s n c h  

a n d  t h e  f i r s t  t r e n c h  f s  a l l o w e d  t o  d r a i n .  The p r o c e s s  i s  r e -  

D e a  t ed. 
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f o l  lo;.r ing d e s c r i p t i o n  i s  an e x p l a n a t i o n  t h a t  a p p e a r s  t o  

s a t i s f y  t h e  o b s 2 r v e d  e v e n t s  a n d  t h e  n a t u r e  o f  t h e  n c t t e r i a l s  

b e n s a t h  t h e  t r e n c h e s .  

I n i t i a l  l y  t h e  x a t e r  seeps  i n t o  t h e  g r3 i Jnd  2s a 

r e s u l t  o f  g r a v i t y  a n d  c a p i l l a r y  f o r c e s .  .;here h i g h l y  

pe r rneab l  e s e d i m e n t s  ( c l e a n  gravels) a re  p r e s e n t ,  g r z v i  t y  

f l o w  p r e d o m i n z t e s .  E l s e i + h e r e  c a p i  I l a ry  f c r c e s  a r e  i m p o r t a n t ,  

a n d  r e a c h  a m a x i m u m  i n  f i n e - g r a i n e d  s e d i m o n t s  !.rhere g r a v i t y  

f l o w  i s  n e g l i g i b l e .  G e n e r a l l y  a n i x  o f  t h e  two p r o c e s s e s  

Occur  s . 
The x e t t e d  f r o n t ,  i n  u n i f o r n l y  f i n + g r z i n e d ,  IOK-' 

p e r m e a o i  I i t y  m a t e r i a l  i s  r a d i a l  l y  9Qt ; ia rd  a n d  d3wnward f r c m  

t he  t r e n c h  3 o t t o r n .  It has t h e  CrGsS s a z t i o n a i  .profits o f  a 

s e m i c i r c l e  ( i n  u n i f o r n  r n a t ? r i a l ) .  I t  s p r e a d s  l a t e r a l l y  a n d  
. ,  

dorgnward u n t i l  a d i s c o n t i n u i t y  i s  e n c o u n t e r e d ,  That may i n -  

c l u d a  t h o  : i a l I s  o f  t h e  o t h s r  t r n n c h ,  c? chancje i n  t h e  bedded  

s e d i i n e n t s ,  c r  a s i g n i f i c a n t  change  i n  t h e  T o i s t u r e  c o n t e n t  

o f  t h e  s e d i m e n t s .  T h o s e  c o n d i t i o n s  p r o v i d c  a change  i n  

s p a c e  i n  t h e  m a g n i t u d e  3 f  t h e  c a p i l l a r y  f o r c e s .  

S i g n i f i c a n t  f l o x  a c r o s s  t h e  d i s c o n t i n u i t y  d o e s  n o t  

n o r m a l l y  o c c u r  inti1 t h e  f i e l d  c a p a c i t y  ( s p e c i f i c  r e t e n t i o n )  

i s  e x c z e d e d  such t h a t  g r a v i t y  f I O i J  r e s u l t s .  The fiord r a t e  

t h e n  i n c r G a s e s  G n t i  I s a t u r a t e d  f l o l q  i s  a c h i e v e d .  3 t a i n n y e  

acr l ; ss  t h e  d i s c o n t i n u i t y  C C C U I C S ,  i n i t i - l l y  zt a p o i n t ,  a n d  

t h e  p r o c e s s  i s  r ? o e z t e d  u n : i I  s n o t h e r  d i s c o n t i n u i t y  i s  en- 

c=aunt?r . I d .  

tj-,nLt?l y ,  : j nen  ; :?c (j c::.r.aci :y i s  e x c e e d e d  t.2 

:he : ; Y I C ~  t a ~ i ? ,  5at!;:c:ecr ?Id:< o c c ~ ~ r c :  i n  '.fie ? n ; - . i r o  s a i l  
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c o l u m n .  T h i s  n i z y  r e q u i r e  a c o n s i d e r a b l e  a e r i u d  o f  t i n e ,  

p e r h a p s  many >leeks. G r a v i t y  f l o r g  t h e c  o c c u r 3  o v e r  a l a r g e r  

a n d  larger area u n t i l  i t s  f l o w  e q u a l s  t h e  i n f1o i . i  i n t a  t h e  

t r e n c h .  

Once gravity f l o w  i s  a c h i e v e d ,  t h e  . ia te r  t s j l o  becomes 

._ i n c r e a s i n g l y  a f f e c t e d ,  a n d  r i s e s  as t h e  ;:ater f l o p ;  t o  t h e  

v a t e r .  t a b l e  i n c r z a s e s .  B h i g h e r  ; la ter  t a b l e ,  r e f l e c t i n g  t h e  

i n c r e a s e i :  r e c h c r g e ,  mesns 8 r e d u c e d  g r a d i e n t  i s  d e v e l o p e d  

f r g m  t h e  t r e n c h .  F l o w  c u t  o f  t h e  t r e n c h  i s  r e d u c s d .  T h e  ?;ator 

l e v e l  i n  t h e  t f e n : c h  then r i s e s  t o  c r e a t e  a h i g h r r  h e k d  ar?d 

a s t e e p e r  g r a d i e n t  f o r  iJater  r;lovenregt. S i m i  larl:v, as t h e  

h e a d  i s  i n c r e a s e d ,  c a p i l l a r y  a c t i o n  i n d u c e s  i g u t e r  t o  r i s e  

t o  h i g h e r  l e v e l s  a t : . t he  t r e n c h  s i d o s .  Ultimately c a t e r  i s  

p r e s e n t  i n  t h e  iga!Is o f  t h e  a d j a c i n t  t r e n c n  a b o v e  t h e  f l o o r  

o f  t h a t  t r e n c n .  .;ater f lo:. i  f r o m  o n e  t r e n c h  t o  t h e  0 t k 2 r  

does  n o t  o c c u r ,  h D x e v e r , u n d e r  u n s a t u r a t e d  c o n d f t f o n s  u n t l  I 

t h e  f i e l d  c a p a c i t y  i s  e x c e e d e d  b e c z g s e  o f  t h 2  d i s c o n t i n u i t y  

p r i s e n t  a t  t h e  t r e n c h  riall. I f  adequately p e r v e a b l e  gravels 

:. 1 

a r e  p r e s e n t ,  s a t u r a t s d  Z t o a  a a y  3 C C u r .  T h i s  \$as s e e n  Z i t  

s e v e r a l  s i t e s  x h e r e  v e g e t a t i o n  grows I n  t h e  t r e n c h  ! g a l l s .  

V e g e t a t i o n  seemed to grow w s t  aSundantly at s i t e s  

that. i n d i c a t e d  Y e r m e z S l e  g r s v e l s  e x t e n r ?  t h r s u g h  tho b e r m  or  

I € v e l .  

L 



c i t e d  t o  shoyr t h a t  f l o ; g  r a t e s  o f  2009 g p n  I . i . i I I  s i g -  

n i f i c a n t l y  r a i s e  t h e  water t a b l e  Seneath t h e  t r e n c h e s .  

T h a t  T i s 2  i s  c o n f i r m e d  c y  m e a s u r e v e n t s  b y  L i n d 5 e r g  a n d  

a o n d " ) .  ( s e e  F i g u r e  3 ).  The i r  work shrJ:ss a s t a t i c  -deter 

l e v e l  z b g u t  1.5 f e e t  h i g h e r  than rjhat i s  p r o b a b l y  n o r m l .  

The florr. d i r e c t i o n  and f l o w  r a t e  o f  the g r o u n d  

x a t e r s  o b v i o u s l y  a r e  s i g n i f i c a n t l y  a f f e c t e d  b y  t r e r . c h  

o p e r a t i o n .  

D r i l l i n g ,  t e s t  p i t t i n g  a n d  srmpling a t  t h e  300 A r e a  

t r e n c h e s  d i s c l o s e d  no  data c o n t r s - i n d i c a t i n g  t h e  r e s u i  t s  o f  

earlier s t u d i e s  r e a o r t e d  b y  L i n d o e r g  and 3 o : > d ( ! ) I n  f a c t ,  

t h e  r e s u l  ts fuI.1 y c o r r c o o r a t e  t h o s e  ear I i e r  f i - c d i n g s ,  a n d  

p r o v i d e  a d d i  t i o n a l  d e t a i l  on the  n a t u r e  a n d  innoact o f  t h e  

P a s c o  S r z v e l s  on $ r o u n d  water movement. 

The 730 a r e a  l i e s  WhEtre, b e c a u s e  o f  t h e  C3 l l ;nS ia  

R i v e r  p a l  s o c h a n n e l ,  p i r r n e a o i  I i t i e s  3f  the  F a s c o  G r a v e l s  a r e  

h i g h  o v e r  a r n o d e r n t e l y  l a r g e  area e x t e n d i n g  f r o m  n o r t h  

o f  t h e  703 Area i n t o  N o r t h  R i c h l a n d .  G r o u n d  i ia ter  f l o w s  

i n t o  t he  c u r r e n t  C o l u r n b i z  2 i v e r  i s  c o n c e n t r z t e d  i n  t h a t  

. . . . . . . . 
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H i l l s ,  a n d  D r y  C r e e k  V a l l e y  v o v e  s o u t h o n s t x a r d .  A t  a n d  

n e a r  t h e  300 Area t h e  w a t e r s  m i n G l e  ( s e e  f i g u r e  3 ) ,  a n d  

e n t e r  t h e  C o l s v b i a  R i v e r  l a r g e l y  d o i i n s t r e a q  o f  t he  300 

A r e a .  

The n a t u r a l  p a t t e r n  o f  f lo :+  o f  g r s u n d  w a t e r s  i s  

m a t e r i a l l y  a f f e c t e d  on b y  h i g h  s p r i n g  r i s e s  o f  t h e  

C o l u r n o i a  R i v e r ,  w h e n  r e v e r s e d  g r a d i s n t s  t e n o o r a r i l y  i n -  - 

c f e 2 s e  Sank s t o r a g e .  As L i n d b e r g  and 3oRd p o l n t  o u t ,  a 

s i g n i f i c a n t  i m a c t  now i s  r 2 r e  o w i n g  t o  C o l u T b i a  i i i v e r  

r e g u l a t i o n  a n d  t n e  c r e a t i o n  o f  t h e  :fciJary 0271 r e s e r v o i r  

‘ ( L a k e  5 i ’a I lu la )  

Any w a s t e  d i s c h a r g e d  t o  t h e  t r e n c 5 e s  : d i l l  o f  c o u r s e  

move doiJnward t3  t h e  g r o u n d  w a t e r  t a b l e .  I n  t h a t  p a t h  t h e  

w a t e r s  x i  1 I t e n d  t o  move s o u t h w a r d ,  f o l  l o w i n g ,  tn;e d i r e c t i o n  

o f  d i p  o f  t h e  d e i t a i c  f o r e s e t - b e d d e d  d e o o s i t s .  A t  t h e  

w a t e r  t a b l e  t h e  f l o l q  5 3 1 1 1  t e n d  t o  be  r a d i a l l y  o u t : + a r d  

b e c a u s e  o f  t h e  low g r o u n d  w a t e r  m c u n d  t h e r e  c r e a t e d  ( s e e  

f i g u r e  3 ) .  F I o i l  then ;;I I I b e  e a s t - s o u t h e a s t x a r d  t o  a n d  

i n t o  t h e  C o l u m b i a  R i v e r ,  

The o r e c i s e  03th o f  f l o w ’ w i l l  depend  u p o n  a h o s t  o f  

v a r i a b l e s ,  however  t h e  g r o u n d  r i a t e r s  and c o n t z i n e d  con-  

t a m i n a n t s  : d i l l  d i s p e r s e  a n d  b e  d i l u t e d  l a t e r a l l y  oy move- 

m e n t  i n r o u g h  t h e  h i g h l y  h e t e r o g e n e o u s  g r a v e l s .  Numerous 

x e l l s  i n  :I g e n e r a l l y  d o x n q r z d i e n t  d i r e c t i o n  ;ii I I i n t e r -  
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FIGURE 3: 300 Area Water-Table Map, July 1 ,  1977 
( r n o d l f l e d  f r o m  L l n d b e r g  and Bond) 
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R i n g o l d  F o r n a t i o n  a t .  a ' d e p t h  o f  a b o u t  59 f e e t  can  b e  

c o n s i d e r e d  as the  l o w e r  l i m i t  o f  c o n c e r n  i n  r e g z r d  t o  

c o n t a m i n a n t s .  T h i s  i s  b e c a u s e  o f  t h e  10s p e r r n e a D i l l t y  o f  

t h e  R i n g o l d  F o r m a t i o n  s e d i m e n t s  compared  t o  t h a t  o f  t h e  

P a s c o  G r a v e l s ,  a n d  t h e  c l a y  m i n e r a l  c o n t e n t .  They have,  

c o n s e q u e n t l y ,  a h i g h e r  a f f i n i t y  f o r  c o n t a m i n a n t s  than 3 

comparable v o l u m e  o r  w e i g h t  o f  t h e  o f t z n t i m e s  v e r y  c l e a n  

P a s c o  G r a v e l s .  

The i n a i c a t e d  g r o u n d  water flow p a t h  fram t h e  t r e n c h e s  

t o  t h e  C o l u n s i a  3 i v e r  i s  o e n e t r a t e d  b y  a p a t t e r n  o f  w e l l s  

t h a t  v i r t u a l l y  g u a r a n t e e s  interception o f  c c n t a r n i n a n t s .  T h a t  

i n t e r c e p t i o n  i s  e v e n  .more  c e r t a i n  b e c a u s e  o f  t h e  s p r e a d i n g  

e f f e c t  o f  t h g  g r o u n d  w a t e r  mound b e n e a t h  t h e  t r e n c h e s ,  a n d  

b y  t h e  p r o c e s s e s  o f  d i s p e r s i o n  t h a t  b r o a d e n  t h e  c o n t a m i n a n t  

p l u m e  dc) !+ngradten t  a n d  v e r t i c a l l y  a s  ide l  I .  g i s p e r s i o n  i n  

a d d i t i o n  d i l u t e s  t h e  c o n t a r n i n z n t  c o n c e n t r a t i o n ,  e v e n  p r i o r  

t o  i t s  d i l u t f o n  as t h e  c o n t a m i n a n t s  e n t e r  t h e  C o l u m b i a  

R i v e r .  

The q u e s t i o n  n a y  b e  r 3 f s s d  that  c o n t a r n i n s n t s  a r e  m o v i n g  

a t  d e p t h ,  a l o n g  t h e  t o p  o f  t h e  ! ? f o g o l d  F o r m n t i D n  a n d  be- 

n e a t h  some ; $ e l l s  t h a t  a re  l e s s  than f u l l y  n e n e t r a t l n g  o f  t h e  

a q u i f e r .  Tht. c o n c e r n  a o p e a r s  g r o u n d 1  ess b e c a u s e  o f  t h e  s h a l  I ow 

d c p t n  o f  t h e  o l d  chann,e I  ( l e s s  t h a n  30 f e e t )  i n  : $ h f c h  d i s -  

? e r s i o r !  s b o c r l d  c l i z r r i b u t ?  t h e  c o n t a m i n a n t s  g n i f o r r n l y .  
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i n  p a s t  y e a r s  

h i g h l y  e f f e c t  

as n o t e d  b y  L i n d b e r g  a n d  9ond ( ' 1  w e r e  

v e  i r t  d i s t i n g u i s h i n g  b e t s e e r !  n o r m a l  g r o u n d  

; .raters a n d  c o l d e r  r i v e r  w a t e r s  p e n e t r a t i n g  i n l a n d .  Temp- 

e r a t u r e s  a l s o  d i s t i n g u i s h e d  e f f l u e n t  :r.aters t h a t  x e r e  \garner 

than  t h e  g r o u n d  i i a t e r s  i n  l a t e  surnner a n d  c o o l s r  than ? h e  

- g r o u n d  waters  i n  i i i n t e r  ( s e e  Lfndber, ;  and gond,  F i g - J r e  4.9, 

a l s o  F i g u r e  4 o f  t h i s  r e p g r t .  

2andzl  I E .  3 r o z n  
Regis  t s r e d  r J s c ~ l c 3  i s t  
S t a r e  o f  Cal I f z r n i z  

S t a t e  o f  Gregor ;  
C e r  t i  f i  c a t e  : i o .  525 

e e r t i  f i c a t e  X O .  ~2-325 

c 



I 
-23 * 

1 .  L i n d b e r g ,  J J  a n d  F:; 9ond.  1979. S e o h y d r o l o g y  a n d  
G r o u n d - M a t e r  Q u a l i t y  3 e n e a t h  t h e  300 Area, H a n f o r d  
S i t e ,  ; l a s h i n g t a n .  3 a t t e l  l e  M e m r i a l  I n s t i t u t e ,  
P a c i f i c  N o r t h w e s t  L a b o r a t o r y ,  FJ?!L-2?43 

2. McHenry ,  JR. 1957.  P r o p e r t i e s  o f  Soils o f  t h e  H a n f o r d  
P r o j e c t .  G e n e r a l  E l e c t r  I c  Comoany, H a n f o r d  A t o m i c  
P r o d u c t s  O p e r a t i o n  Ha{-677201 

3. Newcomb, RC, JF S t r a n d  a n d  FJ Frank. 1?72. G e o l o g y  
a n d  Ground-;;ater C h a r a c t e r i s t i c s  3 f  t h e  H e n f o r d  
R e s e r v a t i o n  o f  t h e  US A t o m i c  E n e r g y  Commission, 
K a s h i n g t o n .  'JS G e o i a g i c a l  S u r v e y  P r o f e s s i o n a l  Paper  
71 7 

4. 3rown, QE. 1379. J i ?ev ie 'd  o f  7 a t e r  . ; e l l  Data f r o m  t h e  
U n c o n f i n e d  A q u i f e r  i n  t h e  C a s t e r n  a n d  S G u t h e r n  ? a r t s  
o f  t h e  P a s c a  S a s i n .  i i o c k w e l  I e m f o r d  C 3 s r a t i o n s ,  
RtiC- 3; i I  mC-55 

5. S r a t z ,  JH, HTU S m i t h  and SE N e f f .  1356. C h a n n e l e d  S C ~ O -  
l a n d  o f  i a s h i n g t o n :  ? J E W  D a t a  and I n t e r o r e t s t i c n s .  
G e o l o g i c a l  S o c i e t y  p f  d i n e r i c a  a u I i e t i : i ,  V .  67, no. 3. 

6. L i n d b e r g ,  Jd. 1976.  G e o l o g i c  S u r v e y  o f  t h e  S p r a y  P o n d  
E x c a v a t i o n ,  ; : asn ing ton  N u c l e a r  P r c j z c t  X O .  4, P a c i f i c  
T e s t i v g  L a b o r a t a r i  e s ,  T r a n s m i t t a l  2 6 2 ,  , ? i ch iand ,  
?{as h i n g  t o n  . 
L i t h 3 l o g i c  L c g s  f rom t h e  600 Area ,  H a n f o r d  S i t e .  
Rockwel I H a n f c r d  C p e r a t i o n s ,  2HG-L3-153 

7. F e c h t ,  KQ a n d  J T  L i l l i e ,  1362. 9 Catalog o f  3 o r e h o l e  

80 i7oedder ,  E. 1357. P e r s o n a l  c o m m u n i c a t i o n ,  unDubl i s h e d .  





TE3T YCLZ KO. 1 ( S 3 r t h  e n d  a f  t r e n c h e s )  

0 - 15  f e e t  < r a v e l ,  s a n d  a n d  s i l t ,  r ~ z ~ o r l y  s 3 r t z d .  
G r a v e l  r a n g e s  f r g m  o e b j l c s  t g  3 o u l d e r s ,  
d o l n i n a n t l y  l e s s  than 6 i n c h e s  i r .  d i z m e t e r ,  
b u t  UP t 3  19 i n c h e s  i n  d i n T e t e r .  3 o u l d e r s  
a re  b a s a l t ,  e v i d e n t l y  l o c a l l y  d e r i v e d ,  c o b 3 l e s  
a re  rJJn inant ly  u o r i v e r  e x Q t i c  r o c k  t y o e s .  Th3se  
g r a v e l s  i n  o a r t  m y  have Seen s c o c l r s d  f r o m  t h e  
R i n g 3 l d  F Q r m a t i a n ,  t h e  : ; c a t h e r i n s  f i n e s  :,ern 
o f f  zrd  t h e  g r z v e l s  r e d e g o s i t e d .  

S i l t  i s  p r e s e n t  as c o a t i n q s  G n  q r z v e l ,  i n d i c a t i n :  
r o i l e d  x a t e r s  ( s l u r r y  f l 3 o d s ) .  C a l i c h e  ( c a l c i u m  
c a r b o n a t e ) .  o c c u r s  as t h i n  c 3 a t i n g s  on t h e  u n d e r -  
s i d e  o f  c o b b l e s ,  a n d  p r s b a b l y  is a p p r e c i a b l y  
l e s s  i h z o  13 o f  t h e  t s t a l  s a m l e .  The g r a v e l s  
a re  u ~ c e - e n t e d ,  a n d  c a v a  i c t s  t h e  h o l e .  C a s i n g  
r o ~ s t  b.1 fr e q u e n t l  y d r  i v e z  a n d  >dater a d d e d  t o  
c r e a t e  a s l u r r y  f 3 r  t h e  suDg:r t  s f  t h e  h o l i  snS 
f o r  b a i  I i n g  c;f c u t t i n g s .  

Tne c o b 3 l e  a n d  b o u l d e r  g r a v e l  i n d i c a t e  t h e  
pro3abIs base  o f  a g r a d e d  d 5 : i a s i t .  

. I  

1 5  - 22 f e e t  G r a v e l ,  s a n d  and s i l t .  G r a v e l  i s  d 3 r n i n a n t l y  
c o b b l e s ,  s z n d  i s  c o a r s e  g r a i n e d ,  s i 1  t i s  l e s s  
than 55 o f  t h e  s a m o l e .  :lo c a l i c h e  n o t e d ,  G r a v e l  
i s  5O,< b a s a l t ,  50;: q u a r t z i t e  a n d  q u a r t z o s e  r o c k s ,  
The d r i l l i n g  r a t e  i n  t h e  i n t e r v a l  a f t e r  p a s s i n g  
t h r o u g h  t h e  b o u t  d e r s  i n  t h e  h i g h e r  i n t e r v a l .  
T h i s  i s  t h e  p r o D a D l e  t o p  o f  a rsnnoant o f  a 
g r a d e d  G r a v e l  d e p o s i t  be low t h a t  i n  t h e  0 - 15 
f o o t  i n t e r v a l  , 

22 - 27 f e e t  G r a v e l ,  d o r n i n z n t l y  p e b S l e s  o f  b a s a l t .  C l e a n ,  
l i t t l e  sand,  o n l y  t r a c e s  o f  s i l t ,  P e b b l e s  a r e  
l e s s  tnan 5 TCI i n  d i a m e t e r .  

27 - 32 f c o t  G r a v e l  a n d  sand,  c l e a n .  S r 3 v e l  i s  o e b b l e  t o  
c o o b l e  i n  s i z e ,  g r a v e l  i s  a b o u t  652; z ~ f  t h e  
savole, sand  i s  c o a r s s  g r a i n e d  s n d  i s  a b o u t  
352 o f  t h e  s a n o l c .  S i l t  i s  o n l y  u f e x  p e r c e n t  
3 f  t k t '  t o t a l .  
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C o l u m b i a  R l * v e r  o y y o s l t e  t 3 e  253 i troa .  T h e r e  
t h e  d e l t a l c  d e p o s i t s  d i p  c o u t h : i a r d  t o  s o u t h -  
e a s t w a r d ,  i n d i c a t i n g  t h a t  t h e  d e p o s i t i n g  c u r r e n t s  
w e r e  f r o m  t h e  n o r t h .  I n  :he ~ 0 1 ~ t h  o z r t  o f  
R i c h l r n d ,  d e l t a i c  f o r e s e t  o e d d i n g  shows d e p o s i  t i o r :  
b y  n o r t h s a r d  t o  n o r t h ; ~ c ? s t : i n r d - : l ~ ~ ; i n g  c u r r e n t s ,  
e r r a n a t i n g  f r o q  t h e  Snake  R i v e r .  

The s t a t i c  :.rater l e v e l  on ve l1  c o r n o l e t i o n  was 
a b o u t  24 f e e t .  The e x t e n t  o f  m g u n d i n g  o f  t h e  
g r o u n d  x a t e r  t a b l e  b y  p e r c o l a t i o n  o f  x a s t e  w a t e r s  
i s  t h e r e  n o t  a p p r e c i a b l e ,  3ut may 3e n e a s u t a b l e .  - 

0 - 19 f e e t  G r a v e l ,  s a n d  and s i l t ,  D 9 o r l j  s o r t e d ,  as i n  t h e  
No. 1 h o l e .  G r a v e l  f o c l u d e d  nurnerous o g u l d c r s  and 
t o t a l s  t o  a b 3 u t  402 o f  t h e  s a i n o l e .  Sand i s  5 C 3  
o f  t h e  sa lnp le  and s i l t  is 10; o f  r h s  s a n c l e .  
C l a y  a n d  c a l i c h e  x e r e  n o t  n o t e d  b u t  a r c  p r o b z b l y  
p r e s e n t  as i n  t h e  No. 1 h o l e ,  i n  amounts l e s s  
than a o o u t  1%. 3 a s a l t  i s  d o m i n a n t  i n  a l l  ;ut :he 
s i l t - s i z e d  fraction, a s  i n d i c a t e d  b y  t h e  dark  g r a y  
t o  black color o f  t h2  x n s h e d  sample .  T h i s  ma te r ia l  
a p p e a r s  t o  be the  b a s e  o f  ;f g r a d e d  g r a v e l  d e p o s i t .  

19 = 23 f e e t  S a n d  and g r a v e l , .  c l e a n .  S a n d  i s  m e d i u m  t o  c o a r s e -  
g r a i n e d  and i s  l a r g e l y  b a s a l t .  G r a v e l  i s  g r a n u l e  
s i z e d ,  l e s s  t h s n  a b o u t  5 mm I n  d i a n e t e r ,  and  i s  
l a r g e l y  b a s a l t .  S i l t  I s  a b o u t  13 o f  t h e  sample .  

P a r t i c l e s  dhorr l i t t l e  e v i d e n c e  o f  b r e a k a g e  b y  
d r i l l i n g .  The d r i l l i n g  r a t e  i n c r e s s t ? d  as i n  t h e  
No, 1 h o l e ,  T h i s  r n a t e r i z l  i s  o r g b a a l y  t h e  d e l t a i c ,  
f o r e s e t - S e d d e d  d e 9 o s i t  a t  the t o o  o f  a g r a d e d  
? r a v e l  s e q u e n c e  as e lse :vhere  seen.  

23 - 28 f e e t  G r a v e l ,  sandy ,  o n l y  t r a c e s  u f  s i l t .  : i e I t  s o r t e d  
and c l e a n .  G r a v e l  is . l a r ; e l y  y r z n u l e  i n  s i z e ,  
s a n d  i s  mediunr- t o  coa i l se  ; r a i n e d  i n  s i z e  a n d  i s  
l a r g 2 l y  Sassti. S a n g l e s  a c p e a r s  t:, b e  o f  an o p e n ;  
;;ark g r z v e l  - o f  h i g h  o n r n e a s i  I i t y .  

s i l t .  Z r z v e l  i s  t w g e l y  3 e 3 5 l e s ,  z v e r a g i n g  a b o u t  
2 c q  i n  diarn2ier .  .3an?les i s  o f  !-1n ooen- i j o rk  

, ; r 3 * ; 2 1 .  ~ r n v e ~  i; ?I$ 3 z s a t  S, 23 :  e x o t i c  r o c k  
+y?)ss  ( v o l : a n i c ) ,  ::C! ?Gar t r i  t e  a n d  a u 2 : r t z o s e  
r G c k s .  ; : : is g r c ? v ? l  . inp?ars  k z  b e  t h e  b a s e  sf  t h e  
d e l  : x i c  for?srt- : : : !ded : rnv (? l s .  

29 - 70 ,J f a e t  ? r a v e l ,  c l e a n  and z e I i  s o r t c s j .  c:nI;' t r a c e s  o f  

- I  
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33 - 40 f e e t .  Sand, g r a v e l  a n d  s i l t .  Sand i s  medium- t o  
c o a r s e - g r a i n e d  , i s  652 o f  s a m p l e  a n d  i s  l a r g e y  
b a s a l t .  G r a v e l  i s  g r a n u l c - s i z e d ,  i s  303 of t h e  
s a m p l e  and I s  50s b a s a l t  a n d  50.2 e x o t i c  r o c k  
t y p e s .  S i l t  i 9  5:g o f  t h e  sample .  
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TEST HOLE NC. 3 

- 10 f e e t  Gravel a n d  sand. G r a v e l  i s  l e s s  than 4 crn I n  
d l a ~ e t e r  a n d  i s  603 o f  t h e  sample .  S a n d  i s  
40'; of t h e  samp le .  S i l t  i s  s p a r s e ,  v iashes o u t  
o f  t h e  s a m p l e  e a s i l y .  

- 21 f e e t  Sand, g r a v e l  a n d  s i l t .  S a n d  i s  60% o f  t h e  
s a m p l e  a n d  i s  d o m i n a n t l y  ";salt .  G r a v e l  i s  
d o m i n a n t l y  p e b b l e  g r a v e l  w i t h  sone  c o b b l e s  a n d  
b o u l d e r s ,  a g g r e g a t e s  t o  303 of the  sample .  
S i l t  i s  l a r g e l y  q u a r t z  G r a i n s ,  x i t h  some f e l d s p n  

t o  30 f e e t  Sand,  littie g r a v e l  a n d  l i t t l e  s i l t ,  Sand i s  
c m r s e  g r a i n e d .  f few peb3les ShOV w e a t h e r i n g  
r i n d s ,  i n d i c a t i n g  scourin9 o f  t h e  R i n g o l d  
F o r m a t i o n  n e a r b y  a n d  redeposi t i o n .  This  n a t e r i a l  
i s  p r o b a b l y  the t o p  o f  t h e  d e l t a i c  f o r e s e t -  
b e d d e d  depos i t. 

t o  35 f e e t  G r a v e l ,  o n l y  €races of sand a n d  s i l t .  G r a v e l  
i s  g r a n u l e  t o  p e b b l e  s i z e d .  C l e a n  a n d  w e l l  s o r t e  

t o  40 f e e t  Sand, c l e a n  a n d  w e l l  s o r t e d ,  C o a r s e  t o  v e r y  
c o a r s e  g r a i n e d .  D o m i n a n t 1  y b a s a l t .  

f e e t  Sznd,  g r a v e l  a n d  s i l t .  Sand i s  50% o f  t h e  
samp le ,  i s  l a r g e l )  b a s a l t .  G r a v e l  i s  455 o f  the 
samp le ,  s i l t  i s  5% o f  t h e  samole.  The t o t a l  
samp I e i s  a b o u t  505 t a n  q u a r t z  

The s a m p l e  a p p e a r s  t o  be f r o m  t h e  
f o r e s e t - b e d d e d  d e p o s i t  a n d  pr3,Sab 
S o t t o r n s e t  bed,  o r  t h e  t o p  o f  a s t  
g r a d e d  sequence.  

base o f  t h e  
y i s  o f  a 
I I deeper  

. .. . '....rc.&. . ._ - -1 



TEST HOLE :JO. 4 3 
0 - 5 f e e t  G r z v e l  and sand .  G r a v s l  i s  l e s s  than a 5 3 u t  6 

- __ c m  i n  d i a m e t e r ,  i s  60: o f  t h e  samp le .  Sand i s  
z b o u t  405 o f  the sample .  C a l i c h e  c o a t i n g  on  
g r a v e l  i s  p r e s e n t .  

samp le ,  i s  l a r g e l y  c o a r s e  g r a i n e d  a n d  is dom- 
i n n a t l y  b a s a l t .  G r a v e l  i s  L O 3  o f  t h e  sam? le ,  
i s  l a r g e l y  c o b b l e s  a n d  b o u l d e r s ,  i s  503 b a s a l t  
a n d  50: u p r i v e r  e x o t i c  r o c k  t y o e s .  S i l t  i s  53. 
C a l i c h e  and c l a y  w e r e  n o t  n o t e d  b u t  p r o b e a l y  
a r e  p r e s e n t  i n  a m o u c t s  o f  2 p e r c e n t  or  so. ~3 

5 - 10 f e e t  Sand,  g r a v e l  a n d  s i l t .  S a n d  i s  5 5 z  o f  t h e  

J .  

w e a t h e  
Qf  rOi 

10 - 17 f e e t  G r a v e l  
C O O S  I c 
o f  u o r  
c o x s e  

i n g  r i n d s  l i e r e  seen.  The s a m p l e  i s  t y p i c a l  
e d  x a t e r  deposi ts. 

s a n d  and s i l t .  G r a v e l  i s  n i x e d  p e b b l e ,  
anJ b o u l d e r  g r a v e l ,  v u l t i c o l o r e d ,  I a r g 2 l y  
v e r  e x g t i c  r o c k  t y p e s .  Sand i s  med ium t o  
g r a i n e d ,  i s  l a r g a l y  5 z s a l t .  F i n e  s a n d  and 

s i l t  i s  s u b r o u n d e d  t o  ; < e l l  roc rnded q u a r t z  g r a i n s .  
A t  17 f e e t  t h e  t e s t  h o l e  % e n t  o u t  o f  t h e  c o b b l e  
and 5 o u l  d e r  g r a v e  I , 

17  - 22 f e e t  G r a v e l ,  s a n d  and s i l t .  G r a v e l  i s  55;$ o f  t h e  
samp le ,  I s  50% b a s a l t ,  509 e x 3 t l c ,  u p r i v e r  r D c k  
t y p e s .  S z n d  i s  40,Z o f  t h e  sample, i s  l a r g e l y  
b a s a l t ,  g r a i n s  a re  a n g u l a r  t o  s u b a n g u l a r .  S i l t  i s  
5,$ . 

22 - 35 f e e t  G r a v e l ,  sandy ,  G r a v e l  i s  l a r g e l y  g r a n u l e  t o  
p e b b l e  g r a v e l ,  l e s s  than a b o u t  4 cm i n  d i a m e t e r .  
S z n d  i s  o n l y  lo,% o f  the s a m p l e ,  s i l t  is i n  t r a c e s  
o n l y .  A l i m i t e d  p e b b l e  c o u n t  a t  t h e  3 0 - f o o t  d e p t h  
s h o w e d  t h e  f o l  l o w i n g :  

3 a s a l  t 623 
q u a r t z i t e  1 2,: 
G n e i s s  1 or! 
Vo I can i c r o c k s  
( o t h e r  t h s n  oasalt) lC,$ 
G r e e n s t o n e  4: 
C h e r t  4 -: 

The s a m p l e  Is t y D i c a l  .;f l c ~ c e l l y  o b s e r v e d  d e l t a i c  
f g r c s o t - S e d d s d  3 e o o s i  t s .  



40 f e e t  

5 - 1 5  f e e t  S a n d  a n d  g r a v e l  and s i l t .  3; ind i s  l a r g e l y  a n g u l a r  
t o  s u b a n g u l a r  b a s a l t  i n  t h e  n d e i u m -  t o  c o a r s e -  

g r a i n e d  f r a c t i o n .  f i n e  s a n d s  a n d  s i l t  a re  I ~ r g e l y  
q u a r t z ,  r o u n d e d  t o  s u b r o u n d e d .  S i  I t i s  g r a y - g r e e n  
i n  c o l o r  when w e t ,  s a m p l e  i s  d a r k  g r a y  t o  b l a c k  whc 
x a s h e d ,  i n d i c a t i n g  dominance o f  b a s a l t .  ;.lo c l a y ,  
c a l  i c h e  o r  v i e a t h e r i n g  r i n d s  p i e r e  n o t e d .  

1 j  - 18 f e z t  S a n d  2 n d  g r a v e l .  S a n d  i s  5 0 ;  o f  samp le ,  v e r y  c o a r s  
g r a i n e d  s a n d  i s  S a s a l t i c ,  f i n e  s a n d  i s  l a r s e l y  
q u a r t z .  S r a v e l  i s  35.5 o f  s z n o l e ,  q u a r t z i t e  a n d  
q u a r t z o s e  r o c k s  a r e  d o q i n a f i t .  r ' !unerous f r a g m e n t s  
( b r o k e n  i n  d r i l  l i n r ; )  s h o ; i  ; dea ths f i n?  r i n d s ,  h e n c e  
t h e y  v i e r e  s c o u r e d  f r o n  t h e  near>;'  ? i n g o l d  F o r m s t i a  
a n d  r edeoos i t e d  n s h 5 r  t d i  s t z r ? c ?  do;.rns tr earn. 

sand I s  . I a r ' ge ty  v e r y  CoiLfsI! g r a i n e d  (scout >O.;< 
o f  s c l m p i e ) ,  f i n e  t.; m e d i u m  g r r r i n e d  sand i s  203 o f  
t h e  s a n o l c .  3 a s a l  t i s  d c r Z i n 3 n t  i n  a1 I ! ig t  *.he f i n e  
t o  v e r y  f i n e  g r a i n e d  sand. G r a v e l  i s  53:! of the  
sa:rq:~e x i i . : i  70-1 as  , r a n y I t .  q r x v e i ,  a n d  zO,$ as 
0 0 3 3 1  c g r a v e l  . ,;ravel i s  Ic:r:;sl y r~gen-:.;ork. t hos t  
3 :  ~ a ; n 7 1 e  i s  2 7-n i n  uian:.ti.r. g r i l l i n g  s c c e l -  
e r z t 2 . j  a t  21.5 f e e t ,  ; ; ke r?  '.ye d c l t 3 i c  f o r i ? s e t -  
j e d d e a  6200s i t s  ( J C ^ C ' J ~ .  

- 32 f e + t  Sand, q r a v e l  2 n d  a tr::ce o f  s i l t .  F: ior ly  s o r t e d .  

S f Z v C I ,  s e n d  a n d  s i  I t. S r 2 v ? l  i s  p e b b l e  t o  
c o b b l e - d i z e d ,  i s  l a r g e l y  q u a r t z i t e  a n d  o t h e r  2 x o t  
r o c k  t y p e s .  S a n d  i s  c o a r s e  J r u i n e d ,  i s  angular. 
F i n e  s a n d  i s  l a r g e l y  q u a r t :  r l n d  i s  subrounded .  
T h i s  i d  p r o S a b l y  t n e  t o o  o f t h e  13:;er part  3f a 
g r z d e d  d e p g s i t  ( d o t t o n s e t  Seds ) .  

0 - 5 f e e t  G r a v e l  a n d  sand.  G r a v e l  r a n g e s  i n  s i z e  f r o 7  
p e b b l e s  t g  Souldsrs, u p  tc; 24 i n c h 2 s  i n  d i a m e t e r  
a n d  t ha t  a r e  angular t o  s u z z n g u l a r .  C l a s t s  o f  
R i n g o l d  F o r m a t i o n  s e d i m e n t s  are o r e s 2 n t  i n  the  
t r e n c h  walls. They a r e  s i l t s  t h a t  c x s t  h a v e  been  
s a t u r a t e d  and f r 3 r e n  a t  t h e  t i m e  o f  t h e  f l o o d s ,  
i n  o r d e r  t o  h a v e  b e y n  t r z n s o g r t e d  i n t a c t ,  even 
s h o r t  d i s t a n c e s .  d f r a g z 9 n t  o f  c s l i c h s  10'' x 
5'' x 3" also ;#as n J t e d  2 n d  l i e s  n e a r  t h e  F i i n g o l d  
c l a s t s .  G r a v e l  i s  652 o f  t h e  s t m o l e ,  b o u l d e r s  a r e  
15,; o f  t h2  g r z v e l .  Sand i s  505 o f  t he  s a m o l e  r i i t h  
b a s a l t  d o z i f i e n t  i n  t he  c 3 2 r s z  s a n d  f r a c t i o n  a s  
a n g u l a r  t 3  s u b a n q u i a r  G r a i f i s .  F i n e  s a n d  a n d  s i l t  
i s  5< o f  t h e  sample a n a  i s  l a r g e l y  q u a r t z  g r a i n s ,  
r o u n d e d  t o  s u b r o u n d e d .  The t o t a l  sanrple i s  a b o l t  
405 b a s a l t ,  t h e  r e m a i n d e r  i s  u p r i v e r  e x o t i c  r o c k  
t y p e s .  



. 52 - 40 f e e t  Sand, g r a v e l  and s 

TEST HOLE RO. 

0 - 14 f e e t  

1 4  - 20 f e e t  

20 - 30 f e e t  

3~ - 33 f e o t  

35 - 3 7  f e e t  

37 - 45 f e e t  

I t ,  p s o r l y  s o r t e d .  Sand 
i s  505 o f  t h e  s a w  e,  g r a v e l  i s  45,Z o f  t h ?  
s m p l e ,  ~ j i t h  a h a u i  e q u a l  p a r t s  07 G r a n u l e  
a n d  D t b 5 l e  g r a v e l .  S i l t  i s  a b o u t  53 o f  the 
samo l  e, t las  d i  fficul t t o  xash fr3';7 the samp le .  
The 4 O - f a o t  S a l l o I e  i s  50: q r a v e l  ( g r a n u l e  g r a v e l  
i s  lo:, p e b b l e  g t a v e l  Is LO:) s z n d  1 s  40s a n d  
s i l t  i s  lOz 3 f  the sarnpl2 .  C v e r a l l  the s a p o l e  i s  
503 b a s a l t  a n d  503 q u a r t z i  t e  a v d  o t b e r  e x o t i c  
r o c k  t y p e s .  t f a r d  p a c k e d  s a n d  rl;as e n c o u f i t e r e d  a t  34 
f e e t ,  T e s t  h o l e  e n c o u n t e r e d  the  d e l t a i c  f o r e s e t -  
Deddad d e o o s i  t. 

- 

6 ( S g u t h  end o f t r e n c h e s )  

G r a v e l ,  s a n d  and a l i t t l e  s i l t .  P o o r l y  s o r t e d .  
G r s v e l  i s  go? o f  t n e  sa rno le ,  i s  a o e b b l e  t o  
c o o b l e  g r a v e l .  3 a s a l t  p r e d o m i n a t e s .  Sand  i s  102 
o f  t h e  s a m p l e ,  l a r g e l y  b a s a l t i c .  S i l t  i s  D r e s e n t  
i n  t r a c e s  a s  a c o a t i n g  on g r a v e l .  Scme c a l i c h e  
i s  p r e s e n t ,  

G r a v e l ,  s a n d  a n d  t r a c e s  o f  s i l t ,  8 s  above.  
D r i f l f n c j  r a t e  i n c r e a s e d  s i g n i f i c a n t l y .  

G r a v e l ,  well s o r t e d  a n d  c l e a n .  D o m i n a n t l y  g r a n u l e  
t o  p e b b l e  s i z e .  T h i s  mater ia l  i s  3 f  t h e  d e l t a i c  
f o r e s e t  b e d d e d  d e p o s i t .  

Sand, g r a v e l  a n d  s i l t .  S a n d  i s  ir, s u b a n g u l a r  
g r a i n s ,  s a n d  i s  455 o f  t h e  samp le .  C o a r s e  s a n d  
i s  b a s a l t - r f c h ,  f i n e  s a n d  i s  q u a r t z - r i c h  a n d  
c o n s i s t s  o f  b e t t e r  r o u n d ? d  g r a i n s  than c o a r s e r  
sand.  G r a v e l  i s  p e b b l e s  o f  Q u a r t z i t e  t h a t  a r e  
: (e l  I r o u n d e d ,  a n d  b a s a l t  t h a t  i s  s u b a n g u l a r .  

G r a v e l  x n d  s a n d ,  ! f e l l  s o r t e d , S r a v e l  i s  g r a n u l e  
t o  p e b b l e  s i z e d ,  l a r g e l y  b a s a l t .  S a n d  i s  c o a r s e  
g r a i n e d ,  d c q i n a n t l y  S 2 s a l t . S o m e  p e t r i f i e d  wood 
i s  c r e s e n t .  , @ e a t h e r f n g  r i n d s  o c c u r  01: s o m ~  g r a v e l  
i v d i c n t i c g  a o r o S a D l e  s o u r c s  i n  t h e  n e a r b y  R l n s o l d  
F o r m t i  o n  s e d i q e n t s  . 
S r a v e l  a n d  t r a c e s  o f  sar?d. , ; e l l  s o r t e d .  G r a v e l  
i s  o e h j l e  s i z e d ,  a ' m a x 1 ~ 9 ~ l . n  o f  a z o u t  2 crn i n  
d i a m e t e r .  S a n d  i s  c a a r s e  t o  v e r y  c o 3 r s e  g r a i n e d ,  
i n c r e z s e s  i n  amoun t  f r a x  kC t o  45 f e e t .  S i l t  i s  
a b s e n t .  9 o e 5 b i o  23unt S h J : i e d  the f o l l ~ w i n g :  

quar t z  i t ?  LS ; 
? a s a l  t 1 , ;  5 

1 ;j .! 

d e  m ens t o n e  3 z  

G n e i s s  
! / o l c a r i  c r i = c K s  

o t h e r  than b a s a l t  lo.! 

C h e f  t, j a s o e r  g< 
c 



. 
- 

(. 2 
. .  . P 

The s a m p l e s  I n d i c a t e  v e r y  h i g h  p e r r n e a b f l i t i e s .  
O u r i n g  b a i l i n g ,  p e r c h e d  water f r o m  t h e  t r e n c h  ;$a 
h e a r d  e n t e r i n g  a n d  f l o x i n g  down t h e  w e l l .  

C o z r s e  sanJ f l o w s  i n t o  the  : s e l l  t o  a d e p t h  o f  
t h r e e  f e e t .  

The S o t t o r n  t e n  f e e t  o f  t h e  :ieI I was s c r e e n e d , f o r  
sarnol i n g  a n d  t e s t  p u r p o s e s .  

T h i s  i n t e r v a l  p r o b a b l y  i s  t h e  IDwer  p a r t  o f  t h e  
d e l t a i c  f o r e s e t - b e d d e d  d e c o s i  t. 
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SAMPLE NUMBERING SYSTEM 

DEEP SOILS SAMPLING 

Well number: 1-6 ( w e l l  #1  t o  t h e  n o r t h )  
Sample depth: 5, 10, 15, 20, 25, 30, 35 o r  40 ft. 

B o t t l e  Designat ion:  A - Ana lys i s  a t  US T e s t i n g  
B - Backup s to rage  a t  325 B u i l d i n g  

A n a l y s i s  type  and b o t t l e  #: 
VOA - X ( B o t t l e  1-3) 
ABN - Y ( B o t t l e  1-2) 
Meta l  - Z ( B o t t l e  1-3) 

Example Label : 1A5X1 
Well # - 1 
Depth - 5 ft. 
Sample - Ana lys i s  a t  US T e s t i n g  
A n a l y s i s  type  and b o t t l e  # - VOA #1 

SHALLOW SEDIMENTS SAMPLING 

Trench: E - East; W - West 

100 f t  markers: 1-16 

Depth: L - Loose Sediments 
S - 4 "  below loose sediments 
D - 18" below loose sediments 

B o t t l e  Designat ion:  A - A n a l y s i s  a t  US T e s t i n g  
B - Backup s to rage  a t  325 B u i l d i n g  

Ana lys i s  type  and B o t t l e  #: 
VOA - X ( B o t t l e  1-3) 
ABN - Y ( B o t t l e  1-2) 
Metal  - Z ( B o t t l e  1-3) 

Exampl e: E lLAXl  
East  Trench 
Marker a t  0 ft. # 1  
Loose sediment sampl e 
Ana lys i s  a t  US T e s t i n g  
VOA Ana lys is ,  b o t t l e  #1  



CONSTIl 
NAME - - - - - - - 
COLIFRM 
BERYLAM 
STRONUM 
ZINC 
CALCIUM 
BARIUM 
CADMIUM 
CHROMUM 
SILVER 
SCDIUM 
NICKEL 
COPPER 
VANADUM 
ANTIONY 
ALUMNUM 
MANCESE 
POTASUM 
IRON 
AR S EN1 C 
MERCURY 
MACNES 
LEADCF 
TOLUENE 
OPXYLE 
M-XYLE 
?OX 
TOC 
NITRATE 
SULFATE 
FLUORID 
CHLORID 
SULFIDE 
AMMONIU 
ACETONE 

'UENT 
UNITS ----- 
MPN 
UG/C 
UC/C 
UC/C 
UC/C 
UC/G 
UC/C 
UC/C 
UC/C 
UC/G 
UC/C 
UC/C 
UC/C 
UC/C 
UC/C 
UC/C 
UC/C 
UC/C 
UC/G 
UC/C 
UC/C 
UC/C 
UG/C 
UC/C 
UC/C 
UC/C 
UC/C 
UC/C 
UC/C 
UC/C 
UG/C 
UC/C 
UC/C 
UC/C 

DETECTION 
L IMIT  ---------- 

2.20E+00 
6.00E-01 
3.00E+01 
6.00E-01 
5.00E+00 
6.00E-01 
2.00E-01 
1.00E+00 
1.00E+00 
1.00E+01 
1.00E+00 
1.00E+00 
6.00E-01 
1.00E+01 
1.60E+01 

1.00E+01 
5.00E+00 
5.00E-01 
1.00E-01 
6.00E+00 
6.00E-01 
1.00E-02 
1.00E-02 
1.00E-02 
1.00E+00 
1.00E+01 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+01 

0.00E+00 

5.00E-01 

6.00E-01 

. 
SOIL SAMPLE AhtALYTICAL RESULTS ABOVE DETECTION L IMIT  

SAMPLE 
DATE -------- 

00/06/06 
00/06/06 
00/06/06 
00/06/06 
00/06/06 
00/06/06 
08/06/06 
08/06/08 
00/06/06 
08/86/06 
00/06/06 

00/06/06 
00/06/06 
00/06/06 
08/06/06 
00/06/06 

08/08/06 
00/06/06 
00/06/06 

00/06/06 
00/06/06 

ElDA -_-- 

0.00E-01 
4.60E+01 
2.02E+02 
6.22E+03 
1.47E+02 
4.00E+00 
6.10E+01 
0.90E+0l 
2.86E+02 
0.60E+01 
1.81E+03 

3.10E+01 
6.92E+03 
2.20E+02 
6.89E+02 
1.74E+03 

2.07E+01 
2.94E+03 
6.02E+01 

6.20E+00 
2.41E+02 

SAMPLE 
DATE -------- 

00/06/06 
00/06/06 
00/06/06 
00/06/06 
08/06/08 
08/06/08 

08/06/86 
00 /06 / 06 
00/06/86 
00/06/06 
00/06/06 

08/06/06 
00/06/06 
00/06/06 
0 0 / 0 6 / 8 6 
00/06/06 
08/86/86 
00/06/06 
00/06/06 
00/06/06 
08/06/08 
00/06/06 
00/06/06 
08/06/00 
00/06/06 
00/06/06 
08/08/06 
00/06/06 
00/06/06 
00/06/06 
00/06/06 
00/06/06 

ElLA ---- 
1.60E+01 
4.00E+00 
1.44E+02 
6.64€+02 
1.02E+04 
3.72Ei02 

1.76E+02 
1.70E+02 
1.0lE+03 
3.64E+02 
7.32€+03 

1.22E+02 
1.33E+04 
3.04E+02 
0.6bE+02 
2.06E+04 
1.02E+01 
6.04€+01 
3.41€+03 
1.34E+02 
2.00E-02 
3.00E-02 
2.00E-02 
2.40E+00 
6.13E+02 
6.09E+00 
6.63E+01 
3.106+00 
2.62E+01 
7.06E+01 
1.40E+01 
1.70E-01 

SAMPLE 
DATE -------- 

00/06/06 
00/06/06 
00/06/06 
08/06/08 
00/06/06 
88/06/06 
00/06/06 
00 /06 / 06 
00/06/06 
08/06/08 
08/06/08 
00/06/06 
08/06/86 
00/06/06 
00/06/06 
08/06/86 
00/06/06 

08/06/06 
00/06/06 
00/06/06 

00/06/06 
00/06/06 

ElSA ---- I 

1.72E+01 
4.79€+02 

SAMPLE 
DATE -------- 

00/04/06 
08/04/86 
08/04/06 
00/04/06 
08/04/08 
00/04/06 
08/04/86 
08/04/08 
08/04/86 
08/04/08 
08/04/08 

00/04/06 
08/84/06 
08/04/08 
08/04/06 

00/04/06 
00/04/06 
08/84/66 

00/04/86 
00/04/06 

PAGE: 1 
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SOIL SAMPLE ANALYTICAL RESULTS ABOVE DETECTION L I M I T  

CONSTITUENT 
NAME UNITS ------- ----- 
COLIFKM MPN 
BERYLAM UC/C 
STRONUM UC/C 
ZINC UG j c  
CALCIUM UC/C 
BARIUM UC)C 
CADMIUM UC/C 
CHROMUM UC/C 
SILVER UG/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/C 
VANADUM UC/C 
ANTIONY UC/C 
ALUMNUM UC/C 
MANGESE UC/C 
POTASUM UC/C 
IRON UC/C 
ARSENIC UC/C 
MERCURY UC/C 
MACNES UC/C 
LEADCF UC/C 
PERCENE UC/C 
BENZBFL UG/C 
CHRYSEN UC/C 
BENZOPY UC/C 
TOX UC/C 
TOC UC/C 
NITRATE UC/C 
SULFATE UC/C 
FLUORID UC/C 
CHLORID UC/C 
SULFIDE UC/C 
AMMONIU UC/C 

DETECTION 
L I M I T  ---------- 

2.20E+00 

3.00E+01 

6.00Ei00 

6.00E-01 

6.00E-01 

6.00E-01 
2.00E-01 
1.00E+00 
1.00Ei00 
1.00Ei01 
1.00E+00 
1.00E+00 
6.00E-01 
1.00E+01 
1.60E+01 

1.00E+01 
6.00E+00 

6.00E-01 

6.00E-01 
1.00E-01 
6.00E+00 
6.00E-01 
1.00E-02 
1.00E+00 
1.00E+00 
1.00EiO0 
1 .00E+00 
1.00E+01 
1 .00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+0l 
6.00E-01 

SAMPLE 
DATE -------- 

08/04/86 
08/04/80 
08/04/80 
08/04/06 
08/04/86 

08/04/86 
08/04/86 
08/04/86 
08/04/86 
08/04/06 

08/04/80 
08/04/86 
08/04/00 
08/04/06 
08/04/06 

08/04/86 
08/04/80 
08/04/88 

08/04/06 
08/04/86 

SAMPLE 
DATE -------- 

08/04/06 

08/04/a6 
08/04/86 
08/04/06 
08/04/06 
08/04/06 
08/04/06 
08/04/88 
08/04/06 
08/04/80 
08/04/86 
08/04/06 

08/04/06 
08/04/86 
08/04/86 
08/04/00 
08/04/80 
08/04/00 
08/04/86 
08/04/00 
08/04/06 

08/04/06 
08/04/00 
08/04/86 
08/04/86 
08/04/06 
08/04/86 

08/04/06 

E2SA ---- 
1.60E+01 

3.60E+01 
1.44E+02 
6.96E+03 
1.16E+02 
8,00E+00 
2.80E+01 
9.00E+00 
3.06E+02 
6,60E+01 
6.68E+02 
3.30E+01 

6.70E+03 
6.90E+02 
6.1WE+02 
2.24E+04 
3.96E+00 
6.92€+00 
4.63E+03 
2.86E+01 
1.00E-02 

2.00E+00 
9.78E+01 
1.40E+00 
1.63E+00 
1.02El.00 
1.13E+01 

6.20E-01 

SAMPLE 
DATE -------- 

08/04/06 
08/04/06 
08/04/00 
08/04/86 
08/04/86 
08/04/80 
00/04/06 
08/04/00 
08/04/86 
08/04/86 
160/04/86 
08/04/86 
08/04/06 
08/04/06 
08/04/06 
08/04/06 
08/04/86 
08/04/86 
08/04/86 
08/04/88 
08/04/00 
08/04/06 
08/04/00 
08/04/06 
08/04/88 

08/04/86 
00/04/86 

08/04/86 
08/04/06 
08/04/06 

08/04/06 

0a/n4/86 

0a/04/as 

E3LA ---- 
2.20E+00 
2.00E+00 
9.90Ei01 
1.87E+02 
7.94E+03 
1.06E+02 
9.00E+00 
1.68E+02 
8.80E+01 
7.24E+02 
2.08E+02 
2.07E+03 
1.96E+02 
1.17E+02 
7.06E+03 
1.66E+02 
4.42E+02 
1 81E+04 
2.76E+PI0 
2.19E+01 
3.01E+03 
4.86E+02 

1.40E+01 
1.20E+01 
2.60E+01 
2.66Ei01 
4.66E+02 

4.33E+00 
1.40E+00 
2.07E+01 
3,10E+01 
2.09Ei01 

1 e 00E-02 

SAMPLE 
DATE ’ ------ - 

00/04/86 
08/04/06 
08/04/86 
08/04/86 
08/04/86 
08/04/86 
08/04/06 
08/04/06 
08/04/06 
08/04/86 

08/04/86 
08/04/86 
08/04/86 
08/04/86 

08/04/86 
08/04/06 
08/04/06 

00/04/86 
08/04/06 
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E3SA ---- 

9.00E+01 
6.99E+03 
9.60E+01 
9.00E+00 
3.60E+01 
2.00E+00 
3.60E+02 
4.70E+01 
4.29E+02 
4.20E+01 

6.94€+03 
2.39E+02 
6.00E+02 
2.79€+04 

1.87E+00 
6.60Ei03 
1.92E+01 

1.60E+00 
9.86E+01 



- - .  . - .  . -  I 

CONSTITUENT 
NAME UNITS _----__ ----- 
COLIFRM MPN 
BERYLAM UC/G 
STRONUM UC/C 

CALCIUM UC/G 
BARIUM UC/C 
CADMIUM UC/C 

ZINC uc/c 

CHROMUM ucjc 
SILVER UC/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/C 
VANADUM UC/C 
ALUMNOM UC/C 
MANCESE UC/C 
POTASUM UC/C 
IRON UC/C 
ARSENIC UC/C 
MERCURY UC/C 
MACNES UC/C 
LEADCF UG/C 
TOX uc j C  
TOC uc/c 
CYANIDE UC/C 
NITRATE UC/G 
SULFATE UC/C 
FLUORID UC/C 
CHLORID UC/C 
AMMONIU UC/C 

DETECT I ON 
LIMIT ---------- 

2.20E+00 
5.00E-01 
3.00E+01 
6.00E-01 
6.00E+00 
6.00E-01 
2.00E-01 
1.00E+00 
1.00E+00 
1.00E+01 
1.00E+00 
1.00E+00 
6.00E-01 
1.60E+01 
6.00E-01 
1.00E+01 
6.00E+00 
6.00E-Ol 
1.00E-01 

6,00E-01 
6.00E+00 

1.00E+00 
1.00E+01 
1.00Ei00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
5.00E-01 

L 

SOIL SAMPLE ANALYTICAL-RESULTS ABOVEpDEJECTION LIMIT 

SAMPLE 
DATE -------- 

08/04/88 
08/04/86 
08/04/86 
08/04/86 
08/04/86 

08/04/86 
08/04/86 
08/04/86 
08/04/86 
08/04/86 
08/04/86 
08/04/86 
08/04/86 

08/04/06 
08/04/86 
08/04/06 

08/04/86 

E4SA ---- 

7.30E+01 
4.19E+03 
7.00E+01 
1.10E+01 
3.30E+01 

3.09E+02 
3.30E+01 
3.  86E+02 
6.90E+01 
4.41E+03 
2.43E+02 
3.93E+02 
2.88E+04 

2.27E+00 
4.81E+03 
1.48E+01 

8.39E+01 

SAMPLE 
DATE - - - - - - - - 

08/04/86 

08/04/86 
08/04/06 
08/04/86 
08/04/86 
08/04/86 

08/04/86 
08/04/86 
08/04/86 
08/04/86 
08/04/86 
08/04/86 
08/04/86 
08/04/86 
08/04/86 
08/04/86 
08/04/86 
08/04/86 
08/04/86 
08/04/86 

08/04/86 
08/04/86 
08/04/86 
08/04/86 

SAMPLE 
DATE -------- 

07/38/80 
07/38/08 
07/38/80 
07/38/06 
07/38/06 
0 7 / 3 0 / 8 6 
07/38/80 
07/38/06 
07/38/86 
07/38/86 
07/38/06 
07/30/86 
07/38/80 
07/38/06 
07/38/06 
07/38/80 

07/38/80 
07/38/80 
07/38/86 
07/30/86 
07/38/06 

07/30/86 
07/30/86 
07/38/06 
07/38/86 
07/38/80 
07/38/06 

07/38/06 
07/38/80 
07/38/80 
07/38/06 
07/38/80 
07/38/80 
07/38/06 
07/38/06 
07/31/80 
07/38/88 
0 7/ 30/ 86 
07/36/80 
07/38/88 
07/38/86 
07/38/80 
07/38/06 
07/38/06 

07/38/80 

07/30/a6 
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CONSTITUENT 
NAME UNITS ____--- ----- 
BERYLAM UC/C 
STRONUM UC/C 
ZINC UC/C 
CALCIUM UC/C 
BARIUM UC/C 
CADMIUM UC/C 
CHROMUM UC/C 
SILVER UC/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/C 
VAIIADUM UC/C 
ANTIONY UC/C 
ALUMNUM UC/C 
MANCESE UC/C 
POTASUM UC/C 
IRON UC/C 
MERCURY UC/C 
MACNES UC/C 
LEADCF UG/C 
TOX UCjC 
TOC UC/C 

~ ~~ ~~ 

DETECTION 
L I M I T  ---------- 

6.00E-01 

5.00E-01 

6.00E-01 
2.00E-01 

3.00E+01 

6.00E+00 

1.00E+00 
1 .00E+00 
1.00E+01 
1.00E+00 
1.00E+00 

1.00E+01 
1.60E+01 

1.00E+01 
6.00E+00 
1.00E-01 
6.00E+00 
6.00E-01 
1.00E+00 
1.00€+01 

6.00E-01 

6.00E-01 

~ ~~ 

S O I L  SAMPLE ANALYTICAL RESULTS 

SAMPLE 
DATE -------- 

07/30/86 
07/38/06 
07/38/06 
07/38/86 
07/30/86 
07/30/86 
07/38/88 
07/38/06 
07/38/88 
07/38/86 
07/38/06 

07/38/06 
07/38/06 
07/38/88 
07/38/06 
07/38/06 
07/30/86 
07/30/86 
07/30/86 
07/38/06 
07/30/86 

SAMPLE 
DATE -_____-_ 

07/38/06 
07/38/88 
07/30/86 
07/38/88 
07/38/06 
07/38/88 
07/30/86 
07/38/06 
07/38/06 
07/30/86 

07/30/86 
07/38/06 
07/38/06 
07/30/86 
07/38/06 
07/38/06 
07/38/06 
07/30/86 
07/38/06 

ABOVE DETECTION L IMIT 

SAMPLE 
E7SA DATE ---- - - - - - - - - 

l . l l E + 0 2  
4.43E+03 
8.20E+01 
9.00E+00 
3.90E+01 
9.00E+00 
2.00E+02 
4.90E+01 
6.06E+02 
4.40E+01 

4.67E+03 
2.33E+02 
6.63E+02 
1.95E+04 

3.47E+03 
1.83E+01 
6.40E+00 
9.18E+01 

6.70E-01 

07/38/06 
07/38/06 
07/30/86 
07/38/06 
07/38/06 
07/38/88 
07/38/06 
07/38/08 
07/38/06 
07/38/06 

07/38/86 
07/38/88 
07/36/06 
07/38/06 
07/38/06 
07/38/06 
07/38/06 
07/30/86 
07/30/86 

SAMPLE 
EBDA DATE ---- I -------- 

9 I 30E+01 
4.88E+03 
8.90E+01 
1.10E+01 
4,60E+01 

2.79E+02 
4.90E+01 
6,36E+02 
6.40E+01 

6.24E+03 
2.70E+02 
6.66E+02 

8.80E-01 
4.46E+03 
1.60E+01 
6.80E+00 
9,87E+01 

r . 0 0 ~ + 0 0  

2 . 7 9 ~ + 0 4  

0r /30/86 
07/30/88 
07/38/06 
07/38/06 
07/30/86 
07/38/06 
07/38/06 
07/38/06 
07/30/86 
07/38/06 

07/31/86 
07/38/06 
07/38/06 
07/38/06 
07/38/06 
07/38/06 
07/38/06 
07/38/88 
07/38/88 

PAGE: 4 

EBSA ---- 

8.40€+01 
4.18E+03 
8.60E+01 
1.00E+01 
2.70E+0l 
2.00E+00 
2.26E+02 
3.90E+01 
6.80E+02 
6.60E+01 

2.91E+02 
6,81E+02 
2.8lE+04 
2.90E-01 
4.63E+03 
8.66E+00 
4.60E+00 
1.06E+02 

s. r 4 ~ + 0 3  
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CONSTITUENT 
NAME UNITS 

STRONUM UC/C 

CALCIUM UC/C 
ZINC uc/c 
BARIUM UC)G 
CADMIUM UC/C 
CHROMUM UC/C 
SILVER UC/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/C 
VANADUM UC/C 
ALUMIJUM UC/C 
MANCESE UC/C 
POTASUM UC/C 

ARSENIC UC/C 
MERCURY UC/C 
THALIUM UC/C 
MACNES UC/C 
LEADCF UC/C 
METHYCH UC/C 
BUTBENP UC/C 

IRON uc/c 

TOX uc j c  
TOC UC/G 
NITRATE UC/C 
SULFATE UC)C 
FLUORID UC/C 

DETECTION 
L IMIT ---------- 

3.00E+01 

6.00E+00 
6.00E-01 

6 .00E-01 
2.00E-01 
1.00E+00 
1.00E+00 
1 .00E+01 
1.00E+00 
1 .00E+00 

1.60E+01 

1.00E+01 
6.00E+00 

6.00E-01 

6.00E-01 

6.00E-01 
1.00E-01 
1.00E+00 
6.00E+00 
6.00E-01 
1.00E-02 
1.00E+00 
1 .00E+00 
1.00E+01 
1.00E+00 
1.00E+00 
1.00E+00 

. .  

SAMPLE 
DATE -------- 

0 7 / 2 3 / 0 6 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 

07/23/06 

07/23/06 
07/23/06 

07/23/06 
07/23/06 

SAMPLE 
DATE -------- 

07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 

07/23/06 

07/23/06 
07/23/06 

01 /23/06 
07/23/06 

SOIL SAMPLE ANALYTICAL RESULTS ABOVE>DETECTION L IMIT  
. . a  . a .  

SAMPLE 
DATE -------- 

07/23/06 
07/23/06 
01 /23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 

07/23/06 

07/23/06 
07/23/06 

07/23/86 
07/23/06 

EQSA ---- 

0.80E+01 
4.60E+03 
9.00E+01 
1.10E+0l 
2.60E+01 
6.00E+00 
2.32E+02 
3.30E+01 
6.63E+02 
4.00E+01 
6.67E+03 
2.63E+02 
6.20E+02 
2.69E+04 

2.70E-01 

4.62E+03 
1.04E+01 

4.00€+00 
9.90E+01 

El0DA 

1.10E+02 
4.47E+03 
9.00E+00 
1.00E+01 
3.10E+01 
I .  00E+00 
2.21E+02 
4.90E+01 
4.43E+02 
4.00E+01 
6.11E+03 
2.67E+02 
6.83E+02 
2.44E+04 

6.30E-01 

4.69E+03 
1.10E+01 

6.10E+00 
9.06E+01 

SAMPLE 
I DATE - - - - - - - - 

07/23/06 
0 7 / 2 3 / 8 6 
07/23/06 
07/23/ 86 
07/23/06 
07/23/06 

07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 
07/23/06 

El0SA 

3.60E+01 
1.06E+02 
6.00E+03 
1.06E+02 
1.10E+01 
2.00E+01 

2.29E+02 
3.90E+01 
3.22E+02 
6.60E+01 
9.74E+03 
2.7 2€+02 
1.04E+03 
2.66E+04 
6.67E+00 

1.30E+00 
6.49E+03 
6.23E+00 

3.30E+00 
2.20E+00 
6.47E+01 
0.94E+00 
4.77E+00 
1.40E+00 

----- 

2.60E-01 

3.00E-02 

. .  
I 



ZINC UC/C 
CALCIUM UC/C 
BARIUM UC/C 
CADMIUM UG/G 
CHROMUM UC/C 
SILVER UG/C 
SODIUM UC/G 
NICKEL UC/C 
COPPER UC/C 
VANADUM UC/G 
ALUMNUM UC/C 
IAANGESE UC/C 
POTASUM UC/C 

MERCURY UC/C 
MACNES UC/C 
LEADCF UC/C 
TOX UC/C 
TOC UC/C 

IRON uc/c 

DETECTION 
L IMIT  

6.00E-01 
6.006+00 
0.00E-01 
2.00E-01 
1.00E+00 
1.00E+00 
1.00E+01 
1.00E+00 
1.00€+00 
6.00E-01 
1.60E+01 
6.00E-01 
1.00E+01 
6.00E+00 

6.00E+00 

1.00E+00 
1.00E+01 

1.00E-01 

6.00E-01 

SOIL SAMPLE ANALYTICAL RESULTS 

SAMPLE SAMPLE 
DATE E l lDA DATE -------- ----- ---_-_-- 

87/23/86 9 . 7 0 ~ + 0 1  07/23/06 
07/23/86 4 . 7 6 ~ + 0 3  07/23/06 
07/23/06 0.20€+01 07/23/06 
01/23/06 1.10E+01 07/23/06 
07/23/06 1.40E+01 07/23/06 

07/23/06 
07/23/06 2.24E+02 07/23/06 
07/23/06 2.70E+01 07/23/06 
01/23/06 1.74E+02 01/23/06 
07/23/06 4.00E+01 01/23/06 

07/23/06 3.16E+02 07/23/06 
01/23/06 4.74E+02 07/23/06 
01/23/08 2.37E+04 07/23/06 
01/23/06 2.30E-01 01/23/06 
07/23/06 4.00E+03 07/23/06 
07/23/06 6.07E+00 07/23/06 
07/23/86 7 . 4 0 ~ + 0 0  07/23/06 
07/23/06 6.67E+01 01/23/06 

01/23/06 6.35E+03 87/23/86 

ABOVE DETECTION L IMIT  

SAMPLE 
DATE E l l S A  

----e -------- 
1.66E+02 
4.77E+03 
9. S0E+01 
1.20E+01 
3. S0E+01 
1.60E+01 
2.29E+02 
6.70E+01 
6.79E+02 
6.10E+01 
7.20€+03 

6.72E+02 
2.74€+03 

4.89E+03 
1.3fE+01 
1.44E+01 
1,32E+02 

3 . 0 a ~ + 0 2  

7.70E-01 

87/23/86 

07/23/86 

07/23/06 
07/23/06 

07/23/06 

07/23/06 
07/23/06 
07/23/06 
07/23/86 
07/23/86 

07/23/86 

07/23/88 
07/23/86 

07/23/06 
07/23/06 
07/23/06 

07/23/06 

07/23/06 

7,90E+01 
6.32E+03 
9.10E+01 
1,10E+01 
1.30E+01 

2.67E+02 
2.00E+01 

4.90E+01 
6.60E+03 
3.36E+02 
6.36E+02 
2.80E+04 

4.01 E+03 
6.69E+OQ 
2.46E+01 
6.76E+01 

i . 5 8 ~ + 0 2  

2.80E-01 

PAGE: 8 

SAMPLE 
DATE e125a 

I - - - - - - - - ----- 
07 /23/8t3 
07/23/86 

07/23/86 
07/23/88 

07/23/06 
07/23/06 
07/23/06 

07/23/06 
07/23406 
07/23/06 
07/23/06 
07/23/06 

07/23/06 
07/23/06 

07/23/86 

07/23/88 
01)23)06 
07/23/06 
07/23/06 



CONSTITUENT 
NAME UNITS ___---- ----- 
COLIFRM MPN 
BERYLAM UC/C 
STRONUM UCjC 
ZINC uc/c 
CALCIUM UC/C 
BARIUM UC/C 
CADMIUU UC/C 
CHROMUM UCjC 
SILVER UC/C 
SODIUM UCjC 
NICKEL UC/C 
COPPER UC/C 
VANADUM UC/C 
ALUMNUM UC/C 
MANCESE UC/C 
POTASUM UC/C 

ARSENIC UC/C 
MERCURY UC/C 
MACNES UC/C 

IRON uc/c 

LEADCF UCjC 
TOX uc/c 
TOC uc/c 
NITRATE uc jc  
SULFATE UC/C 
FLUORID UC/C 
CHLORID UC/C 

DETECTION 
L IMIT  ---------- 

2.20E+00 

3.00E+01 

6.00E+00 

6.00E-01 

6.00E-01 

6.00E-01 
2.00E-01 
1.0BE+00 
1.00E+00 
1.00E+01 
1.00E+00 
1. BBE+00 
6.00E-01 
1.60E+01 
6.00E-01 
1.00E+01 
6.0@E+00 
6.00E-01 
1.00E-01 

6.00E-01 
6.00E+00 

1.00E+00 
1.00E+01 
1.00E+00 
1.00E+00 
1.00E+00 
1 .00E+00 

' 

SOIL SAMPLE ANALYTICAL RESULTS ABOVE DETECTION L IMIT 

SAMPLE 
DATE -------- 

07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/06 

07/21/00 
07/21/00 
07/21/06 
07/21/00 
07/21/06 
07/21/06 
07/21/06 
07/21/06 

07/21/06 
07/21/06 
07/21/06 
07/21/00 
07/21/06 

E13DA ----- 

7.00E+01 
6.26E+03 
8.40E+01 
1.00E+01 
9.00Ei00 

2.74E+02 
1.70E+01 
1.13Ei02 
6.20E+01 
6.68E+03 
3.16E+02 
6.24E+02 
2.67E+04 

3.00E-01 
4.90E+03 
6.00E+00 
1.08E+01 
1.07Ei02 

SAMPLE 
DATE -_------ 

07/21/00 
07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/2 1 / 0 6  
07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/06 

07/21/06 
07/21/86 
07/21/06 
07/21/00 
07/21/06 

SAMPLE 
DATE -------- 

07/21/06 
07/21/00 
07/21/00 
07/21/00 
07/21/06 

07/21/06 
07/21/06 
07/21/00 
07/21/06 
07/21/00 
07/21/06 
07/21/06 

07/21/00 
07/21/06 
07/21/06 
07/21/06 
07/21/06 

07 /2 i /a6  

SAMPLE 
E13SA , DATE 

07/21/06 

0.00E+01 07/21/06 
4,96E+03 07/21/06 
8.70E+01 07/21/06 
1.00E+01 07/21/00 
9.00E+00 07/21/06 

2.96E+02 
2.00E+01 
1.39E+02 
6.00E+01 
6.64E+03 
3.70Ei02 
6.37E+02 
2.61Ei04 

3.00E-01 
4.60E+03 
3,60E+00 
6,20E+00 
1.07Ei02 

07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/00 
07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/06 
07/21/06 

.. 

PAGE: 7 

E14DA 
--e-- 

1.60E+01 

7,90E+01 
4.03E+03 
0.00E+01 
9.00E+00 
1.30E+01 

2.00E+02 
2.606+01 
1.71Ei02 
4.00E+01 
6.14E+03 
3.20E+02 
6.04E+02 
2.34E+04 
2.00E+00 

4.06E+03 
6.70E+00 
0.60E+00 
1.60E+02 
1.49E+01 
3.4 1E+00 
1.00E+00 
1.70E+00 

3.00E-01 

i 

1 

1' 

1 

1 
! 
1 
1: 

i 
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E0+399' 1 
Z0+30P'9 
Z0+30L' 9 
20+300' 9 
00+308' Z 
10+31E' E 
10+390' 1 
20+3L9'P 
10+3LP'L 
10+3P0'Z 

10-380' P 
00+30P ' E 
E0+39P'L 
Z0+3P8'Z 
Z0+31Z' Z 
E0+3ZZ - 9 
10+309' 8 

E0+3L8 1 
20+390' 1 
20+389'9 
10+301t't 
T0+30L ' 1 

Z0+3ZZ'Z 
E0+3LI * 8 
10+308'6 
Z0+32V'Z 
10+309' P 
00+300' Z 
E0+30P' Z 

---- 
VltM 

98/91/90 
98/91/90 
98/91/90 
98/91 /90 
98/91/90 
98/91/90 
98/91/90 
98/91/90 
98/Q1 /90 
98/91/90 

98/91/90 
98/91/90 
98/91/90 
98/91/90 
98/91/90 
98/91/90 
98/91 /90 

98/91/90 
98/91/90 
98/91/90 
98/91/90 
98/91/90 

98/91/90 
98/91/90 
98/91/90 
98/91/90 
98/91/90 
98/91/90 
98/91/90 
-------- 

00+300'0 
00+380 * 0 
10-300'9 
10+300' 1 
00+300' 1 
00+300' 1 
00+300'1 
00+300 ' 1 
10+300' 1 
00+300' 1 
20-308 ' 1( 
10-300'9 
00+300'9 
00+300' 1 
10-300'1 
10-300'9 
00+300'9 
10+300' 1 
10-308' 9 
10+309' 1 
10-300 ' 9 
00+380' 1 
00+300'1 
10+300'1 
00+300'1 
00'300.1 
10-380'2 
10-380 * 9 

10-300'9 
10+300'E 
00+30Z'Z 

80+300'9 . 

98/90/80 

98/90/80 
.98/90/80 
98/90/80 

98/90/80 

00+301' Z 

00+399 ' E 
00+361' 1 
I0+3LL' 1 

Z0+386'1 

301~ins 

98/91/90 
98/91/90 
98/91/90 

98/91/90 

98/91/90 
98/91/90 
98/91/90 
98/91/90 

98/91/90 
98/91/90 
98/91/90 
98/91/90 

98/91/90 
98/91/90 
98/91/90 
98/91/90 
98/91/90 
98/91/90 

10+31 t' P 

00+3L8 L 

18-369'2 

P0+31 1 ' Z 
Z0+3Z9' 9 
Z0+396'T 
E0+39P' 9 

10+309 * P 
Z0+3L P 1 
10+309' 1 
Z0+39P'Z 

00+300'9 
00+300' 8 
10+300' 9 
E0+300' b 
10+30Z'6 

98/91/90 

98 /9 1 /90 

98/91/90 

98/91/90 
08/91/90 
98/91/90 
98/91/90 

98/91/90 
98/91/90 
98/91/90 
98/91/90 

98/91/90 
98/91/90 
98/91/W 
98/91/90 
98/91/90 

10+388' 8 
00+300' 2 
00+32Z'Z 

00+381' 1 

P0+309 ' 2 
20+39Z'8 
20+381* E 
E0+389'L 

T0+308' Z 
Z0+366' E 
10+30P' E 
20+319' E 

10+309' 1 
00+300' 8 
20+3P0'1 
E0+3PP'9 
Z0+3L1 * 1 
10+301' t 

98/98/88 
98/90/80 
98/90/80 
98/90/80 
98/90/80 98/90/80 

98/90/80 
98/90/80 
98/90/80 
98/90/80 
98/90/80 
98/90/80 
98/90/80 
98/90/80 
98/90/80 
98/90/80 
98/98/88 
98/90/80 
98/90/80 
98/90/80 
98/90/80 
-------- 

31VQ 
3ldWVS 

10+388'Z 
E0+369't 
00+300' 1 
10+388 E 
00+3tE't 
E0+3€9'Z 
Z0+389 ' 9 
Z0+3EI ' Z 
E0+3EIs 1 
10+308 ' P 
E0+361 * 1 
10+38b' I. 
20+369'Z 
T0+308' 9 
10+308 1 
10+30E' 1 
Z0+39€'1 
E0+389'9 
20+328'Z 
10+300 ' E 
10+309' 1 

9/9n 3IN3S8V 
o/on NO81 
o/on wnsviod 

olon wnNo8is 
NdW W8jIlOD 

I 
uvo 

3ldWVS 
3iva 

37dWVS 
3iva 

3ldWVS 

01 :33Vd lIY(I1 NO11 siins38 iv 3IlAlVNV 3ldHVS 110s 



SOIL SAMPLE ANALYTICAL RESULTS ABOVE DETECTION L IMIT PAGE: 11 

CONSTITUENT 
NAME UNITS ------- ----- 
COLIFRM MPN 
BERYLAM UC/C 
STRONUM UC/C 

CALCIUM UC/C 
BARIUM UC/C 
CADMIUM UC/G 
CHROMUM UC/C 
SILVER UC/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/C 
VANADUM UC/C 
ANTIONY UC/C 
ALUMNUM UC/C 
MANGESE UC/C 
POTASUM UC/C 

ARSENIC UC/C 
MERCURY UC/C 
SELENUM UC/C 
MACNES UC/C 
LEADCF UC/C 
PERCENE UC/C 
TRANDCC- UC/C 
METHYCH UC/C 

ZINC uc/c 

IRON uc/c 

TOX uc j c  
TOC . UC/C 
CYANIDE UC/C 
NITRATE UC/C 
SULFATE UC/G 
FLUORID UC/C 
CHLORID UC/C 
SULFIDE UC/C 
AMMONIU UC/C 

DETECTION 
L IMIT  ---------- 

2.20E+00 
6.00E-01 

6.00E-01 
3 .  BBE+BI 

6 .BBE-~I 
6.00E+00 

2.00E-01 
1.00E+00 
1.00E+00 
1.00E+01 
1.00E+00 
1.00E+00 

1.00E+01 
1.60E+01 

1.00E+01 
6.00E+00 

6.00E-01 

6.00E-01 

6.00E-01 
1.00E-01 
6.00E-01 

6.00E-01 
1.00E-02 
1.00E-02 
1.00E-02 

6.00E+00 

1.00E+B0 
1.00E+01 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+01 
6. B B E - ~  

. .  

. .  
.. I .  

SAMPLE 
DATE -------- 

06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/ 2 3/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/ 2 3/06 
06/23/06 
06/23/06 

06/23/a8 

06/23/06 

06/23/06 
06/23/06 

06/ 2 3/06 
06/23/06 
06/ 2 3/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/ 23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 

06/23/06 
06/23/06 

06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/ 23/06 
06/23/06 
06/23/06 

06/23/06 

W2SA ---- 
4.00E+00 
1.60E+00 
1.60E+02 
0.46E+02 
9.34E+03 
4.66E+02 
1.90E+01 
1.64E+02 
1.47E+02 
1.39E+03 
4.70E+03 
3.94E+03 

2.60E+01 
1.76E+04 
6.74E+03 
7.27E+02 
4.66E+04 
6.40E+00 
2.29E+0l 
6 60E+00 

1.60€+02 
0.60E+00 

4.60E+01 
2.23E+02 
1.04E+00 
2.20E+01 
2.04E+01 
3.60E+00 

4.40E+00 

0.00E-01 

a. OISE+BB 

SAMPLE 
DATE -------- 

09/18/08 

09/18/08 
09/18/86 
09/18/08 
09/18/08 
09/18/08 
09/18/08 
09/18/08 
09/18/86 
09/18/06 
89/18/06 
09/10/06 

09/18/86 
09/10/06 
09/18/08 
09/10/06 

09/10/06 

09/18/08 
09/18/08 
09/10/06 

09/10/06 
09/18/86 

09/18/08 

09/18/86 
09/18/86 
09/18/06 

W3DA ---- 
1.60E+01 

3.70E+0l 
1.66E+02 
6.04E+03 
9.20E+01 
6.00E+00 
2.20E+01 
7,00E+00 
3.34E+02 
1.06E+02 
7.01E+02 
1.90E+01 

6.30€+03 
4.66E+02 
4.40E+02 
1.92E+04 

1.31E+00 

3.47E+03 
3.16E+01 
1 .O0E-02 

1.20E+00 
4.06E+01 

4.70E*00 

1.39E+00 
2,60E+01 
6.00E-01 

09/18/86 
09/18/08 
09/ 18/06 
09/18/06 
09/10/06 
09/10/06 

09/10/06 
09/10/06 
09/ 18/06 
09/18/06 
09/18/08 
09/18/86 
09/10,'06 
09/18/88 
09/10/06 

09/18/08 
09/18/86 
09/18/86 a9/ 10/06 

09/18/08 
09/18/08 
09/11/86 
09/18/86 
09/ 18/08 
09/10/06 
09/18/86 

09/10/a6 

09/10/06 09/18/88 

09/18/86 
09/10/06 
09/18/86 

. . .., 
! _1 

*-.*, 
,- 

9.04€+00 
1.42E+00 
6.30E+00 
3.00E+01 
3.20E+00 



. . ., . . . .. 

1. 

BERYLAM UC/C 
STRONUM UC/C 
2 INC UC/C 
CALCIUM UC/C 
BARIUM UC/C 
CADMIUM UC/C 
CHROMUM UC)C 
SILVER UC/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/C 
VANADUM UC/C 
ANTIONY UC/G 
ALUMNUM UC/C 
MANGESE UC/G 
POTASUM UC/C 
IRON UC/C 
MERCURY UC/C 
MACNES UC/C 
LEADGF U C ~ C  
TOX UC/C 
TO C UC)C 

DETECTION 
L IMIT ---------- 

6.00E-01 

5.00E-01 

8.00E-01 
2.00E-01 

3.00E+01 

6.00E+00 

1.00E+00 
1.00E+00 
1.00E+01 
1.05E+00 
1.00E+00 

1.00E+01 
1. S0E+01 

1.00E+01 
6.00E+00 

6.00E+0B 

1.00E+00 
1.00E+01 

6.00E-01 

6.00E-01 

1.00E-01 

6.00E-01 

SOIL SAMPLE ANALYTICAL RESULTS 

SAMPLE 
DATE -------- 

89/18/88 
09/18/86 
09/18/88 
09/18/88 
09/18/88 
09/18/88 
09/10/88 
89/18/88 
89/18/88 
09/18/88 
09/18/88 
09/10/86 
09/18/88 
09/18/86 
09/18/88 
89/18/88 
09/18/88 
09/18/86 
89/18/88 
09/18/88 
09/18/88 
09/ 18/88 

SAMPLE 
DATE -------- 

09/18/88 
09/10/88 
89/18/88 
09/10/88 
09/18/88 
09/10/88 
89/18/88 
09/ 10/88 
09/18/86 
09/18/88 

09/18/86 
09/18/88 
09/10/88 
09/18/88 
09/18/88 
09/10/88 
09/18/86 

09/10/88 

1 

ABOVE DETECTION L IMIT 

W4DA ---- 

1 .00E+02 
3.36E+03 
6.30E+0l 
8.00E+00 
1.80E+01 
8.00E+00 
1.67E+02 
6.20E+01 

2.70E+01 

4.22E+03 
1.93E+02 
3.82E+02 
1.70E+04 

3.08E+03 
2.00E+01 

6.97E+01 

5 . 0 e ~ + 0 2  

8.10E-01 

SAMPLE 
DATE -------- 

09/18/86 

09/10/88 
09/10/88 
89/18/88 
09/10/88 
09/18/88 
09/18/86 
89/18/88 
09/18/86 
09/18/86 
09/18/88 

09/18/86 
09/18/88 
09/ 18/88 
09/18/88 
89/18/88 
89/18/88 
09/18/88 

09/18/88 

W4SA ---- I 

6.00E-01 

2.14E+02 
4.22E+03 
9,70E+01 
8.00E+00 
6.00E+01 
2.30E+01 
1.97E+02 
1.22E+02 
1.29E+03 
1.18E+02 

6.83E+03 
3.18E+02 
4.78E+02 
2 . l lE+04 
7.44E-01 
3.49E+03 
1.42E+01 

7.89E+01 

SAMPLE 
DATE -------- 

09/10/86 
09/18/86 
09/10/88 
09/10/88 
09/18/88 
09/18/86 
09/10/86 
09/18/88 
09/18/88 
09/10/88 

09/18/86 
09/18/86 
09/18/86 
09/18/86 
09/18/86 
89/18/86 
09/11/88 

09/18/88 
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W6DA ---- 

1.10E+02 
4.04E+03 
8.70E+01 
7.00E+00 
1,40E+01 
3.00E+00 
2.06E+02 
6.20E+01 
6.94E+02 
3.90E+01 

4.77E+03 
1.86E+02 
4.60E+02 
2.0SE+04 

3.61E+03 
9.90E+00 

6.68E+01 

1.98E-01 

! 



CONSTITUENT 
NAME UNITS _------ ----- 
COLIFRM MPN 
BERYLAM UG/C 
STRONUM UC/G 
2 INC UC/C 
CALCIUM UC/C 
BARIUM UC)C 
CADMIUM UC/C 
CHROMUM UC/C 
SILVER UC/C 
SODIUM UC/C 
NICKEL UC)C 
COPPER UC/C 
VANADUM UC/C 
ANTIONY UC/C 
ALUMNLM UC/C 
MANCESE UC/C 
POTASUM UC/C 
IRON UC/C 
ARSENIC UC/C 
MERCURY UC/C 
MAGNES UC/C 
LEADGF UC/C 
TOX uc/c 
TOC uc/c 
NITRATE UC/C 
SULFATE UC/C 
CHLORID UC/C 
SULFIDE UC/C 

DETECTION 
L IMIT ---------- 

2.20E+00 

3.00E+01 

6.00E+00 

6.00E-01 

6.00E-01 

6.00E-01 
2.00E-01 
1.00E+00 
1.00E+00 
1.00E+01 
1.00E+00 
1. 0O)E+00 

1.00E+01 
1.60E+01 
6.00E-01 
1.00E+01 
6.00E+00 
6.00E-01 
1.00E-01 
6.00E+00 
6.00E-01 
1.00E+00 
1.00E+01 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+0l 

6.00E-01 

SAMPLE 
DATE -------- 

09/18/86 
09/18/86 
09/18/86 
09/18/86 
09/18/88 

09/18/86 
09/18/86 
89/18/86 
09/10/86 
09/10/86 

09/18/86 
09/18/86 
09/18/86 
89/18/86 
89/18/86 

09/10/88 
09/10/86 
09/18/86 
09/18/88 
09/10/86 

S O I L  SAMPLE ANALYTICAL RESULTS ABOVE DETECTION L IMIT  

SAMPLE 
DATE -------- 

09/18/86 

09/10/86 
09/18/88 
09/18/86 
09/10/86 
09/10/86 
09/10/88 
09/10/86 
09/10/86 
09/18/88 
09/10/88 

09/18/88 
09/18/86 
09/10/86 
09/18/88 
09/10/88 
09/18/86 
09/18/86 
09/18/86 

09/10/86 
09/18/86 
09/18/88 
09/18/86 
09/18/86 

W6SA ---- 
1.60E+01 

1.60E+02 
3.87E+03 
7.10E+01 
7.00E+00 
3.60E+01 
1.70E+01 
1.83E+02 
1.26E+02 
9.26E+02 
4.20E+01 

7.68E+03 
1.88E+02 
6.88E+02 
2.16E+04 

4.23E+03 
2.67E+0l 

3.93E+01 
3.23E+00 
2.66E+00 
1.16E+00 
2.49E+01 

6.20E-01 
2.0BE-01 

SAMPLE 
DATE -------- 

09/10/80 
09/10/86 
09/10/86 
09/10/88 
09/10/86 

09/10/80 
09/18/88 
09/18/88 
09/18/88 

09/10/86 
09/10/86 
09/10/86 
09/18/88 

09/10/86 
09/18/86 
09/18/86 

09/10/86 

6.30E+01 09/10;88 
4.20E+03 09/10/8e 
8.00Ei01 89/18/86 
7.00E+00 09/10/86 
1.60E+01 09/10/86 

09/10/86 
f39/10/86 
09/18/88 
09/10/86 

09/18/80 
09/10/86 
09/10/86 
09/10/86 

09/10/80 
09/10/80 

09/10/80 

PACE: 1 3  j 



COLIFRM MPN 
BERYLAM UC/C 
STRONUM UC/C 
ZINC UC/C 
CALCIUM UC/C 
BARIUM UC/C 
CADMIUM UC/C 
CHROMUM UC/C 
SILVER UC/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/C 
VANADUM UC/C 
ANTIONY UC/C 
ALUMNUM UC/C 
MANCESE UC/C 
POTASUM UG/C 
IRON UC/C 
ARSENIC UC/C 
MERCURY UG/G 
LEADCF UC/C 
TOX U C ~ C  
TOC UC/C 
NITRATE UC/C 
SULFATE U C I C  
CHLORID UC/C 

DETECTION 
L IMIT  ---------- 

2.20E+00 
6.00E-01 
-3.00€+01 
6.00E-01 

6.00E-01 
2.00E-01 
1.00E+00 
1.00€+00 
1.00E+01 
1.00Ei00 
1.00E+00 

1.00E+01 
1.60€+01 

1.00E+01 
6.00E+00 

6.00E+00 

6.00E-01 

6.00E-01 

6.00E-01 
1.00E-01 
6.00E-01 
1.00E+00 
1.00E+01 
1 .00E+00 
1 . @0E+BLI 
1.00€+00 

SOIL SAMPLE ANALYTICAL RESULTS ABOVE DETECTION L IMIT  

SAMPLE 
DATE -------- 

06/26/86 

06/26/86 
06/26/06 
06/26/86 
06/26/86 
06/26/86 
06/26/86 

06/26/86 
06/26/86 
06/26/06 
06/26/86 

06/26/08 
06/26/86 
06/26/86 
06/26/86 
06/26/86 
06/26/86 
06/26/86 
06/26/88 
06/26/86 
06/26/86 
06/26/86 
06/26/86 

W7DA ---- 
2.10E+02 

3.20Ei01 
7.10E+01 
1.00Ei04 
1.03E+02 
9.00Ei00 
2.70E+01 

1.69Ei02 
3.30E+01 
1.04E+02 
3.70€+01 

1.86E+04 
4.43E+02 
1.87€+03 
2.70€+04 
6.20E+00 

1.78E+01 
2.3B€+00 
1.49E+01 
3.14E+00 
2.07E+00 
3.32E+00 

2.20E-01 

SAMPLE 
DATE -------- 

06/26/06 
06/26/86 
06/26/06 
06/26/86 
06/26/86 

06/26/86 
06/26/86 
06/26/86 
06/25/86 

06/26/86 
06/26/86 
06/26/86 
06/26/86 

06/26/00 
06/26/86 
06/26/86 
06/26/86 

W7S A ---- 

6.30E+0l 
3.16E+03 
6.30€+01 
6.00E+00 
1.40€+01 

1.94E+02 
6.00E+01 
2.74€+02 
3.60E+01 

4.37€+03 
1.98E+02 
3.68€+02 
1.71E+04 

6.30E-01 
4.40E+00 
1.20E+00 
6.88€+01 

SAMPLE 
DATE -------- 

06/26/86 
06/26/86 
06/26/86 
06/26/86 
06/26/86 
06/26/06 
06/26/86 
06/26/86 
06/26/86 
06/26/86 

06/26/06 
06/26/86 
06/26/86 
06/26/86 

06/26/86 
06/26/06 
06/26/86 
06/26/86 

W8DA ---- 

9.00E+01 
4.03E+03 
9.40E+01 
1,00E+01 
2.60E+0l 
4.00E+00 
2.04E+02 
6.60€+01 
4.26€+02 
6.00€+01 

6.93€+03 
2.77E+02 
6.31E+02 
2.74E+04 

7.00E-01 1.69Ei01 

6.60€+00 
9.19E+01 

SAMPLE 
DATE 

1 - -- ---- - 
06/26/86 
06/26/86 
06/26/86 
06/26/86 
06/26/06 
06/26/86 
06/26/86 
06/26/86 
06/26/86 
06/26/86 
06/26/86 
06/26/06 
06/26/06 
06/26/86 
06/26{86 
06/26/05 
06/26/86 

06/26/06 
06/26/86 
06/26/86 
a6/26/88 
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W8LA ---- 
1.00E+00 
9.30E+01 
3.14Ei02 
6.61E+03 
2.11€+02 
6.00E+00 
2.98E+02 
1.46€+02 
6.43E+02 
6.60E+02 
3.23€+03 
6.00Ei01 
4.10E+01 
1.29€+04 
3.32Ei02 
1.04E+03 
3.07E+04 

1.09Ei01 
1.68E+02 
1.78E+01 
2.73E+02 



CONSTITUENT 
NAME UNITS ------- ----- 
BERYLAM UC/C 
STRONUM UC/C 
ZINC UC/C 
CALCIUM UC/C 
BARIUM UC/C 
CADMIUM UC/C 
CHROMUM UC/C 
SILVER UC/C 
SODIUM UC/C 
NICKEL UC)C 
COPPER UC/C 
VANADUM UC/C 
ANTIONY UC/C 
ALUMNUM UC/C 
MANGESE UC/C 
POTASUM UC/C 
IRON UC/C 
MERCURY UC/C 
LEADCF UC/C 
TOX UC/C 
TOC UC/C 

DETECTION 
L IMIT  ---------- 

6.00E-01 
3.00E+01 
6.00E-01 
6.00E+00 
6.00E-01 
2.00E-01 
1.00E+00 
1.00E+00 
1.00E+01 
1.00E+00 
1.00Ei00 

1.00E+01 
1.60E+01 

1.00E+01 
6.00E+00 

6.00E-01 

6.00E-01 

1.00E-01 
6.0BE-01 
1.00E+00 
1.00E+01 

SOIL SAMPLE ANALYTICAL RESULTS ABOVE DETECTION L IMIT  

SAMPLE 
DATE -------- 

06/26/86 
06/26/86 
06/26/86 
06/26/88 
06/ 2 S /  86 
06/26/86 
06/26/86 
06/26/86 
06/26/86 
06/26/86 
06/26/86 
06/26/06 
06/26/86 
06/26/86 
06/26/86 
06/26/06 
06/26/86 
06/26/86 
06/26/86 

SAMPLE 
DATE -__----- 

06/16/88 
06/16/06 
06/16/06 
06/16/06 
06 / 16/ 86 

06/16/88 
06/ 16/86 
06/16/88 
06/16/88 

06/16/88 
06/ 16/86 
06/16/06 
06/16/08 
06/16/06 
06/16/08 
06/16/06 
06/16/88 

. <  

W9DA ---- 

8.00E+01 
6.36E+03 
8.00E+01 
Q.00E+00 
1.00E+01 

2.31E+02 
1.80E+01 
2.40E+02 
4.70E+01 

6.40E+03 
3.00E+02 
6.16E+02 
2.49E+04 

6.88E+00 
1.60E+00 
6.63E+01 

1.73E-01 

SAMPLE 
DATE -------- 

06/16/88 
06/16/08 
06/16/86 
06/ 16/86 
06/16/06 
06/16/88 
06/16/08 
06/16/06 
06/16/06 
06/16/88 
06/16/88 
06/ 16/86 

06/16/88 
06/16/86 
06/16/88 
06/16/88 
06/16/88 
06/16/88 
06/16/88 
06/16/86 

WQLA ---- 
1.00E+00 
4.80E+01 
2.91E+02 
6.93E+03 
1.76E+02 
1.00E+01 
1.30E+02 
1.14E+02 
3.09E+02 
1.43E+02 
1.81E+03 
9.80E+01 

Q.Q1E+03 
2.83€+02 
9.78Ei02 
2.76E+04 
6.14E+00 
1.43E+02 
6.06E+00 
1.64E+02 

SAMPLE 
DATE 

I ----- -- - 

06/16/88 
06/16/88 
06/16/86 
06/16/88 
08/16/88 
08/16/88 
06/16/88 
06/18/86 
06/16/88 
06/16/86 

06/16/88 
06/16/86 
06/18/86 
06/16/88 
06/16/88 
06/ 16/86 
06/16/86 
06/16/88 
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1 

1 
1 
b 

1. 
3. 
1. 

99E+04 

1.00E+00 
1.06E+02 

38E-01 30E+01 

! 

, 



CONSTITUENT 
NAME UNITS -__---- ----- 
BERYLAM UC/C 
STRONUM UC/C 

CALCIUM UC/C 
BARIUM UC/C 
CADMIUM UC/C 
CtiROMUM UC/C 
SILVER UC/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/C 
VANADUM UC/C 
ANTIONY UC/G 
ALUMNUM UC/C 
MANCESE UC/C 
POTASUM UC/C 

ARSENIC UC/C 
MERCURY UC/C 

ZINC uc/c 

IRON uc/c 

LEADCF UC)C 
TOX uc/c 
TOC uc/c 
NITRATE UC)C 
SULFATE UC/C 
AMMONIU UC/C 

DETECTION 
L IMIT  ---------- 

6.00E-01 

6.00E-01 

8.00E-01 
2.00E-01 

3.00E+01 

6. 0BE+00 

1.00E+00 
1.00E+00 
1.00E+01 
1.00E+00 
1.00E+00 

1.00E+01 
1.60E+01 
6.00E-01 
1.00E+01 
6.00E+00 

6.00E-01 

6.00E-01 
X .00E-01 
6.00E-01 
1.00E+00 
1.00E+01 
1.00E+00 
1.00E+00 
6.00E-01 

S O I L  SAMPLE ANALYTICAL RESULTS ABOVE DETECTION L IMIT 

SAMPLE 
DATE -------- 

08/18/86 

08/18/86 
%8/18/88 
08/18/88 
06/18/88 
08/18/88 
08/18/88 
08/18/88 
06/18/86 
06/18/88 
08/18/86 

08/18/88 
08/18/86 
08/18/86 
08/18/86 

08/18/86 
06/18/88 

08/18/86 

SAMPLE 
DATE -------- 

08/18/86 
08/18/86 
06/18/86 
08/18/88 
08/18/86 
08/18/86 
08/18/88 
06/18/88 
08/18/86 
08/18/88 
06/18/86 
08/18/86 
08/18/88 
08/18/86 
08/18/86 
08/18/86 
08/18/86 

06/18/88 
08/18/86 
08/18/86 
08/18/88 

SAMPLE 
DATE -------- 

08/18/86 
08/18/86 
08/18/86 
08/18/86 
08/18/86 
08/18/88 
08/18/86 
08/18/86 
08/18/88 
08/18/88 
08/18/88 
08/18/88 
08/18/88 
08/18/88 
08/18/86 
08/18/88 
08/18/86 
08/18/88 
08/18/86 
08/18/88 

818/18/88 
08/18/86 
06/18/88 
08/18/86 

Wl0SA ----- 
2.00E+00 
8.30E+01 
4.09E+02 
6.74E+03 
2.04E+02 
6.00E+00 
3.19E+02 
2.18E+02 
4.19E+02 
6.90E+02 
3.13E+03 
1.60E+01 
2.80E+01 
1.67E+04 
2.36E+02 
1.82E+03 
3.04€+04 
4.00E+00 
1.80E-a1 
6.19E+00 

3.91E+01 
2.60E+00 
1 a 80E+00 
1.30E+00 

SAMPLE 
DATE 

I --- --- - - 

08/ ia /86  
08/18/88 
08/ 18/88 
08/18/86 
08/18/88 
08/ 18/88 
08/18/88 
08/18/88 
08/18/86 
08/18/88 

08/18/88 
08/18/88 
08/18/88 
08/18/88 

08/18/86 
08/18/86 

08/18/86 

t 
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1.30E+02 
6.24E+03 
9.60E+01 
9.00E+00 
2.20E+01 
9,00E+00 
2.66E+02 
6.90E+01 
2.99E+02 
3.80E+01 

8.84E+03 
2.91E+02 
7.68E+02 
2.33E+04 

6 a 13E-01 
1.94E+01 

1.38E+02 



CONSTITUENT 
NAME UNITS 

BERYLAM UC/C 
STRONUM UC/C 
ZINC UC/C 
CALCIUM UC/C 
BARIUM UC/C 
CADMIUM UC/C 
CHROMUM UC/C 
SILVER UC/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/C 
VANADUM UC/C 
ANTIONY UC/G 
ALUMNUM UC/C 
MANGESE UC/C 
POTASUM UC/C 
IRON UC/C 
MERCURY UC/C 
LEADCF UC)C 
l o x  UC/C 
TOC UC/C 

6.00E-01 
3.00E+01 
B.00E-01 
6.00E+0.0 
6.00E-01 
2.00E-01 
1.00E+00 
1.00Ei00 
1.00E+01 
1.00€+00 
1.00E+00 
6.00E-01 
1.00E+01 
1.60Ei01 
6.00E-81 
1.00E+01 
6.00Ei00 
1.00E-01 
6.00E-01 
1.00E+00 
1.00E+01 

SOIL SAMPLE ANALYTICAL RESUCTS ABOVE DETECTION L I M I T  

SAMPLE 
DATE __--_--- 

08/18/86 
08/18/86 
08/18/86 
08/18/86 
08/18/86 
08/18/86 
08/18/86 
08/18/88 
08/18/86 
08/18/88 

08/18/86 
08/18/86 
08/18/88 
06/18/86 
08/ 18/86 
08/18/86 
08/18/86 
08/18/88 

W l l S A  ----- 

2.61E+02 
4.41E+03 
9.80E+01 
1.00E+01 
8.40E+01 
4.20E+01 
2.67E+02 
1.80E+02 
8.03E+02 
4.70E+01 

8.84E+03 
2.66E+02 
8.36E+02 
2.30E+04 
1.26E+00 
4.26E+01 

2.46E+02 
2. 5 0 ~ + 0 0  

SAMPLE 
DATE --_----- 

08/18/86 
08/18/86 
08/18/86 
08/18/86 
08/18/86 
08/18/86 
08/18/86 
08/18/86 
08/18/86 
08/18/86 

08/18/88 
08/18/86 
08/18/86 
08/18/86 
08/18/86 
08/18/88 
06/18/86 
08/18/88 

Wl2DA ----- 

9.80E+01 
6.87E+03 
9.10E+01 
9.00E+00 
2,10E+01 
6.00E+00 
2.42E+02 
3.60€+01 
2.84E+02 
4,30E+0l 

8.90E+03 
3.14E+02 
8.7 E+02 

4.72E-01 
1.43E+01 
2.00€+00 
1.22€+02 

2.3 i E+04 

SAMPLE 
DATE -------- 

08/18/88 
08/18/86 
08/18/86 
08/18/86 
08/18/88 
08/18/86 
08/18/88 
08/16/86 
08/18/86 
0611 8/86 
08/18/86 
08/18/88 
08/18/88 
08/18/86 
08/18/86 
08/18/88 
08/18/86 
08/18/86 
08/18/88 
08/18/86 
08/18/88 

W12LA 

2.00€+00 
6.90E+01 
2.74E+02 
4.87€+03 
1.68E+02 
4.00E+00 
2.38E+02 
1.68E+02 
3.04E+02 
3.86€+02 
2.39E+03 
1.40E+01 
1.70Ei01 
1.13E+04 
1.88E+02 
9.89E+02 
2.13E+04 
1.28E+01 
1.12E+02 
1.46E+01 
1.92E+02 

06/18/86 
08/18/88 
08/18/88 
08/18/86 . 08/18/86 
08/18/86 
08/18/88 
08/18/88 
08/18/86 
08/18/88 

08/18/86 
08/18/88 
08/18/88 
08/18/86 
08/18/88 
08/18/86 

08/18/88 
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w125a ----- 

1.01E+02 
4.88E+03 
8.80E+01 
9.00E+00 
1.30E+01 
2.00E+00 
2.01E+02 
2.60E+01 
2.71E+02 
3.80E+01 

8.47E+03 
3.07E+02 
8.88E+02 
2.28E+04 

9.10Ei00 

e.  19Ei01  

3.39E-01 



.. 
r 

SOIL SAMPLE ANALYTICAL RESULTS ABOVE DETECTION LIMIT PACE : 18 

CONSTITUENT 
NAME UNITS 

ZINC UC/C 
CALCIUM UC/C 
BARIUM U C I C  
CADMIUM UC/C 
CHROMUM UC/C 
SILVER UC/C 
SODIUM UC/C 
NICKEL UG/G 
COPPER UC/C 
VANADUM UC/C 
ALUMN'JM UC/C 
MANGESE UC/C 
POTASUM UC/C 
IRON uc j c  

TOC uc/c 
IAERCURY UC/C 
LEADCF UC/C 

DETECTION 
L IMIT  

6. @BE-01 
6.00€+00 
8.00E-01 
2.00E-01 
1.00E+00 
1.00E+00 
1.00€+01 
1.00€+00 
1. 00E+00 
6.00E-01 
1.60E+01 
6.00E-01 
1.00E+01 
6.00E+00 

1.00E+01 

--__------ 

1.00E-01 
6. B0E-01 

SAMPLE 
DATE 

06/18/86 
08/18/88 
06/18/86 
46/ 18/86 
06/18/86 
06/18/88 
08/18/86 
08/18/80 

06/18/86 
08/18/86 
06/ 18/06 
06/18/06 
08/18/06 

06/18/86 
06/18/86 

-------- 

m / i e / a s  

ss/18/as 



COLIFRM MPN 
STRONUM UC/C 
ZINC uc/c 
CALCIUM UC/C 
BARIUM UC/C 
CADMIUM UC/C 
CHROMUM UC/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/G 
VANADUM UC/C 
ALUMNUM UC/C 
MANCESE UC/G 
POTASUM UC/C 
IRON UG/C 
ARSENIC UC/G 
LEADCF UC/C 
TOX uc/c 
TOC UC/G 
SULFATE UC/C 
FLUORID UC)C 
CHLORID UC/G 
AMMONIU UC/C 

3.00Ei00 
3.00E+01 

6.00Ei00 
6.00E-01 

0.00E-01 
2.00E-01 
1.00E+00 
1.00Ei01 
1.00Ei00 
1.00Ei00 
6.00E-01 
1!.60E+01 

* 6.00E-01 
1.00Ei01 

6.00E-01 
6.00E-01 
1.00Ei00 
1.00Ei01 
1.00Ei00 
1.00E+00 

* 1.00Ei00 
6.00E-01 

* 6.00Ei00 

SOIL SAMPLE ANALYTICAL RESULTS ABOVE DETECTION L I M I T  ' PAGE: 1 

SAMPLE . SAMPLE 

04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 
04/24/00 

1A6 --- 
9.00Ei00 
a .  10Ei01 
4.40Ei01 
0.71Ei03 
9.00Ei01 

1.00Ei0C 
7.41€+02 
0.00Ei00 
1.60Ei01 
0.90Ei01 
8.24E+03 
3.02Ei02 
1.02Ei03 
2.64E+04 
2.00E+00 
3.09Ei00 
4.96Ei00 
2.60Ei01 
9.06Ei00 
2.02Ei00 
8.43Ei00 
1.60E+00 

6.00E-01 

SAMPLE 
DATE -------- 

04/26/80 
04/25/00 
04/25/08 
04/25/00 
04/26/00 
04/26/00 
04/26/00 
04/26/00 
04/26/00 
04/26/00 
04/26/00 
04/26/00 
04/26/00 

04/26/80 

04/26/00 

l A l 0  ---- 

4.40E+01 
0.20Ei03 
8.00E+01 
0.00Ei00 
8.00Ei00 
0.22Ei82 
6.00EiBB 
1.00Ei01 
7.00Ei01 
0.99Ei03 
3.10E+02 
8.92Ei02 
2.49Ei04 

3.39Ei00 

2.24Ei01 

DATE ' -------- 

04/29/00 
04/29/00 
04/29/00 
04/29/00 
04/29/00 
84/29/00 
04/29/00 
04/29/00 
04/29/00 
04/29/00 
04/29/00 
04/29/08 
04/29/80 

04/29/08 

04/29/00 

4.00E+01 
0.82Ei03 
8.90Ei01 
5.00Ei00 
7.00Ei00 
6.35Ei02 
6.00Ei00 
1.40Ei01 
8.00Ei01 
0.47E+03 
3.12EiB2 
9.40Ei02 2.27Ei04 

04/30/00 
04/38/88 
04/38/08 
04/38/00 
04/38/00 
04/38/00 
04/38/08 
04/38/00 
04/30/00 
04/38/06 
04/38/00 
04/38/00 
04/38/08 

3.60Ei00 04/38/00 

2.33Ei01 

1A20 ---- 

3.30Ei01 
4.90Ei03 
7.00Ei01 
4.00Ei00 
4.00Ei00 
3.83Ei02 
2.00E+00 
1.20E+01 
4.00Ei01 
4.86Ei03 
2.44Ei02 
6.02E+02 
1.96Ei04 

2.61Ei00 



CONSTITUENT 
NAME UNITS ------- ----- 
BERYLAM UC/C 
ZINC UC/C 
CALCIUM UC/C 
BARIUM UC/C 
CADMIUM UC/C 
CHROMUM UC/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/C 
VANADUM UG/C 
ALUMNUM UC/C 
MANCESE UC/C 
POTASUM UC/C 

LEADCF UC/C 
IRON uc/c 
TOX uc/o 

DETECTION 
L IMIT ---------- 

6.00E-01 
6.00E-01 

6.0BE-01 
2.00E-01 

5.00E+00 

1.00E+00 
1.00E+01 
1.00E+00 
1.00E+00 
6.00E-01 
1.60E+01 
6.00E-01 
1.00E+01 
6.00€+00 . 6.00E-01 
1.00Ei00 

SOIL SAMPLE ANALYTICAL RESULTS ABOVE DETECTION L IMIT  

SAMPLE 
DATE - - - - - - - - 

04 / 38/86 
04/38/86 
04/38/08 
04/38/86 
04/30/06 
04/38/86 
04/38/08 
04/38/06 
04/38/88 
04/38/08 
04/38/06 
04/38/86 
04/30/06 
04/38/80 
04/30/00 

1A26 ---- 
4.00E+00 
3.20E+01 
5.03E+03 
0.90E+01 
4.00E+00 
6.00E+00 
0.33E+02 
3.00E+00 
1.20E+01 
4.60E+01 
6.63E+03 
2.01E+02 
6.03E+02 
8.61E+03 
2.11E+00 

04/30/00 
04/38/86 
04/38/06 
04/38/06 
04/30/06 
04/38/86 
04/38/00 
04/36/08 
04/38/06 
04/38/86 
04/38/86 
04/38/06 
04/38/86 
04/38/86 
04/38/06 
04/38/06 

SAMPLE , 
DATE ' -------- 

04/30/06 
04/38/06 
04/38/08 
04/38/08 
04/38/80 
04/38/88 
04/38/08 
04/38/08 
04/38/86 
04/38/86 
04/38/06 
04/30/00 
84/38/86 
04/38/86 
04/38/86 
04/38/88 

1A36 ---- 
I 

4.00E+00 ' 
3.30E+01 
6.14E+03 
B.30E+01 
6.00E+00 
4.00E+00 
4.44E+02 
3.00E+00 1.40E+01 

6.40E+01 

2.35E+02 
4.34E+02 
2.10Ei04 
2.99E+00 
2.60€+00 

4 . a 6 ~ + 0 3  

PACE: 2 

SAMPLE , 
DATE 1A40 

06/01/80 
06/01:86 
06/01/63 
05/01/06 
05/01/06 
05/01/06 
06/01/08 
b36/01/06 
06/01/86 
05/01/06 
06/01/06 
05/01/86 
05/01/06 

06/01/00 
06/01/00 

05/01/00 

.. 



CONSTITUENT 
NAME UNITS ------- ----- 
COLIFRM MPN 
BERYLAM UC/C 
2 INC UC/C 
CALCIUM UCjC 
BARIUM UC/C 
CADMIUM UC/C 
CHROMUM UC/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/C 
VANADUM UC/C 
ALUMNUM UC/C 
MANCESE UC/C 
POTASUM UC/C 
IRON uc/c 
ARSENIC UC/C 
LEADCF U C ~ C  
TOX UC/C 
TOC uc j c  
NITRATE UC/C 
SULFATE UC/C 
CHLORID UC/C 
AMMONIU UC/C 

DETECTION 
L IMIT  

3.00Ei00 
6.00E-01 
6.00E-01 
6.00E+00 
0.00E-01 
2.00E-01 
1.00Ei00 
1.00Ei01 
1.00Ei00 
1.00Ei00 
6.00E-01 
1.60Ei01 

I 6.00E-01 
1.00Ei01 
6.00Ei00 
6.00E-01 
6.00E-01 
1.00Ei00 
1.00E+01 . 1.00Ei00 
1.00Ei00 

' 1.00Ei00 
6.00E-01 

SOIL SAMPLE ANALYTICAL RESULTS ABOVE DETECTION LIMIT 

SAMPLE SAMPLE SAMPLE 
DATE 2A6 DATE 2A10 DATE --- -------- ---- -------- -------- 

05/01/00 
06/01/80 
06/01/00 
06/01/80 
05/01/00 
06/01/00 
06/01/80 
06/01/00 
05/01/80 
06/01/80 
06/01/80 
06/01/80 
06/01/80 

05/01/00 
06/01/80 

3.00Ei01 
7-6SEi03 
8.40Ei01 
6.00Ei00 
8.00Ei00 
4.79Ei02 
0.00Ei00 
1.30Ei01 
6.10Ei01 
0.77Ei03 
2.79Ei02 
1.03Ei03 
2.02Ei04 

2.07Ei00 
a. 1 6 ~ + 0 0  

06/02/88 
06/02/00 
06/02/80 
06/02/00 
06/02/00 
06/02/00 
0 6 / 0 2 / 8 0 
06/02/00 
06/02/88 
06/02/80 
06/02/80 
06/02/00 
06/02/80 
06/02/00 
06/02/00 
06/02/00 
06/02/80 
06/02/00 
06/02/80 
06/02/80 
06/02/00 
06/02/80 
06/02/80 

1.10Ei03 

4.00Ei00 
8.60Ei03 
8.40Ei01 
6.00Ei00 
7.00Ei00 
3.93E+02 
6.00Ei00 
1.00Ei01 
4.00Ei01 
6.60Ei03 
2.89Ei02 
9.17Ei02 
2.04Ei04 
2.18Ei08 
2.30Ei00 
2.9bEi00 
1.06E*01 
1.66Ei00 
1.08Ei01 
1.12Ei00 
2.42Ei00 

6.60E-01 06/06/00 
06/06/00 
06/06/80 
06/06/80 
06/06/80 
06/06/08 
06/06/80 
06/06/80 
06/06/00 
06/06/08 
06/06/00 
06/06/00 
06/06/00 
06/06/00 

06/06/80 
06/06/80 
06/06/08 

, 

6.00E-01 
4.90Ei01 
7.90Ei03 
8.60Ei01 
0.00Ei00 
8.00Ei00 
4.00Ei02 
1.10Ei01 
4.10Ei01 
6.40Ei01 
6.90Ei03 
2.76Ei02 
8.38Ei02 
2.12Ei04 

3.00Ei00 
3.60Ei00 
2.17E+01 

, '  
8 ,  ' I I t  

PACE: 3 
SAMPLE 

DATE 2A20 ---- I -------- I 

06/06/88 
06/06/88 
06/06/00 
06/06/86 
06/06/80 
06/06/80 
06/06/80 
06/06/06 
06/06/80 
06/06/00 
06/06/80 
06/06/06 
06/06/00 

06/06/00 

4.80EiBl  
6.87Ei03 
7.90Ei01 
6.00E+00 
6.00Ei00 
3.96Ei02 
6.00Et00 
2.20Ei01 
6.20E+01 
4.66Ei03 
2.47Ei02 
6.80Ei02 
1.99€+04 

2.4 1E i00  

3 



t 

CONSTITUENT 
NAME UNITS ------- ----- 
BERYLAM 
2 INC 
CALCIUM 
BARIUM 
CADMIUM , 

C HR OlAUM 
SODIUM 
NICKEL 
COPPER 
VANADUM 
ALUMNUM 
HANCESE 
POTASUM 
IRON 
LEADCF 

UC/C 
UC/C 
UC/G 
UC/C 
UC/C 
UG/O 
UC/C 
UC/C 
UC/C 
UC/C 
UC/C 
UG/C 
UC/C * 
UC/C 
UC/C 

SOIL SAMPLE ANALYTICAL RESULTS ABOVE DETECTION L IMIT 

L IMIT  * DATE 2A26 2A30 DATE DATE 

' 

SAMPLE SAMPLE, . DETECTION SAMPLE 

-------- ---- -_-------- -------- ---- -------- 
6.00E-01 
6.00E-01 

6.00E-01 
2.00E-01 

6.00E+00 

1.00E+00 
1.00E+01 
1.00E+00 
1.00E+00 

1,60E+01 

1.00E+01 
6.00E+00 
6.00E-01 

6.00E-01 

6.00E-01 

06/05/06 
06/06/06 
05/05/06 
05/05/86 
05/06/06 
05/06/06 
05/06/06 
06/06/06 
06/06/06 
05/05/06 

05/05/06 
06/05/06 
06/06/06 
06/06/06 

05/05/86 

06/06/06 
06/05/06 
05/05/06 
06/06/06 
06/06/06 
06/06/06 
06/06/06 
06/06/06 
05/06/06 
06/06/06 
05/06/06 
06/06/06 
06/06/06 
06/06/06 

I 

06/06/08 
06/06/06 
06/06/06 
06/06/06 
06/06/06 
06/06/06 
06/06/06 
06/0$/ 0 6 
06/06/06 
06/06/06 
06/06/06 
06/06/06 
06/06/06 
06/06/06 

2A36 ---- 
I 

3.80E+01 
8,66E+03 
8.10E+01 
6.00E+00 
6.00E+00 
3.74E+02 
6.00E+00 
1.00E+01 
6.10E+01 
4.66E+03 
3.00E+02 
6.06E+02 
2.49E+04 
1.66E+00 

06/06/06 
06/06/06 
05/06/06 
06/06/06 
06/06/06 
05/06/06 
05/06/06 
05/06/06 
06/06/86 
06/06/06 
05/06/06 
06/06/06 
06/06/06 
05/06/06 

3.70E+01 
6. 96E+03 
7.70E+01 
6.00E+00 
4.00E+00 
4 .66E+02 
4.00E+00 
1.60E+01 
6.10E+01 
6 , l lE+03 
2.74E+02 
6.13E+02 
2.24€+04 
2.69E+00 



CONSTITUENT 
NAME UNITS ------- ----- 
ZINC 
CALCIUM 
BARIUM 
CADMIUM 
C t i  ROMUM 
SODIUM 
NICKEL 
COPPER 
VAtJADUM 
ALUMNUM 
MANCESE 
POTASUM 
IRON 
ARSENIC 
LEADCF 
TOX 
TOC 
NITRATE 

uc/c 
UC/G 
UC/G 
uc/c 
UC/C 
uc/c 
uc/c 
uc/c 
uc/c 
uc/c 
uc/a 
uc/c 
uc/c ' 
UC/C 
UC/C . 
uc/c 
uc/c 
uc/c 

SULFATE UC/C 
FLUORID UC/C , 

CHLORID UC/C 
AMMONIU UC/G ' 

6.00E-01 

0.00E-01 
2.00E-01 ' 

6.00E+00 

1.00E+00 
1,00E+01 
1.00E+00 
1.00Ei00 
6.00E-01 
1.60E+0l 
6.00E-01 
1.00Ei01 
6.00E+00 
6.00E-01 
6.00E-01 
1.00Ei00 
1.00Ei01 
1.00E+00 
1.00E+00 
1.00Ei00 
1.00E+00 
6.00E-01 

SOIL SAMPLE ANALYTICAL RESULTS ABOVE DETECTION L I M I T  * PAGE: I 

SAMPLE , 
DATE -------- 

06/00/00 
06/08/08 
06/08/80 
06/08/80 
06/08/08 
06/00/00 
06/08/06 
06/00/80 
05/08/80 
06/08/80 
06/00/00 
05/88/00 
06/00/00 
06/88/80 
06/00/00 
06/00/00 
06/08/00 
06/08/80 
06/00/00 
06/08/00 
06/08/80 
06/00/00 

3A16 ---- 
I 

t .60E i01  
6.63E+03 
7.20Ei01 
0,00E+00 
0,00E+00 
4.07Ei02 
6.00Ei00 
1.60Ei01 
6.60E+01 
In86E+03  
2.63E+02 
7.64E+02 
2.09Ei04 
4.66E+00 
4.23E+00 
2,00E+00 
1.04Ei01 
1.06E+00 
2.12Ei01 
1.22Ei00 
2,04E+00 
2.00E+00 

SAMPLE 
DATE -------- 

06/07/00 
06/07/00 
06/07/00 
06/07/00 
06/07/00 
06/07/00 
06/07/00 
06/07/00 
06/07/00 
06/07/00 
06/07/00 
06/07/00 
06/07/00 

06/07/00 
06/07/00 
06/07/00 

3A6 --- 
3.00Ei01 
0.46€+03 
8.10E+01 
6.00€+00 
7.00E+00 
3.09E+02 
0.0BEi00 
2.10Ei01 
4.70E+01 
0.10E+03 
2.40Ei02 
1.03E+03 
2.03E+04 

6.99E+00 
6.66E+00 
4.37E+01 

SAMPLE 
DATE -------- 

06/00/00 
06/00/00 

06/08/80 
06/00/80 

06/00/80 
06/00/00 
06/08/00 
06/08/08 
06/08/08 
06/08/00 
06/00/00 
06/08/80 
06/00/00 

06/08/08 
06/08/86 
06/08/80 

. > 9 
3A10 ---- 

3.80E+01 
0.43Ei03 
8.60E+01 
6.00E+00 
7.00E+00 
4.26E+02 
6.00E+00 
I .  00E+01 
6.00E+01 
0.10E+03 
2.74E+02 
9.14E+02 
2. l lE+04 

6.10E+00 
3.60E+00 
2.30E+01 

t 

' SAMPLE 
DATE -------- 

06/09/00 
06/09/00 
06/09/00 
06/09/80 
06/09/00 
05/09/00 
06/09/00 
06/09/00 
06/09/00 
05/09/00 
06/09/00 
06/09/00 
06/09/00 

06/09/06 
06/09/00 
06/09/06 

3A20 ---- 
4.30Et01 
7.46€+03 
1.00Ei02 
6.00E+00 
0.00Ei00 
4 90Ei02 
6.00E*00 
1.70Ei01 
0 .6BEi01 
0.07Ei03 
3.13Ei02 
0.00Ei02 
2.40E+04 

6.26Ei00 
2.26Ei00 
1.66E+01 

I 

' .. 



CONSTITUENT 
NAME UNITS ------- 
2 INC UC/G 
CALCIUM UC/C 
BARIUM UC/C 
CADMIUM UC/C 
CHROMUM UC/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/C 
VANADUM UC/C 
ALUMNW UC/C 
MANGESE UC/C 
POTASUM UC/C 
IRON UC/C 
LEADCF UC/C 
TOX UC/C 
TOC uc/c 

6.00E-01 

0.00E-01 
2.00E-01 

6.00E+00 

1.00Ei00 
1.00E+01 
1.00Ei00 
1.00Ei00 
6.00E-01 
1.60E+01 
6.00E-01 
1.00E+01 

I 6.00€+00 
6.00E-01 
1.00Ei00 
1.00Ei01 

SOIL SAMPLE ANALYTICAL RESULTS 

SAMPLE SAMPLE 
DATE 3A26 DATE -------- ---- -------- 

05/09/80 
05/09/00 
06/09/00 
05/09/00 
05/09/00 
06/09/80 
05/09/00 
05/09/00 
05/09/00 
05/09/00 
05/09/00 
06/09/80 
05/09/00 
05/09/86 
06/09/80 
05/09/86 

4.20E+01 
0.39E+03 
9.70Ei01 
0.00E+00 
0.00E*0B 
4.32Ei02 
6.00Ei00 
1.60Ei01 
6.70E+01 
6.66€+03 
2.90E+02 
0.03€+02 
2.71E+04 
4.70Ei00 
4.40Ei00 
1.06Ei01 

06/09/08 
05/09/80 
05/09/00 
06/09/00 
05/09/80 
05/09/80 
05/09/80 
06/09/00 
06/09/00 
06/09/00 
05/09/00 
05/09/00 
06/09/00 
06/09/80 

ABOVE DETECTION LIMIT t 

3A30 ---- 
4.10E+01 
6.03E+03 
0.20E+01 
6.00Ei00 
0.00Ei00 
3.22Ei02 
4.00Ei00 
2.10Ei01 
0.50E+01 
4.23Ei03 
2.40E+01 
6.06Ei02 
2.64Ei04 
4.40Ei00 

SAMPLE 
DATE -------- 

06/09/00 
06/09/80 
06/09/00 
06/09/00 
06/09/00 
05/09/80 
05/09/80 
06/09/00 
06/09/00 
06/09/00 
06/09/00 
06/09/00 
05/09/00 
05/09/88 
06/09/86 

' 3A36 ---- 
I 

3.90Ei01 
6.00E+03 
6.90Ei01 
8.00E+00 
7.00Ei0n 
2.63Ei02 
4.00Ei00 
1.00E+01 
0.30Ei01 
4.34€+03 
2.04Ei02 
2.70Ei02 
2.66€+04 
4.37Ei00 
3.10Ei00 

SAMPLE 
DATE -------- 

06/09/06 
0S/09/00 
05/09/00 

05/09/00 
06/09/00 
05/09/00 
06/09/00 
06/09/00 
05/09/80 
05/09/06 
06/09/00 
@5/09/00 
06/09/06 

a5/09/86 

I 1  

PACE: 0 

3A40 ---- 
4.70E+Bl 
7.21Ei03 
9.60E+01 
0.00Ei00 
7.00Ei00 
6.62Ei02 
4.00Ei00 
1.80Ei01 
0.30Ei01 
0 . M i 0 3  
3.14Ei02 
7.19Ei02 
2.74Ei04 
6.67Ei00 

). .. 

. .  



(. .. 

CONSTITUENT 
NAME UNITS ___---- ----- 
2 INC uc/c 
CALCIUM UC/C 
BARIUM UC/C 
CADMIUM UC/C 
CHROMUM UC/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/C 
VANADUM UC/C 
ALUMNUM UC/C 
MANCESE UC/C 
POTASUY UC/C 

MERCURY UC/C 
IRON uc/c 
LEADCF UG/C 
TOX UC/G 
TGC UG/C 

6.00E-01 

8.00E-01 
2.00E-01 

6.00E+00 

1.00E+00 
1,00E+01 
1.00E+00 
1.00E+00 

1.60E+01 

1.00E+01 

6.00E-01 

6.00E-01 

0 6.00E+00 
1.00E-01 

. 6.00E-01 
1.00E+00 
1.00E+01 

SOIL SAMPLE ANALYTICAL RESULTS 

SAMPLE SAMPLE 
4A6 DATE -------- DATE -------- --- 

05/12/88 3.70E+01 06/13/88 
06/12/88 8.20E+03 06/13/88 
06/12/88 9.90E+01 06/13/88 
06/12/86 6.00E+00 05/13/86 
05/12/86 7.00Ei00 06 / 13 /88 
05/12)88 
06/12/86 
06/12/86 
06/12/86 
05/12/88 
06/12/86 
06/12/88 
06/12/88 

06/12/88 
06/12/88 

4.93E+02 
8.00E+00 
1.60E+01 
6.30E+01 
7.13Ei03 

8.  86E+02 
2.21E+04 

3.31E+00 
6.90Ei00 

2 . 1 7 ~ + 0 2  

0s j13  j e e  
06/13/88 
06/13/86 
06/13/88 
06/13/88 
06/13/88 
05/13/86 
06/13/88 

06/13/86 

ABOVE DETECTION LIMIT 1 

4A10 ---- 
3,60E+01 
6.09E+03 
8.00E+01 
6.00Ei00 
6.00E+00 
3.83E+02 
6.00E+00 
1.40E+0l 
4,90E+01 
6.61E+03 
2.47E+02 
7.32E+02 
2.07E+04 

3.40E+00 

I 

SAMPLE , 

DATE -------- 
06/13/88 
06/13/88 
05/13/86 
06/13/88 
05/13/88 
06/13/86 
05/13/88 
05/13/88 
06/13/86 
05/13/88 
05/13/88 
06/13/88 
06/13/88 
06/13/88 
06/13/86 
06/13/88 

4A16 

4.80E+01 6.32E+03 

9.00E+01 
6.00E+00 
9.00Ei00 
6.13Ei02 
8.00E+00 
4.20E+01 
6.80E+01 
6.82E+03 
2.75E+02 
7.90E+02 
2.33Ei04 
1.06E-01 
3.80Ei00 
1.20E+00 

---- 
SAMPLE 

DATE -------- 
I 

06/14/88 
06/14/84 
06/14/88 
06/14/88 
05/14/86 
05/14/88 
06/14/86 
05/ 14/88 
06/14/86 
06/ 14 /88 
06/14/88 
05/14/88 
06/14/88 
06/14/88 
06/14/88 
06/14/88 
06/14/86 

I I ,  

PACE: 7 

4A20 ---- 
4.60€+01 
6.78E+03 
9.00E+01 
6.00E+00 
7.00E+00 
6.19E+02 
I .  00E+00 
3.70E+01 
8.20E+01 
8.13E+03 
2.97E+02 
7.7.2Ei02 
2.65E+04 

4.78E+00 
4.70E+00 
1.44E+01 

1.10E-01 

.. 



COLIFRM MPN 
ZINC uc/c 
CALCIUM UC/C 
BARIUM UC/C 
CADMIUM UC/C 
CHROMUM UC/G 
SODIUM UC/G 
NICKEL UC/C 
COPPER UC/C 
VANADUM UG/C 
ALUhlNUM UC/C 
MANGESE UC/C 
POTASUM UC/C 

ARSENIC UC/C 
LEADCF UC/G 

SULFATE UC/C 
FLUORID UC/C 
CHLORID UC/C 
AMMONIU UC/C 
N4DMBSA UG/C 

IRON UC/G 

TOX uc/c 

DETECTION 
L IMIT ---------- 

3.00E+00 
6.00E-a1 
6.00E+00 
6.00E-01 
2.00E-01 
1.00E+00 
1.00E+01 
1.00E+00 
1.00E+00 

1.60E+01 

1.00E+01 
6.00E+00 

6. 00E-01 

6.00E-01 

6.00E-01 
6.00E-01 
1.00E+00 
1.00E+00 
1.00E+00 
1.00E+00 

0.00E+00 
6.00E-01 

SOIL SAMPLE ANALYTICAL RESULTS ABOVE DETECTION LIMIT I 

SAMPLE 
DATE ----..--- 

06/14/86 
05/14/86 
05/14/86 
05/14/86 
06/14/88 
06/14/86 
05/ 14 /86 
06/14/86 
06/14/86 
06/14/86 
06/14/86 
05/14/86 
05/14/88 
06/14/88 
06/14/88 
06/14/86 
06/14/86 

06/14/86 

4A26 ---- 

3 . 2 0 E 4 1  
4.30E+03 
6.40E+01 
6.00E+00 
6.00E+00 
2.76E+02 
6.00E+00 
1.90E+01 
4.80E+01 
4.02E+03 
2.4 1E+02 
4.49E+02 
2.31E+04 
2.10E+00 
2.83E+00 
4.40E+00 
9.67E+00 

6.00€+00 

SAMPLE 
DATE -------- 

06/14/86 
06/14/86 
06/14/88 
06/14/86 
06/14/86 
06/ 14 /86 
06/14/86 
06/14/86 
06/14/06 
05/ 14 /86 
06/ 14/86 
06/14/86 
06/14/86 

06/14/86 
06/14/86 

SAMPLE ~ ~ 

DATE -------- 
06/ 14 /86 
06/14/06 
06/14/88 
06/14/86 
06/14/86 
06/14/86 
06/14/86 
06/14/86 
06/14/06 
05/14/86 
05/14/86 
06/14/86 
06/14/86 

06/14/86 
06/14/86 

4A36 ---- 
3 .%0E+01 
4.84E+03 
7.80E+01 
6.00E+00 
8.00Ei00 
4.04E+02 
3.00E+00 
1.60Ei01 
6.00E+01 
4.90E+03 
2. %9€+02 
6.67E+02 
2.64E+04 

3.14E+00 
2.60E+00 

.' . ,. .. . u t  

PAGE: 8 

SAMPLE 
DATE -------- 

I 
06/14/86 
05/14/86 
06/14/06 
06/14/86 
05/14/86 
05/14/86 
05/14/86 
06/14/06 
06/14/86 
06/14/06 
05/14/86 
05/14/06 
06/14/86 
06/14/86 
05/14/86 
05/14/08 
05/14/06 
05/14/86 
05/14/80 
05/14/86 
06/14/86 
06/14/86 



CONSTITUENT 
NAME UNITS ------- ----- 
BERYLAM UC/C 

CALCIUM UG/G 
BARIUM UC/C 
CADMIUM UC/C 
CHROMUM UC/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/C 
VANADUM UC/C 
ALUMNUM UC/C 
MANCESE UC/C 
POTASUM UC/C 
IRON uc/c 
ARSENIC UC/C 
LEADCF UC/C 
TOX uc/c 

2 INC UC/G 

TOC ucic 
SULFATE UC/C 
FLUORID UC/C 
CHLORID UC/C 

DETECTION 
L IMIT * ---------- 

6.00E-01 
6.00E-01 
6.00E+00 
6.00E-01 
2.00E-01 
1.00E+00 
1.00E+01 
1.00E+00 
1.00E+00 

1.60E+01 
6.00E-01 

6.00E-01 
1.00E+01 

6.00E-01 
6.00E-01 

6.00E+00 

1.00E+00 
1.00E+01 
1.00E+00 
1.00E+00 
1.00Ei00 

SOIL SAMPLE ANALYTICAL RESULTS 

SAMPLE SAMPLE 
6A6 DATE --- -------- DATE -------- 

05/16/86 
06/16/80 
05/16/86 
06/16/86 
06/16/86 

06/16/86 
06/16/86 
05/16/86 
06/16/86 
06/16/86 
05/16/86 
06/16/86 
06/16/86 

06/16/86 
06/16/86 
06/16/86 
05/16/06 
06/16/86 
06/16/86 
06/16/86 
06/18/06 
06/16/88 
06/16/88 
06/16/06 
06/16/88 
06/16/86 
06/16/88 

06/16/88 3.46E+00 05/16/86 
06/16/86 4.80E+00 06/16/86 
06/16/86 1.90E+01 

ABOVE DETECTION L IMIT  

SAMPLE , 
6A10 DATE 6A16 ---- I------- ---- 

06/19/86 
06/19/86 
06/19/86 
06/19/86 
06/19/80 
06/19/80 
06/19/86 
06/19/86 
05/19/06 
05/19/88 
06/19/86 
06/19/88 
05/19/06 
06/19/86 
05/19/86 
06/19/88 
06/19/86 

06/19/86 
06/19/86 
06/19/86 

' SAMPLE 
DATE 6A20 ---- 

i -------- 
06/19/86 
06/19/86 
06/19/06 
06/19/88 
06/19/06 
05/19/86 
06/19/86 
06/19/80 
06/19/80 
05/19/86 
06 / 19/80 
06/19/86 
06/19/86 

06/19/86 2.47E+00 
06/19/86 0.10E+00 

3 

If 



CONSTITUENT 
NAME UNITS ------- ----- 
COLIFRM MPN 
BERYLAY UC/C 
ZINC UC/C 
CALCIUM UC/C 
BARIUM UC)C 
CADMIUM UC/C 
CHROMl IM UC/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/C 
VANADUM UC/C 
ALUMNUM UC/C 
MANCESE UC/C 
POTASUM UC/C 
IRON UC/C 
ARSENIC UG/a 
LEADCF UC/C 
TOX UC/C 
SULFATE UC/C 
FLUORID UC/G 
CHLORID UC/C 

DETECTION 
L IMIT ---------- 

3.00Ei00 
6.00E-01 
6.00E-01 

6 .  BEE-01 
2.00E-01 

6.00Ei00 

1.00Ei00 
1.00Ei01 
1.00Ei00 
1.00Ei00 

1.60E+01 

1.00Ei01 
6.00Ei00 

6.00E-01 

I 6.00E-01 

6.00E-01 
6.00E-01 
1.00Ei00 
1.00Ei00 
1.00Ei00 
1.00Ei00 

I 

I , ,  

S O I L  SAMPLE ANALYTICAL RESULTS ABOVE DETECTION L IMIT  PAGE8 10 

SAMPLE 
DATE -------- 

06/19/86 
06/19/88 
06/19/88 
06/19/86 
06/19/86 
06/19/88 
06/19/88 
06/19/88 
06/19/86 
06/19/86 
06/19/88 
06/19/88 
06/19/88 
06/19/86 

05/19/88 
06/19/80 

6A26 ---- 

0.00Ei00 
3.80Ei01 
6.43Ei03 
8.80Ei01 
8.00Ei00 
6.00Ei00 
3.43Ei02 
6.00Ei00 
1.60Ei01 
6.90Ei01 
4.43Ei03 
2.63Ei02 
4.68Ei02 
2.64Ei04 

2.60E+00 
2.00Ei00 

SAMPLE 
DATE - - - - - - - - 

06/19/86 
06/19/88 
06/19/86 
06/19/88 
06/19/88 
06/19/88 
06/19/86 
06/19/86 
06/19/86 
06/19/86 
06/19/86 
06/19/86 
06/ 19/86 
06/ 19/86 

06/19/86 
06/ 19/86 

SA30 ---- 
0.00Ei00 
3.70E+01 
6.28Ei03 
7.60Ei01 
8.00Ei00 
6.00Ei00 
4.04Ei02 
4.00E+00 
1.40Ei01 
6.70Ei01 
4.28Ei03 
2.68Ei02 
6.34Ei02 
2.39Ei04 

2.47E+00 
2.48Ei00 

SAMPLE 
DATE - - - - - - - - 

06/28/80 
06/20/80 
86/28/88 
06/20/88 
06/28/86 
06/28/86 
06/28/86 
06/28/88 
05/28/88 
06/28/86 
86/28/86 
05/28/86 
06/28/88 
06/28/86 
06/28/86 
05/28/80 
86/28/86 
06/28/88 
06/28/86 
06/28/88 
06/28/88 

, 
6A36 ---- 

9.00Ei00 

3.90Ei01 
6.63Ei05 
9 - F0Ei01 
8.00Ei00 
6.00Ei00 
6.00E+02 
4.00Ei00 
1.40Ei01 
8.20Ei01 
0.0lE+03 
2.86Ei02 
6.76Ei02 
2.39Ei04 
1.42Ei00 
2.87Ei00 
2 e 70Ei00 
1.60Ei01 
1.64Ei00 
2.16Ei00 

6.00E-01 

SAMPLE 
DATE -------- 

I 

06/28/80 
55/28/88 
16/28/86 
06/28/88 
86/28/88 
86/28/86 
86/28/88 
06/20/86 
06/28/86 
05/28/86 
06/28/88 
06/28/86 
06/28/88 
06/28/88 

05/20/86 
05/28/86 

0.00E-01 
3.00Et01 
3.47E*03 
6.80Ei01 
4.00Ei00 
4.00E+00 
2.38E*02 
2.00Ei00 
8.00E*00 
6.20Ei01 
3.89Ei03 
1.94Ei02 
4.98Ei02 
1.71Ei04 

2.92Ei00 
6.20Ei00 



CONSTITUENT 
NAME UNITS ------- 
COLIFRM MPN 

CALCIUM UC/C 
BARIUM UC/C 
CADMIUM UC/C 
CHROMUM UC/C 
SODIUM UC/C 
NICKEL UC/C 
COPPER UC/C 
VANADUM UC/C 
ALUMNUM UC/C 
MANCESE UC/C 

ZINC UC/C 

POTASUM UC)C 
IRON UC/C 
ARSENIC UC/C 
LEADCF UC/C 
TOX UC/C 
TOC uc j c  
SULFATE UC/C 
FLUORID UC/C 

3.00Ei00 
6.00E-01 
6.0OEi00 
6.00E-01 
2.00E-01 
1.00€+00 
1.00Ei01 
1.00Ei00 
1.00Ei00 
6.00E-01 
1.60Ei01 
6.00E-01 

I 1.00E+01 
6.00E+00 
6.00E-01 
6.00E-01 
1.00Ei00 
1.00Ei01 
1.0BEi00 
1.00Ei00 

SOIL 

SAMPLE 
DATE -------- 

06/21/86 
06/21/86 
06/21/88 
06/21/86 
06/21/86 
06/21/86 

06/21/86 
06/21/86 
06/21/86 
06/21/86 
06/21/86 

06/21/86 
06/21/86 

05/21/86 
06/21/86 

06/21/86 

SAMPLE ANALYTICAL RESULTS 
, -  
SAMPLE 

6A6 DATE --- -------- 
4.30E+01 
7.33Ei03 
9.80E+01 
6.00E+00 
8.00Ei00 
6.73€+02 
7.00E+00 
1.80E+01 
6.80Ei01 
7.66Ei03 
3.08Ei02 
9.31E+02 
2.69€+04 

06/21/86 
06/21/86 

05/21 / 86  

06/21/86 

06/21/86 
06/21/86 

06/21/86 

06/21/86 

06/21/86 

06/21/86 
06/21/86 
06/21/88 
06/21/86 

3.62E+00 06/21/86 
3.60E+00 06/21/88 
+..80E+01 

ABOVE DETECTION LIMIT 

SAMPLE , 
6A10 DATE 8A16 ---- c------- ---- 

4.20Ei01 
6.27E+03 
8.70Ei01 
6.00E+00 
7.00Ei00 
6.77Ei02 
6.00Ei00 
1.70€+01 
6 .  60Ei01 
6.94Ei03 
3.02Ei02 
7.17Ei02 
2.39Ei04 

06/22/86 
06/22/88 
06/22/86 
06/22/86 

06/22/86 
06/22/86 

06/22/86 
06/22/86 

06/22/86 

06/22/88 

05/22/86 
06/22/88 

06/22/86 

4.30Ei01 
6.68E+03 
1.18Ei02 
9.00Ei00 
6 .  00E+00 
6.82Ei02 
6.00Ei00 
1.90Ei01 
6.10E+01 
6.13€+03 
2.86€+02 
7.23E+02 
2.60E+04 

2.64E+00 06/22/86 2.90E+00 
4 .!0E+00 06/22/86 1.80€+00 

. I ,  * -  
PACE: 11 

SAMPLE 
DATE 6A2B -------- ---- 

I 

06/22/86 
05/22/86 

05/22/86 

06/22/88 
0 6 / 2 2 / 8 6 

06/22/86 
06/22/86 
06/22/86 
06/22/86 
06/22/86 
06/22/66 
06/22/86 
06/22/86 
06/22/86 
06/22/86 
06/22/88 

7.00Ei00 
4.10Ei01 
6.90Ei03 
7.40Ei01 
6.00Ei00 
8.00Ei00 
6.72Ei02 
7.00Ei00 
1.80Ei01 
6.80Ei01 
6.34Ei03 
2.74Ei02 
6.19Ei02 
2.63Ei04 
7 .  m i 0 0  
2.27Ei00 

06/22/88 1.23Ei01 
06/22/86 1.03Ei00 

3 



CONSTITUENT DETECTION 
NAME UNITS L IMIT ' ------- ----- ---------- 
ZINC 
CALCIUM 
BARIUM 
CADMIUM 
CHROMUM 
SODIUM 
NICKEL 
COPPER 
VANADUM 
ALUMNIJM 
MANCESE 
POTASUM 
IHON 
ARSENIC 
LEADGF 
TOX 
SULFATE 
FLUORID 

UC/C 
UC/C 
UC/C 
UC/C 
UC/C 
UG/C 
UC/C 
UC/C 
UC/C 
UC/G 
uc/c 
UC/C 
U C / C  
UC)C 
UG/C 
ucjc 
UC/G 
UC/C 

6.00E-01 

6,00E-01 
2.00E-01 

6.00Ei00 

1.00Ei00 
1.00Ei01 
1.0BE+00 
1.00Ei00 

1.60Ei01 

1.00Ei01 

6.00E-01 

6.00E-01 

* 6.00E+00 
6.00E-01 
6.00E-01 
1.00Ei00 
1.00Ei00 
1.00Ei00 

I 
h 

SOIL SAMPLE ANALYTICAL RESULTS 

SAMPLE SAMPLE 
DATE 6A26 DATE -------- ---- -------- 

06/22/08 3.70Ei01 06/22/06 
06/22/06 6.32E+03 06/22/06 
06 j 2 2 j 8 6  
05/22/06 
05/22/06 
05/22/86 
05/22/06 
06/22/06 
06/22/06 
06/22/06 
05/22/06 
05/22/06 
06/22/06 

06/22/06 
06/22/06 

9.00Ei01 
6.00Ei00 
6.00Ei00 
6.42Ei02 
6.00E+00 
1.70E+01 
6.70Ei01 
6.49Ei03 
2.74Ei02 
6.01Ei02 
2.41Ei04 

2.67Ei00 
2.20Ei00 

05 j 2 2  j a s  
05/22/06 
06/22/06 ' 
06/22/06 
06/22/06 
06/22/06 
05/22/06 

05/22/06 
05/22/06 
05/22/06 
06/22/86 
05/22/06 
05/22/06 
06/22/06 
06/22/06 

ras/nn/ae 

ABOVE DETECTION L IMIT  ' 

6A30 ---- 
4.20Ei01 
6.97€+03 
1.00Ei02 
7.00Ei00 
6.00E+00 
6.76Ei02 
6.00E+00 
1,00E+01 
7.20E+01 
6.69E+03 
3.44Ei02 
6.67Ei02 
2.70Ei04 
2.60E+00 
2.60Ei00 
3.00Ei00 
1.21E+01 
1.3'1€+00 

06/23/88 
06/23/06 
06/23/06 
06/23/06 
05/23/06 
05/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 
06/23/06 

06/23/06 
06/23/06 

6A36 ---- 
I. 

3,40E+01 
4.62Ei03 
0.10Ei01 
6.00Ei00 
0.00Ei00 
3.33Ei02 7.00Ei00 

1.40Ei01 
6.00Ei01 
4.29E+03 
2.77Ei02 
4.66Ei02 
2.69Ei04 

2.11Ei00 
2.10E+00 

SAMPLE 

PAGE: 12 

06/23/86 
06/23/06 
05/23/08 
05/23/06 
05/23/06 
05/23/06 
05/23/86 
06/23/06 
05/23/06 
06/23/06 

05/23/06 
05/23/80 

06/23/06 
05/23/06 

05/23/ae 

4.30Ei01 6.82Ei03 ."& i 

1.09Ei02 
6.00E+00 
8.00Ei00 
4.91Ei02 
7.00Ei00 
1.90Ei01 
6.20E+01 
7.10E+03 
3.46Ei02 
8.27Ei02 
2.44Ei04 

4.07E+00 
3.40Ei00 



US T e s t i n g  A n a l y t i c a l  Resu l t s  - R a d i o a c t i v i t y  ( p c i / g )  

T o t a l  
Radi urn Beta  Lo-A1 pha - 

WlLA 7.03 9140 1260 
W2LA 
W3LA 2.09 11800 9710 
W4LA 
W5LA 15400 13800 
W6LA 
W7LA 
W8LA 7230 2280 
W9LA 1050 345 
WlOLA 6120 1570 
WllLA 
W 12LA 4570 1220 
W13LA 
W14LA 
W15LA 
W16LA 
W17LA 

WlSA 
W2SA 
W3SA 
W4SA 
W5SA 
W6SA 
W7SA 
W8SA 
W9SA 
W 1 OSA 
W l l S A  
W12SA 
W 13SA 
W14SA 
W15SA 
W16SA 
W17SA 

WlDA 
W2DA 
W3DA 
W4DA 
W5DA 
W6DA 
W7DA 
W8DA 
W9DA 
WlODA 
W l l D A  
W12DA 
W13DA 
W14DA 
W15DA 
W16DA 
W 17DA 

6.76 

0.635 

0.413 

0.813 

0.612 

1.64 

262 
5980 
4800 

746 
411 
117 

1480 
363 
223 
113 
488 
187 

361 
75.8 

1460 
6690 
3320 

828 
378 
292 
192 
545 
127 
503 
198 
323 

52.1 
1630 
4000 

748 
679 
101 
332 
133 

54.8 
41.3 

42.1 
153 

54.6 
16.1 

250 
18700 
4120 
1150 

195 
263 

58.6 
196 

18.3 
173 

40 
8 1  



US T e s t i n g  A n a l y t i c a l  Resu l t s  - R a d i o a c t i v i t y  ( p c i / g )  

ElLA 
E2LA 
E3LA 
E4LA 
E5LA 
E6LA 
E7LA 
E8LA 
E9LA 
ElOLA 
E l l L A  
E12LA 
E13LA 
E14LA 
E14LA 
E16LA 

E l S A  
E2SA 
E3SA 
E4SA 
E5SA 
E6SA 
E7SA 
E8SA 
E9SA 
E l O S A  
E l l S A  
E 12SA 
E13SA 
E14SA 
E15SA 
E16SA 

E l D A  
E2DA 
E4DA 
E5DA 
E6DA 
E7DA 
E8DA 
E9DA 
E l O D A  
E l l D A  
E12DA 
E13DA 
E14DA 
E15DA 
E16DA 

T o t a l  
Radi urn 

1.43 

11.4 

1.89 

0.764 

1.66 

9.47 

1.72 

0.977 

Beta 

13700 
27600 
20000 

- 

20800 

747 

4530 

13700 
3050 
4830 

907 
875 

1970 
417 
221 
197 
121 
246 
196 

110 
233 
683 

8500 
3820 

75.3 

1070 
516 
427 
293 
128 
151 
106 
141 
105 

Lo-A1 pha 

5480 
11300 
6210 

5110 

644 

1320 

4690 
2560 
2710 

5 19 
456 
876 
219 
116 
159 

181 
54.6 

94.4 
49.5 
66.3 

181 
365 

3940 
2320 

488 
309 
179 
242 

74.6 
82.4 
44.5 
78.6 

102 



US T e s t i n g  A n a l y t i c a l  Resu l t s  - R a d i o a c t i v i t y  ( p c i / g )  

1A5 
l A l O  
1A15 
1A20 
1A25 
1A30 
1A35 
1A40 

2A5 
2A10 
2A15 
2A20 
2A25 
2A30 
2/1\35 
2A40 

3A5 
3A10 
3A15 
3A20 
3A25 
3A30 
3A35 
3A40 

4A5 
4A10 
4A15 
4A20 
4A25 
4A30 
4A35 
4A40 

5A5 
5A10 
5A15 
5A20 
5A25 
5A30 
5A35 
5A40 

6A5 

6A15 
6A20 
6A25 
6A30 
6A35 
6A40 

6A10. 

T o t  a1 
Radi urn 

0.325 

0.360 

0.446 

0.339 

0.562 

0.487 

0.868 

1.41 

1.10 

1.23 

Beta  

13.2 
14.1 
13.7 
15.4 
17.2 
15.3 
13.8 
23.2 

16.2 
17.0 
20.2 
14.7 
14.0 
14.9 
14.3 
15.6 

18.1 
15.6 
14.1 
15.1 
16.0 
14.3 
14.8 
17.2 

15.8 
15.5 
16.7 
16.5 
13.6 
15.2 
13.7 

- 

la. 7 

17.1 
15.2 
14.4 
10.7 
11.8 
10.7 
15.5 
24.5 

13.0 
14.6 
13.6 
10.9 
16.5 
13.0 
14.6 
18.8 

Lo-Alpha 

3.47 
1.87 

7.48 
3.03 

3.47 
6.31 

4.88 

9.24 
6.38 
1.86 

6.02 
1.61 

8.71 
7.28 
4.61 
4.38 
9.06 
4.20 
3.39 
6.56 

0.0898 
6.27 
8.09 
7.81 

5.78 
2.88 
5.30 

4.60 
5.15 
4.11 
5.86 

2.11 . 

2.87 
2.98 

1.77 
6.39 
0.955 
2.87 
0.841 

2.51 
9.03 

10.2 

10.5 



R- 1 

R-2 

US T e s t i n g  A n a l y t i c a l  Resu l t s  - R a d i o a c t i v i t y  ( p C i / d  

To t  a1 
Rad1 urn 

0.687 

<0.0108 

Bet a Lo-A1 pha 

2.92 (0.304 

1.29 (0.788 

- 



R - 1  

R-2 

US T e s t i n g  A n a l y t i c a l  Resu l ts  - R a d i o a c t i v i t y  ( p C i / l )  

Tot  a1 
Rad1 urn 

0.687 

<O. 0108 

Beta Lo-A1 pha 

2.92 <O. 304 

1.29 <O. 788 

- 



Arsen ic  

B a r i  urn 

Cadi urn 

Chrorni urn 

Lead 

Mercury 

Sel e n i  urn 

S i  1 ver  

A n a l y t i c a l  R e s u l t s  - EP T o x i c i t y  (pprn) 

W5LA 

<o. 20 

12 

CO.01 

0.02 

0.46 

0.10 

<0.25 

<0.02 

- WlOSA 

<o. 20 

6.6 

<0.01 

<0.01 

<o. 20 

<O. 05 

<0.25 

<0.02 

WlODA 

<o. 20 

7.20 

< .10 

0.01 

0.23 

<0.05 

<O. 25 

<o. 02 

E l D A  

<o. 20 

10.30 

0.03 

<0.01 

<o. 20 

<0.05 

<O. 25 

<0.02 

- E6SA 

<o. 20 

11.6 

< .10 

0.06 

<o. 20 

<0.05 

<O. 25 

<o. 02 

- E2LA 

<o. 20 

6.90 

< .10 

0.02 

0.24 

<O. 05 

<O. 25 

<o. 02 

- 



HAZAHDOVS SUBSTANCE A N A L Y S I S  REPORT 
R e s u l t s  r e p o r t e d  on 860613 

D I L  C OVERALL A N A L Y S I S  SAMPLE 
SAMPLE T Y P E  CUSTW ISOTOPE RESULT # C  ERROR S I Z E  DATE T I M E  

AEJALYS I S 
DATE 

860530 
8605 1 9 
060519 
8605 19 
0 6 0 S 1 3  
0.50513 
010519 
060519 
8605 1 9 
060513 
0605 13 
0605 19 
8605 13 
060519 
0605 19 

860522 
860606 
860606 

e605 19 

H 
c GROUP USTII 

I 103 0?0018 
I 103 o2ooie 
I io3 o m o l e  
I 103 02r3018 
I 103 OEOOl8 
I 103 020010 

I 103 020918 
I 103 020018 
I 103 O Z 0 0 1 8  
I 103 0 2 0 U l 0  
I 103 020010 
I 103 020018 
I 103 020018 
I 103 020018 
I 103 020018 
1 103 020018 
I 103 020018 
I 103 029010 

I io3  ozooie 

WATER 
WATER 
WATER 
WAlER 
WATER 
WATER 
WATER 
WATER 
WATER 
WATER 
WATER 
WATER - 
WATER 
WATER 
WAlER 
WATER 
WATER 
WATER 
WATER 
a0 D u p l i c a t e s  
WATER 
WATER 
WATER 
WATER . 
UAT€R 
WAT EA 

WATER 
WATER 
WATER - 
WA7 EA 
WATER 
WATER 
UA 1 ER 
i t i t  D u p l i c a t e s  
WATER 
WATER 
a *  D u p l i c a t e s  
WA 1ER 
WATER 
** D u p l i c a t e s  
WATER 
WATER 

WATER 

WATER _ _  

Dup  1 i c a t e s  

P - l  
P -  1 
P-  1 
P-1  
P -1  
P -1  
P-1 
P - l  
P-1  
P - 1  
P-1  
P- 1 
P- 1 
P- 1 
P- 1 
P -  1 
P-1  

P- 1 

P- 1 
P-1 
P-1  
P-1 
P-! 
P-1 
P- 1 
P-1 
P-1  
P- 1 
P- 1 
P-1  
P- 1 
P-1  

_ -  P-1 

. .  

, D-EtIC 
L E A D  
1 2 - D E N  
13-DBEN 
14-DBEN 
HEX C E E N  

, PENTCHB 
. TETRCHB 

TR I C H L B  
HEXACHL 
NAPHTHA 
1 2 3 T R I  
PHENOL 
135TR I 
1 2 3 4 T E  
1 2 3 5 T E  
TOX 

A 3 9  it 1.00€+00 PPB 0. 00E+00( S )  1. 00E+03 ML 

I361 l . O O E + O l  PPB O.OOE+OO( S)  1.00E+03 ML 
862 it l . O O E + O l  PPE 0 00E+00( S )  1. 00E+03 ML 

A 5 1  it 5.00E+00 PPB 0 00E+00( S )  1.00E+02 ML 

I 

063 * l . O O E + O l  PPB I 0. 00E+00( S )  1. 00E+03 M L  
B89 it 1.00€+01 PPB '* O.OOE+OO( S )  1.00E+03 M L  
C 2 6  - l . O O E + O l  PPB 0. 00E+00( 9 )  1. OOE+03 ML 
C 3 7  * 1.00€+01 PPB O.OOE+OO( 5 )  1.00E+03 ML 
C 4 3  * l . O O E + O l  PPQ 0. 00E+00( S )  1. 00E+03 ML 
C 5 4  1 . 0 0 E + O i  PPB 0. 00E+00( S) 1. 00E+03 ML 
C 5 5  1.00€+01 PPB 0. 00E+00( S )  1. 00E+03 M L  
C 5 6  1.00€+01 PPB 0. 00E+00( 8 )  1 . 0 0 E + 0 3  ML 
C 5 7  * l . O O E + O l  PPB O.OOE+OO( 6) 1.00E+03 HL 
C 5 8  l . O O E + O l  PP8  0 00E+00( S) 1.00€+03 M L  
C 5 9  1.00€+01 PPB O.OOE+OO( S )  1. OOE+03 ML 
C 6 0  !.OOE+Ol PPB O.OOE+OO( S )  1.00E+03 ML 
C 6 8  2.60€+02 PPB 0. 00E+00( S)  1. 00E+00 0 
C 6 9  2.92€+03 PPB - O.OOE+OO( $3) 2. 50E+O2 ML 
C 6 9  2. 09E+03 PPB 0. 00E+00( 0 )  2. 50E+02 ML 

C 7 2  2.43E+04 PPB 1 . O . O O E + O O ( l S )  3. 00E-02 ML 
C 7 3  1. 77E+04 PPB 0. 00E+00( 6) S . 0 0 E - 0 2  ML 
C 7 4  9.07E+02 PPI3 0 . 0 0 E + 0 0 ~  S )  a. 00E-02 ML 
C 7 5  3. 76E+03 PPB __ - O.OOE+OO( S)  5. 00E-02 ML 
C 7 6  * 1.00E+03 PPB 0. 00E+00( 6) 5.00E-02 ML 
C 7 0  0 1.00€+03 PPB 0.00€+00( 5 )  2. 00E+02 ML 
C 7 9  * 1.00E+04 PPB ~ 0. 00E+00( 8 )  1. 00E+03 M L  
CEO 1.86€+02 PPB 0.00E+60( 6) 1.00€+01 G 
C 8 1  1.00€+04 PPB O.OOE+OO( 9)  2.00E-03 ML 
C B 6  * 1.00E-01 PPB _ _  _-. . 0. 00E+00( S) 0.00€+00 ML - 
H i 3  * l.OOE+OO PPB O.OOE+OO( 6) 1.00€+03 ML 
H i 4  * 1. OOE+OO PPB O.OOE+OO( 5 )  l . O O E + 0 3  M L  

XO1 8. 16E-04 0 00E+00( 6) 1. OOE+OJ ML 

X 0 2  8 . 4 6 E - 0 1  0 00E+00( 6) 1.00E+03 HL 

XO1 7.46E-01 I . 0. 00E+00( 8 )  1.00E+03 ML 

0. OOE+OO( 6) 1. 00E+03 ML X 0 2  - 6. 53E-01 - _  

X03 7.40E-01 O.OOE+OO( S )  1.00€+03 ML 
X03 9.24E-01 0 OOE+OO( S) l . O O E + O 3  M L  

X04 7.96E-01 0. 00E+00( S )  1. 00E+03 HL 
X 0 4  0.90E-01 0 00E+OOL S) 1.00E+03 ML 

xo3 7.38E-01 O.OOE+OO( 8 )  1.00E+03 ML 

860507 
060507 
860507 
860507 
860507 
860507 
060507 
060507 
060507 
860507 
060507 
860507 
860507 
860507 
060507 
060507 
060507 
060507 
060507 

1 4 0 0  
1 4 0 0  
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 

I 
1 

TOC . 
TOC 

, N I T R A T E  
, SULFA'TE 
, F L O U R I D  
, .. . CHLORID 
, ' PHOSPHA 

S U L F I D E  
, KEROSEN 

AMMON I U 
ETHYGLY 

. .  

.. . 

. . .  , . . . ,., D I O X I N  
. 2 ,4 -D 
, 2 0  4.0 5 T P  
, .. . . 2FLPHEN 
, 2FLPHEN 

060507 
860507 
860507 
060507 
060507 
060507 
L)60507 
060507 
860507 
060507 
860507 
060507 
060507 
060507 

1400 
1400 
1400 
1400 
1400 
1400 
1 4 0 0  
1400 
1 4 0 0  
1 4 0 0  
1400 
1 4 0 0  
1 4 0 0  
1400 

860602 
810602' 
060602 
060602 
860602 
060603 
0605 19 
040602 
860516 
060514 
860527 
860527 
0605 19 
860520 

I 103 020@10 
I 1 0 3  020?10 
I 103 O 2 0 0 1 0  
I 103 0 2 0 0 1 0  
I 103 020010 
I 103 C 2 0 0 1 8  
I 103 0 2 0 0 1 8  
I 1 0 3  02001D 
I 103 0 2 0 C 1 8  
I 103 0 2 3 C l O  
I 103 020010 

I 103 020018 
I 103 02fi010 

I 103 020018 
I 103 W Q O l P  

I 103 o2ooie 

P-1  Pt iEND6 
P - 1  PHENDb 

P-1 N I T B N 2  
P-1 N I T l r N 2  

P - 1  . 2 F L B I P H  
P - 1  2 F L B I P H  

P - 1  2 4 6 T R I  

860507 
060507 

860307 
860507 

860507 
860507 

060307 

1400 
1 4 0 0  

1400 
1 4 0 0  

1 4 0 0  
1400 

1 4 0 0  

0605 19 
860529 

5 
0605 19 
060SL 'O 

0605 13 
860520 

8603 1 9  

I 103 O2OOlO 
I 103 !;30"1 n 

, 

1 103 020318 
I 103 020019 

I 103 O X Y 3 l H  

:f 
I D e n o t e s  a r e s u l t  l e s s  than t h e  d e t e c t i o n  l i m i t  - . __ - - .  

1 



2 4 - J u n - 0 6  08:46 AH 

SAMPLE TYPE CUST# 

MATER P-1 
* *  D u p l i c a t e s  
WATER P-1 - 
WATER P-1 
a n  Duplicates 
WATER - P - 1  - 

P - 1  WATER 
CJATER P-1 

CJATER P - 1  
WATER P - 1  
LIAlER - -  P - 1  
LIATER P - 1  
WATER P - 1  

- WATER - _ _  _. P - 1  
, CJATER P - 1  

VATER P - 1  

- 

--- _ _  

' WATER _ _  _ _ _  - - p-1 -  -_  

. W* rER . . - _ _  . P-1 
' HATER P - 1  
' C l k l E R  P-1 

W4TER - ~ - P - 1  
' CJATER P - 1  

t CIATER P - 1  
' ClAfER . . P-1 

WATER P - 1  
I WATER P-1 

WATER P-1 
WAlER P - 1  

' ClATER _ _  . _ _ .  P-1 , WAlER P- 1 
WATER P-1 
WATER . - P-1 
ClATtR P-1 
WATER P - 1  

P-1 WATER - _ _ _ _ _ _  . 
H4TER P-1 

' WATER P - 1  
WATER _ _  . . . P-1 
WATER P-1 
WATER P- 1 
WATER - - - - _ _  P- 1 

WATER P-1 
P- 1 

' WATER P - 1  

1 WATER P- 1 

I WATER - _ .  . 
' 1  WATER P - 1  

I i WATER P-1 
P-1 . .  

U N I T L D  STATES T E S T I N G  COMPANY I N C .  
2800 CEOIIGE !JA9HINOTON WAY, RICHLAND, WA 

~ . - _  - -  HAZARDOUS SUBSTANCE A N A L Y S I S  REPORT 
R e s u l t s  r e p o r t e d  on 060613 

-_ - _- 
D I L  C OVERALL A N A L Y S I S  SAMPLE 

ISOTOPE RESULT n c  ERROR SIZE D A T E  T I M E  

2 4 h T R 1  XOS 7.  09E-01 0 00E+00( - S )  1. 00E+03 ML - 860507 1400 

T E R D 1 4  X 0 6  6.96E-01 _ -  - _ -  0. 00E+00( S )  1. 00E+03 M L  060507 1 4 0 0  
TERDl4 XOb 8.60E-01 0 00E+00( 5 )  1.00E+03 M L  840507 1400 

DnC X l O -  6 90E-01 -_ - _-- 0 00E+00( S )  1. 0 0 E + 0 3  M L  -_ 060507 1 4 0 0  
CI tLOR37 X I 1  1. 1011+00 0 00E+00( S )  0.00E+00 M L  860507 1 4 0 0  
TETRAtJE A 6 1  t l . O O E + O L  P P B  0. O@E+OO( S )  5. OOE+OO M L  840507 1 4 0 0  
BENZENE-  A 6 2  t l . O O E + O l  P P B  _ _ _ _ _ _  0.00€+00( SI 5.00E+00 M L  __ 060507 1400 
DIOXAPJE A 6 3  it 5.00€+02 P P B  0 00E+00( S )  5.00E+00 M t  0 6 0 5 0 7  1 4 0 0  
METt lnbG A 6 4  t 1. 0 0 E + O 1  P P B  0 00E+00( S) 5.00E+00 ML 060507 1 4 0 0  
P Y R I D I N -  A 4 5  5 00E*02 P P B  _ _ _  _ _ _ _ _  
TOLUENE A 6 4  it 1 . 0 0 E + O l  P P B  0 00E+00( S) 5.00E+00 M L  850507 1 4 0 0  
1, 1, 1-1 A47 it l . O O E + O l  P P B  0.00E+00( S) 5.00Ei00 ML 06@507 1 4 0 0  
i e l e 2 - T  _ A 6 8  it 1 . 0 0 E + O l  P P B  _ _  0 00E+00( S )  5.00E+00 M L  060507 1 4 0 0  
TRICEElE A 6 9  it 1. 00E+Ol PPD 0 OOE+GO( SI 5 OOC+OO ItL 060507 1 4 0 0  

0 OOE+GO( S )  5 00E+00 ML 0 5 0 ' 5 0 7  14GO PERCEIIE A 7 0  t 1 . 0 0 E ) O l  P P B  
OPXYLEN A 7 1  it 1. OOE+01 PPB 0 OOC+OO( SJ S.OOE+@O HL 060507 lJGO 

0 00E+00( S )  5 0 @ E + 0 0  MC 860ZO' i  1 4 0 @  CHLFORM A 9 0  1. ZOE+Ol  P P B  

0 00E+@0( S) 5 00E+02 HL 0)>@507 11100 

- - _  - __ 

0. 00E+00( S )  5. 00E+00 ML - e60507 t i 0 0  

M--XYLE I314 * 1 OOC+Ol PPB 0 00E+00( S )  5 ooc+oo MI- O ~ m ' i o i '  1 4 0 0  

I Oh050i' 1 4 0 0  C Y A N l D E  C 7 0  * 1 OOC+Ol P P B  

ACETONE 101 4 6 O E + O l  PPB 0 OOE+Oc.)( S )  5 OOC+OO bL ot-05c; lac0 
12DCAD4 X07 9 00E-01 0 OOCt@0( S) 5 ooctoo KL D ! C T O ~  i n m  
Tf lLUDB XO0 1 00E+00 0 @OE-O:)( SI 5 00E+00 HL 

ecc ' ic i  i 4 0 0  

0. O@E+00( S )  5 Oi)C+OO HL FORMALN C 7 1  * 5. OOC+02 P P B  

0' c*',o; I h ( * O  

COLIFORM 109 2. 30E+01 M P N  O.OOE+OO( S) 3. 3 3 E + O i  M L  060507 1 4 0 0  
UCil?IUM A 0 4  4.00E+01 P P B  0 00E+001 S) 1. OOE+O2 M L  060507 1 4 0 0  
CADMItJM A 0 7  it 2.00E+00 P P B  __ _ _  0 00E+00( S )  1.00E+02 M L  . 0 6 0 5 0 7  1 4 0 0  
CHROMUM A 0 0  * l . O O E + O i  P P B  0. 00E+00( S )  1.00E+02 M L  060507 1 4 0 0  
S I L V E R  A 1 0  it 1.00€+01 PPO 0 00E+00( S) i . O O E + O Z  M L  860507 1400 
SODIUM A l l  6 42E+03 P P B  0. 00E+00( 5 )  1. 00E+02 HL 8&0507 1400 
NICKEL A 1 2  2 . S O E t O l  PPB 0 00E+00( S )  1.00E+02 ML 060507 1 4 0 0  
COPPER A 1 3  5 . O O E e O l  P P B  0 00E+00( 9)  1.00E+02 M L  860507 1400 

0 00E+00( S) l .OOE+O2 M L  _- - 060507 1400 VANADUM A 1 4  t 3.00E+00 PPB - _ _  
ANTIONY A 1 3  * 1.00E+02 P P B  0 00E+00( S) l .OOE+OZ M L  060507 1 4 0 0  
ALUMNUM A 1 6  4. 10E+O;! P P B  0 00E+00( S )  1. 00E+02 M L  060507 1400 

O.OOE+OO( S )  1.00E+02 HL 050507 1 4 0 0  
POTASUH A 1 0  1 . 4 5 € + 0 3  P P B  0. 00E+00( S) 1 00E+O2 M L  

860507 1 4 0 0  1 RON A 1 9  7 . 5 4 E * 0 2  PPB 0 00E+00( 5 )  1. OOE+02 M L  
0 OOE+OO( 6) l . O O E + 0 2  M L  ~ - - 040507 1 4 0 0  ARSENIC A 2 0  * 5. 00E+00 P P B  I_ __ _-__ 

HERCUIIY A 2 1  it 1 .OOE-01  P P B  0 00E+00( S) l .OOE+O2 M L  060507 1 4 0 0  
060507 1 4 0 0  

THIUIJRA A 2 4  * 2 . O O E + O 2  P P B  _-  0. OOE+OO( SI 2.00E-02 M L  . 860507 1 4 0 0  
0 OOE+OO( S )  l . O @ E + O 3  blL 860507 1 4 0 0  

HETHLOR A 3 4  it l . O o E + O O  P P B  0. 00E+00( S )  1. 00E+03 M L  840507 1 4 0 0  
0. 00E+00( S) 1. 00E+03 M L  860507 1 4 0 0  
0. 00E+00( 6) 1.00E+03 M L  860507 1400 A-BIiC A 3 6  l.OOE+OO P P B  

B-DHC A 3 7  t l.OO€+OO P P B  ' O.OOE+OO( 6 )  1.00€+03 M L  040507 1 4 0 0  
I O.OOE+OO( 6 )  1.00E+03 HL . 060507 1400 

- _-- 0 OCE*Ci)(  S) 9 CCE+OO HL 
~ ______ B F B  X09 9 4 0 E - 0 1  

.---e 

MANGESF- A 1 7  l . B O E + O i  P P B  - -  860507 1 4 0 0  

SELENUM A 2 2  it 5.00E+00 P P B  t 0. OOE+OO( S) 1. 00E+02 M L  

E N D R I N  A 3 3  1. OOE+OO P P B  

TOXAENE - A 3 9  t 1. oOE+Oo P P B  _ _ _ _  _ _ _ _ _  

C-EHC A 3 8  1.00E+00 PPD I. . . , 

ANALY S 1 S 
D A T E  

860920 

8605 19 
040520 

060530 
n50514 
BC.05 12 
8605 1 2  
0 5 0 5 1 2  
0505 12 
0.505 I2 
eo0512 
8605 1 2  
e m 5  I z 
e605 I z 

e t o s i =  
e c m  1 0 

e c :  1: 

06@51;! 
€?,xi5 1 2  

cc.3: 12 

ckr. 1.2 
Ett7512 

C>.r.r.J 2 
Pi- ? f I a 
8 h 0 5 U  7 
8hObO4 
t3506Q9 
860605 
060604 
8 6 0 h 0 4  
8 6 0 6 0 4  
O b C 6 0 4  
060404. 
860604 
060605 
0 4 C b 0 4  
0 6 0 6 0 4  
060604 
0&05 1 4  
86060'7 
060514 
040520 
860530 
860530 
060530 
B60530  
860530 
860530 

3 

I 103 0 2 0 0 1 0  
I 103 o;.?r~l:! 

3 
'I 

b 

Y 
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24-Jun-06 0 & 4 b  AH UIdI I k U  UIIbILu 1 L d 1  A I U  Lull1 1 ~ 1 4 1  A l v b  

2800 GCORCE WASf{INCTQN WAY, RICHLAND, WA 
HAZARUOUS SUDSTANCE A N A L Y S I S  REPORT , . .  

R e s u i t s  r e p o r t e d  on 060613 

D I L  C OVERALL A N A L Y S I S  SAMPLE 
SAFfPLE TYPE CUST# ISOTOPE RESULT u c  ERROR SIZE DATE T I M E  

WATER P-2 ARSENIC A 2 0  it 5.OOE+OO P P B  0. 00E+00( S)  1.00E+02 M L  860522 1315 
WATER P - 2  SELENUM A22 5.00E+00 PPB 0. 00E+00( S )  1.00€+02 ML 860522 1315 
WATER P - 2  TETRAt4E A 6 1  l.OOE+Ol PPB . 0 00E+00( SJ 5. 00E+00 ML ~ 8605.22 1315 
WATER P - 2  UCEIZFrJE A62 it 1. 00E+Ol PPB ~ 0 00E+00( S )  5.00E+00 M L  BbO522 1315 
WATER P - 2  DIOXAIJE A43 it 9 OOE+O2 PPB 0 00€+00( S )  5.00E+00 ML 060522 1315 
WATER - P - 2  METHOPJE A64 l . O O E + O l  PPB - - ’,, ‘I 0 00E+00( S)  5.00E+00 ML .__ 860522 1315 
b4ATER P - 2  P Y R I D I N  A 6 5  * 5 0 0 E + 0 2  PPB 0. 00E+00( S)  5.00E+00 ML 860522 1315 
WATER P - 2  TOLUENE A 6 6  * 1.00E*01 PPD 0 00E+00( S )  5.00E+00 ML 060522 1315 

060522 1315 WATER P - 2  1 4  1, I - 1  A67 it l.OOE+O! PPI3 0. 00E+00( S) S.OOE+OO M L  
WA IER P - 2  1, 1.2-7 A60 it I .  00Ei01 PPB 0. 00E+00( S )  5 00E+00 M L  060521 1315 
CJATER P - 2  TRICENE A69 it l . O O E + O l  PPB 0 00E+00( S )  5.00E+00 ML 840522 1315 
WATER - P-2 PERCEFIE A70 it 1.00E+01 PPB 0 00E+00( S) 5.00E+00 ML . . 8 6 0 5 2 2  1315 
CIA TER P - 2  OPXYLEN A 7 1  it l.OOE+Ol PPB 0. 00E+00( 9)  5.00E+00 ML 060522 1315 
WATER P - 2  CHLFURM AGO 1 .  SOE+Ol PPB 0. 00E+00( SJ 5. 00E+00 M L  060522 1315 
U A  TER P - 2  M-XYLE E 1 4  * l.OOE+Ol PPB 0 OOE+OO( S)  5.00E+00 M L  860522 1315 
LIATER P - 2  l o x  C 6 B  2 53E+02 PPD 0 00E+00( S )  l .OOE+OO G 860522 1 3 1 5  
UATER P - 2  FORMALN C71 5.00EC02 PPD 0 00E+00( S )  5 00E+00 M L  060522 1315 
WATER . .__ - P - 2  N I T R A T E  C72 5.01Et04 P P E  1 0. 00Et00(  1 s )  5. 00E-02 ML B60522 1315 
W A K R  P - 2  S U L F A T E  C73 1 . 7 5 E + 0 4  f P D  O.OOE+OO( S )  5.00E-02 ML 860522 1315 
WATER P-2 F L O U R I D  C74 9.02E+@2 PPB 0. OOE+OO( S )  5.00E-02 M L  860522 1315 

P - 2  C H L O R I D  C73 2.96E+03 PPB ~- 0. OOE+OO( S) 5.00E-02 HL 060522 1315 
WATER P-2 PI4OSPHA C 7 6  * 1. 00E+03 PPD 0. 00€+00( S) 5.00E-02 ML 060522 1315 
UATER P - 2  SWLFI I IE  C70 * l . O O E + O 3  PPB 0. OOE+OO( S) 2.00E+02 tiL 060522 1315 

0 00E+00( S) 5.00E+00 ML 860522 1315 
WATER P-2 12DCAD4 X07 9.9OE-01 0. OOE+OO( S )  5. OOE+OO ML 060522 1315 
WATER P-2 TOLUDB X O 8  9.0OE-01 0.00E+00( SI 5.00€+00 HL 860522 1315 
UATES P - 2  BFE--. - _XO?- 9. 5OE-01 - ____ __ 0. 0 0 E + 0 0 1  S )  5,00E+00 ML 860522 1315- 
WATER ’ P-2 COLIFOAM 109 4.OOE+OO MPN .. _I - 0 . 0 0 E + O O ~ S ~ 3 3 E + 0 1  M L  . 060522 1315 
UATER P - 2  THIOURA A24 2 . O O E + O 2  PPB 0 00E+00( S) 2.OOE-02 ML ti60522 1315 

0 OOE+OO( S) 2.50E+02 M L  060522 1315 WATER P - 2  roc C69 3.03E+03 PPD 
0 00E+00( 5 )  2. 50E+02 M L  860522 1313 

* @  D u p l i c a t e s  
WATER P - 2  C Y A N I D E  C 7 0  * l . O O E + O l  F P B  0. 00E+00( S) 5. 00E+02 ML 860522 1315 

0 00€+00( S) O.OOE+OO M L  8.50522 1315 WATER P - 2  D I 0 X I t . I  C06 * 1.00E-01 P P B ‘  
WATER P - 2  2,4-0 H 1 3  * l.OOEi00 P P B  0 00E+00( S) 1.00€+03 IIL 860522 1315 
UA TER P-2 2 ~ 4 ,  5TP H14 i t  1,00E+O0 FPB I 0. 00E+00( S) !.OOE+O3 ML 860522 1315 

Q.OOE+OO( SJ 0 OO€+OO M L  860522 1315 UATER P-2 CHLOR37 X11 1. 14€+00 

- - -  

WATER _-  

WATER - -  P - 2  - ACEIONE 101 6. 90€*01 PPB - -  

WATER P-2 TOC - C69 - 3. l O E + 0 3  PPB ~ _ _ -  - 

, 
. . 

I 

I 
. * -. 

I II’ 
i 

6 ; :  
- 

; Denotes 4 T a S U l t  losS th8n thm dotaction l i m i t  - -  
* ,  I1 . . 

APIALYS I S 
DATE 

060603 
060603 
06TJC.TJr7 
060602 
0606?9 
860602 
060c.02 - 060602 
060602 
060602 
8 6 0 4 G 2  

060602 
060602 
0606 10 
860602 
060602 
060602 
060602 
P60602 
e60602 
8 60 6@3 
060602 
060.502 
860&02 
PbOLOZ 
060522 

0606 1 1 
060611 

~60602 

ma602 

ebobob 

Ob0610 

8605 1 3  
8606 1 3  
06ObOb 

etob06 

H 
c GPO’JP O?T*  

I 103 023050 
I 103 02*2050 
I I n 3  020050 
I 1’33 925053 
I 103 OZOC)’J@ 
I 103 029950 
I 103 020050 
1 103 070090 
I 103 020050 
I 103 020050 
I 103 020050 
I 103 020050 
I 103 020050 
1 103 OZOOSO 
I 103 02C)OSr) 
1 103 i)20050 
I 10.3 O?C~O’jO 
I 103 020050 
I 103 02OC’t.O 
I 103 020050 
I 10.3 020(’50 
I 103 C12005r) 
I 103 073050 
I 103 020050 
I 103 020050 
I 103 02!’@50 
I 1 0 3  0:1!1950 
I io3  0 % 9 5 T . O  
I 103 020iJ5;c) 
I 103 02G050 
1 103 020050 

I 103 020050 
I 103 0200533 
I 103 CSOO50 
I 103 020050 
I 103 020050 

r. 

I 

Y 

3 

c) 

a 

3 

- 
c 

. .  . .  . . . .  . .  . . . . .  - . . . . .  .. . . . . .  



* .  

I .  

e ” 

I !  

i 
41: 
e 

D I L  C OVERALL A N A L Y S I S  SAMPLE 
-,ERROR , ~ ;,SIZE DATE T I M E  SAMPLE TYPE C U S T I  ISOTOPE RESULT 

WATER R-1  COLIFORM 109 1. l O E + O l  MPN 0 00E+00( S )  3 . 3 3 E + O 1  M L  060507 1100 
MATER R-1 BARIUM A 0 6  3.50€+01 PPB 0. 00E+00( S )  1.00E+02 M L  860507 1100 
WATER R-1  CADMIUM A 0 7  2.00E+00 PPD O.OOE+OO( S )  1.00E+02 M L  060507 1100 
WATER R-1 CHROMUM A 0 0  1.00E+01 PPB O.OOE+OO( 8 )  1.00E+02 M L  060507 1100 
WATER R-1  S I L V E R  A 1 0  * l . O O E + O l  PPB ‘ O.OOE+OO( 9)  1.00E+02 ML 860507 1100 
WATER R - 1  SODIUM A l l  2. 55E+03 PPB ’ ‘ I  O.OOE+OO( S )  1.00E+02 M L  860507 1100 
WATER . R-1 N I C K E L  A 1 2  * 1 . 0 0 E + 0 1  PPB ‘I - 0. 00E+00( S) 1.00€+02 M L  060507 1100 
WATER R-1  COPPER A 1 3  * l . O O E + O l  PPB O.OOE+OO( S )  1 . 0 0 E + O 2  ML 060507 1100 
WATER R-1  VANADUM A 1 4  * 5.00E+00 PPB O.OOE+OO( S )  1.00E+02 M L  060507 1100 
WhTER R-1 ANTIONY A 1 5  * l .OOE+OZ PPB O.OOE+QO( S )  1.00E+O2 M L  060507 1100 
WATER R-1  ALUMNUM A 1 6  1. 50E+02 PPB O.OOE+OO( 8 )  1.00E+02 M L  060507 1100 
WATER R-1 MANGESE A 1 7  1.00E+01 PPB 0. 00E+00( 6) 1 . 0 0 E + O 2  ML 060507 1100 
WATER . R-1 POTASUM A 1 0  0.06E+02 PPB 0. 00E+00( 9 )  I .  00E+02 ML 060507 1100 
WATER R-1 I R O N  A 1 9  3.63E+02 PPB 0. 00E+00( 6 )  1.00E+02 M L  060507 1100 
WATER R-1  ARSENIC A 2 0  * 5 00E+00 PPB 0. 00E+00( S )  1.00E+02 ML 060507 1100 
WATER R-1 MERCURY A 2 1  1.00E-01 PPB 0.00E+00( 6) 1 00€+02 ML 060507 if00 
WATER R-1 SELENUM A 2 2  * 5.00E+00 PPI3 0 00E+00( S )  l.OOE+OZ M L  060507 1100 
WATER R-1  THIOURA A 2 4  2 . 0 0 E + O 2  PPB 0 00E+00( 9)  2.00E-02 M L  060507 1100 
WATER . - _ _  - R - 1 .  E N D R I N  A 3 3  l .OOE+OO PPB - . 0 00€+00( 8 )  1.00€+03 M L  0 6 0 5 0 7  1100 
WATER R-1  METHLOR A 3 4  * 1.00E+00 PPB O.OOE+OO( 6) 1.00E+03 M L  060507 1100 
WATER R-1  TOXAENE A 3 5  1.00E+00 PPB O.OOE+OO( S )  1.00E+03 M L  050507 1100 
WATER R-1  A-BHC A 3 6  * 1. OOEtOO PPB 0 00€+00( S )  1 . 0 0 E + 0 3  ML 060507 1100 
WATER R-1  B-BHC A 3 7  * 1.00E+00 PPB 0. 00E+00( 8 )  1.00E+03 M L  060507 1100 
WATER A-1  C-BHC A D 8  l . O O E + O O  PPB 0. 00€+00( S )  1.00E+03 ML 060507 1100 
WATER . _  R-1 D-BHC A 3 9  l .OOE+OO PPQ O.OOE+OO( S )  1.00E+03 M L  860907 1100 
WA rER R-1  LEAD A 5 1  * 5.00E+00 PPB 0. 00E+00( S )  1.00E+02 M L  060507 1100 
WATER R-1 12-DBEN E 6 1  l . O O E + O l  PPB 0.00€+00( 9)  1.00E+03 M L  050507 1100 
WATFR R-1 13-DBEN B 6 2  * i . O O E + O l  PPB 0 00E+00( 9 )  1.00E+03 ML 050507 1100 
WATER R-1 14-DBEN B 6 3  l . O O E + O l  PPB 0. 00E+00( S)  1.00E+03 ML 060507 1100 
WATER R-1 HEXCBEN B 0 9  l . O O E + O I  PPB 0. 00E+00( 6 )  1.00E+03 M L  060507 1100 
WATER - . -  - R-1 . PENTCHB C 2 6  * l . O O E + O l  PPB I . __ ,_ 0 00E+00( 6) 1.00E+03 M L  _. 060507 1100 
WATER R-1  TETRCHB C 3 7  * l . O O E + O l  PPB O.OOE+OO( S )  1.00E+03 M L  060507 1100 
WATER R-1 T R I C H L B  C 4 3  *. l . O O E + O l  PPB O.OOE+OO( 8 )  1.00E+03 M L  860507 1100 
WA TEA R-1 HEXACHL C 5 4  * l . O O E + O l  PPB O.OOE+OO( S) 1 00E+03 ML 060507 1100 
WATER R-1 NAPHTHA C 3 5  * l . O O E + O l  PPB 0. 00E+00( S )  1.00E+03 M L  060507 1100 
WATER R-1  1 2 3 T R I  C 5 6  1.00€+01 PPB 0.00€+00( S )  1.00€+03 M L  060507 1100 
WATER - - - R-1 PHENOL C 5 7  l . O O E + O l  PPB - .  O.OOE+OO( S )  1 . 0 0 E + 0 3  ML- 050507 l l O @  
WATER R-1  1 3 5 T R I  C 5 0  l . O O E + O l  PPB 0.00E+00( S) 1 00E+03 ML 060507 1100 
WATER A-1 1 2 3 4 T E  C 9 9  l . O O E + O l  PPB 0. 00E+00( S )  1. 00E+03 M L  060507 1100 
WATER R-1  1 2 3 5 T E  CbO * l . O O E + O l  PPB 0. 00E+00( 6) 1.00E+03 ML 060507 1100 
WATER R-1  TUX C6B 6 . 0 5 E + 0 2  PPB 0. 00E+OO( S )  1. OOE+OO C 060507 1100 
WATER R-1 TOC C 6 9  1 . 9 8 E + O 3  PPB 0 00E+00( 6) 2.50€+02 M L  060507 1100 
WATFR R-1 - TOC C b 9  2 . O b E + 0 3  PPB O.OOE+OO( 8 )  2. 50E+02 M L  0 6 0 5 0 7  1100 
** D u p l i c a t e s  
WATER R-I NITRATE c72 * S.OOE+O~ ppe O.OOE+OO( 6 )  3.00E-02 M L  860507 1100 

# C  . - -  

D e n o t e s  a r e s u l t  lesr than t h o  d o t e c t i o n  l i m i t  
- -  

- -  - 
I 

I 

ANALYSIS 
DATE 

860507 
860604 
050604 
0 6 0 5 0 4  
860604 
8 6 0 6 0 4  
060604 
0 6 0 6 0 4  
060604 
060504 
850604 
0 6 0 6 0 4  
060604 
0 6 0 6 0 4  
0609 14 
060609 
8605 16 
86C520 
060530 
860530 
050930 
050530, 
860530 
060530 
060530 
8605 10 
0605 19 
0605 1 9  
060519 
8605 19 
0605 19 
060519 
060519 
860519 
860519 
860519 
6605 19 
0605 19 
8605 19 
0605 19 
0 5 0 5 2 2  
050606 
850606 

060602 

ti 
C GPOUP UST# 

I 103 020017 
I 103 020017 
I 1 0 3  020017 
I 103 020317 
I 103 C2’3017 
1 103 0 2 O C 1 7  
1 103 0 2 0 C 1 7  
I 103 020017 
I 103 02;)017 
I 103 020017 
I 103 020017 
I 103 020017 
I 103 0 2 0 0 1 7  
I 103 0 2 0 0 1 7  
I 103 020017 
I 103 020017 
I 103 02901 7 
I 103 0 2 0 0 1 7  
1 103 020017 
I 103 020@17 
I 103 @.20C17 
1 103 020017 
1 103 020017 
I 103 023917 
I 103 0 2 3 0 1 7  
1 103 020017 
I 103 020017 
I 103 020017 
I 103 020017 
I 103 020017 
I 103 0 2 0 0 1 7  
I 103 020017 
I 103 020017 
I 103 020017 
I 103 0 2 0 0 1 7  
I 103 020017 
I 103 020017 
I 103 020017 
I 103 020017 
I 1 0 3  020017 
I 103 0 2 0 i ) 1 7  
1 103 0 2 0 0 1 7  
I 103 0 2 0 0 1 7  

I 103 O2C017 
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, - ;  ._ , ~ . , . . * .. - . R m i -  .. , 
. . DIL . C OVERALL _ _  A N A L Y S I S  -I--..-_.-.-.. SCsi?PLE . A?I /~L ' iL ; I3  

:?,\Pfl'l-E TYPE CUST# ISOTOPE R E S U L T  # C  ERROR DATE T I W  h'. 1 I- 
!- b 4 5  .L. ,;L4, 

CIATER R- -2  L E A D  ___.. A 5 1  . *  5. 0 0 E + O 0  .PPB 0- OOE+OO E + 0 2 . . t l L ~ . - 6 4 0 5 l o  .11@G . . ObC3iiL 
WATER R - 2  COLIFORM 109 4. OOE+OO-MPN 0.00E+00( S )  3 . 3 3 E + O l  ML...'. : t160516 1100 860516 

040516 1100 060603 I 4 A T E R  . , , , , R - 2  - ARSENIC A 2 0  * 5. 00€+00 PPB , . 0. 0 0 E + 0 0 1  9)  1. OOE+O2 ML , - ,. 

8L.0514 1100 8650603 WATER A - 2  SELEtlUM A 2 2  * 5. 00E+00 P P B  0. 00E+00( S )  1. 00E+02 M L  
A 4 0 5 1 6  1100 860520 
860516 1100 860530 WATER - - - .  __. . _ _ _  R-2  ._ _ _ E N D R I N  . A 3 3  .e.. 1. 00E+00 PPB . - _ _  0. 00E+00( SI 1.00E+03 ML. 
R 6 0 5 1 6  1100 860530 

0. 00E+00( S) 1.00E+03 ML 060516 1100 040530 
860516 1100 860530 HCiTER . _. . .. A-2 . . . A-BHC .. . A 3 6  i t  1. 00E+00 _ .  0. 00E+G0(  S )  I .  00E+03 ML ~ 

860516 1100 860530 WATER R - 2  B-BHC A 3 7  l .OOE+OO PPB 0. OOE+OO( S) 1. 00E+03 ML 
0.00€+00( S) 1.00E+03 ML 060516 1100 060530 WATER R - 2  G-BHC- A 3 8  it l . O O E + O G  PPB 

R - 2  __ D-DHC .- A 3 9  * t . O O E + O O  PPB 0. 00E+00( 9) 1. 00E+03 ML. 860516 1100 060530 
0. OOE+OO( S )  5. OOE+OO M L  810516 1100 860550 

W A T E R  . 
WATER R - 2  TETRAtlE A 6 1  * l . O O E + O l ,  PPB : 

0. OGE+OO( 9)  9. 00E+00 M L  840516 1100 860520 CIATER R - 2  BENZENE A62 it 1.00E+01 PPB 

blA TEA R - 2  METHONE A 6 4  * 1. OOE+Ol PPB 0. OOE+OO( 5 )  5.00€+00 M L  860516 1100 8.50520 
WATER R-2. P Y R I D I N  A65.-*  5 . O O E t O 2  PPB 0. 00E+00( S )  3. OOE+OO ML 060516 I100 860520 
LJATEfl ._ ._  ., _ _  ._. _-- H-2 - . , TOLUENE _ .  A b 6  * 1. 00E+01 PPD .... .. , . . . ._..  _. , , 0. 00fS+00( 9)  5. 0 @ E + 0 0  M L  860516 1100 840520 
W A l E R  R - 2  l e  11 1-T A 6 7  l . O O E + O l  PPB 0. 00E+00( . S) !i.OOE+OO M L  840516 1 1 0 0  860520 
WATER A - 2  1, 1 , 2 - T  A 6 8  * l . O O E + O l  PPI3 : 0, 00E+00( 6) 5. 00E+00 HL ' 860516 1100 0bCIS20 
WATER . _ .  . .  _ _  R - 2  , TRICENE A 6 9  * -1.00E+01 PPB 0. 00E+00( S )  5.00E+00 M L  L..;, ,810516 1100 8b0520 
CIA TER 11-2 PERCEtlE A 7 0  1) l . O O E + O l  PPB 0. 00E+00( 6 )  S. 00E+00 ML 860516 1 1 0 0  060520 
WATER R - 2  'OPXYLEN A 7 1  * l . O O E + O l  PPB 0. 00E+00( S )  5.00E+00 M L  060516 1100 060520 
WATER . R-2  _ ._ ._  M-XYLE .. I314 .? 1..00E+O1 PPI3 0. OOE+OO(,,,S) ,5. 00E+00 840516 1100 860520 
WA7 ER R - 2  TOX C68 5.31E+02 PPB 1 ' ,  ' j O.OOE+OO( S )  1.00E+00 G 860516 1100 860610 
WATER R - 2  FORMALN C 7 1  1) 5.00€+02 PPB ; ; ' ; 0. 00E+00( 6 )  5. 00E+00 M L  O b 0 5 1 6  1100 010520 

, LJATEfI . . , . ... . f1-2 . , ,  N I T R A T E  . C 7 2  5. 0 0 E + O 2  PPB , ,,, , ,  , ,,, ,..,,, , 0. ? 0 E + 0 0 (  S )  5. 00E-02 M L  , , 860516 1100 060602 
WATER R-2 SULFATE C73 1. l l E + 0 4  PPB 0. 00E+00! S )  5.00E-02 ML 840516 1100 €460602 
WATER R - 2  F L O U R I D  C74 * 5.00E+02 PPB 0. 0 0 E + O 0 (  S) 5.00E-02 HL 860516 1100 860402 

' .  WA1ER __.- R - 2  ._.. - C'.ILORID. c73 6. 63E+02 p p o  .... . .. , _..,_. .., 0. 00E+00( S! 5. 00E-02 ML , 060516 1100 840602 

i :  0: 00E+00( S) L?.OOE+02 H L  ' 060516 1100 060403 CIATER A - 2  SULFIDE C 7 8  * 1.00E+03 PPB 
! WATCR , , , . , R - 2  . , ',. 2 1  4-D 1113 ? 1. OQE+OO PPB .: , .,..... 1,. .....__., . . .  O.OOE+OO( S )  l .OOE-103 M L  . _ _  ,__  A 6 0 5 1 6  1100 860527 

WA 1 CR 14-2 2 . 4 ,  u p  t i14 1. o o ~ + o o  PPB 0. 00E+00( 9)  1.00E+03 flL 060516 1100 0 6 0 5 2 7  
WATER R - 2  12DCAD4 X07 9.70E-01 0. 00E+00( Li) 5.00EI.00 M L  060516 1100 860520 

0. 00E+00( 5 )  5.00E+00 M L  ~ - , 040516 1100 060520 
WA1 F.R R-2 DFD x09 9. I O E - 0 1  
UA7 ER ~ . R - 2  DOC X I Q ,  6. DOE-01 . ... 0. 00E+00( SI 1.00E+03 M L  860516 1100 860530 

- 

WA TER R - 2  THIOLJRA A 2 4  * 2.00E+02 PPB : . O .  00E+00( 9)  2.00E-02 ML 

0. OOE+OO( S) 1. 00E+03 ML l l A T E R  R - 2  METHLOR A 3 4  1.00E+00 PPB 
WATER R - 2  TOXAENE A 3 5  1.00E+00 PPB 

' 

WAlER , . . . _ .  R - 2  DIOXAPIE , A h 3  a 5. OOE+02 PPB , ,,. ., .. 0. 00E+00( S) S . O O E + O O  M L  1 860516 1100 060320 

. '  

, , 0:00E+00( . S )  5.00E-02 HL ' 040516 1100 060602 CIATEA . A - 2  PHOSPHA C 7 6  * l .OOE+O3 PPI3 . 

R - 2  , TOLUDB , XO0 , ! . 0 0 E + 0 0  . . .. . . . . . . . .. . WATER .. . - .  
0.00E.t00( 6) 5 .00€+00  M L  , O h 0 5 1 6  1100 8(10520 

mor. i t  I I 03  nt 2': I L' I .. HATER . R - 2  12-DDEEI 0 6 1  l . O O C + O I  PPO 0 O(\E-OO(  5, I 0 G E * 0 3  Hl ._ 
D * C f l h  1 I C , ?  C!-Pa. I?  

R-2 14-DDCII  063 l . O O E * O l  P P B  P t . 0 5 l b  1100 O C c 1 ~ 1 7  
0 6 3 5 l h  I I C C  PCC'.I2 
r + 0 3 1 6  I I C ' O  e!?!-l: 
rr3:ih 1199 etq!,i= 

OC05lb llG0 0 4 3 t 1 2  
m o s t 6  1100 e m 1 2  

R - 2  I 3 - D D C N  Oh2 l . O O E + O l  PPll 0 ooE*r,nc CJ) I O C r . * 0 3  HL 

cf-C):lb I l C . 0  QC9LIZ 

A I.-------' 

1 i . : j  :;.:I<':= 

I 103 029036 
I 103 020034 
I 1 0 3  025336 
I 1 0 3  c120035 
1 103 023036 
I 103 (329935 
I 103 02CYK3.6 

I 103 029036 
1 103 OX034 
. I  103 03303C. 
I 103 02'3336 
I 1 0 3  02'2036 
I 103 02C~025 
1 103 020C3b 
I 103 020336 
I 103 020036 
I 103 020936 
I 1 0 3  020036 

I e103 0790.36 
I 103 020C36 
I 103 0,70036 
I 103 020036 
I 103 029@34 
I 1 0 3  02c1036 
I 103 023034 
I 103 029034 
I 103 0200JS 
I 1 0 3  020036 
I 1 0 3  020034 
I 1 0 3  020@34 
I 1 0 3  0;!0036 
I 1.03 OZCif:b3h 
I 1.03 C120(134 
I 103 020036 
I 103 020036 

I 103 029035 

I 1:03 020036 

I I c : l  c;*351! ,  

I 1c.2 c;c335 
1 103 ??!??35 
I IC, :2,.Y35 
I 103 C?C336 
1 I C 3  C.70036 
1 103 C2OCJ6 
1 l C 3  020036 

I 1 9 3  C?'?*:J6 

.I 

J 

1 

./ 

4 

3 

J 



I 
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U N I l E D  STATES TESTLNC COMPANY INC. 

HAZARDOUS SUBSTANCE A N A L Y S I S  REPORT 
2000 GEORGE WASHINGTON WAY, RICHL.ANDI WA 

R e s u l t s  r e p o r t e d  on 860619 

PACE 2 
3 

D I L  C OVERALL  A N A L Y S I S  SAMPLE A N A L Y S I S  H 
' ' 6AWI-E  TYPE CUSTtI  ISOTOPE RESULT # C  ERROR SIZE DATE T I H E  DATE C CPO\JP USTY 

WATER 
: UAlEf4 

, UATER 
WATER 

' . CJATER 
WATER 
ut$ I Ert 

' . * a  Duplicates 
I UATER 

UATER 
WATER 
W41 ER 

.. WATER 
A UATER 

UA'IER 
' WATER 

' UATER 
' WATER 

N A  T E r) 

. CIA'I Eft 
LJ4 1 ER 

, l4A T ER 

, I  

IJA r cil 

IJA r m 
i w x n  . WATER 
L l  A T E R 
\.I611 E l i  

, L.l.57 ER 
Ll4TF.H 
W4TER - . 

, I~JA-rEn 
I-IA I ER 
LlATER 

* I  . . .  
! !  
I '  r . ;  . . 
_ I  

R - 2  
R -2 
R-2 
R - 2  
R -2 
R - 2  
R-2 

R - 2  
R-2 
R - 2  
R-2 
R -2 
R -2 
R -2 
A -2 
R - 2  
R - 2  

. R - 2  
R -2 
R -2 
R - 2  
R-2  
R - 2  

H-2 
R -2 
R - - 2  
R -2 
R -2 

- R - 2  - -  
R -2 
R - 2  
R -2 

..- R - 2  - _  

IZI'IRI CSA it ~ . O O E + O I  FPD 0 00E+00( S )  1.00E+03 M L  860516 1100 610112 I 103 C20036 
PIIENGL C 5 7  * 1.00E+01 P P E  0.00E+00( 6 )  1 00E+03 M L  060516 1100 060612 I 103 020036 

1234TE C 5 9  it 1.00E+Ol PPI3 0. 00E+00( S )  1. 00€+03 M L  E60516 1100 860612 I 103 020036 
1239TE C60 it l . O O E + O l  FPB 0. 00E+00( S) 1. 00E+03 M L  860516 1100 E10112 I 103 020036 
TOC C 6 9  2. 40E403 P P B  0 OOE+OO( 9)  2 . 5 0 € + 0 2  M L  869516 1100 660611 I 103 020036 
TOC C69 2.35E+03 PPB 0. 00E+00( 9 )  2. 50E+O2 ML 860516 1100 6LObl l  I 103 020031 

I:I~TRI csa it i . o o ~ i o i  PPB . - ,  _ _  0 00E+00( S )  1. 00E+03 ML-. OLO516  1100 OLOL12 I 103 02003h 

C Y A N I D E  C 7 0  * l.OOE+Ol P P E  _ _  _ _ _ _  - 0. OOE+OO( 6) 5.  OOE+OL? ML _ _  E60516 1100 
KEROSEN C 7 9  it 1. 00E+04 PPB 0 00E+00( 6) 1.00E+03 M L  6605ib 1100 
D I O X I N  C D 6  it 1.OOE-Ol P P B  0 00E+00( S) O.OOE+OO M L  L360516 1100 
2 F L P t I E N  XO1 . 8. 6lE-01 0 00Et00( S) 1 00E+03 M L  860516 1100 
PHEND6 X02 7.55E-01 0. OOE+OO( S )  1. 00E+03 M L  860516 1100 
N I T G N 2  X03 7. 36E-01 0. 00E+00( S)  1. 00E+03 ML RL0516 1100 
2 F L B I l "  X04 7. WE-01 _ _  - -. 0 00E+00( S) 1. 00E+03 M L  - 860516 1100 
2 4 6 T R 1  XOCJ 7.  79E-01 0. 00E+00( S )  1. 00E+03 M L  860516 1100 
TERD14 X06 9.42E-01 O.OOE+OO( S )  1 00E+03 M L  Et0516 1100 
CHLOR37 X 1 1 1. 03E+OO 0 00E+00( S )  0.00E+00 M L  8L0516 1100 

CAL~PIIUM A 0 7  it 2. 0GE+00 PPB 0 OOE b00( S) 1. 00E+02 IIL 650516 1100 
CIJIIOMLJM A08 it 1. OOE+01 PPI3 .- 0 OOE'OO( S )  l.OZ)E+O2 ML 860516 1 lr#3 
SII-'JFR A10.+ 1. OOE+Ol PPI3 -- + -  --O-OOE+r?O( St-1-  00E+02 llL--- e40514 1 1 ~ ~ 0  

r t i c i < c L  AIZ u 1. ooEio i  PPB ' 8  0 OOE+QO( $3) 1. OOE+O2 ML 8SG516 1100 

PkRIUIfi  A 0 6  -- 3 liOE+Ol P P B  ~ - - - - -  0 OOE+OO k--6# - 1- 00E+02- M L  esoz.16- i LOO--- - 

S O D I l J I f  A l l  2 85E+03 PPB , .. 0 O i X  bOO( 5) 1. GOE+O2 ElL e60516 i i c o  

COPPER - - A 1 3  * 1; 00E+Of PPB------ 0 00E+00(- S) - 1s OOE+O2 M L  850516 11OO-- - 
VANAD!IH A 1 4  * 5. 00E+@0 PPB 0 00€+00( S) i.OOE+O2 ML E80516 1100 
A F J T I ~ I N v  A15 it 1. 00Ec02 PPB 0 00E+00( S) i .OUE+02 ML (360516 1100 
ALVI,'IJUbi A 1 6  Q 1. 5OEtO2 PPB - - -  - -- 0 OOE+rJO( S) 1. 0@E+O2 MI------ 56051 6 1 100 
I.lANGE6E A 1 7  9 OOEIOO PFB o ooE*00( S) 1 00E+02 EIL B!,051c, 1100 
P O T M U M  A 1 8  E. 53E+O2 PPB 0 00E+00( S )  1 00E+02 ML 060516 t 100 
IRON 419 ---1. 23E+02 P P E  ----- 0 OOE+OO( S I - 1  00E+02 ML-- 069516- 1100 - 
t1ERCURV A21 it 1.OOE-01 PPB 0 00E+00( S )  1 00E+OZ M L  850516 110'3 
AIIFIONIU CRO * 5. 00E+01 PPB 0 OOE+OO( S) l.OOE+02 M L  850516 1100 

0 00E+00( B )  2 00E-02 M L - - - - - - - - ~ ~ O 5 1 6  I100 ETHYGLV C 8 1  1 00Et0.1 PPD 
. - .. . - - _  

ro 
. .  
4 

. -  - -  - t :  - 
I 
i 
8 . -  ' I '  l Denotes a r e s u l t  l e s s  than the detection l i m i t  

rc) 

CI 

1 

....... . . . . . .  ~ _ _  . . . .  . . . .  _.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . ~ -  . . . . . . . . . . .  . .  
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