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SUMMARY 

Operat ions on t h e  Hanford S i t e  s i nce  1944 have r e s u l t e d  i n  d ischarge  o f  

l a r g e  volumes o f  process c o o l i n g  water and low- leve l  l i q u i d  r a d i o a c t i v e  waste 

t o  t h e  ground. R a d i o a c t i v i t y  and chemical substances have been c a r r i e d  w i t h  

these d ischarges and have reached t h e  Hanford ground water .  For many years  

we1 1s have been used as groundwater sampling s t r u c t u r e s  t o  ga ther  da ta  on the  

d i s t r i b u t i o n  and movement of  these d ischarges as they  i n t e r a c t  w i t h  t he  uncon- 

f i ned  ground water  beneath the  s i t e .  Dur ing 1979, 317 w e l l s  were sampled on 

va r i ous  frequencies from weekly t o  annua l ly .  Th i s  r e p o r t  i s  one o f  a  s e r i e s  

prepared annua l l y  t o  document t h e  e v a l u a t i o n  o f  t he  s t a t u s  o f  ground water  on 

t h e  Hanford S i t e .  

Data c o l  1  ected d u r i n g  1979 desc r i be  t h e  movement o f  r a d i  onucl i d e  ( T r i  ti um 

and Beta)  and n i t r a t e  plumes t h a t  respond t o  t h e  i n f l u e n c e s  o f  groundwater f low,  

i o n i c  d i s p e r s i o n  and r a d i o a c t i v e  decay. The gross be ta  plume cont inues  t o  

recede, w i t h  t h e  except ion  o f  a  be ta  source t h a t  i s  beg inn ing  t o  show up i n  

t h e  300 Area. 

The t r i t i u m  plume cont inues  t o  expand. It i s  mapped as having reached 

t h e  Columbia River ,  a l though i t s  c o n t r i b u t i o n  t o  t h e  r i v e r  cannot be d i s t i n -  

guished f rom t h a t  a t t r i b u t a b l e  t o  atmospheric f a l l o u t .  Th i s  plume now shows 

much t h e  same c o n f i g u r a t i o n  as i n  1977 and 1978 and shows general  s i z e  s t a -  

b i l i  ty. N i t r a t e  concent ra t ions  i n  t he  v i c i n i t y  o f  t h e  100-H Area con t i nue  t o  

be h i g h  as a  r e s u l t  o f  l eaks  f rom t h e  evapora t ion  f a c i l i t y .  

The r e s u l t s  o f  a  s tudy  t o  determine t h e  1 2 9 ~  d i s t r i b u t i o n  i n  t h e  Hanford 

groundwater system i n d i c a t e  t h a t  t h e  m a j o r i t y  o f  contaminants a re  i n  t h e  upper 

p o r t i o n s  o f  t h e  unconf ined a q u i f e r  and are  nea r ing  t h e  Columbia R i v e r .  The 

study i s  t o  be completed i n  t h e  f a l l  o f  1980. 

Impact o f  these groundwater d ischarges on t h e  p u b l i c  i s  eva lua ted  annua l l y  

and i s  c u r r e n t l y  repo r ted  i n  "Environmental  S u r v e i l l a n c e  a t  Hanford." The 

consumption o f  groundwater f o r  d r i n k i n g  water  purposes a t  t h e  FFTF r e s u l t s  i n  

a  maximum dose o f  0.4 mrem annua l l y .  
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INTRODUCTION 

S u r v e i l l a n c e  o f  ground water  on the  Hanford S i t e  i s  one f a c e t  o f  the  Com- 

prehensive Envi ronmental Moni t o r i n g  Program designed t o  eva l  ua te  e x i  s t i n g  and 
* - 

p o t e n t i a l  pathways o f  exposure t o  contaminat ion f rom s i t e  opera t ions .  The 

o b j e c t i v e s  of t he  groundwater m o n i t o r i n g  program, conducted by P a c i f i c  Nor th-  

west  Labora tory  (PNL) f o r  t h e  U.S. Department of Energy (DOE), a re  t o  measure 

and r e p o r t  t h e  concen t ra t i on  and d i s t r i b u t i o n  of r a d i o a c t i v e  and o t h e r  chemical 

c o n s t i t u e n t s  i n  t he  ground water,  t o  determine movement and t r a n s p o r t  o f  con- 
.. - 

tamina t ions  w i t h  t ime, and the  impact o f  con taminat ion  on man's env i rons .  

. . A1 1  r o u t i n e  groundwater samples f o r  1979 r e f e r r e d  t o  i n  t h i s  r e p o r t  were 

taken by PNL's Environmental  Eva lua t ions  Sec t ion  of t h e  Occupat ional and 

Environmental  P r o t e c t i o n  Department and were analyzed by PNL's Technica l  

Ana l ys i s  Sec t ion .  The U.S. Geologica l  Survey c o l l e c t e d  and comprehensively 

analyzed samples f rom s p e c i f i c  w e l l s .  Program overview and c o o r d i n a t i o n  was 

prov ided by t h e  Environmental  Eva lua t ions  Sec t ion .  

T h i s  document i s  an a t tempt  t o  p resent  comprehensive i n f o r m a t i o n  about  

t h e  sampl ing and a n a l y s i s  o f  ground water  a t  t h e  Hanford S i t e .  Data f rom o t h e r  

con t rac to rs ,  (Rockwell Hanford Operat ions, Un i ted  Nuclear  Corporat ion,  and 

Hanford Engi n e e r i  ng Development Labora tory )  was used f o r  c o n s t r u c t i o n  o f  t h e  

var ious  maps b u t  a re  n o t  i nc luded  i n  the  t a b u l a t i o n  o f  da ta  i n  t he  Appendix. 



BACKGROUND 

Operations on the  Hanford S i t e  s ince  1944 have resu l t ed  in  the  disposal 

of 1 arge volumes of 1 ow-1 eve1 1 iquid radioact ive  wastes and contaminated cool - 
i n g  water t o  the ground. Figure 1 shows the  locat ion and layout of the  Hanford 
S i t e .  Most of the l iqu id  wastes have been disposed of t o  the  ground a t  o r  near 
t he  chemical separation areas  (200 Areas) located on a plateau near the  cen te r  

of the s i t e .  Smaller amounts of wastes have been released a t  the  reactor  s i t e s  

( 1  00 Areas) ,  located adjacent  t o  the  Columbia River, and a t  the laboratory and 
fuel f abr ica t ion  area (300 Area). Only one reac to r  and i t s  disposal  f a c i l i t y  
( t h e  100-N Area) a r e  cur ren t ly  i n  opera t ion.  

The disposal of l iqu id  e f f l uen t s  t o  the  ground a t  Hanford S i t e  has been 

g r ea t l y  reduced in  the pas t  several years because of the  deact ivat ion of a l l  
r eac to rs  except f o r  N Reactor, the  cessat ion of reactor  fuel  processing, and 

the  improved treatment of several waste streams. 

DISPOSITION OF EFFLUENTS 

Liquid e f f l uen t s  disposed of t o  the  ground percola te  l a t e r a l l y  and down- 
ward through 150 t o  300 f e e t  (50 t o  100 m )  of unconsolidated g lac io f luv ia l  

and l a cus t r i ne  sands, s i l t s ,  and gravel t h a t  overlay the  unconfined aqu i fe r .  
As the wastes move through these  sedimentary mate r ia l s ,  adsorption and ion 

exchange react ions  take place between the  minerals in  the  sediments and the  

mater ia ls  in the  l iqu id  waste. Some of the  longer-l ived radionuclides such 
9 0 as  strontium-90 ( S r )  , cesium-137 ( 1 3 7 ~ s ) ,  and plutonium-239 ( 2 3 9 ~ u )  have 

favorable ion exchange c h a r a c t e r i s t i c s  and a r e  e f f ec t i ve ly  removed as the  
l i qu id  percola tes  downward through the unsaturated so i l  column. Other radionu- 

60 9 9 c l  ides ,  including ruthenium-106 ( l o 6 ~ u ) ,  cobal t-60 ( Co) , technetium-99 ( Tc) , 
3 t r i t i u m  ( H ) ,  and nonradioactive n i t r a t e  (NO;) have poor ion exchange character-  

i s t i c s  and move through the  unsaturated column a t  varying r a t e s  un t i l  they 

eventually en te r  the  ground water. Once i n  the  unconfined aqu i fe r ,  the  contam- 

inan t s  move in a general down-gradient d i rec t ion  a t  a r a t e  of movement nearly 

equal t o  o r  equal t o  the  ve loc i ty  of the  ground water .  As the contaminants 



FIGURE 1 .  The Hanford S i t e  

move w i t h  the  ground water, t h e i r  concentrat ions a r e  fu r the r  reduced by 
radioact ive  decay, ion exchange, d i f fus ion ,  and hydrodynamic dispers ion.  

During the  past  t h i r t y - s ix  years ,  the  disposal of nearly 165 b i l l i o n  
gal lons  (>6 x 10'' l i t e r s )  of process cooling water and over 8 b i l l i o n  gal lons  
( > 3  x 10" 1 i t e r s )  of o ther  l iqu id  has changed the  water t ab l e  configuration.  

Groundwater mounds, created by the  discharge of water,  now e x i s t  near each of 

t h e  chemical processing areas  and i n  the lOON reactor  a rea .  Groundwater 

l eve l s  have changed continuously over the  years ,  depending upon var ia t ions  i n  



the volume and location of waste water discharged to  the ground. The movement 
of the ground water and i t s  associated contaminants has also changed w i t h  time, 
ref lect ing the discharges of eff luents .  

MONITORING AND WELLS 

Nearly 800 cased groundwater monitoring we1 1 s (McGhan and Damschen 1979) 
have been dr i l led  since the beginning of the disposal operations a t  the Hanford 
S i t e  (Figure 2 ) .  These s t ructures  provide a means for  obtaining water samples 
and fo r  conducting in-si  t u  investigations.  

There are  basically three aquifers monitored a t  the Hanford S i t e .  The 

f i r s t  o r  lowest i s  an aquifer in the consolidated basalt .  When a well i s  
dr i  1 led into th i s  aquifer an ar tesian flow (water under greater than atmospheric 

pressure) i s  generally encountered, which causes the water level i n  the well 

t o  r i s e .  The second aquifer i s  encountered when wells a re  d r i l l ed  into a semi- 
consol idated sedimentary material overlying the basal t s .  This second aquifer 
i s  ar tesian in places and unconfined in other locations.  The third aquifer 

and probably the most important as f a r  as monitoring of radiocontaminants a t  

the Hanford S i t e  i s  concerned i s  the unconfined aquifer.  This unconfined 

aquifer i s  under atmospheric pressure, overlies the ar tesian aquifers ,  and 

i s  associated with the unconsolidated material near land surface. This aquifer 

appears t o  contain most of the contaminates and as such i s  monitored f a r  more 

heavily than the deeper aquifers.  Wells are  generally dr i l led  a few tens of 

f e e t  below the top of t h i s  aquifer and samples taken from tha t  in te rva l .  

Most of the wells dr i l led  a t  Hanford are  multipurpose s t ructures .  T h a t  

i s ,  they are  used to obtain geologic and hydrologic information before they 
become sampling s t ructures .  For a s t ructure to be useful in monitoring, a 

wel l ' s  casing should be perforated below the water table  along i t s  en t i re  depth 
to allow water in the aquifer t o  flow in a direction normal to the well a t  a1 1 

depths. However, since the heterogeneity of the sediments beneath the Hanford 

S i t e  prevents t h i s ,  each we1 1 s t ruc ture  on the s i t e  must be evaluated indiv- 

idually as a potential monitoring f a c i l i t y .  
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SAMPLING A N D  ANALYSIS 

Well-water samples a re  obtained routinely throughout the Hanford S i t e .  

For the 1979 routine groundwater monitoring program, 317 wells'were used. From 

-. these, 1578 we1 1 -water sampl es were taken to  provide 6920 analytical resu l t s  
for  evaluating the e f fec ts  of s i t e  operations on the ground water. (These 
figures do not include other contractor monitoring e f fo r t s  a t  the Hanford S i t e . )  

The frequency of sampling may be monthly, quarter ly ,  semi-annually, or  annually 

depending on well locations and constituents to  be analyzed. Some groundwater 
samples a re  collected jus t  under the water surface of the unconfined aquifer 

by lowering a p las t ic  bo t t l e  enclosed in a s teel  ba i le r .  When contamination 

. ,  - appears in a project well, the highest concentration i s  usually observed a t  

the surface of the water tab1 e (Eddy e t  a1 . 1978). Submersible sampling pumps 
have been instal led i n  most key wells to obtain a more r e ~ r e s e n t a t i v e  sample 

of the water in the aquifer adjacent to  the we71 than i s  provided by a small- 
volume ba i le r  sample. Since the submersible pumps are l e f t  in the wells t h i s  

method prevents the poss ib i l i ty  of cross contamination tha t  may re su l t  from 

using a s ingle  bai ler  t o  sample several wells. A t  a  few locations, where 

appropriate well structures a re  available,  samples a re  obtained from the con- 

fined aquifers.  Some small diameter wells and piezometer tubes a re  sampled 

by the a i r1  i f t  method (Trescott  and Pinder 1970). 

Three substances a re  readily transported in ground water with l i t t l e  

decrease in concentration from adsorption or ion exchange. These are  radio- 

nucl ides represented by gross beta measurement calculated as ruthenium (' 0 6 ~ u ) ,  
3 t r i t ium ( H ) ,  and the nonradioactive n i t r a t e  ion (NO;). Therefore, these 

substances a r e  used as primary t racers  to  monitor the movement of contaminated 
ground water. In addition, samples from selected wells are  routinely analyzed 
a t  less  frequent intervals  for  the radionuclides 9 0 ~ r ,  1 3 7 ~ s ,  and 6 0 ~ o .  Total 

alpha ( a s  2 3 9 ~ u )  emission i s  a lso determined. Selected samoles are  analyzed 

by gamma spectrometry t o  identify the mixture of radionucl ides present. Stan- 

dard radiometric and chemical methods are  used to analyze the routine ground- 

water samples. 



Other  r a d i o n u c l i d e s ,  such as '''1 and "TC, have been d e t e c t e d  i n  t h e  

ground wa te r  beneath t h e  Hanford S i t e .  These r a d i o n u c l i d e s  a l s o  make e x c e l -  

l e n t  t r a c e r s  o f  groundwater con tam ina t i on  and a r e  used f o r  t h i s  purpose 

a l t hough  t h e y  g e n e r a l l y  occur  i n  v e r y  l ow  concen t ra t i ons .  A  s p e c i a l  s t u d y  

i s  p r e s e n t l y  underway and w i l l  be d iscussed  l a t e r  i n  t h e  t e x t .  Ground wa te r  

from seve ra l  w e l l s  i s  ana lyzed  f o r  chemical  parameters i n  o r d e r  t o  m o n i t o r  

b roader  changes i n  wa te r  qua1 i ty. Analyses f o r  uranium ( 2 3 8 ~ ) ,  f l u o r i d e  (F - )  
+6 and t o t a l  chromium (C r  ) a r e  made on s e l e c t e d  groundwater samples i n  and a d j a -  

c e n t  t o  t h e  300 Area. 



EVALUATION OF GROUNDWATER SURVEILLANCE DATA 

Radionucl ide concent ra t ions  i n  t he  ground water  beneath Hanford a re  

evaluated i n  terms o f  t h e i r  respec t i ve  Concentrat ion Guides (CGs; U.S. Depart- 

ment o f  Energy, 1977) ; r a d i o a c t i v e  m a t e r i a l  s  a r e  a1 so compared w i t h  Dr ink ing  
- - Water Regulat ions (DWR) promulgated by the  Environmental P r o t e c t i o n  Agency 

(EPA 40 CFR 141) as adopted by the  S t a t e  o f  Washington. The comparison between 
_ t h e  ac tua l  concent ra t ion  and the  gu ide l i nes  prov ides a  conserva t ive  method f o r  

e v a l u a t i n g  the  p o t e n t i a l  s i g n i f i c a n c e  o f  most waterborne m a t e r i a l s .  The CGs 

used i n  t h i s  r e p o r t  a r e  those t h a t  apply t o  uncon t ro l l ed  areas. Table 1  shows 

the  d e t e c t i o n  l i m i t  and a p p l i c a b l e  CGs o r  DWR f o r  var ious  c o n s t i t u e n t s  ana- 

l y z e d  f o r  the  r o u t i n e  groundwater mon i to r i ng  program. 

TABLE 1  . Lower A n a l y t i c a l  Detec t ion  L i m i t  and Lowest Appl i c a b l e  
Concentrat ion Guides o r  D r ink ing  Water Regulat ions 

Ana lys is  De tec t i on  L i m i t  (a )  C G S ' ~ )  

Gross Beta (as l o 6 ~ u )  

T o t a l  Alpha (as 2 3 9 ~ u )  

3~ 

6 0 ~ o  

'Osr 

O 6 ~ U  

2 5 ~ b  
1  2gI 

1311 

37cs 

U  (Natura l  ) 3.4 20 

DW R 

NO; 

F- 

crt6 

(a )  pCi/ml except where o therwise  noted 
(b)  NA--Not Appl i c a b l  e. S i g n i f i c a n c e  o f  contaminat ions determined 

by s p e c i f i c  rad ionuc l  i d e  ana lys i s .  



A t  t h e  beg inn ing  o f  each r e p o r t  s e c t i o n  dea l i ng  w i t h  a  major contaminant, 

a  map shows t h e  d i s t r i b u t i o n  of t h a t  contaminant. The i s o p l e t h s  on the  maps 

show concen t ra t i on  zones r a t h e r  than d i s c r e t e  contours because the  data do n o t  

j u s t i f y  t h e  a d d i t i o n a l  d e t a i l .  Some data f rom the  200 Areas were used t o  pro-  

v i d e  c o n t i n u i t y  i n  t h e  maps a l though no data f rom waste d i sposa l  opera t ions  

and r e s u l t a n t  groundwater contaminat ion i n  t he  200 Areas a r e  i nc luded  i n  t h i s  

r e p o r t .  

Appendix A conta ins  t a b u l a r  a n a l y t i c a l  da ta  f o r  1979 on the  average, 

maximum and minimum concent ra t ions  o f  t h e  pr imary  t r a c e r s  (gross be ta  a c t i v i t y ,  

t r i t i u m  and n i t r a t e  i o n ) .  The data on the  average concent ra t ions  o f  t h e  p r i -  

mary t r a c e r s  were used t o  generate t h e  i s o p l e t h  maps. 

Table 2  shows t h e  number o f  we1 1  s  sampled, the  number of  samples taken, 

and the  number o f  analyses made as p a r t  o f  the  1979 groundwater mon i to r i ng  

program f o r  each area o f  t h e  Hanford S i t e .  The data shown i n  Appendices A 

( t h e  pr imary  t r a c e r s )  and B ( o t h e r  m a t e r i a l s )  were de r i ved  f rom a n a l y s i s  o f  

these samples. The t a b l e  does n o t  account f o r  any spec ia l  samples. 

TABLE 2. Numerical Data on the  Rout ine Ground- 
water Moni t o r i  ng Program, 1979 

Number o f  Number o f  
Area We1 1  s  Sampl ed Sampl es Taken 

Number o f  
Analyses Made 

GROSS BETA (Bt) CONCENTRATION IN  THE UNCONFINED GROUND WATER 

F igure  3 shows t h e  concen t ra t i on  and d i s t r i b u t i o n  o f  B t  con taminat ion  i n  

Hanford 's  unconf ined ground water .  Appendix A  conta ins  data on t h i s  p r imary  

t r a c e r  f o r  groundwater samples c o l l e c t e d  d u r i n g  1979. The c o n f i g u r a t i o n  of  

t h e  Bt  plume i s  s t a t i c  w i t h  t h e  plume's general s i z e  c o n t i n u i n g  t o  recede 



FIGURE 3. Gross Beta D i s t r i b u t i o n  i n  Unconfined Ground Water 



s l igh t ly  since the l a s t  reporting period. The plumes continue t o  extend south- 
eas te r ly  from the 200-E Area for  about 12.5 km (7.8 miles).  The apparent 
increase i n  concentration a t  Well 699-49-55 (Appendix A )  i s  the r e su l t  of a 

s l igh t ly  higher laboratory r e su l t  which fa1 1s within possible laboratory er ror  . - 
and does not represent an actual physical increase of contamination. However, 

continuing monitoring will take place to  verify t h i s  conclusion. 

Gross beta concentrations i n  the most southeasterly plume continued to  be 
l e s s  than 1.0 pCi/m!L. Concentrations higher than 1.0 pCi/mR were noted in two 
small plumes adjacent to the southeast corner of the 200-W Area. Figure 4 

. -  shows tha t  gross beta concentrations a t  Well 6-34-42 have an apparent half l i f e  
of about 1.3 years. Concentrations are  currently near the detection l imi t  of 

. I  . 
0.08 pCi/m!L. The nature of the concentration history indicates tha t  t h i s  well 
i s  located in an area where groundwater flow i s  minimal, o r  the concentration 

i s  decreasing as a r e su l t  of di lut ion.  Figure 5 ,  a concentration history of 
Well 6-38-70, shows tha t  Bt  concentrations a t  t h i s  well have an apparent half 

l i f e  of 3.6 years. The continuing supply of Ot-containing ground water past  

t h i s  s i t e  i s  reflected in Figure 5 .  Beta ac t iv i ty  shown in t h i s  f igure resu l t s  

from the cyclical nature of Hanford's plant operations. The peak in Bt  con- 

centrations occurred in early 1971 a t  a level of about 1.5 pCi/m!L, following 
- the l a s t  operations i n  the 200-W Area. The level of contamination continues 

t o  decrease, w i t h  Bt  contamination in Well 6-26-15 (Figure 6)  showing an 

apparent half l i f e  midway between those of Wells 6-34-42 and 6-38-70. Well 

6-26-15 i s  located near the extreme eastern edge of the gross beta plume. 
Gross beta concentrations a t  t h i s  s i t e  are  expected to  drop to  l e s s  than 
detectable levels i n  the near future.  Peaks i n  concentration his tor ies  can 

be used to  determine travel times in the groundwater flow system. However, 

correlation of peaks and discharges i s  sometimes d i f f i c u l t  because dispersion 
within the flow system tends to  coalesce minor plumes from di f ferent  release 

points and mask the t rue time of release.  

I n  addition to  the 200 Area plumes, contributors to  the B t  contamination 

of ground water a re  evident in the 100-8, 100-D and 100-H Areas from past 

operations; they are  evident in the 100-N Area from 1 iquid waste disposal t o  
the 1301-N trench; and in the 300 Area, from waste disposal f a c i l i t i e s .  
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DEFINITION OF GROSS BETA CONTRIBUTORS 

In 1976, a program to define the actual contributors to  the gross beta 
pl ume was in i t i a t ed .  We1 l 6-34-42 (Figure 4) was selected fo r  analysis because 

of i t s  proximity to  the 200-East Area plume. In i t i a l  analyses indicated the 

possible existence of minute concentrations of highly mobile radionuclides. 
In an e f f o r t  to  determine whether gross beta contributors could be detected 
away from the major plume, four wells were selected fo r  comprehensive radio- 
chemical analysis.  Data from these four we1 1 s ,  (699-32-21, 699-35-9, 699-41-23 
and 699-42-12) a r e  shown i n  Table 3. Figures 4-6 show the B t  change with time. 

Additional data concerning 6 0 ~ o  and I o 6 ~ u  were obtained during analysis 

f o r  '"1; these data a re  presented in a l a t e r  section of th is  report .  The 
low levels shown fo r  these radionuclides were at ta inable  only through special 

analytical techniques, and corroborate the data obtained to  define the gross 

beta contributors . 

TRITIUM ( 3 ~ )  CONCENTRATION IN THE UNCONFINED GROUND WATER 

Because t r i t ium enters the groundwater system as a part  of the water 

molecule, i t  i s  carried along with the groundwater flow and remains almost 
unaffected by the geologic conditions tha t  a f fec t  other radionuclides. Tritium, 
therefore,  provides the most accurate and extensive overview of groundwater 

movement a t  the Hanford S i t e .  Figure 7 shows the dis t r ibut ion of 3~ in the 

unconfined aquifer.  Appendix A contains data concerning maximum, average, and 

minimum concentrations fo r  samples coll ected in 1979. 

The configuration of the 3~ plume has changed somewhat in the past year. 
3 Concentrations of H in Well 6-40-1 have increased which indicates that  the 

plume has reached the Columbia River. 

Tritium concentrations in wells within the plume show di f ferent  responses 

dependent upon the geohydrology of the locale being monitored. Figure 8 shows 
a concentration history fo r  We1 1-6-15-26. The apparent half 1 i f e  for  3~ in 

th i s  we1 1 i s  about 10 years,  s l igh t ly  less  than the actual half l i f e .  This 

r a t e  of decay indicates tha t  uncontaminated or a t  l e a s t  less  contaminated water 

i s  reaching th i s  well. Figure 9, a concentration history for  Well 6-32-22 



TABLE 3. Comprehensive Radiochemical (pCi/!L) Analysis o f  Four We1 1 s 

Well No. 

699-32-22 

F i  1 t e r s  

1 s t  Anion Bed 

2nd Anion 8ed 

1 s t  Cat ion Bed 

2nd Cat ion  Bed 

1 s t  A1203 

2nd A1203 

3rd  A1203 

699-35-9 

F i  1 t e r s  

1 s t  Anion Bed 

2nd Anion Bed 

1 s t  Cat ion Bed 

2nd Cat ion Bed 

1 s t  A1203 

2nd A1203 

3rd  A1203 

699-41 -23 

F i  1 t e r s  

1 s t  Anion Bed 

2nd Anion Bed 

1 s t  Cat ion  Bed 

2nd Cat ion Bed 

1 s t  A1203 

2nd AI2O3 

3 rd  A1203 

699-42-12 

F i  1 t e r s  

1 s t  Anion Bed 

2nd Anion Bed 

1 s t  Cat ion  Bed 

2nd Cat ion  Bed 

1 s t  A1203 

2nd A1203 

3 r d  A1203 



Table 3 (continued) 

shows e s s e n t i a l l y  the  same thing;  however, ground water containing s l i g h t l y  
3 more elevated concentrat ions of H i s  indicated by the  apparent hal f  l i f e ,  

3 
which i s  g r ea t e r  than 12.3 years .  The concentrat ion h i s to ry  of H i n  

Well 6-26-15 (Figure 10) shows t h a t ,  a f t e r  peaking i n  1969, concentrat ions of 

3~ declined and reached an apparent equil ibrium i n  about 1975. Groundwater 

flow i n  the  v i c in i t y  of t h i s  well i s  such t h a t  concentrat ions a r e  maintained 

near 1000 pCi /m. t .  
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FIGURE 7. Tr i t ium Dist r ibut ion i n  Unconfined Ground Water 
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FIGURE 8. Concentration History f o r  T r i t i u m  i n  Well 6-15-26 



F igu re  11 shows t h a t  t h e  t r i t i u m  concen t ra t i on  i n  Well 6-9-E2 dropped 

through mid-1972 and has been showing a  gradual  i nc rease  s ince  then.  Well 
3  6-2-3 ( F i g u r e  12),  has been showing a  r i s i n g  H concen t ra t i on  s ince  1968, and 

i l l u s t r a t e s  t h e  a r r i v a l  o f  t h e  plume a t  t h e  w e l l ' s  l o c a t i o n .  A l though 

Well 6-9-E2 and 6-2-3 show d i f f e r e n t  concent ra t ions ,  bo th  a re  used t o  mon i to r  

t h e  southern p o r t i o n  o f  t h e  3~ plume. We1 1  6-9-E2 represents  an area o f  low 

p e r m e a b i l i t y ,  which r e t a r d s  the  r a p i d  movement o f  ground water ,  and Well 6-2-3 

represents  an area through which ground water  moves a t  a  more r a p i d  r a t e .  

The combinat ion o f  o p e r a t i o n a l  e f f e c t s  and h y d r o l o g i c a l  events can be 

seen i n  F i g u r e  13, which shows a  concen t ra t i on  h i s t o r y  f o r  Well 6-87-55. T h i s  

w e l l  i s  l o c a t e d  about  1  m i l e  (1.8 km) f rom N Reactor. The graph w i t h  i t s  

s i  nuso ida l  p a t t e r n  i 11 u s t r a t e s  a  dynamic system which combines r i v e r  f l ow ,  

p r e c i  p i  t a t i o n ,  r e a c t o r  ope ra t i ons  and geohydrol  ogy . 

NITRATE (NO;) CONCENTRATION I N  THE UNCONFINED GROUND WATER 

F i g u r e  14 shows t h e  concen t ra t i on  and d i s t r i b u t i o n  o f  NO; i n  t h e  ground 

water  a t  Hanford. Appendix A con ta ins  da ta  on t h e  maximum, minimum and average 

concen t ra t i ons .  Data c o l l e c t e d  i n  1979 i n d i c a t e  l i t t l e  a r e a l  change i n  t h e  

n i t r a t e  plume. Zones o f  e leva ted  n i t r a t e  concen t ra t i on  p e r s i s t  i n  t h e  v i c i n i t y  

o f  t he  200-E, 200-W, 100-D, 100-F, 100-H, 100-K, and 100-N Areas, and i n  t h e  

r e n t r a l  n n r t i n n  n f  the  main aroundwater nl~lrne. 









FIGURE 14. N i t ra te  Ion D l s t r i  bution i n  Unconfined Graund Water 







and form a recoverable c rys ta l l ine  coating on the bottom of the solar  evapora- 

t ion basin. An unknown quantity of th i s  brine leaked from the pond through 
jo in ts  or other f ractures  in the concrete basin and eventually reached the 

ground water. 
.* 

Mobilization of the brine was enhanced by water from a leaking valve in 

a fresh-water l i ne  servicing the f a c i l i t y .  Upon real izat ion of the problem, 

corrective action was in i t i a t ed  in 1979 which included sealing the leak in 

the basin and repairing the leaking valve. Since these repairs ,  the well has 

become a poor producer because of the lack of water from the leaks. As of t h i s  
-. - 

. . writing, no decrease in the concentrations have been noted. B u t ,  since the 

lack of water has appeared, i t  i s  assumed tha t  the contaminate i s  trapped in .. - 
the ground material and will not move or  will move only a t  a very slow ra t e  
from the naturally occurring ground water. 

A decrease of n i t r a t e  concentration continues in Well 6-34-42 (Figure 17) ,  

where a cyclical pattern has developed. This pattern r e f l ec t s  the operational 
history of the 200-E Area. The very def in i te  trend of increasing n i t r a t e  con- 
centration observed i n  We1 1 6-17-5 (Figure 18) ,  located north of the Washington 

Pub1 i c  Power Supply System projects ,  has reversed and decreasing concentrations 

of n i t r a t e  are  now being observed. Maintenance work on th i s  well and the 

ins ta l la t ion  of a sampling pump have eliminated much of the data s c a t t e r .  The 

graph indicates tha t  the previous rapid increase in n i t r a t e  concentration a t  
t h i s  s i t e  i s  due to the movement or  expansion of the plumes' zone of high con- 

centration within the central portion, and that  the l a t e r  decline in n i t r a t e  

concentration i s  due to  the passage of the main plume from the s i t e .  





57 58 59 60 61 62 63 6' 65 66 67 66 69 70 71 72 73 7& 75 76 77 76 73 60 

CALENDAR YEAR 

FIGURE 18. Concentration History for Nitrate i 
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ADDITIONAL CONTAMINANTS I N  THE GROUND WATER 

Appendix B con ta ins  da ta  f rom t h e  r o u t i n e  a n a l y s i s  o f  m a t e r i a l s  o t h e r  

than t h e  pr imary  t r a c e r s .  These m a t e r i a l s  i n c l u d e  uranium, gross a lpha emi t -  
-. 

t e r s ,  and f l u o r i d e  ion ,  a l l  found p r i m a r i l y  i n  t h e  f u e l  f a b r i c a t i o n  area 

(300 Area) .  A spec ia l  a n a l y s i s  was perforned f o r  iod ine-129 (see n e x t  s e c t i o n ) .  

I n  a d d i t i o n ,  water  samples f rom the  unconf ined a q u i f e r  were analyzed and t h e  

temperature d i s t r i b u t i o n  de f ined .  

SPECIAL ANALYSES FOR IODINE-1 29 

Dur ing  1979, samples were c o l l e c t e d  f rom t e n  we1 1 s  f o r  iod ine-129 ( 1 2 9 ~ )  

ana l ys i s .  S e l e c t i o n  o f  these we1 1s was based on l o c a t i o n ,  w i t h  preference 

g iven  t o  those away f rom a source o f  con taminat ion  so t h a t  t h e  degree and 
d i r e c t i o n  o f  movement o f  t h i s  r a d i o n u c l i d e  cou ld  be ascer ta ined.  E x i s t i n g  

da ta  were compl emented by the  a d d i t i o n a l  i n fo rma t i on .  

Analyses were performed u s i n g  neut ron  a c t i v a t i o n  techniques (ASTM 1979).  

T h i s  a n a l y t i c a l  technique a1 lows a d e t e c t i o n  l e v e l  o f  approx imate ly  1 x  

p i c o  c u r i e s  pe r  l i t e r  (1 .7 x  l oe5% o f  t h e  Concent ra t ion  Guides).  Table 4 

shows t h e  r e s u l t s  o f  t he  analyses f rom 1976 through 1979. F igu re  19 shows 

t h e  l o c a t i o n s  o f  t h e  sampl ing p o i n t s .  

Iodine-129 i s  o f  i n t e r e s t  because o f  i t s  l ong  h a l f  l i f e  (10 yea rs )  and 

i t s  m o b i l i t y  i n  t h e  groundwater environment. Analyses made d u r i n g  1975-1979 

v e r i f y  t h a t  1 2 9 ~  f o l l o w s  t h e  f low paths o f  t h e  o t h e r  major  contaminants and 

t h a t  i t s  l e v e l s  o f  concen t ra t i on  a re  reduced by d i f f u s i o n  and d i s p e r s i o n  w i t h i n  

t h e  groundwater f l o w  system. Past  s tud ies  have shown t h a t  t h e  m a j o r i  ty of t he  

1 2 9 ~  i s  con ta ined i n  t h e  upper p o r t i o n s  o f  t h e  a q u i f e r  (Eddy e t  a l .  1978). 

Dur ing 1979, no inc rease i n  1 2 9 ~  concent ra t ions  a t t r i b u t a b l e  t o  groundwater 

t r a n s p o r t  was observed i n  Columbia R ive r  water (Houston and Blumer 1979). 



FIGURE 19. Location of Sample Points f o r  ~ n a l y s i s  



TABLE 4. ' "I, 6 0 ~ o ,  and ' 0 6 ~ u  C o n c e n t r a t i o n s  

Well No. 

699-2-3 

699-4-E6 

699-8-1 7 

699-1 0-54 

699-1 5-26 

699-20-E5 

699-20-20 

699-27-8 

699-28-40 

699-31 -31 

699-32-22 

699-32-72 

699-33-56 

699-34-42 

699-34-51 

699-35-9 

699-35-70 

699-37-43 

699-40- 1 

699-40-33 

699-41-23 

699-42-1 2 

699-43-3 

699-45-4 

699-45-42 

699-46-5 

699-47-6 

699-48-7 

699-49-57 

699-50-85 

699-54-57 

699-62-43F 

699-53-El2 

699-511 -El 2 
699-511 -El 2P 
699-529-El 2 
Conc. Guides 

6.6 X lo-' - - - - 
7.9 x - - -- 
2.2 x 2.0 x - - 
1.7 x - - - - 
4.6 x -- - - 
0.06 30 10 



RADIOLOGICAL IMPACT 

Groundwater t ranspor t  of contaminants on the Hanford S i t e  represents a 

potential  pathway f o r  exposure t o  radia t ion via water obtained from e i t h e r  
1 )  wells t h a t  tap the  unconfined aqu i fe r ,  or 2 )  the  Columbia River, in to  which 

the  unconfined aquifer  discharges.  The following discussion examines these 
potenti a1 pathways. 

GROUND WATER 

During 1979, drinking water f o r  DOE f a c i l i t i e s  on the  Hanford S i t e  was 

obtained from the  unconfined aqu i fe r  a t  the Fast Flux Test Fac i l i t y  ( F F T F ) .  
3 The drinking water a t  FFTF contains elevated concentrations of H from past  

e f f l u e n t  disposal i n  the 200-East Area ( r e f e r  t o  Figure 7 ) .  
3 The impact on the total-body dose a t t r i b u t a b l e  t o  the  H i n  drinking water 

a t  FFTF (average 27,000 p C i / ~ )  i s  ca lcula ted to  be 0.4 mrem, based on an 

ingestion r a t e  of 220 l i  t e r s /year  a t  40 hrs/week. The 50-year dose commitment 
3 from H i s  the same a s  t he  annual dose because of the  r e l a t i ve ly  shor t  biologi-  

cal  half  l i f e  of t h i s  radionuclide. This total-body dose i s  l e s s  than the  

amount of 0.6 mrem reported l a s t  year .  The decrease i s  the r e s u l t  of modified 

groundwater withdrawal pract ices  a t  the FFTF. 
3 The concentrations of H i n  FFTF drinking water a r e  low compared to  the  

guidelines i n  MC-0524, and the  calcula ted dose i s  10% of the S ta te  of 

Washington drinking water standards.  

COLUMBIA RIVER 

Ground water enter ing the  Columbia River from the  Hanford S i t e  i s  d i lu ted  
by a f ac to r  of about 1000 because of the  di f ference between the  r i v e r  and 
groundwater flow r a t e s .  During 1979, the average Columbia River flow r a t e  

reported by the  U.S. Geological Survey (Houston and Blumer, 1979) was 

99,703 c f s  (2824 m5/sec). The flow r a t e  from the unconfined aquifer  (Myers, 
3 1978) was calcula ted t o  be about 100 c f s  (2.8 m / s e c ) .  



3 T r i t i u m  ( H) observed a t  t he  f a r t h e s t  extreme boundaries o f  t he  contami- 

n a t i o n  plume shown i n  F igure  7 i n d i c a t e  t h a t  t he  rad ionuc l  i d e  would reach the  

r i v e r  a t  t h i s  concent ra t ion  (30-300 pCi/mR) . Figure 20 prov ides  a compari son 

o f  i d e n t i c a l  analyses performed on samples taken upstream and downstream from 

t h e  Hanford S i t e .  The f i g u r e  shows t h a t  t he re  i s  no apparent, s t a t i s t i c a l l y  . . 
s i g n i f i c a n t  d i f f e r e n c e  between upstream and downstream concent ra t ions  o f  3 ~ .  

3 The Columbia R ive r  t ranspor t s  approximately 26,000 Ci/yr o f  H a t t r i b u t a b l e  

t o  worldwide f a l l o u t  (annual f l o w  o f  8.913 R/yr x 1.290 pCi /e) .  T r i  t i um d i r -  

charges f rom N Reactor d u r i n g  1979 c o n t r i b u t e d  an a d d i t i o n a l  %0.01% (200 C i / y r ) ,  

(Greager, 1980) b u t  t h i s  c o n t r i b u t i o n  i s  n o t  d i s t i n g u i s h a b l e  from t h e  v a r i a -  . . 
b i l i t y  r e s u l t i n g  i n  f a l l o u t  l e v e l s .  . . 

I DOWN STREAM 
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FIGURE 20. Upstream and Downstream Concentrat ion 
o f  3~ i n  Columbia R iver  Water 



QUALITY CONTROL 

The PNL program f o r  q u a l i t y  c o n t r o l  measures was i n i t i a t e d  i n  1974 and 

reaches a l l  phases of t h e  groundwater m o n i t o r i n g  program. The ex tens i ve  e f f o r t  
. . 

t o  i n s u r e  t h a t  samples a re  r e p r e s e n t a t i v e  o f  t he  a q u i f e r  system beneath t h e  

s i t e  inc ludes:  1  ) we1 1  maintenance; 2 )  v i s u a l  and geophysical  i nspec t i on ,  and; 

3 )  i n s t a l l a t i o n  o f  sampl ing pumps. I n  add i t i on ,  b l i n d  and d u p l i c a t e  samples 

a r e  analyzed by t h e  PNL Technica l  Ana l ys i s  Laboratory.  Ana l ys i s  o f  groundwater 

samples by t h e  U.S. Geologica l  Survey has been cont inued.  These programs have 
. - shown t h a t  da ta  rece i ved  as p a r t  o f  t he  r o u t i n e  m o n i t o r i n g  program a re  w i t h i n  

* - 
t h e  a n a l y t i c a l  1  i m i  t s  o f  accuracy. The h i s t o r i c a l  a n a l y t i c a l  r eco rd  f o r  each 

. . w e l l  f u r t h e r  conf i rms the  representa t i veness  o f  t h e  da ta  c o l l e c t e d  each yea r .  

I n  a d d i t i o n  t o  p r o v i d i n g  q u a l i t y  assurance, the  program w i t h  t h e  U.S. 

Geologica l  Survey prov ides  da ta  on the  chemis t ry  o f  Hanford groundwater. These 

data, i n c l u d i n g  wet, chemical,  and spec t rograph ic  ana l ys i s ,  r ep resen t  back- 

ground i n f o r m a t i o n  t h a t  i s  u s e f u l  i n  assessing t rends  on the  e f f e c t s  of p l a n t  

opera t ions .  The r e s u l t s  o f  t h e  analyses made i n  1979 a r e  shown i n  Appendix C.  

These da ta  analyses i n d i c a t e  t h a t  t he  qua1 i ty  of t h e  groundwater beneath the  

Hanford S i t e  i s  comparable t o  t h a t  o f  o t h e r  groundwaters found i n  eas te rn  

Washington. No changes i n  b a s i c  chemis t ry  a re  e v i d e n t  t h a t  i n d i c a t e  chemical 

con taminat ion  f rom Hanford sources o t h e r  than t h e  r e s u l t s  o f  t h e  l e a k  a t  t he  

183H So la r  Evaporator  F a c i l i t y  and changes caused by process waste d i sposa l  

i n  t h e  300 Area. 

A t  the  l a b o r a t o r y  l e v e l  t h e  documentation o f  1  abora tory  i ns tu rmen t  c a l  i- 

b r a t i o n s  and a1 1  l a b o r a t o r y  procedures i s  requ i red .  Documentation o f  f i e l d  

ins t rument  c a l i b r a t i o n  a l s o  i s  being implemented. 
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APPENDIX A 

GROSS BETA, T R I T I U M  AND NITRATE CONCENTRATIONS 
I N  THE GROUND WATER (UNCONFINED AQUIFER) 



APPENDIX A 

Total Beta, Tritium and Nitrate Concentrations 
i n  the Ground Water (Unconfined Aquifer) 

MELL NO, TQTAb RETA T R I T I U M  NITRATE 
(PCIIML) (PC I IHL )  tMGIL1  

i l ) r m r r r r r p r  w q w r 9 r r q  ? I - r r r - r  

M A X  
1 8 3  i a v e  9,70E=P)ir 

H I N  

M A X  
1 03 2P AVE 

MIN 

M A X  
1 8 3  ZU AVE 9,85EmQl* 45,00E-Q1* 

M I N  

M A X  
1 84 1 AVE 

M I N  

M A X  
1 8 4  2 AVE 

MIN 

M A X  
1 84 3 AYE 

M I N  

M A X  
1 634 4 A V E  7,95E-02, 2 , 4 0 f + B Q *  2,4SE+00* 

MIN 

M A X  
1 65 1 AVE 

MIN 

M A X  
i 09 i A V E  

HXN 

M A X  
1 0 2  5 AVE 

4 I N  

M A X  *7 ,50Er@2 2,36E+06 1,40E+QJl 
1 05 12 A V E  <7,58Em02 i 0 b 5 E + @ 0  l o 2 S E + 0 1  

Y I N  *7 ,50Ew@2 1,30E+Otl 1,0ffE+Ol 



TOTAL R E T A  T R I T I U M  
(PCI/YL) [BCI/MLI 

---.-*-ow.. m---m--- 

a,98~+0e 
f3,1@€+a0 
b 7QE+BO 

NITRATE 
( H G / L l  
- * m o m - -  

2,ldE+01 
1 g62€+0i  
7,70€+0B 

M A X  
AVE 
M X N  

M A X  
A V E  
M I  rY 

M A X  
AVE 
Y I N  

M A X  
A V E  
Y I N  

M A X  
AVE 
M I N  

# A X  
AVE 
M I N  

M A X  
AVE 
M I N  

M A X  
AVE 
M I N  

'I A X  
AVE 
M I N  



T O T A L  BETA T R I T I U M  
(PCI/MLl (PCIl M L I  

w r r o r - r r r r  u w m - ~ w l q  

U , 3 B t + d d l  
3 , lZE+t3S 

, 2 ,50 ta81  

N I T R A T E  
/ M G / L l  
L L l m l m I ) . .  

i,OBE+BI 
8.7 O E + O O  
S,i?OE+00 

M A X  
A V E  
HIN 

M A X  
A V €  
W I N  

M A X  
A V E  
W I N  

M A X  
A V €  
M I  N 

M A X  
A V E  
M I N  

M A X  
A V E  
M I  N 

M A Y  
A V E  
M I N  

M A X  
A V E  
M I N  

M A X  
A V E  
M I N  



M A X  
AVE 
M I N  

M A X  
A V E  
M I N  

M A X  
A V E  
M I N  

M A X  
A V E  
W I N  

M A X  
A V E  
M I N  

M A X  
AVE 
M I N  

M A X  
A V E  
M I N  

T O T A L  B E T A  
C P C I / M L )  

~ ~ ~ 0 0 0 0 0 ~ ~  

7 , U B E - B l  
s,aeE-ai  
3 ,bBErB l  

T R I T I U M  
( P C I / M C ' )  
O O r m m r r q  

b e l Q E + O I  
3,94€+01 
2,30E+01 



HAX 

Avl! 
H I  N 

M A X  
A V E  
M I  N 

M A X  
A V E  
M I N  

Y I X  
A V E  
M I N  

M A X  
A V E  
Y I N  

M A X  
A v E  
M I N  

M A X  
A V E  
Y I N  



M A X  
A V E  
W I N  

M A X  
A V E  
M I N  

M A X  
AVE 
M I N  

M A X  
AVE 
M I N  

M A X  
A V E  
Y I N  

T O T A L  B E T A  
(PCIiMLI 

--------.I- 

T R I T I U M  N I T R A T E  
( P c I I M L I  ( M G / L I  -----.-- c.---m.. 



M A X  
AVE 
M I N  

M A X  
A V E  
M f N  

M A X  
A V E  
H I N  

M A X  
A V E  
M I N  

M A X  
AVE 
M I Y  

M A X  
AVE 
M I N  

MAX 
A V E  
M I  N 

M A X  
r v E  
M I N  

M A X  
A V E  
M I N  

T Q T A L  RETA T R I T I U M  
( P C 1  /ML]  ( P C 1  / M L )  

e - - - e - w - m -  rr-rlrrr 

* 7 , S B E w Q 2  
*?,SFdC-02 
*7 ,SBTm02 

N I T R A T E  
[ M C ; / L I  



TOTAL BETA 
( P C I / t . ( L )  

.)-.)..--.-m- 

N I T R A T E  
( M G I L I  
- m r r r r m  

M A %  

AVE 
M I N  

M A X  
AVE 
M I  N 

M A X  
AVE 
M I N  

M A X  
AVE 
Y I N  

M A X  
AVE 
M I N  

MAX 
A V E  
H I N  

M A X  
A V E  
M I N  

M A X  
AVE 
M I N  

M A X  
A V E  
M I N  

MAX 
AvE 
P I N  

M A X  
A V E  
M I N  



4EbL NO,  

r e  33  24 

2E 33 26 

2E 33 27 

2E 34 1 

2w 6 1 

2w 10 1 

2w 10 4 

2w 10 5 

2w i e  s 

2w 10 9 

Z d  11 9 

M A X  

AYE 
W I N  

M A X  
AvE 
M I N  

M A X  
AVE 
Y I N  

M A X  
A V E  
M I N  

M A X  
AVE 
M I N  

M A X  
a v c  
M I N  

M A X  
A V E  
M I N  

M A Y  
A V E  
M I N  

TLITAL B E T A  T R X T X U M  N I T R A T E  
(PCIIML) CPCI/MLl [ M G I C )  

I.r.lrrrrrrr - - o m - - - -  wm-m---  

4 ,UBE+BB 
2,92E+BB 
1,90~+ag 



WELL NO. N I T R A T E  
( M G I L I  
r r - r r r m  

M A X  
2w 1 1  1 5  AVE 

M I N  

M4X 
2W 1 1  1 8  A V E  

Y I N  

FAX 
2 N  1 1  24 A V f  

H I N  

MAX 
2 r ~  1 2  1  A V E  

M I N  

M A X  
2N 1 4  2 AVE 

M I N  

M A X  
2W 1 4  S A V E  

M I N  

M A X  
2~ 14  6 AVE 

M I N  

M A X  
2w 15 2 4VE 

Y I N  



UELL NO,  

M A X  
AVE 
Y I N  

M A X  
r V E  
Y XN 

M A X  
AVE 
M I N  

M A X  

AVE 
M Z Y  

M A X  
A V E  
M I N  

M 4 X  
r VE 
M I N  

M A X  
A V E  
H I N  

M A X  
AVE 
M I N  

M A X  
AVE 
M I N  

l r A X  
A V E  
W I N  

F A X  
AVE 
YIhr  

T O T A L  @ E T A  T R I T I U M  N I T R A T E  
C P C I I M L )  [ P C I t M L I  IMGICI 

m r r ) r m r r q r m  m o - w W o w q  rrrrrrq 



N I T R A T E  
( M G I L I  
-----I- 

2,8aE+Oz 
1,22€+02 
5 , Z Q E c B l  

M A X  
A W E  
H I N  

M A X  
A V E  
M I N  

M A X  
A V f  
M I N  

M A X  
AVE 
M I N  

M A X  
AVE 
M I N  



T O T A L  R E T A  
I P C I I M L I  

~ m o ~ m m o v a o  

*7,5BE-e92 
c T , ¶ M r i w @ Z  
d7,f  a€-02 

T R I T I U M  N I T R A T E  
[ P C T I M L I  ( M G I L I  
L l l l w l - q  L c I m I I -  

M A X  
A V E  
M I N  

M A X  
A V E  
M I N  

M A X  
A V E  
M I N  

M A X  
rvt: 
M I N  

M A X  
rve 
M I N  

M A X  
A V E  
W I N  

M A X  
nve  
Y I N  

M A X  
A V E  
M I N  

M A X  
A V E  
M I N  

M A X  
A V E  
M I N  

M A X  
A V E  
WIN 



T O T A L  eETA T R I T I U M  
( P C I / U L I  [PCI/MLI 

w r r r r r r r ~ m  C I W I ~ I I ~  

* 7  ,SBE-BS 
*7,58€-B2 
<7,50E-02 

N I T  RATE 
( M G l L 3  
1 - a m o m -  

1,5@€+@1 
le08C+01 
8,30€+00 

M A X  
3 1 4  A V E  

M I N  

M A X  
3 1 5  A v E  

M I N  

M A X  
3 1 6  4VE 

M I N  

M A X  
3 2 3 A V E  

M I N  

M A X  
3 3 1  A V E  

M t N  

M A X  
3 3 2  A V E  

H I N  



WELL KO, 

3 3 8 

3 3 9 

3 3 l a  

3 3 11 

3 4 1  

3 4 7  

4 9  

3 4 10 

3 5 1  

3 6 1  

3 6 1  

T R I T I U M  N I T R A T E  
( P C X I M L )  C M G I L )  
q r r - h r r w  - w m - - - r  

1 ,38€+01 
1 , 1 2 ~ + 0 1  
1,00€+8)t 

M A X  
rvE 
M I N 

M A X  
AVE 
M I N  

M A X  
e v e  
M I N  

M A X  
A V E  
MXN 

M A X  
AVE 
M I N  

M A X  
A V E  
M I N  



nrx 
A V E  
M I N  

M A X  
A V E  
H I N  

M A X  
r V E  
M I  N 

M A X  
A V E  
n I N  

H A X  
AVE 
M f  N  

M A X  
A V E  
M I N  

M I X  
A V E  
WIN  

Y A Y  
A V E  
M I N  

M A X  
r v E  
M I N  

M A X  
A V E  
M I N  

M A X  
AVE 
M I N  

T O T A L  RETA 
(PCI/HLl 

m - C D I I I I I I  

~ 7 , 5 0 E r 0 2  
*7,!30!!.1@2 
47,SE)E-02 



WELL NO, T O T A L  B E T A  T R I T I U M  
( P C I I M L )  C P C I I M L I  

w-CIIIIICI a ~ r r . l r r -  

M A X  

912 29 A V E  
M I  N 

M A X  
SliE12A AYE 

M I N  

M A X  
311€ii?AP AVE 

M f N  

M A X  
38  19 AVE 

M I N  

M A X  
97 34 AVE 

M I N  

M A X  
S b  €48 A V E  

M I N  

M A X  
SJ €12 r v E  

HIN 

M A X  
53 25 AVE 

HIN 

M A X  
3 1  78  A v e  

Y I N  



NELL NO, T O T A L  BETA 
(PCI/MLl 

C - I I I I I - I -  

*7,50LmB2 
*7  ,Sfd!!-@i! 
q t , S a E r B 2  

N I T R A T E  
(MG/I , . l  
m m r r r r r  

2, bBE+00 
1 a 60E+00 
8,00Es01 

M A X  
A V E  
MIN 
MAX 
A V E  
H I N  

M A X  
AVE 
WIN 

M A X  
r V E  
H I N  

WAX 
A V E  
MIN 

M A X  
AvE 
MIN 

nrx 
AVE 
Y I N  

M A X  
AVE 
M I N  

MAX 
AVE 
M f N  

M A X  
A V E  
M I N  



WELL NO"  TOTAL B E T A  T R I T I U M  N I T R A T E  
(PCIIML) (PCIIMLI IMGILI 

C - 9 0 - r r r q r  CIII~IO~ q---rr.) 

aa2fl~+0a 1,5QIE+O1 
1 m58E+08 1,19E+01 

*9,00EmS31 9,8BE+B0 

M A X  
A V E  
Y I N  

M A X  
A V E  
M I N  

M A X  
A V E  
H I N  

M A X  
A V E  
M I N  

M A X  
A V E  
M I N  

M A X  
A V E  
M I N  

M A X  
A V E  
M I N  

M A X  
A V E  
M I N  

M A X  
AVE 
M I  N 

M A %  
A V f  
M X N  



TOTAL BETA 
( P C I d M L l  

T R I T I U M  
f P C I / M l . I  
r - m - n r r q  

1 @581E&B0 
9,88E=0 1 

< 4 , 9 8 E m 8 1  

N I T R A T E  
(MGdL) 
hr)rrrr.. 

1,58E*01 
i 8 1 ? ~ + @ i  
6,60E+00 

PAX 
A Y E  
M I N  

MAX 
r VE 
WIN 

HAX 
A V E  
M I N  

M A X  
A V E  
Y I N  

MAX 
A V E  
M I N  

M A X  
AVE 
M I N  

M A X  
AVE 
H I N  

M A X  
AVE 
M I N  



WELL NO, T U T A L  B E T A  T R I T I U M  
I P C I / M L )  (PCI/HLI 

WILIWIIIII r m - r r r r . r  

N I T R A T E  
(MGI I .1  

o m - - - s o  

M A X  
4 2n E5R A V E  

M I N  

M I X  
6 28 20 AVE 

M I N  

M A X  
b 2 0  82 A V E  

H I N  

M A X  
6 22  70 AVE 

M I  N  

M A X  
6 24 1P A V E  

M I N  

M A X  
b 24  10 A V E  

M I N  

M A X  
6 24 IR A V E  

M I N  

M A X  
6 24 IS A V E  

M I N  



T O T A L  B E T A  
( P C I / Y L )  

T R I T I U M  N I T R A T E  
( P C 1  /MI.] ( M G / L )  
CII-CIII rrrrrrq 

M A X  
b 3 4  1 T  A V E  

M I  N 

M A X  
6 Z U  33 AVE 

Y I N  

M A X  
6 2 4  46 A V E  

M I N  

M A X  
6 2s 55 r v e  

M I N  

M A X  
6 25 70 A V E  

W I N  

M A X  
6 26 15 A V E  

H I N  

M A X  
6 27  8 A V E  

M I N  

M A X  
6 28 4 0  A V E  

M I N  



T R I T I U M  
(PCI/M&I 
w - - r m - - q  

NITRATE 
(MGiLl 
-rr-rrr 

M A X  
6 31 31P hVE 

M I N  

M A X  
b 31  538 AVE 

M I N  

M A X  
6 32 22 AVE 

M I N  

M A X  
6 SZ 42 AVE 

M I N  

n r x  
6 32 43 AVE 

M I  N 

M A X  
6 32 6 2  A V E  

H I N  

M A X  
b 32 70 A V E  

M 1 N 

n r x  
6 32 72  AVE 

M I N  

M A X  
6 3 77 A V E  

M I N  



WELL NO, 

6 33 42 

6 33 56 

b 34 394 

6 34 41 

6 34 42 

4 34 5 1  

6 34 88 

6 35 0 

6 55 66  

6 35 70 

4 35 70 

M A X  
AVE 
H I N  

M A X  
A V E  
M I N  

M A X  
A V E  
M I N  

M A X  
AVE 
M I N  

M A X  
AVE 
M I N  

M A X  
A V E  
n IN 

T O T A L  BETA T R I T I U M  N I T  RATE 
( P C I I M L I  ( P C I I M L I  (MG4I.l 

( I - m r m r r r r r  C m - l l - r m  rrrrrrr 

9@29)C-92 2 ,  l@E+02 2,10E+01 
Te9SEw@t Z103E+02 1 e93CI+01 

~7,50€*02 le98k+02 ieB0E+01 



TOTAL BETA 
( P C 1  I M L I  

. e q s r r r r r - r  

T R I T I U M  
(PCI/M&l 
m r r r r r m l  

N I T R A T E  
( M G I L )  
. y m r r r r q  

M A X  
AVE 
M I N  

M A X  
A v E  
M I N  

M A X  
APE 
M I N  

M I X  
AVE 
H I N  

M I X  
AVE 
M I N  

M A X  
AvE 
M I N  

M I X  
AVE 
Y I N  

YAX 
AVE 
H I N  

M A X  
A V E  

I N  



T O T A L  BETA 
( P C I / M L )  

W - ~ m r r r r . y r  

M A X  
A V E  
W I N  

Y A Y  
A V E  
H I N  

M A X  
A V E  
M I N  

M A X  
A V E  
M I  N 

M A X  
4 V E  
H I N  

M A X  
A V E  
M I N  

M A X  
A V E  
H I N  

M A X  
A V E  
V I N  

M A X  
A V E  
M I N  

M A X  
A V E  
M I N  



WELL NO, 

6 4 7  4b 

6 47 40  

6 46 7 

6 4 0  7 1  

b 49 13 

6 4 9  28 

6 49 55 

6 99 5 7  

6 49 7 9  

6 50  18 

6 50 288 

T O T A L  B E T A  T R I T I U M  
[PCI/YLI (PCI/ML> 

r ) c m r m m - r a o  rlrrrrrq 

N I T R A T E  
( M G t L )  
r m r r r r q  

MAX 
A Y E  
H I N  

M I X  
4VE 
M I N  

M A X  
Ave 
M I N  

M A X  
A V E  
M I N  

M A X  
A V E  
M I N  

M A X  
A V E  
M I N  

HAX 
AVE 
M I N  

MAX 
A V E  
M I N  

M A X  
A V E  
M I N  



WELL NO, 

6 58 36 

6 5 0  42 

6 58 5 5  

6 5 0  85 

6 51 63 

6 51 75 

6 55  35 

4 53 47 

6 55  55A 

6 55 103 

6 5 4  18 

TOTAL B E T A  
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APPENDIX B 

TOTAL ALPHA , STRONTIUM, CESIUM , COBALT, URANIUM 
RUTHENIUM, CHROMIUM , AND FLUORIDE CONCENTRATIONS 

I N  THE GROUND WATER (UNCONFINED AQUIFER) 
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APPENDIX C 

CHEMICAL AND SPECTROGRAPHIC ANALYSES 
FROM VARIOUS WELLS SAMPLED 



TABLE C. 1 . Chemical and Spectrographic Analyses 
from Various Wells Sampled 

Cons t i t uen ts  

Aluminum 
Antimony 
Arsen ic  
Barium 
B e r y l l i u m  
Bicarbonate  
Bismuth 
Boron 
Bromide 
Cadmi um 
Calcium 
Carbon Diox ide 
Carbonate 
Ch lo r i de  
Chromi urn 
Chromium Hexavalent 
Cobalt  
Co lor  
Copper 
Cyanide 
F l u o r i d e  
Gal l ium 
Germani urn 
Hardness Noncarb 
Hardness To ta l  
I od ide  
I r o n  
I r o n  Ferrous 
Lead 
L i  thiurn 
Ikgnes ium 
Manganese 
Molybdenum 
N icke l  
N i t r  NO2 as i n  N To ta l  
N i t r  NO3 as i n  N To ta l  
N i t r  NHn as i n  N To ta l  

U n i t s  199-05-12 - 

ug/e C ~ O  

w e  <30 
ug/e 5 
ug/e 70 
us/e < 1 

vg/e <!i 
3 

ug/e < l o  
mg/ e 0.00 
mg/e 0.2 
ug/e <30 
ug/e 70 
rng/ e 42 
mg/e 130 
mg/e 0.00 
ug/e <!i 
ug/e 0 
ug/e 1,000 
ug/e 10 
mg/ e 8.4 
ug/e 1 

10 
"/' <SO ug/e 
mg/ e 0.00 
mg/e 3.7 
mg/ e 0.00 
mg/ e 3.7 

7.7 
8.0 

m9/ 2 0.09 
mg/e 0.03 
m9/2 0.09 

4.1 
mg/?. <220 

0.29 
mg/ e 216 

0.5 
u g / t  0 
mg/ e 40 
ug/e < l o  
w e  16 
mg/e 12 

16 
335 
338 

ug/P. 300 
mg/ e 46 
ug/a l o o  
ug/e 4 
NTU 4.2 
ug/e 30 
C O 24.2 
ug/a <5 
ug/e <!i 

pCi /e  < 1 
pCi /e  < 1 
p C i / ~ .  5 4 
pC i / z  43 
ug/2 <4.3 
pC i / z  3.1 
pCi /e  18.9 
p C i / ?  1,700 

NO2 + ~ 8 3  as N To ta l  
oH F i e l d  
pH Lab 
Pho Ortho Tot as PO4 
Phosphorus Tot  as P 
Phosphorus Tot PO4 
Potassium 
Residue Calc Sum 
Residue Ton/Af t 
Residue 180C 
SAR 
Selenium 
S i l i c a  
S i l v e r  
Sodium +Potass ium 
Sodi urn 
Sodium Percent 
Sp Conductance F l d  
Sp Conductance Lab 
S t ron t i um 
S u l f a t e  
T in  
T i t an ium 
T u r b i d i t y  
Vanadi urn 
Water Temp 
Zinc 
Z i rcon ium 

Cesium-137 
Cobal t -60 
Gross-B,D,Cs-137 
Gross-B,D,Sr-90 
Gross Alpha U-Na 
Potassium -40 
Stront ium-90 
T r i t i u m  



Table C . l  ( con t inued)  

Const i tuents 

A1 umi num 
Antimony 
Arsenic 
Barium 
Bery l l i um 
Bicarbonate 
Bismuth 
Boron 
Bromide 
Cadmium 
Calcium 
Carbon Diox ide 
Carbonate 
Chlor ide 
Chromium 
Chromium Hexavalent 
Cobalt 
Color 
Copper 
Cyanide 
F luor ide 
Gall ium 
Germanium 
Hardness Noncarb 
Hardness Tota l  
Iod ide 
I r o n  
I r o n  Ferrous 
Lead 
L i th ium 
Magnesium 
Manganese 
Molybdenum 
Nickel  
N i t r  NO2 as i n  N Tota l  
N i t r  No? as i n  N Tota l  
N i t r  N H ~  as i n  N Tota l  
NO2 + NO3 as N Tota l  
pH F i e l d  
pH Lab 
Pho Ortho Tot as PO4 
Phosphorus Tot as P 
Phosphorus Tot PO4 
Potassium 
Residue Calc Sum 
Residue Ton/Aft 
Residue 180C 
SAR 
Selenium 
Si 1 i c a  
Si 1 ver  
Sodium + Potassium 
Sodium 
Sodi urn Percent 
Sp Conductance Fld 
Sp Conductance Lab 
Strontium 
Sulfate 
T in  
Titanium 
T u r b i d i t y  
Vanadium 
Water Temp 
Zinc 
Z i r con i  um 

ug/e 
mgl e 
ug/e 
ugle 
NTU 
ug/e 
CO 
vg/ e 
ugle 

Cesium-137 pCi/a 
Cobal t -60  pCi/e 
Gross-B,D,Cs-137 pCi/e 
Gross-B,D,Sr-90 pCi/e 
Gross Alpha U-Na ug/e 
Potassium-40 ~ C i l r  
Strontium-90 pci/; 
T r i t i u m  W i l e  



Table C . l  (continued) 

Cons t i t uen ts  U n i t s  

Aluminum !Jg/[  
Antimony u9 /1  
Arsen ic  ug/e 
Barium u9/e 
Be ry l  1 ium ~ 9 1 1  
B icarbonate  m9 / i  
Bismuth u9/e 
Boron ug/e 
Bromide m g l i  
Cadmi um u9 /1  
Calcium m9/e 
Carbon D iox ide  m9/e 
Carbonate rng/a. 
Ch lo r i de  mg/ a. 
Chromium 
Chromium Hexavalent !Jg/e 
Cobal t  u9/2 
Color 
Copper 
Cyanide mg/e 
F l u o r i d e  m9/e 
Gal l ium ug/e 
Germanium ug/e 
Hardness Noncarb mgle 
Hardness To ta l  mg/e 
I od ide  mg/e 
I r o n  p g / l  
I r o n  Ferrous ug le  
Lead 4 1  a. 
L i  t h i um u g / t  
Magnesi um mg/e 
Manganese ugla. 
Molybdenum ug le  
N i cke l  N / e  
N i t r  NO;, as i n  N To ta l  mg/e 
N i t r  NQ as i n  N To ta l  mg/e 
N i t r N H q a s i n N T o t a l  mg/s 
NO2 + NQ as N To ta l  mg/e 
pH F i e l d  
pH Lab 
Pho Ortho Tot as PO4 mg/e 
Phosphorus Tot  as P m9/e 
Phosphorus Tot PO4 mg/e 
Potassium 
Residue Calc  Sum mgl e 
Residue Ton/Aft  
Residue 180C mg/e 
SAR 
Selenium ug/9. 
S i  1 i c a  mg/ a. 
Si 1 ve r  u9/2 
Sodium + Potassium mg/s 
Sod i urn mg/e 
Sodium Percent 
Sp Conductance F l d  
Sp Conductance Lab 
S t ron t i um u4/e 
S u l f a t e  mgl e 
T i n  u g l  e 
T i tan ium ug/p 
T u r b i d i t y  NTU 
Vanadi um ! ~ g /  a. 
Water Temp C a  
Zinc ~ g l e  
Z i rcon ium ug le  

Cesium-137 pCi/e 
Cobal t - 60  pCi/e 
Gross-B.D,Cs-137 pCi/y, 
Gross-B,O,Sr-90 pCila. 
Gross Alpha U-Na ug/e 
Potassium-40 pCi /e 
Stront ium-90 pCi/f. 
T r i t i u m  pCi/e 4 




