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SUMMARY 

Operations a t  the Hanford S i t e  s ince 1944 have r e s u l t e d  i n  the discharge 

t o  the  ground o f  l a r g e  volumes o f  process coo l i ng  water and low- level  l i q u i d  

rad ioac t i ve  waste. 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 discharges and have reached the  Hanford ground water. For many 

years w e l l s  have been used as ground-water sampling s t ruc tu res  t o  gather 

data on the d i s t r i b u t i o n  and movement o f  these discharges as they i n t e r a c t  

w i t h  the  unconfined ground water beneath the  Hanford S i t e .  During 1980, 317 

such s t ruc tu res  were sampled a t  var ious t imes f o r  rad ionuc l i de  and chemical 

contaminants. This r e p o r t  i s  one o f  a se r ies  prepared annual ly  t o  document 

and evaluate the  s ta tus  o f  ground water on the  Hanford S i te .  

Data c o l l e c t e d  dur ing  1980 descr ibe the  movement o f  t r i t i u m  and 

ruthenium-106 and the  nonradioact ive n i t r a t e  plume as w e l l  as t h e i r  response 

t o  the in f luences o f  ground-water f low,  i o n i c  d ispers ion,  and r a d i o a c t i v e  

decay. The gross beta ( l o 6 ~ u )  plume cont inues t o  recede, w i t h  the except ion 

o f  a beta source t h a t  i s  beginning t o  show up i n  the  300 Area. 

The t r i t i u m  plume cont inues t o  show increas ing  concentrat ions near the  

Col umbia River .  I t  i s  mapped as having reached the  Columbia River,  b u t  

con t r i bu t i ons  t o  the  r i v e r  cannot be d i s t i ngu i shed  from o ther  sources a t  t h i s  

time. This  plume now shows much the  same c o n f i g u r a t i o n  as i n  1977, 1978, 

and 1979. The s i z e  o f  t he  n i t r a t e  plume appears s tab le .  Concentrations o f  

n i t r a t e  i n  the v i c i n i t y  o f  the 100-H Area cont inue t o  be h igh  as a r e s u l t  

of pas t  leaks from the evaporat ion f a c i l i t y .  

The r e s u l t s  o f  a study t o  determine the  1 2 9 ~  d i s t r i b u t i o n  i n  the Han- 

j f o r d  ground-water system i n d i c a t e  t h a t  the m a j o r i t y  o f  contaminants a re  i n  
.. the upper p o r t i o n s  o f  the unconfined a q u i f e r  and are  approaching the  Columbia 

- _  
River.  The study i s  near ing completion. 

- 
Impact o f  these ground-water discharges on the  p u b l i c  i s  evaluated 

annual ly  and repor ted  i n  the  "Environmental Surve i l lance a t  Hanford" repo r t .  

The maximum dose r e s u l t i n g  from the  consumption o f  ground water i s  0.5 mrem 

annual ly.  This  i s  from the  d r i n k i n g  water a t  the  FFTF. 
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RADIOLOGICAL STATUS OF THE GROUND WATER BENEATH THE HANFORD SITE 
JANUARY-DECEMBER 1980 

INTRODUCTION 

Ground-water s u r v e i l l a n c e  a t  t he  Hanford S i t e  i s  a f a c e t  of t h e  Compre- 
hensi ve Environmental Monitoring Program. This  program i s  designed t o  eval u-  
a t e  e x i s t i n g  and po ten t i a l  pathways of exposure from s i t e  opera t ions .  The 
ob jec t ives  of t h e  ground-water monitoring program, conducted by P a c i f i c  
Northwest Laboratory (PNL) f o r  t h e  U.S. Department of Energy (DOE), a r e  t o  
measure and r e p o r t  t he  concent ra t ion  and d i s t r i b u t i o n  of r ad ioac t ive  and 
o the 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  contaminants w i t h  t ime,  and t h e  impact of  contamination on 
man s environs.  

All rou t ine  ground-water samples f o r  1980 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 PNL1s Environmental Eval ua t ions  Sec t ion  of t h e  Occupational 
and Environmental Pro tec t ion  Department. The samples were analyzed by PNL1s  

Technical Analysis  Sec t ion .  The U.S. Geological Survey c o l l e c t e d  and compre- 
hensively analyzed samples from s p e c i f i c  we l l s .  Program overview and 
coordinat ion was provided by t h e  Envi ronrnental Eval ua t ions  Sec t ion .  

Data from o t h e r  c o n t r a c t o r s  (Rockwell Hanford Operat ions,  United Nuclear 
Corporation, and Hanford Engineering Development Laboratory) were used t o  
cons t ruc t  t h e  maps i n  this r e p o r t  b u t  were not  included i n  t he  t abu la t ion  of 
da ta  i n  t h e  Appendix. 



BACKGROUND 

Since 1944, operations a t  the Hanford Si te  have resulted in the disposal 
of large volumes of low-level , 1 i q u i d  radioactive wastes and contaminated 
cooling water to  the ground. Figure 1 shows the location and various plant 
operations of the Hanford Si te .  Most of the l iquid wastes have been disposed 
of a t  or near the chemical separation areas (200 Areas) located on a plateau 
near the center of the s i t e .  Smaller amounts of wastes have been released a t  
the reactor s i t e s  ( 100 Areas), located adjacent to the Columbia River, and 
a t  the laboratory and fuel fabrication area (300 Area). Only one reactor 
and i t s  disposal f a c i l i t y  (the 100-N Area) are currently in operation. 

The disposal of l iquid effluents to  the ground has been greatly reduced 
a t  Hanford in the past several years, primarily because of the deactivation 
of a l l  reactors except the N-Reactor, the cessation of reactor fuel process- 
ing, and the improved treatment of several waste streams. 

DISPOSITION OF EFFLUENTS 

Liquid effluents disposed to  the ground percolate la te ra l ly  and down- 
ward through 150 to 300 fee t  (50 t o  100 m )  of unconsolidated glaciofl uvial 
and lacustrine sands, s i l t s ,  and gravel that  overlay the unconfined aquifer. 
As the wastes move through these sedimentary materials, adsorption and ion 
exchange take place between the minerals in the sediments and the substances 
in the l iquid waste. Some of the longer-lived radionuclides such as 

90 strontium-90 ( Sr ) ,  cesium-137 ( 1 3 7 ~ s ) ,  and pl utonium-239 ( 2 3 9 ~ u )  have 
favorable ion exchange character is t ics  and are effectively removed from the 
waste streams as the liquid percolates downward through the soi l  column. 

6 0 Other radionucl ides, such as rutheni um-1 06 ( l  0 6 ~ u )  , cobal t-60 ( Co) , - 
- .  

99 3 technetium-99 ( t C ) ,  tritium ( H I ,  and nonradioactive n i t r a t e  (NOj) have 
poor ion exchange character is t ics  and move through the soil  column a t  vary- 
ing rates until they eventually enter the ground water. Once they enter the 
unconfined aquifer, the contaminants move i n  a general down-gradient direc- 

tion a t  a ra te  nearly equal to  the velocity of the ground water. As the 
contaminants move w i t h  the ground water, the i r  concentrations are further 



FIGURE 1 . The Hanford S i t e  

reduced by radioactive decay, ion exchange, d i f fus ion,  and hydrodynamic 
dispersion. 

During the  past  thirty-seven years ,  the disposal of more than 6 X 10 11 

l i t e r s  (169 b i l l i on  gallons) of process cooling water and over 3 X 10 10 

l i t e r s  (8 b i l l i on  gallons) of other l iqu id  has changed the water t ab le  con- 
f igurat ion.  Ground-water mounds, created by the discharge of water, now 
ex i s t s  near each of the  chemical processing areas and i n  the  lOON reactor  
area.  Generally, ground-water l eve l s  have changed continuously over the  

years,  because of var ia t ions  in the volume and location of waste water d i s -  

charged t o  the  ground. The movement of the ground water and i t s  associated 
contaminants has a l so  changed w i t h  time, re f lec t ing  the  discharges of 
e f f l  uents. 



MONITORING WELLS 

Nearly 850 cased ground-water monitoring we1 1 s (McGhan and Damschen 1979) 
have been dr i l l ed  since the  beginning of the disposal operations a t  the  Hanford 
S i te  (Figure 2).  These s t ructures  provide a means for  obtaining water samples 

and fo r  conducting in-si  t e  investigations.  

There are bas ical ly  three aquifers monitored a t  the Hanford S i te .  The 
f i r s t  or deepest i s  an aquifer in the basalt .  When a well i s  d r i l l ed  in to  t h i s  

aquifer an a r tes i  an f 1 ow i s  generally encountered, which causes the water 1 eve1 
in the well to r i s e .  The second aquifer i s  encountered when wells are d r i l l ed  
i nto a semi consol i dated sedimentary materi a1 overlying the basal t s .  This sec- 
ond aquifer i s  ar tes ian in places and unconfined i n  other locations. The t h i r d  

aquifer and probably the most important a t  the Hanford S i t e ,  i s  the unconfined 

aquifer. This unconfined aquifer over l ies  the  ar tes ian aquifers,  and i s  asso- 

ciated w i t h  the unconsolidated materi a1 nearer the 1 and surface. This aquifer 
appears to contain most of the contaminants and as such i s  monitored f a r  more 
heavily than the deeper aquifers. Wells are generally d r i l l ed  a few meters 
below the  top of t h i s  aquifer  and ground-water samples taken from the in terval .  

Most of the wells d r i l l ed  a t  Hanford are multipurpose s t ructures .  That 
i s ,  they are used to  obtain geologic and hydrologic information before they 

become sampling s t ructures .  For a s t ructure  t o  be useful in monitoring, a 
wel l ' s  casing should be perforated below the water t ab le  along i t s  en t i r e  depth 

t o  allow water in the aquifer t o  flow in a direction normal to  the well a t  a l l  
depths. However-, since the heterogeneity of the  sediments beneath the  Hanford 

S i te  prevents t h i s ,  each well s t ructure  on the  s i t e  must be evaluated individu- 
a l l y  as a potential  monitoring f a c i l i t y .  

SAMPLING AND ANALYSIS - 
- .  We1 1 -water samples are obtained routinely throughout the Hanford S i te .  

For the 1980 routine ground-water monitoring program 317 wells were sampled. 

From these, 1526 well-water samples were taken t o  provide 5120 analytical  
resu l t s  f o r  evaluating the e f f ec t s  of s i t e  operations on the  ground water. 

(These f igures  do not include other contractors monitoring e f f o r t s  a t  the 





Hanford S i te .  ) The frequency of sampling i s  monthly, quar ter ly ,  semi- 
annually, or  annually depending on well locations and consti tuents t o  be 
analyzed. 

Some ground-water samples a re  collected j u s t  under the water surface 
of the unconfined aquifer  by lowering a p l a s t i c  bo t t l e  enclosed in a s teel  
bai ler .  Where contamination appears the g rea tes t  concentration i s  usually 
observed a t  the surface of the water t ab le  (Eddy, e t  a l . ,  1978). 

Submersible sampling pumps have been i n s t a l l ed  in most key wells to  
obtain a more representative sample of the  water i n  the  aquifer  adjacent 
to the well than i s  provided by a small-volume ba i l e r  sample. Since the 
submersible pumps a re  l e f t  i n  the wells t h i s  method prevents the pos s ib i l i t y  
of cross contamination t ha t  may r e s u l t  from using a s ingle  ba i le r  t o  sample 
several wells. A t  a few locations,  where appropriate well s t ructures  a re  
available,  samples are  obtained from the  confined aquifers.  Some small 
diameter wells and piezometer tubes a re  sampled by the a i r l i f t  method (Tres- 
c o t t  and Pinder, 1970). 

Three substances a re  readily transported i n  ground water w i t h  l i t t l e  
decrease in concentration from adsorption o r  ion exchange. The radionuclides 
a re  represented by gross beta measurements and a r e  calculated as ruthenium 

106 3 
( R u )  and tritium ( H ) .  The nonradioactive substance i s  the n i t r a t e  ion 

( N O j ) .  Therefore, these substances are  used as primary t racers  t o  monitor 
the movement of contaminated ground water. In addit ion,  samples from se lec t -  
ed wells a re  routinely analyzed a t  l e s s  frequent in te rva l s  f o r  the  radio- 
nuclides 9 0 ~ r ,  1 3 7 ~ s ,  and 6 0 ~ o .  Total alpha (as  2 3 9 ~ u )  emission i s  a l so  
determined. Selected samples a r e  analyzed by gamma spectrometry t o  iden t i fy  
the mixture of radionuclides present. Standard radiometric and chemical 
methods are  used t o  analyze the routine ground-water samples. 

Other radionuclides, such as 1 2 9 ~  and "TC, have been detected i n  the 
ground water beneath the Hanford S i t e .  Although these radionuclides 

generally occur in very low concentrations, they make excel lent  t racers  of 
ground-water contamination. Analyses f o r  uranium ( 2 3 8 ~ )  , f l  uoride (F - )  and 

tota l  chromium (cr+6) are  a1 so made on selected ground-water samples in and 
adjacent t o  the areas where these substances a r e  present andma,y bereaching 
the ground water. 



EVALUATION OF GROUND-WATER SURVEILLANCE DATA 

Radionucl ides concentrat ions i n  t h e  ground water beneath Hanford are 

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

ment o f  Energy, 1977). Rad ioac t ive  m a t e r i a l s  are a1 so compared w i t h  D r i n k i n g  

Water Regu 1  a t i  ons (DWR) promulgated by the  Environment a1 P r o t e c t i o n  Agency 

(EPA 40 CFR 141) as adopted by t h e  S ta te  o f  Washington. The comparison between 

the ac tua l  concent ra t ion  and the  gu ide l i nes  prov ides a  conservat ive method f o r  

eval ua t i ng  the  p o t e n t i  a1 s ign i f i cance  o f  most water-borne ma te r i  a1 s. The CGs 

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

the  de tec t i on  l i m i t  and app l i cab le  CGs o r  DWR f o r  var ious chemicals analyzed 

under t he  r o u t i n e  ground-water 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 App l i cab le  
Concentrat ion Guides or  D r i n k i n g  Water Regulat ions 

Analysis Detect ion L i m i t  CGs 
(pCi /mi) 

Gross Beta (as l o 6 ~ u )  

Tota l  Alpha (as 2 3 9 ~ u )  

3~ 

6 0 ~ o  

90sr 
O 6 ~ U  

131 I 

37cs 

U (Natura l )  
Detect ion L i m i t  

(ms/i) 

3,000.0 

30.0 

0.3 

10.0 

100.0 

0.06 

0.3 

20.0 

2  0  
DWR 

(a )  NA--Not Appl i cab le .  S ign i f i cance o f  contaniinations 
determined by s p e c i f i c  rad ionuc l i de  ana lys is .  

( b )  Calculated as (NO;). 



Each s e c t i o n  o f  t h i s  r e p o r t  t h a t  d e a l s  w i t h - a  major contaminant,  c o n t a i n s  
a map showing 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 r a t i on  zones r a t h e r  than d i s c r e t e  contours  because t h e  d a t a  do no t  
j u s t i f y  the add i t i ona l  d e t a i l .  Some d a t a  from the 200 Areas were used t o  
provide c o n t i n u i t y  i n  the maps al though no da t a  from waste d i sposa l  ope ra t i ons  
and r e s u l t a n t  ground-water contaminat ion i n  the 200 Areas a r e  inc luded  i n  this  

r epo r t .  
- * .  

Appendix A con ta in s  t a b u l a r  a n a l y t i c a l  da t a  f o r  1980 on t h e  average ,  

maximum and minimum concen t r a t i ons  of the primary t r a c e r s  (g ros s  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 da t a  on the average concen t r a t i ons  o f  the p r i -  
mary t r a c e r s  were used t o  gene ra t e  the i s o p l e t h  maps. 

Table  2 shows the number o f  wells sampled, the number of  samples taken ,  
and the number o f  ana lyses  made a s  p a r t  o f  the 1980 ground-water monitor ing 
program f o r  each a r e a  o f  the Hanford S i t e .  The da t a  shown i n  Appendices A 

( t h e  primary t r a c e r s )  and B ( s e l e c t e d  contaminants i n  ground wa te r )  were 
der ived  from a n a l y s i s  o f  t h e s e  samples. The t a b l e  does no t  l i s t  any s p e c i a l  
samples. 

TABLE 2. Numerical Data on the Routine Ground- 
water  Monitoring Program, 1980 

Number of  Number of  Number of  
Area We1 l s Sampled Samples Taken Analyses Made - 



GROSS BETA (Bt)  CONCENTRATION I N  THE UNCONFINED GROUND WATER 

F igu re  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  gross be ta  ( B ~ )  

con tamina t ion  i n  Han fo rd 's  unconf ined ground water .  Appendix A  con ta i ns  t h i s  

p r imary  t r a c e r  da ta  f o r  ground-water samples c o l l e c t e d  d u r i n g  1980. The con- 

f i g u r a t i o n s  o f  t h e  fit plumes a re  s t a t i c  w i t h  t h e  p lume's  genera l  s i z e  con- 

t i n u i n g  t o  recede s l i g h t l y  s i nce  t h e  l a s t  r e p o r t i n g  pe r i od .  The plumes con t i nue  

t o  extend s o u t h e a s t e r l y  f r om  t h e  200-E Area f o r  about 12.5 km. The inc rease  

shown i n  w e l l  699-49-55 d u r i n g  FY-1979 has re tu rned  t o  t h e  low l e v e l  o f  p rev i ous  

years  which i n d i c a t e d  t h a t  t h e  h i ghe r  r e s u l t s  were f rom l a b o r a t o r y  e r r o r  and 

n o t  an ac tua l  i nc rease  i n  concen t ra t i on  o f  con tamina t ion  (F i gu re  4 ) .  

Concent ra t ions i n  t h e  most s o u t h e a s t e r l y  plume con t i nue  t o  be l e s s  than  

1.0 pCi/ma. Concent ra t ions h i ghe r  than  1.0 pCi/ma were noted i n  two smal l  

plumes ad jacen t  t o  t h e  southeast  co rner  o f  t h e  200-W Area. F i g u r e  5  shows 

gross be ta  concen t ra t i ons  a t  w e l l  699-34-42 t h a t  con t i nue  t o  be near  t h e  

d e t e c t i o n  l i m i t  o f  8  X pCilma. The n a t u r e  o f  t h e  concen t ra t i on  h i s t o r y  

i n d i c a t e s  t h a t  t h i s  w e l l  i s  l o ca ted  i n  an area where ground-water f l o w  i s  

min imal ,  o r  t h e  concen t ra t i on  i s  decreas ing as a  r e s u l t  o f  d i l u t i o n .  The 

concen t ra t i on  h i s t o r y  o f  w e l l  699-38-70, shows a  c o n t i n u i n g  supp ly  o f  $t- 

c o n t a i n i n g  ground wate r  w i t h  l i t t l e  d i l u t i o n  moving p a s t  t h i s  s i t e  as r e f l e c t e d  

i n  F i gu re  6. 

Beta a c t i v i t y  shown i n  F i g u r e  6  r e s u l t s  f rom t h e  c y c l i c a l  na tu re  o f  Han- 

f o r d ' s  p l a n t s  as t hey  s t a r t u p  and shutdown t h e i r  opera t ions .  The peak i n  B~ 

concen t ra t i ons  occur red  i n  e a r l y  1971 a t  a  l e v e l  o f  about 1.5 p C i l r n ~ .  Wel l  

699-26-15 ( F i g u r e  7 )  l oca ted  near t h e  extreme eas te rn  edge o f  t h e  gross be ta  

plume where gross b e t a  concen t ra t i ons  a re  expected t o  drop t o  ve r y  near  o r  

below t h e  de tec tab le  l e v e l s  i n  t h e  near f u t u r e .  

Peaks i n  concen t ra t i on  h i s t o r i e s  can be used t o  determine t r a v e l  t imes i n  

t h e  ground-water f l o w  system. However, c o r r e l a t i o n  o f  peaks and d ischarges i s  

sometimes d i f f i c u l t  because d i s p e r s i o n  w i t h i n  t h e  ground-water f l o w  system 

tends t o  coa lesce minor  plumes f r om d i f f e r e n t  r e l e a s e  p o i n t s  and mask t h e  t r u e  

t ime  o f  re lease .  
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I n  add i t ion  t o  the  200 Area plumes, Bt concentrat ion o f  ground water i s  

ev ident  i n  the  100-8, 100-0 and 100-H Areas, a t t r i b u t a b l e  t o  past  operat ions 

a t  Hanford, i n  the 100-N Area from l i q u i d  waste disposal t o  the  1301-N trench; 

and i n  t h e  300 Areas, from t h e  operat ion o f  waste disposal f a c i l i t i e s .  

DEFINITION OF GROSS BETA CONTRIBUTORS 

A program t o  def ine  the  actual  con t r i bu to rs  t o  the  gross beta plume was 

i n i t i a t e d  i n  1976. Well 699-34-42 (F igure  5) was selected f o r  analys is  because 

o f  i t s  p rox im i t y  t o  the  200-East Area plume. I n i t i a l  analyses ind ica ted the  

poss ib le  existence o f  minute concentrat ions o f  h i g h l y  mobi le rad ionuc l  ides. 

I n  an e f fo r t  t o  determine whether gross beta con t r i bu to rs  could be detected 

away from the  major plume, f o u r  we l l s  were selected f o r  comprehensive rad io-  

chemical analysis. Data from these f o u r  wel ls ,  (699-Sll-E12A, 699-24-33, 

699-38-65 and 699-61-62) are shown i n  Table 3. F igures 4-7 i l l u s t r a t e  t h e  

changes i n  concentrat ion o f  gross beta  w i t h  time. 

Add i t iona l  data concerning 6 0 ~ o  and l o 6 ~ u  were obtained dur ing  analy- 

s i s  f o r  "'1; these data are presented i n  a l a t e r  sec t ion  o f  t h i s  repor t .  

The 1 ow l e v e l s  shown f o r  these rad ionuc l  i des were a t ta inab le  on ly  through spe- 

c i a l  a n a l y t i c a l  techniques, and corroborate the  data obtained t o  def ine  the  

gross beta cont r ibu tors .  

The method used f o r  de tec t i ng  these gross beta con t r i bu t i ons  e n t a i l s  

passing a 1 arge volume (1415 l i t e r s )  of t h e  ground-water sample through four  

12-inch diameter f i  berg1 ass f i  1 te rs ,  two 1- inch- th ick ca t i on  exchange r e s i n  

beds, two 1- inch- th ick anion exchange r e s i n  beds and th ree 1/4-inch ac t i va ted  

a1 umi num o x i  de beds. 

Analysis o f  the sample i s  accomplished by count ing d i r e c t l y  from the f i l -  

t e r s  and the  so rp t i on  beds. A duel -co i  n c i  dence NaI (Ta) gamma-ray spectrometer 

and a Ge ( L i )  diode detector  were used t o  measure the  gamma-emitting radionu- 

c l i des .  The f i l t e r s  and sorp t ion  beds are then chemical ly  s t r i pped  and i n d i -  

v idua l  radiochemi c a l  analyses conducted. 



TABLE 3 .  Radionucl ide Concentrat ions and Chemical Forms i n  Hanford Ground Water, 1980 

Wel l  Ao. 

699-E-12 

F i  1 t e r s  

1 s t  A n i o n  Bed 

2nd A n i o n  Bed 

1 s t  C a t i o n  Bed 

2nd C a t i o n  Bed 

699-24-33 

F i  1 t e r s  

1 s t  A n i o n  Bed 

2nd A n i o n  Bed 

1 s t  C a t i o n  Bed 

2nd C a t i o n  Bed 

699-38-65 

F i  1 t e r  

1 s t  A n i o n  Bed 

2nd A n i o n  Bed 

1 s t  Cak ion  Bed 

2nd C a t i o n  Bed 

699-61 -62  

F i  1 t e r s  

1 s t  A n i o n  Bed 

2nd A n i o n  Bed 

1 s t  C a t i o n  Bed 

2nd C a t i o n  Bed 



TRITIUM ( 3 ~ )  CONCENTRATION I N  THE UNCONFINED GROUND WATER 

3 Because t r i t i u m  ( H) en ters  the  ground-water system as p a r t  o f  the  water 

molecule, i t  i s  c a r r i e d  along w i t h  t he  ground-water f l o w  and remains almost 

unaf fected by the  geologic  cond i t i ons  t h a t  a f f e c t  o ther  rad ionuc l ides .  T r i -  

tium, there fo re ,  prov ides t h e  most accurate and ex tens ive  overview o f  ground- 
3 water movement a t  the  Hanford S i t e .  F igu re  8 shows the  d i s t r i b u t i o n  o f  H 

i n  t he  unconf ined aqu i fe r .  Appendix A conta ins data concerning maximum, aver- 

age, and minimum concentrat ions f o r  samples c o l l e c t e d  i n  1980. 

3 The c o n f i g u r a t i o n  o f  the  H plume has changed somewhat i n  the  pas t  year. 
3  Concentrat ions o f  H i n  w e l l  699-40-1, shown i n  F igu re  8, have increased 

which i n d i c a t e s  t h a t  t h e  plume has reached t h e  Columbia R iver .  

T r i t i  urn concentrat ions i n  we1 1 s  w i t h i n  the  plume show d i f f e r e n t  responses 

dependent upon t h e  geohydrology o f  t h e  l o c a l e  being monitored. F igu re  9 shows 

a concentrat ion h i s t o r y  f o r  we l l  699-15-26. The apparent h a l f  l i f e  f o r  3~ 

i n  t h i s  w e l l  i s  about 10 years, s l i g h t l y  l ess  than the  ac tua l  h a l f  l i f e .  Th i s  

r a t e  o f  decay i n d i c a t e s  t h a t  uncontaminated or  a t  1  east  1 ess contami nated water 

i s  reaching t h i s  we l l .  F igu re  10, a graphic  i l l u s t r a t i o n  o f  t h e  concent ra t ion  

h i s t o r y  f o r  we l l  699-32-22 shows essen t i a l  l y  the  same resu l t s ;  however, ground 

water con ta in ing  s l i g h t l y  h igher  concentrat ions o f  3~ i s  i nd i ca ted  by the  

apparent h a l f  l i f e ,  which i s  g rea ter  than 12.3 years. The concent ra t ion  h i s -  

t o r y  o f  3~ i n  we l l  699-26-15 (F igure  11) shows tha t ,  a f t e r  peaking i n  1969, 
3 concentrat ions o f  H dec l ined  and reached an apparent e q u i l i b r i u m  i n  about 

1975. Ground-water f l o w  i n  t h e  v i c i n i t y  o f  t h i s  w e l l  i s  such t h a t  concentra- 

t i  ons are maintained near 1000 pC i lma. 

F igure  12 shows-that  the  t r i t i u m  concent ra t ion  i n  w e l l  699-9-E2 dropped 

through mid-1972, showed a gradual increase u n t i l  1978, and then dec l ined  t o  

. . the  present low l e v e l .  Well 699-2-3 represented by F igu re  13 shows a r i s i n g  

3~ concentrat ion s ince 1968. Al though w e l l s  699-9-E2 and 699-2-3 show d i f -  

- .  
3 f e r e n t  concentrat ions, both are used t o  moni tor  the  southern p o r t i o n  o f  the  H 

plume. Well 699-9-E2 represents an area o f  low h y d r a u l i c  conduc t i v i t y ,  which 

r e t a r d s  the movement o f  ground water, and w e l l  699-2-3 represents an area 

through which ground water moves a t  a  more r a p i d  ra te .  
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The combination of operational e f fec t s  and hydrological events can be seen 
i n  Figure 14, which shows a concentration his tory  f o r  well 699-87-55. The 
graph, with i t s  sinusoidal pattern i l l u s t r a t e s  a dynamic system which combines 
r i ve r  flow, p rec ip i ta t ion ,  reactor operations and geohydrology. This well i s  

located about 1.8 km from N Reactor. 

NITRATE ( N O J )  CONCENTRATION IN THE UNCONFINED GROUND WATER 

Figure 15 shows the concentration and dis t r ibut ion of n i t r a t e  (NOj) in the 

ground water a t  Hanford. Appendix A contains data on the  maximum, minimum and 
average concentrations. Data coll  ected in 1980 indicate 1 i t t l  e areal change 
i n  the n i t r a t e  plume. Zones of elevated n i t r a t e  concentrations pe r s i s t  in t he  
v i c in i t y  of the 200-E, 200-W, 100-D, 100-F, 100-H, 100-K, and 100-N Areas, and 

in the central  portion of the  main ground water plume. 

The concentration h i s to r ies  fo r  wells 199-H3-1 and 199-H4-3 graphically 
represented by Figure 16 and 17 show marked increases in the level of N O j  

concentration. Well 199-H4-3 was d r i l l ed  spec i f ica l ly  t o  monitor a United 
Nuclear Corporation (UNC) so la r  evaporation f ac i l  i t y .  The f a c i l i t y  consis ts  
of a concrete s t ruc ture  previously used as a retention basin fo r  t he  100-H 
Reactor. The basin i s  current ly  used as a concentrator f o r  wastes generated 
by U N C  fuel  fabr icat ion a c t i v i t i e s  in the  300 Area. Wastes placed in the  basin 

normally contain copper, sodi um,  n i t r a t e ,  and sulphate, with small amounts of 
other const i tuents ,  such as chromium. The wastes do not contain radioactive 
materials  other than t race  amounts of uranium. The concentrated wastes even- 
t ua l l y  p rec ip i ta te  out of solution and form a recoverable c rys ta l  1 ine coating 
on the bottom of the so la r  evaporation basin. An unknown quant i ty  of t h i s  
leaked from the  pond through jo in t s  or f rac tures  in the  concrete basin and 
eventually reached the ground water. Mobil iza t ion of the brine was enhanced 

by water from a leaking valve i n  a fresh-water l i ne  servicing the  f a c i l i t y .  

Upon rea l iza t ion  of the problem, correct ive  action was i n i t i a t ed  in 1979 which 
included sealing the  leak in the basin and repairing the leaking valve. 
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A decrease of n i t r a t e  concentration continues i n  well 699-34-42 
(Figure 18) ,  where a cyclical  pattern r e f l ec t s  the  operational history of the 
200-E Area. The very de f in i t e  trend of increasing n i t r a t e  concentration ob- 
served i n  well 699-17-5 (Figure 19) ,  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  a r e  now being observed. Maintenance work on t h i s  well and the i n -  

s t a l l a t i o n  of a sampling pump have eliminated much of the data s ca t t e r .  The 
graph indicates t ha t  the previous rapid increase i n  n i t r a t e  concentration 
a t  t h i s  s i t e  i s  caused by the movement or  expansion of the plume's zone of 
high concentration w i t h i n  the  central  portion, and t h a t  the l a t e r  decline 
in n i t r a t e  concentration i s  caused by the passage of the  main plume from 
the s i t e .  
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ADDITIONAL CONTAMINANTS IN THE GROUND WATER 

Appendix B contains data from the routine analysis of materials other 

than the primary t racers .  These materials include urani urn, gross a1 pha 

emitters, and fluoride ions, a l l  found primarily in the fuel fabrication or 

300 Area. A special analysis was performed for iodine-129 (see next section).  

In addition, water samples from the unconfined aquifer were analyzed and the 

temperature distribution defined. 

SPECIAL ANALYSES FOR IODIlE-129 

During 1979 and 1980, samples were collected from wells for  iodine-129 
129 

( I )  analysis. These wells were selected w i t h  a preference for  those 

dis tant  from a source of contamination so that  the degree and direction of 

movement of th i s  radionuclide could be ascertained. Existing data were com- 

plemented by the additional information. 

Analyses were performed using neutron activation techniques (ASTM 1979). 

This analytical technique allows a detection level of approximately 1 X 

picocuries per l i t e r  (1.7 X of the Concentration Guides). Table 4 

shows the resul ts  of the analyses from 1976 through 1980. 

7 Iodine-129 i s  of in te res t  because of i t s  long half l i f e  (10 years) and 
i t s  mobility in the ground-water environment. Analyses made during 1975- 

1980 verify that  1 2 9 ~  follows the flow paths of the other major contaminants 

and that  i t s  levels of concentration are  reduced by diffusion and dispersion 

within the ground-water flow system. Past studies have shown that  the 

majority of the '*'I i s  contained in the upper portions of the aquifer (Eddy, 

e t  a l . ,  1978). 



TABLE 4. Contamination Results for Selected Wells 

Well No. Date 
i 

March 1980 

September 1980 

A p r i l  1977 

March 1978 

March 1979 

J u l y  1979 

June 1980 

May 1980 

September 1980 

May 1980 

September 1980 

March 1978 

March 1979 

J u l y  1979 

J u l y  1979 

March 1980 

September 1980 

J u l y  1979 

March 1980 

Se~tember 1979 

J u l y  1979 

March 1980 

September 1980 

June 1977 

Apr i  1 1978 

March 1979 

June 1980 

J u l y  1979 

March 1980 

September 1980 

June 1977 

June 1978 

June 1979 

March 1980 

September 1980 

June 1977 

June 1978 

June 1979 . 
March 1980 

September 1980 

June 1977 

June 1978 

June 1979 

March 1980 

September 1980 



RADIOLOGICAL IMPACT 

Ground-water t r a n s p o r t  o f  contaminants w i t h i n  t he  Hanford S i t e  represents 

a  p o t e n t i a l  pathway f o r  exposure t o  r a d i a t i o n  v i a  water obta ined from e i t h e r  

1 )  w e l l s  t h a t  tap  the  unconf ined aqu i fe r ,  o r  2)  t h e  Columbia River ,  i n t o  

which the  unconf ined a q u i f e r  discharges. The f o l l o w i n g  d iscuss ion  examines 

these p o t e n t i a l  pathways. 

GROUND WATER 

Dur ing 1980, d r i n k i n g  water f o r  DOE f a c i l i t i e s  on the  Hanford S i t e  was 

obta ined from the  unconf ined a q u i f e r  a t  t he  Fast  F lux  Tes t  F a c i l i t y  (FFTF). 
3  The d r i n k i n g  water a t  FFTF conta ins  e leva ted  concentrat ions o f  H  from pas t  

e f f l u e n t  d isposal  i n  t he  200 Areas ( r e f e r  t o  F igure  8 ) .  

3  The impact on the  to ta l -body  dose a t t r i b u t a b l e  t o  t h e  H  i n  d r i n k i n g  

water a t  FFTF (average 35,000 pCi/a) i s  c a l c u l a t e d  t o  be 0.5 mrem pe r  annum, 

based on an i n g e s t i o n  r a t e  o f  220 l i t e r s l y e a r  a t  40 hrslweek. The 50-year 
3  dose commitment f rom H  i s  t he  same as the  annual dose because o f  t he  

r e l a t i v e l y  s h o r t  b i o l o g i c a l  ha1 f 1  i f e  o f  t h i s  rad ionuc l  ide .  This  t o t a l -  

body dose i s  g rea te r  than the  amount o f  0.4 mrem repo r ted  l a s t  year .  The 

increase i s  t he  r e s u l t  o f  changes i n  the  ground-water withdrawal p r a c t i c e s  

a t  the FFTF. 

3  The concent ra t ions  o f  H i n  FFTF d r i n k i n g  water  a re  low compared t o  

the gu ide l i nes  i n  DOE Order 5480 and the  c a l c u l a t e d  dose i s  10% o f  the  

Sta te  o f  Washington d r i n k i n g  water standards. 

COLUMBIA RIVER 

Ground water e n t e r i n g  the  Columbia R iver  f rom the  Hanford S i t e  i s  
I 

. . d i l u t e d  by a  f a c t o r  o f  about 1000 because o f  t h e  d i f f e r e n c e  between the 

I r i v e r  and ground-water f l o w  ra tes .  Dur ing 1980, t h e  average Colunibia R i ve r  

f l o w  r a t e  a t  Hanford was repo r ted  by t h e  U.S. Geological  Survey as 102,000 

c f s  (2889 m3/sec). The f l o w  r a t e  from the  unconf ined a q u i f e r  (Myers, 1978) 
3  was c a l c u l a t e d  t o  be about 100 c f s  (2.8 m /sec) . 



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

t i o n  plume shown i n  F i g u r e  8 i n d i c a t e  t h a t  t h e  r a d i o n u c l i d e  would reach  t h e  

r i v e r  a t  a concen t ra t i on  between 30 and 300 pCi/m . F igu re  20 p rov ides  a 

comparison o f  i d e n t i c a l  analyses performed on samples taken upstream and down- 

stream f rom t h e  Hanford S i t e .  The f i g u r e  shows t h a t  t h e r e  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 concen- . . 

3 f 

t r a t i o n s  o f  H. The Colurr~bia R i v e r  t r a n s p o r t s  approx imate ly  26,000 C i / y r  o f  

3~ 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  1.5'' /yr  x -290 pC i /  ) .  

T r i t i u m  d ischarges f rom N Reactor d u r i n g  1980 c o n t r i b u t e d  an a d d i t i o n a l  

88 Ci/yr which i s  t0 .01 o f  t h e  t o t a l  f r om worldwide f a l l o u t ,  (Greager, 1981). 

Th 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  f rom 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 .  

FIGURE 20. Upstream and Downstream Concent ra t ion  
o f  3~ i n  Columbia R i v e r  Water 
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QUALITY CONTROL 

The PNL program f o r  quality control measures was in i t ia ted  in 1974 and 
includes al l  phases of the ground-water monitoring program. The extensive 
ef for t  to  insure that  samples are representative of the unconfined aquifer 
system beneath the s i t e  includes: 1) well maintenance; 2 )  visual and geo- 
physical inspection, and; 3) instal  1 ation of sampling pumps. In addition, 
blind and duplicate samples are analyzed by the PNL Technical Analysis Labora- 

tory. Analysis of ground-water samples by the U.S. Geological Survey has been 
continued. These programs have shown that  data received as part of the routine 

monitoring program are w i t h i n  the analytical l imits of accuracy. The his tor i -  
cal analytical record for each we1 1 further confirms the representativeness of 
the data collected each year. 

In addition to  providing quality assurance, the program with the U.S. 

Geological Survey provides data on the chemistry of Hanford ground water. 

These data, including wet, chemical , and spectrographic analysis, represent 
background information that  i s  useful in assessing trends on the effects  of 
plant operations. The resul ts  of the analyses made in 1980 are shown i n  

Appendix C. These data analyses indicate that  the quality of the ground water 
beneath the Hanford Si te  i s  comparable to  that of other ground waters found in 
eastern Washington. 

A t  the laboratory level the documentation of laboratory instrument cal i -  

brati  ons and a1 1 1 aboratory procedures i s  required. Documentation of f i e l d  
instrument calibration also i s  being implemented. 
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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 
7 

from Various We1 1 s Sampled 
Const i tuents  

A1 umi num 
Antimony 
Arsenic 
Barium 
Be ry l l i um  
Bicarbonate 
Bismuth 
Boron 
Bromide 
Cadnii um 
Calcium 
Carbon D iox ide  
Carbonate 
Ch lo r i de  
Chromium 
Chromium Hexavalent 
Cobal t  
Co lor  
Copper 
Cyanide 
F luo r i de  
Gal l i un i  
Germani um 
Hardness Noncarb 
Hardness To ta l  
I od ide  
I r o n  
I r o n  Ferrous 
Lead 
L i  t h i  um 
Magnesium 
Manganese 
Molybdenum 
Nicke l  
N i t r  NO as i n  N To ta l  
N i t r  NO' as i n  N To ta l  
N i t r  ~0~ as NO 
NO +  if as ~ j ~ o t a l  
p ~ ~ ~ i e l  d3 
Ph Lab 
Pho Ortho To t  as P 
Phosphorus To t  as P 
Phosphorus T o t  PO4 
Potassium 
Residue Calc Sum 
Residue Ton IA f t  
Residue 180C 
S AR 
Selenium 
S i l i c a  
S i  1 ve r  
Sodium + Potassium 
Sodi um 
Sodi um Percent 
Sp Conductance F l d  
Sp Conductance Lab 
S t r o n t i  um 
S u l f a t e  
T i n  
T i  t a n i  um 
T u r b i d i t y  
Vandi um 
Water Temp 
Zinc 
Zirconium 

Un i t s  

ug le  
ug le  
ug le  
u g l  e 
vg le  
mgl e 
ug/e 
ug le  
mgle 
vg le  
mgle 
mg/ a. 
mgl a. 
mgle 
vg le  
v9/ e 
vg le  

ug le  
mgle 
mgle 
ug le  
vg le  
mgl e 
mgl e 
mgl a. 
ug le  
vg le  
vg le  
vg le  
mgl e 
vg le  
ug le  
vg le  
mgl a. 
mgle 
mgle 
mgl e 

ug le  
mgle 
ug le  
ug le  
NTU 
ug le  
C" 
ug le  
ug le  

Cesi um-137- 
Cobal t -60 
Gross-B,O,Cs-137 
Gross-B,O,Sr-90 
Gross Alpha U-Na 
Potassium-40 
S t r o n t i  um-90 
T r i t i u m  



TABLE C. 1 (-continued) 

Consti tuents 

A1 uminum 
A n t i ~ n y  
Arsenic 
Barium 
Bery l l ium 
Bicarbonate 
Bismuth 
Boron 
Bromide 
Cadmi urn 
Calcium 
Carbon Dioxide 
Carbonate 
Chloride 
Chromium 
Chromium Hexavalent 
Cobalt 
Color 
Copper 
Cyanide 
Fluoride 
Gallium 
Germanium 
Hardness Noncarb 
Hardness Total 
Iod ide 
I r o n  
I r o n  Ferrous 
Lead 
L i th ium 
Magnesium 
Manganese 
Molybdenum 
Nickel 
N i t r  NO as i n  N Total 
N i t r  ~0~ as i n  N Total 
N i t r  ~0~ as NO 
NO + NJ as ~ ~ ~ o t a l  
p ~ 2 ~ i e l d 3  
Ph Lab 
Pho Ortho Tot as P 
Phosphorus Tot as P 
Phosphorus Tot PO4 
Potassium 
Residue Calc Sum 
Residue Ton/Aft 
Residue 180C 
SAR 
Selenium 
S i l i c a  
Si 1 ver 
Sodium + Potassium 
Sodium 
Sodi um Percent 
Sp Conductance F ld  
Sp Conductance Lab 
Strontium 
Su l fa te  
T in 
T i  tan i  um 
Turb id i t y  
Vandi um 
Water Temp 
Zinc 
Zirconium 

Uni ts  

ug/e 
u9/e 
US/& 
ug/e 
ug/e 
mgle 
ug/e 
ug/e 
mg/n. 
ug/e 
mgla 
mg/ e 
mg/e 
mgle 

ug/e 
ug/e 

ug/e 
mg/e 
mg/e 
ug/e 
ug/e 
mg/ e 
mg/e 
mgla 
ug/e 
ug/e 
ug/n. 
ug/r 
mg/r 
vg/e 
ug/e 
ug/e 
mg/ e 
mg/e 
mg/e 
mg/r 

mg/e 
mgle 
mg/e 
mg/a 
mg/e 
mg/n. 
mg/e 

ug/e 
mg/e 
vg le 
mg/e 
mg/ e 

ug/e 
mg/e 
ug/e 
ugla 
NTU 
ug/e 
C0 
ug/n 
ug/e 

Cesium-1 37 pCi/e < 1 
Cobal t-60 pCi/e 9 
Gross-B,D.Cs-137 pCi/e 38 
Gross-B,D,Sr-90 pCi/e 38 
Gross Alpha U-Na ug/e <4.6 
Potasium 40 pCi/e 5.0 
Strontium-90 pCi/e <0.4 
T r i t i um pCi/e 700,000 



TABLE C . l  (continued) 

Consti tuents 

A1 uminum 
Ant imny 
Arsenic 
Barium 
Bery 1 1 i urn 
Bicarbonate 
Bismuth 
Boron 
Bromide 
Cadmi urn 
Cal c i  um 
Carbon Dioxide 
Carbonate 
Chloride 
Chromium 
Chromi um Hexavalent 
Cobalt 
Color 
Copper 
Cyanide 
F luor ide 
Gallium 
Germanium 
Hardness Noncarb 
Hardness Total 
Iod ide 
I r o n  
I r o n  Ferrous 
Lead 
L i th ium . 
Magnesi um 
Manganese 
Molybdenum 
Nickel 
N i t r  NO as i n  N Total 
N i t r  NO' as i n  N Total 
N i t r  ~0~ as NO 
NO2 + ~d~ as ~ ~ ~ o t a l  
pH F i e l d  
PH Lab 
Pho Ortho Tot as P 
Phosphorus Tot as P 
Phosphorus Tot  PO4 
Potassium 
Residue Calc Sum 
Residue Ton/Aft 
Residue 180C 
S AR 
Sel eni um 
S i l i c a  
Si 1 ver 
Sodillm + Potassium 
Sodi um 
Sodium Percent 
Sp Conductance F l d  
Sp Conductance Lab 
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