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SUMMARY 

Thi s  i s  t h e  t h i r d  q u a r t e r l y  p rog res s  r 'eport  of water  chemistry a t  

commercially operated low-level r a d i o a c t i v e  waste d i s p o s a l  sites. The 

program i s  a j o i n t  i n v e s t i g a t i o n  undertaken by t h e  United S t a t e s  Nuclear 

Regulatory Commission and t h e  Unfted S t a t e s  Geological  Survey a s  p a r t  of 

a comprehensive p l an  t o  s tudy  t h e  hydrogeologica l  and geochemical behavior 

of e x i s t i n g  commercially operated low-level r a d i o a c t i v e  waste d i s p o s a l  

sites. 

Procedures were developed f o r  c o l l e c t i n g  and f i l t e r i n g  - t r e n c h  water  

samples under anox2c cond i t i ons ,  These procedures prevent  t h e  formation 

o f . t h e  unde.s i rable  brown f e r r i c  hydroxide pzec3p i t a t e  t h a t  gene ra l ly  i s  . .. , 

encountered when t rench  water is  exposed t o  a i r " a f t e r  removal from t h e  

ground. 

- iv -  



I. BACKGROUND 

The d i s p o s a l  of low-level r a d i o a c t i v e  wastes  a t  commercially opera ted  

d i s p o s a l  sites began i n  1962 a t  Beat ty,  Nevada. Since t h a t  t ime,  t h e  in-  

d u s t r y . h a s  expanded t o  inc lude  t h r e e  p r i v a t e  companies ope ra t ing  s i x  s i t e s .  

The sites are loca t ed  i n  Maxey F l a t s  (Morehead), Kentucky; Beat ty,  Nevada; 

S h e f f i e l d ,  I l l i n o i s ;  Barnwell, South Carol ina;  West Valley,  New York; and 

Richland, Washington. The t h r e e  companies ope ra t ing  t h e s e  sites a r e  t h e  

Nuclear Engineering Company ( I l l i n o i s ,  Kentucky, Nevada, and Washington), 

Chem Nuclear Systems (South Caro l ina ) ,  and Nuclear Fuel  Se rv i ces  (New York). 

Although t h e s e  f a c i l i t i e s  a r e  managed by p r i v a t e  i ndus t ry ,  they  a r e  l oca t ed  

on Federa l  o r  S t a t e  owned land .  I n  gene ra l ,  t h e  d i s p o s a l  s i t e s  a r e  r egu la t ed  

by t h e  s t a t e  i n  which they  a r e  l oca t ed ,  a c c o r d i n g . t o  p rov i s ions  of t h e  

agreements between t h e  ind iv idua l  s t a t e s  a n d ' t h e  United S t a t e s  Nuclear 

Regulatory Commission (NRC). The one except ion  i s  t h e  s i t e  l oca t ed  i n  

S h e f f i e l d ,  I l l i n o i s ,  which i s  regula ted  by boch t h e  S t a t e  of I l l i n o i s  and 

t h e  NRC . 
The d i s p o s a l  s i t e s  a r e  l oca t ed  i n  remote a r e a s  of s p a r s e  popula t ion  

s e l e c t e d  f o r  t h e i r  hydrogeological  environment and were considered s u i t a b l e  

a t  t h e  time of s e l e c t i o n  f o r  t h e  purpose of shal low land b u r i a l  of low- 

l e v e l  r a d i o a c t i v e  wastes .  I n  a d d i t i o n ,  , these '  l o c a t i o n s  a r e  i n  p r o x i m i t y . t o  

c e n t e r s  of nuc lea r  i ndus t ry  t o  minimize long d i s t a n c e  t r a n s p o r t a t i o n  of 

P r o j e c t i o n s  have been made of t h e  a v a i l a b l e  capac i ty  of t h e  commercial 

s i t e s  and t h e  r e s u l t s  i n d i c a t e  that t h e  c u r r e n t  b u r i a l  capac i ty  of a l l  s i x  

e x i s t i n g  sites may be exceeded by 1998 when e x i s t i n g  s i t e s  may have t o  be 

c losed  o r  enlarged o r  new s i t e s  w i l l  have t o  be  e s t a b l i s h e d .  (2) 

Recently,  ques t ions ' have  been r a i s e d  regard ing  t h e  adequacy of t h e s e  

d i sposa l  sites. (3' 4 ,  With t h e  inc reas ing  growth of t h e  nuc lear  energy in-  

dus t ry ,  important cons ide ra t ions  must be given t o  t he  s e l e c t i o n  of any new 

' .. s i t e s  f o r  d i sposa l ,  of r a d i o a c t i v e  wastes .  



The United States Geological Survey (USGS) funded by the United States 

Congress and with concurrence of the individual state is conducting hydro- 

geological and geochemical investigations at all commercially operated 

low-level radioactive waste disposal sites except Richland, Washington. 

The United States Nuclear Regulatory Commission (NRC) has the respon- 

sibility for establishing criteria 'for selection and operation. of low-level 

radioactive waste disposal sites. 

In support of USGS investigations, NRC funds Brookhaven National 

Laboratory (BNL) to perform analyses for USGS of natural waters and of waste 

leachate that have accumulated in waste trenches at the disposal sites. 



11. SCOPE 

The low-level r a d i o a c t i v e  waste d i s p o s a l  sites i n  u s e  today throughout 

t h e  United S t a t e s  a r e  l oca t ed  i n  d i f g e r e n t  hydrogeological  envirqnments. 

U n t i l  t h e  v a r i o u s  phys i ca l  and geochemical processes  governing t r a n s p o r t  

a r e  understood, t h e  cont inued monitor ing of t h e s e  sites t o  d e t e c t  movement, 

i f  any, of r ad ioduc l ides  from t h e  d i s p o s a l  t renches  i s  needed; 

One of t h e  goa l s  of t h e  USGS program is t o  c o l l e c t  hydrogeological  

and geochemical d a t a  a t  each s i te  and t o  c o r r e l a t e  t h e s e  d a t a  w i t h  t h e o r e t i c a l  

and 1 a b o r a t o r y . r e s u l t s  t o  develop a t r a n s p o r t  model f o r  each d i s p o s a l  s i t e . -  . 

The u l t i m a t e  goa l  is' t o  e s t a b l i s h  c r i t e r i a  f o r  s e l e c t i o n ,  ope ra t ion ,  and 

monitoring of low-level r a d i o a c t i v e  was t e .d i sposa1  s i t e s .  

I n  support  of t h e  USGS program, samples of m a t e r i a l s  from t h e  d i s p o s a l  

s i t e s  w i l l  be  taken a t  s e l e c t e d  i n t e r v a l s  and t h e  a n a l y s i s  of t h e  chemical 

and r a d i o a c t i v e  s p e c i e s  w i l l  be  performed a t  Brookhaven National  Laboratory. 

Methods f o r  c o l l e c t i n g  and analyzing samples from each  of t h e  b u r i a l  sites 

w i l l  b e  developed.. The s tudy  w i l l  . i nc lude  t h e  measurement of inorganic ,  

o rganic ,  and r a d i o a c t i v e  c o n s t i t u e n t s  i n ' w a t e r  samples. 

S o i l  col- tests w i l l  be  performed i n  t h e  l abo ra to ry  t o  s imu la t e  

t h e  hydrogeological'conditions a t  each of t h e  d i s p o s a l  s i t e s  and t o  measure 

t h e  va lues  of a number of f a c t o r s  involved i n  t h e  migra t ion  r a t e s  of t h e  

v a r i o u s  wastes.  



111. INTRODUCTION 

The procedures  t h a t  were used t o  c o l l e c t  water  samples from t r enches  

and w e l l s  a t  t h e  Maxey Fla t s , 'Kentucky,  low-level r a d i o a c t i v e  waste  d i s p o s a l  

s i te  i n  A p r i l  1976 were descr ibed  i n  a prev ious  q u a r t e r l y  p rog res s  r e p o r t .  (5) 

~ r e n c h . w a t e r  samples w e r e  obtained by lowering p l a s t i c  tubing i n t o  an  

e s t a b l i s h e d  riser pipe. i n  t h e  t r ench  and l i f t i n g  t h e  water w i t h  a p e r i s t a l t i c  

pump. It was observed t h a t  t h e  t r ench  water  samples changed t h e i r  phys i ca l  

appearance a f t e r  removal from t h e  ground. Upon s tanding  they  became cloudy 

wi th  t h e  formation of a brown f e r r i c  hydroxide p r e c i p i t a t e .  The p r e c i p i t a t e  

contained m a t e r i a l  that was o r i g f n a l l y  d i s so lved  i n  t h e  w a t e r b e f o r e  i t s  

removal f r o m . t h e  t rench .  It is be l ieved  that t h e  observed p r e c i p i t a t i o n  

i s  caused by a r e a c t i o n  of t h e  water sample wi th  a i r .  Measured va lues  

of Eh and t h e  r a t i o  of f e r r o u s  t o  f e r r i c  i r o n  of s i m i l a r  t rench  water  

samples from t h e  West Val ley,  New York, low-level r a d i o a c t i v e  waste  

d i sposa l  s i te  i n d i c a t e  t h a t  a reducing environment e x i s t s  i n  t h e  t r enches  

which f avor s  t h e  f e r r o u s  s t a t e  of i r o n .  ( 6 )  Ferrous hydroxide which i s  

. more s o l u b l e  than f e r r i c  hydroxide i s  probably oxid ized  t o  t h e  l a t t e r  
-16 

when exposed t o  a i r .  (Ksp Fe(OH)* = 8x10 Fe(OH)3 = 4x10 -38) (7) 
KSp 

Some d isso lved  r ad ionuc l ides  could have been l o s t  from t h e  aqueous p a r t  
. . 

of t h e  sample by adso rp t ion  onto th is  p r e c i p i t a t e .  It was deemed 

necessary  t o  develop a technique t o  c o l l e c t  samples under anoxic condi t ions .  



Procedures were developed t o  prevent  t h e  undesirable.precipitation t h a t  

u s u a l l y  occurs  when c o l l e c t i n g  and f i l t e r i n g  t r ench  water  samples. Pre- 

cau t ions  were taken t o  prevent  a i r  from coming i n  c o n t a c t  w i t h  t h e  water  

samples during t h e  c o l l e c t i o n  and f i l t r a t i o n  opera t ions .  These procedures  

were used i n  c o l l e c t i n g  t r ench  water samples a t  t h e  Maxey F l a t s  waste d i s -  

posa l  s i te  i n  September 1976 and a r e  descr ibed below. 

A. Sampling B o t t l e  

A con ta ine r  was designed f o r  c o l l e c t i n g  and s t o r i n g  t r e n c h  water  

samples i n  t h e  absence of a i r  (Figure 1 ) .  A one g a l l o n  b o r o s i l i c a t e  g l a s s  

b o t t l e  was modified by a t t a c h i n g  s topcock va lves  t o  i n l e t  and o u t l e t  p o r t s .  

The va lves  a r e  h igh  vacuum type  wi th  t e f l o n  stems and o-rings f o r  gas- 

t i g h t  s ea l ing .  

B. Co l l ec t ion  Procedure 

F igure  2 i s . a  schematic diagram of t h e  appa ra tus  used t o  o b t a i n  t h e  

samples. The system c o n s i s t s  of p l a s t i c '  tubing,  p e r i s t a l t i c  pump, i n e r t  

gas  cy l inde r  wi th  a p re s su re  r e g u l a t i o n  va lve ,  sample b o t t l e s ,  by-pass 

v a l v e  CV-52, ai r  b a r r i e r  c o i l s ,  and waste  tank.  F igure  3 shows t h e  a c t u a l  

components as used i n  c o l l e c t i n g  samples a t  Maxey F l a t s .  

A few l i t e r s  of t r ench  water  were i n i t i a l l y  d i v e r t e d  t o  a waste tank  

t o  purge t h e  a i r  t rapped i n  t h e  l i n e s .  The c o l l e c t i o n  b o t t l e s  which had 

previous ly  been f i l l e d  w i t h  argon were then f lushed  wi th  approximately 

f i v e  g a l l o n s  of t r e n c h  water  be fo re  c o l l e c t i n g  t h e  sample. Larger quan- 

t i t i e s  of sample may be obtained by connect ing a d d i t i o n a l  c o l l e c t i o n  b o t t l e s  

i n  s e r i e s  as shown i n  F igure  4.  Argon was used t o  d i s p l a c e  some sample 

from t h e  top  of t h e  b o t t l e  t o  avoid breaking t h e  b o t t l e  as a r e s u l t  of an  

a c c i d e n t a l  temperature i nc rease .  

The a i r  b a r r i e r  c o i l s  shown i n  F igures  2 and 4, a r e  obta ined  by 

c o i l i n g  t h e  waste  l i n e s  s e v e r a l  t imes. The water t rapped i n  t h e  c o i l s  

a f t e r  t h e  pump is turned o f f  a c t s  as a b a r r i e r  a g a i n s t  a i r  e n t e r i n g  t h e  

system and' a t  t h e  same .time permi ts  t h e  system t o  r e m a i n ' a t  atmospheric 
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Tigure 3.  Portable Unit tfsed for P u ~ p i n g  Water from TrencZres st Maxey Fl~ta. 



Figure 4 .  Calleerion Bottles Cannccred i n  Series for Sampling Trench Hater. 



pressure. 

The combination valve in  Figure 5 combines t h e  functions of V-3, V-4, 

and V-5 as shown i n  Figure 2. T h i s  valve uses two high vacuum stopcocks 

of t he  type used on the co l lec t ion  bo t t l e .  The stopcock on t he  l e f t  

shown i n  t he  open posi t ion i l l u s t r a t e s  t he  non-restr ict ive flow design 

which i s  necessary t o  allow the  passage of pa r t i cu l a t e  material  while 

purging t he  system. The stopcock on the r i g h t  shown i n  t he  closed posj t ion,  

i l l u s t r a t e s  the seal ing act ion of t h e  o-rings against  t h e  glass .  Valve 

V-5 is controlled by a hose clamp on tubing connected t o  the  g l a s s  t e e  of 

t h e  combination valve. 

The de ta i l ed  procedure f o r  co l lec t ing  water samples is described as 

follows : 

1. Valves V-1. V-2, and V-3 are closed 

2. Valves V-4 and V-5 a r e  open 

3. Turn on pump 

4. When the  l i n e s  a r e  purged open V-2 

. Open V-1 

6. Close V-5 

7. When su f f i c i en t  water i s  purged through t h e  co l lec t ion  b o t t l e  

open V-5 

8. Close V-1 

9. Turn off pump 

10. Close V-5 

11. Open V-1 

12. Open V-3 t o  introduce argon i n to  t he  top of the  sample b o t t l e  

. Close V-3 

14. Close V-1 

15. Close V-2 

Inmediately a f t e r  co l lec t ing  a sample, t he  b o t t l e  is sealed i n  a p l a s t i c  

bag, placed i n  an insulated cooler, and maintained at d o c  with i c e  u n t i l  

the  sample is  f i l t e r e d .  





C..  F i l t r a t i o n  Procedure 

The procedure f o r  f i l t e r i n g  t r ench  water samples descr ibed  i n  a pre- 

v ious  r e p o r t  (5) was modified t o  exclude a i r  from t h e  system dur ing  t h e  

f i l t r a t i o n .  F igure  6 i s  a schematic diagram of t h e  appa ra tus  used i n  t h e  

f i l t r a t i o n  procedure. The system c o n s i s t s  of t h e  sample b o t t l e ,  a f i l t r a -  

t i o n  v e s s e l  conta in ing  a 0.45 micron f i l t e r ,  a by-pass va lve  (V-3), two n i t rogen  

c y l i n d e r s  w i t h  p r e s su re  r e g u l a t i o n  va lves ,  an  a i r  b a r r i e r  v e n t ,  and l abo ra to ry  

grade p l a s t i c  tub ing  which connects  a l l  system components. It has  been 

shown t h a t  l a b o r a t o r y  grade  tygon tubing,  R3603 i s  one of t h e  l e a s t  con- 

taminat ing f l e x i b l e  tub ing  a v a i l a b l e .  
(8) 

The contamination of concern i s  

organic  m a t e r i a l ,  e.g., p l a s t i c i z e r s ,  that may be r e l ea sed  by t h e  tubing.  

Af t e r  purging t h e  a i r  from t h e  f i l t r a t i o n  system wi th  n i t rogen ,  t r ench  

water sample is t r a n s f e r r e d  from the  sample b o t t l e  t o  t h e  f i l t r a t i o n  v e s s e l  

w i t h  n i t r o g e n  a t  3 p s i .  The sample i s  f i l t e r e d  by applying p re s su re  up t o  

30 p s i .  

The d e t a i l e d  pr0cedur.e f o r  f i l t e r i n g  t h e  water  samples i s  descr ibed  

below. F igure  7 shows t h e  a c t u a l  f i l t r a t i o n  equipment w i t h  l a b e l s  

corresponding t o  t h e  components i n  t h e  schematic diagram of F igure  6. 

A.  Tnit  i a l  Conditions 

1. Valves V-3, V-5, V-7 a r e  open 

2. Valves V-1, V-2, V-4, V-6, V-8 a r e  c losed  

3. F i l t r a t i o n  v e s s e l  i s  f i l l e d  w i t h  d i s t i l l e d  water ;  top  of v e s s e l  

disconnected 

4. Ou t l e t  stem of f i l t r a t i o n  v e s s e l  i s  plugged 

B. Purging of l i n e s  

5. Open V-4 a t  n i t rogen  tank ,  N p re s su re  a t  3 p s i  2 
6. Close V-5 

7 .  Open V-6 slowly, N p r e s s u r e . a t  30 p s i  2 
8.  Open V-8 

9. Attach top  of f i l t r a t i o n  v e s s e l  

10. Remove plug from o u t l e t  stem of f i l t r a t i o n  v e s s e l  



Figure  6 
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B+gure 7. LaEMrarary Filtration of Trench Water Salnples, 



11. Close V-7 

12. Af t e r  t h e  water  i n  t h e  f i l t r a t i o n v e s s e l  i s  d i sp l aced  by N 
2 ' 

c l o s e  V-6 

13. Open V-7 t o  reduce t h e  p re s su re  i n  f i l t r a t i o n  v e s s e l  t o  

s l i g h t l y  above atmospheric p re s su re  

14. Close V-7 

Transfer  of sample t o  f i l t r a t i o n  v e s s e l  

15.  Close V-3 

16. Open V-2 

17.  Open V-1 

18. Open V-5 

19.  When t h e  t r a n s f e r  au toma t i ca l ly  s tops ;  c l o s e  V-5 

20. Open V-6 slowly t o  i n i t i a t e  f i l t r a t i o n  

D. R e f i l l i n g  f i l t r a t i o n  v e s s e l  

21. Close V-6 

22. Open 'V-7 (.see s t e p  13) 

23. Close V-7 

24. Repeat s t e p s  18-23 

E. I f  f i l t e r  change i s  requi red  

25. Open V-7 

'26;  Close V-8 

27. Disassemble u n i t ,  r e p l a c e  f i l t e r  

28. Repeat procedure from s t e p  3 

More than  one f i l t e r i n g  v e s s e l  may be used s imultaneously i n  t h i s  

system. Each v e s s e l  r e q u i r e s  a hose clamp t o  perform the  func t ion  of V-8. 

This  procedure may be  used w i t h  e i t h e r  t h e  p l a s t i c  o r  s t a i n l e s s  s t e e l  

f i l t e r i n g  u n i t s .  The p l a s t i c  u n i t  is  used f o r  t h e  inorganic  and radio-  

chemical samples and t h e  s t a i n l e s s  s t e e l  u n i t  i s  used f o r  t h e  organic  

samples. (5) During t h e  f i l t r a t i o n  of the'  o rganic  samples bo th  t h e  sample 

and t h e  f i l t r a t e  c o l l e c t i o n  b o t t l e s  are kept  on i c e .  



The t r e n c h  water samples c o l l e c t e d  and f i l t e r e d  by t h e  procedures  

descr ibed  above d i d  no t  form any brown p r e c i p i t a t e  up t o  the time they  

were f i l t e r e d  (approximately two t o  t h r e e  weeks a f t e r  c o l l e c t i o n ) .  I n  

some in s t ances ,  where only  p a r t  of the sample was f i l t e r e d ,  t h e  t r e n c h  

water remaining i n  t h e  b o t t l e  under n i t r o g e n  and s to red  i n  a r e f r i g e r a t o r  

d id  n o t  form any v i s i b l e  brown p r e c i p i t a t e  f i v e  months a f t e r  c o l l e c t i o n .  
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