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EXECUTIVE SUMMARY 

Lys ime te rs  have been b u i l t  and used a t  t h e  Hanford  S i t e  f o r  a  v a r i e t y  o f  

reasons, i n c l  ud ing  t h e  assessment o f  recharge (d ra inage)  r a t e s ,  b i o i n t r u s i o n  

s t u d i e s ,  t h e  development o f  sha l l ow- land  b u r i a l  m o n i t o r i n g  and measurement 

methods, r a d i o n u c l  i d e  t r a n s p o r t  s t u d i e s ,  evapo t ransp i  r a t i o n  s t u d i e s ,  and f i e 1  d- 

s c a l e  waste- form l e a c h i n g  t e s t s .  A  common f e a t u r e  o f  l y s i m e t e r s  i s  t h a t  t h e y  

p r o v i d e  a  way e i t h e r  t o  d i r e c t l y  measure o r  t o  e s t i m a t e  wa te r  ba lance param- 

e t e r s  such as s o i l - w a t e r  s t o r a g e  changes, e v a p o t r a n s p i r a t i o n ,  and d ra inage  f o r  

a  g i v e n  s i t e .  The number o f  wa te r  ba lance  parameters and t h e  p r e c i s i o n  w i t h  

wh ich  t h e y  can be measured v a r y  depending on t h e  des ign  f e a t u r e s  o f  t h e  l y s i m -  

e t e r .  I n  t h i s  r e p o r t  we d e s c r i b e  key d e s i g n  f e a t u r e s  o f  t h e  s i x  m a j o r  l y s i m -  

e t e r s  f a c i l i t i e s  a t  Hanfard  and t h e  t ypes  o f  d a t a  a v a i l a b l e  f rom them. We a l s o  

address t h e  d e f i c i e n c i e s  o f  t h e  p resen t  f a c i l i t i e s  f o r  adequate ly  d e t e r m i n i n g  

recharge r a t e s  and propose a d d i t i o n a l  f a c i l i t i e s  t o  e v a l u a t e  p r o t e c t i v e  b a r r i e r  

systems and a r i  d-1 and wa te r  dynamics. 

Weighing l y s i m e t e r s  i n  t h e  300 Area and a t  t h e  A r i d  Lands Ecology Reserve 

have p r o v i d e d  t h e  o n l y  e v a p o t r a n s p i r a t i o n  d a t a  a v a i l a b l e  on t h e  Hanford S i t e .  

No d i r e c t  measurement o f  e i t h e r  recharge o r  e v a p o t r a n s p i r a t i o n  has been made a t  

any o f  t h e  waste s i t e s  a t  Hanford. A d d i t i o n a l  o n s i t e  measurements, made u s i n g  

e i t h e r  we igh ing l y s i m e t e r s  o r  nonweighing l y s i m e t e r s  equipped w i t h  d ra inage  

c o l l e c t i o n  dev i ces  a r e  needed. Only t h e n  can t h e  ques t i ons  r e g a r d i n g  recharge  

a t  Hanford be p r o p e r l y  addressed. 

Proposed l y s i m e t e r  s t u d i e s  f o r  e v a l u a t i n g  t h e  p r o t e c t i v e  b a r r i e r  systems 

f o r  t h e  Hanford Waste Management Technology Program and f o r  e v a l u a t i n g  a r i d -  

1 and wa te r  dynamics f o r  t h e  A r i d  Lands Ecology program w i l l  supplement t h e  

p r e s e n t  d a t a  base on wa te r  ba lance  parameters a t  Hanford. I n  a d d i t i o n ,  main- 

t a i n i n g  t h e  p resen t  l y s i m e t e r  f a c i l i t i e s  i n  t h e  200 and 300 Areas w i l l  p r o v i d e  

a  needed c o n t i n u i t y  o f  r e c o r d  f o r  l ong - te rm p r e d i c t i v e  model ing .  

F i  na l  l y  , a d d i t i o n a l  s t u d i e s  needed t o  r e s o l  ve recharge ques t ions  i n c l  ude 

i n  s i t u  h y d r a u l i c  c o n d u c t i v i t y  t e s t i n g ,  m ic rometeo ro log i ca l  measurements o f  

e v a p o t r a n s p i r a t i o n ,  and t r a c e r  s t u d i e s  o f  t r a v e l  t i m e  i n  t h e  unsa tu ra ted  zone 

o f  l a y e r e d  s o i l s .  These s t u d i e s  a r e  p r e s e n t l y  b e i n g  planned. 
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INTRODUCTION 

Pac i  f i  c  Northwest  L a b o r a t o r y  (PNL) i n i t i a t e d  t h e  program " S i t e  Performance 

Assessment f o r  t h e  Disposal  o f  Hanford Defense Waste" i n  f i s c a l  y e a r  1985. The 

program i s  p a r t  o f  t h e  o v e r a l l  Hanford  Waste Management Technology P lan  (U.S. 

Department o f  Energy 1984). The o b j e c t i v e s  o f  t h e  performance assessment p r o -  

gram a r e  t h r e e f o l d :  

t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  v a r i o u s  d i s p o s a l  o p t i o n s  i n  p r o t e c t -  

i n g  p r e s e n t  and f u t u r e  humans and t h e i r  environment f rom Hanford 

defense waste 

t o  deve lop and m a i n t a i n  t h e  a n a l y t i c a l  techn iques,  models, and d a t a  

bases necessary t o  assess p o s t u l a t e d  d i s p o s a l  a c t i o n s  on a  systems 

performance b a s i s  

t o  p r o v i d e  a  t e c h n i c a l  b a s i s  f o r  d e c i s i o n s  concern ing  s i t e  s e l e c t i o n ,  

conceptua l  systems des ign,  system t r a d e o f f  s t u d i e s ,  development o f  

c r i t e r i a  and s tandards ,  and research  and development p r i o r i t i e s .  

The program, t o  da te ,  has focused on t h e  h y d r o l o g i c  consequences r e l a t e d  t o  i n -  

p l a c e  waste d i s p o s a l  a t  Hanford. 

One t a s k  i n  t h e  program i s  d i r e c t e d  toward deve lop ing  an u n s a t u r a t e d - f l  ow 

mode l i ng  c a p a b i l i t y  and enhancing t h e  d a t a  base o f  unsa tu ra ted  (vadose-zone) 

wa te r  f l o w  and t r a n s p o r t .  As p a r t  o f  t h i s  t a s k ,  a  rev iew  o f  u n s a t u r a t e d - f l o w  

s t u d i e s  a t  Hanford was p u b l i s h e d  (Gee and H e l l e r  1985) .  The r e v i e w  covered t h e  

s t a t u s  o f  a  v a r i e t y  o f  vadose-zone wa te r  ba lance s t u d i e s ,  i n c l u d i n g  f i e l d  

measurements and model s i m u l a t i o n s  o f  such d i v e r s e  processes as e v a p o t r a n s p i r a -  

t i o n ,  recharge (d ra inage) ,  and non iso thermal  f l ow .  These s t u d i e s  have come t o  

d i f f e r e n t  c o n c l u s i o n s  about  t h e  q u a n t i t i e s  o f  recharge t h a t  m i g h t  be p resen t  a t  

Hanford. S ince  t h e r e  a r e  such s t r i k i n g  d i f f e r e n c e s  i n  recharge es t ima tes  f rom 

l y s i m e t e r s ,  PNL was asked t o  p repare  a  document e x p l a i n i n g  t h e  l i k e l y  causes 

f o r  t h e s e  d i f f e r e n c e s  as w e l l  as o u t l i n i n g  t h e  use o f  l y s i m e t r y  and t h e  p resen t  

s t a t u s  o f  and f u t u r e  needs f o r  l y s i m e t e r s  a t  Hanford. 



The i n t e n t  o f  t h i s  r e p o r t  i s  t o  summarize t h e  h i s t o r y  and c u r r e n t  s t a t u s  

o f  l y s i m e t e r  f a c i l i t i e s  a t  Hanford. The r e p o r t  i s  d i v i d e d  i n t o  t h r e e  sec- 

t i o n s .  The f i r s t  s e c t i o n  p r o v i d e s  some i n t r o d u c t o r y  comments on l y s i m e t e r  

d e s i g n  and t h e  a p p l i c a t i o n  o f  l y s i m e t r y  t o  w a t e r  ba lance and s o l u t e  t r a n s p o r t  

s t u d i e s .  The second s e c t i o n  d e s c r i b e s  t h e  p resen t  l y s i m e t e r  f a c i l  i t i e s  a t  

Hanford and t h e  t y p e  o f  d a t a  genera ted f rom them. The f i n a l  s e c t i o n  d e t a i l  s  

f u t u r e  needs by  d e s c r i b i n g  proposed l y s i m e t e r  f a c i l i t i e s  and making recommenda- 

t i o n s  f o r  a d d i t i o n a l  wa te r  ba lance s t u d i e s  a t  Hanford. 



LYSIMETER PRINCIPLES 

Lys ime te rs  a r e  commonly used i n  h y d r o l o g i c  research  t o  q u a n t i f y  t h e  amount 

o f  wa te r  t h a t  i s  s t o r e d  i n  o r  l o s t  f rom a  volume o f  s o i  1  (Howel 1  1957; Marshal 1  

and Holmes 1979; Hi 1  l e l  1982). I n  i t s  s i m p l e s t  form, a  l y s i m e t e r  i s  a  con- 

t a i n e r  o f  s o i l  t h a t  has been b u r i e d  f l u s h  w i t h  t h e  ground sur face.  Lys ime te rs  

can range i n  s i z e  f rom smal l  s o i l - f i l l e d  cans, a  few c e n t i m e t e r s  i n  d iamete r  

and a  few c e n t i m e t e r s  deep (Boast  and Robertson 1982),  t o  l a r g e  ca issons t h a t  

a r e  seve ra l  meters  w ide and t e n s  o f  meters  deep (Hsieh,  Brownel l  and Reisenauer 

1973). 

Lys i rneters  can be s i m p l y  designed w i t h  l i t t l e  o r  no p e r i p h e r a l  ins t rumen-  

t a t i o n  (Hinds 1973), o r  t h e y  can b e  des igned w i t h  e x t e n s i v e  m o n i t o r i n g  f e a -  

t u r e s ,  i n c l u d i n g  dev i ces  f o r  m o n i t o r i n g  s o i l  temperature ,  s o i l  wa te r  c o n t e n t  

and m a t r i c  p o t e n t i a l ,  and l o c a l  m e t e o r o l o g i c a l  c o n d i t i o n s ,  and dev i ces  f o r  

e x t r a c t i n g  samples o f  s o i l  wa te r  f o r  chemical  a n a l y s i s  ( P h i l  1  i p s  e t  a l .  1979). 

The s i z e ,  t ype ,  and degree o f  i n s t r u m e n t  c o m p l e x i t y  o f  a  l y s i m e t e r  depend on 

t h e  p a r t i c u l a r  a p p l i c a t i o n  f o r  which i t  was designed. 

Recent r e p o r t s  on unsatura ted-zone m o n i t o r i n g  have r e f e r r e d  t o  c e r t a i n  

sampl ing  dev ices ,  used t o  remove p o r e  wa te r  f rom p a r t i a l l y  s a t u r a t e d  s o i l s ,  as 

" l y s i r n e t e r s "  (U.S. Environmental  P r o t e c t i o n  Agency 1982; Mor r i son  1983; 

M o r r i s o n  and Szecsody 1985). These dev i ces  a r e  n o t  c o n t a i n e r s  o f  s o i l  b u t  a r e  

porous cups i n s e r t e d  a t  dep th  i n  t h e  s o i l .  The cups a r e  made o f  ceramic,  

s t a i n l e s s  s t e e l ,  o r  Tef lon@, and a r e  connected t o  a  vacuum system i n  o r d e r  t o  

c o l l e c t  a  s o l u t i o n  sample o f  p o r e  wa te r  f rom unsa tu ra ted  s o i l .  The samplers 

a r e  a1 so r e f e r r e d  t o  as s u c t i o n  l ys i rne te rs ,  s u c t i o n  candles,  o r  pore-water  

samplers. I n  t h i s  r e p o r t  we w i l l  be  u s i n g  t h e  t e r m  l y s i m e t e r  s o l e l y  t o  mean a  

c o n t a i n e r  o f  s o i l .  However, l y s i m e t e r s  o f t e n  w i l l  have s u c t i o n  cand les  i n  them 

as p a r t  o f  t h e  i n s t r u m e n t a t i o n  package. 

The d e s i g n  f e a t u r e s  o f  l y s i m e t e r s  a l l o w  them t o  be used t o  v a r y i n g  degrees 

f o r  wa te r  ba lance s t u d i e s .  The wa te r  ba lance  o f  a  l y s i m e t e r  can be w r i t t e n  as  

@ Te f l on  i s  a  t rademark o f  E. I. du Pont de Nemours Company, Wi lmington,  
Del aware. 



where P i s  p r e c i p i t a t i o n ,  AS i s  w a t e r  s t o r a g e  change, ET i s  e v a p o t r a n s p i r a t i o n ,  

D i s  d ra inage ,  and R i s  r u n o f f  ( o r  runon).  I n  t h e  absence o f  r u n o f f ,  t h e  wa te r  

ba lance  r e l a t e s  t h e  p r e c i p i t a t i o n  d i r e c t l y  t o  t h e  sum o f  t h e  wa te r  s t o r a g e  

changes p l u s  e v a p o t r a n s p i r a t i o n  and dra inage.  A t  t h e  Hanford  S i t e  t h e  w a t e r  

ba lance  components (P, AS, ET, and D) can v a r y  marked ly  w i t h  t i m e  ( F i g u r e  1). 

I n  t h e o r y ,  w a t e r  ba lance  c a l c u l a t i o n s  a r e  one way t o  check how we1 1 we can 

account  f o r  t h e  wa te r  t r a n s p o r t  and d i s t r i b u t i o n  a t  a  s i t e .  I f ,  f o r  example, 

t h e  wa te r  ba lance  c a l c u l a t i o n s  cannot  account  f o r  t h e  amount o f  d r a i n a g e  inde-  

penden t l y  observed a t  a  g i v e n  s i t e ,  t h e n  we know t h a t  we a r e  e i t h e r  measur ing  

o r  c a l c u l a t i n g  one o r  more o f  t h e  o t h e r  wa te r  ba lance terms i n c o r r e c t l y .  I n  

p r a c t i c e ,  however, one o r  more o f  t h e  w a t e r  ba lance  terms cannot  b e  measured 

and must be c a l c u l a t e d  by  d i f f e r e n c e .  The use o f  p r o p e r l y  equipped l y s i m e t e r s  

a l l o w s  f o r  more a c c u r a t e  measurement o f  wa te r  ba lance components and t h e r e f o r e  

i nc reases  t h e  u s e f u l n e s s  and accuracy  o f  any wa te r  ba lance  c a l c u l a t i o n .  

Ana lyz ing  t h e  exper imen ta l  des igns  needed t o  measure wa te r  ba lance w i t h  and 

w i t h o u t  l y s i m e t e r s  wi  11 ill u s t r a t e  t h e  u s e f u l n e s s  and 1  i m i t a t i o n s  o f  l y s i m e t r y .  

Evapotranspiration (ET) 

Precipitation (P) 

\ 7 Y,vF&R~P~~>%YJ,= 
Root Zone , a @ storage 

P r e c ~ p ~ t a t ~ o n  (P) 
Runoff/Runon 
(0 + 2 cm) 

Root Zone 
Change (AS) (0 f 5 cm) 

(0 to > 5 cm) 

FIGURE 1. Annual Water Ba lance a t  t h e  Hanford  S i t e  



CASE 1: No l y s i m e t e r .  S tudy s i t e  i ns t rumen ted  w i t h  neu t ron  probe access 
tubes  and r a i n  gauge. 

I n  t h i s  s i t u a t i o n  t h e  o n l y  d i r e c t  measurements a v a i l a b l e  a r e  wa te r  c o n t e n t  

v i a  n e u t r o n  probe and p r e c i p i t a t i o n  v i a  r a i n  gauge. Therefore,  we have a  

d i r e c t  measurement o f  P and an i n d i r e c t  measurement o f  S  b y  i n t e g r a t i n g  t h e  

wa te r  c o n t e n t  p r o f i l e  o b t a i n e d  f rom n e u t r o n  probe da ta .  We can t h e n  e s t i m a t e  

AS by  comparing n e u t r o n  probe d a t a  th rough  t ime.  There fore ,  we measure P, 

e s t i m a t e  AS and c a l c u l a t e  ET + D  + R by d i f f e r e n c e .  An example o f  t h i s  t y p e  o f  

a n a l y s i s  i s  g i v e n  by  Gee and Kirkham (1984) f o r  a  grass-covered area on t h e  

Hanford S i t e .  

We can f u r t h e r  c a l c u l a t e  an e s t i m a t e  o f  d r a i n a g e  (D )  f rom t h e  n e u t r o n  

probe d a t a  by  u s i n g  Darcy ' s  Law; i f  t h e  measured wa te r  c o n t e n t  changes w i t h  

dep th  do n o t  show much v a r i a t i o n  w i t h  t ime,  we can assume steady d r a i n a g e  

(downward wa te r  f l u x ) .  Wi th  t h a t  assumpt ion t h e  Darcy f l u x  can be c a l c u l a t e d  

i n  one o f  two ways, depending on t h e  d a t a  a v a i l a b l e .  Fo r  c o n d i t i o n s  o f  one- 

d imens iona l  s teady f l ow ,  d r a i n a g e  f l u x  can be c a l c u l a t e d  f rom known hyd rau l  i c  

c o n d u c t i v i t y  and measured h y d r a u l i c  g r a d i e n t s  as 

f l u x  = -k(+) [d+/dz + 11 = const .  ( 2 )  

where (1, i s  t h e  m a t r i c  p o t e n t i a l ,  [d+/dz + 11 i s  t h e  t o t a l  h y d r a u l i c  g r a d i e n t ,  

and dep th  i s  measured w i t h  z p o s i t i v e  upward. Such an a n a l y s i s  r e q u i r e s  d i r e c t  

measurement o f  t h e  m a t r i c  p o t e n t i a l  u s i n g  tens iomete rs  o r  o t h e r  dev i ces  (Hi 1  l e l  

1982). I f  t h e  o n l y  d a t a  a v a i l a b l e  a r e  f o r  wa te r  c o n t e n t  ( 8 ) ,  t h e n  an e s t i m a t e  

o f  m a t r i c  p o t e n t i a l  can be o b t a i n e d  f rom a  s o i  1-water c h a r a c t e r i s t i c  c u r v e  

[i .e., ~ ( 8 )  r e l a t i o n s h i p ] .  

Under c o n d i t i o n s  where t h e  wa te r  c o n t e n t  p r o f i l e  i s  u n i f o r m  and t h e  s o i l  

i s  known t o  be un i fo rm,  t h e  usua l  approach i s  t o  assume t h a t  a  u n i f o r m  w a t e r  

c o n t e n t  i m p l i e s  a  u n i f o r m  m a t r i c  p o t e n t i a l .  There fore ,  d+/dz = 0, l e a v i n g  t h e  

g r a v i t y  p o t e n t i a l  t o  dominate t h e  hyd rau l  i c - g r a d i e n t  term. The g r a v i t y  g ra -  

d i e n t  i s  by  d e f i n i t i o n  equal  t o  1 cm/cm; hence, t h e  t o t a l  h y d r a u l i c  g r a d i e n t  i s  

u n i t y .  Th i s  a n a l y s i s  i s  c a l l e d  t h e  " u n i t  g r a d i e n t "  approach (Hi1 l e l  1982).  

Under u n i t  g r a d i e n t  c o n d i t i o n s  t h e  f l u x  o r  d r a i n a g e  r a t e  i s :  



f l u x  = -k (8 )  = const.  ( 3  

This  approach suggests t h a t  under t h e  spec ia l  c o n d i t i o n  o f  a  homogeneous 

s o i l  w i t h  un i f o rm  water  content ,  t h e  v e r t i c a l  f l o w  i s  d i r e c t l y  r e l a t e d  t o  water  

content .  Therefore, i f  t h e  r e l a t i o n s h i p  o f  t h e  unsaturated c o n d u c t i v i t y  versus 

water con ten t  i s  known, t h e  downward f l u x  (dra inage)  can be determined from 

measured water  con ten t  values. 

An example o f  t h i s  approach, app l i ed  t o  a  l y s i m e t e r  w i t hou t  dra inage c o l -  

l e c t i o n  c a p a b i l i t y ,  i s  g i ven  i n  an a n a l y s i s  o f  dra inage o f  t h e  200-E Area 

Rockwell l y s i m e t e r s  (Jones 1978). Un fo r t una te l y ,  t h e  unsaturated c o n d u c t i v i t y  

o f  t h i s  l y s i m e t e r  s o i  1  has never been d i r e c t l y  measured. Unce r t a i n t i es  i n  

these k inds  o f  f l u x  es t imates  come from u n c e r t a i n t i e s  i n  t h e  r e l a t i o n s h i p  

between h y d r a u l i c  c o n d u c t i v i t y  and water  con ten t / po ten t i a l  and from uncer-  

t a i n t i e s  i n  t h e  f i e l d  water con ten t / po ten t i a l .  Jones (1978) showed t h a t  

u n c e r t a i n t y  i n  c o n d u c t i v i t y  est imates,  a r i s i n g  from u n c e r t a i n t y  i n  t h e  neu t ron  

probe data,  a lone can account f o r  f l o w  p r e d i c t i o n s  ranging from 0.05 cmly r  t o  

7.9 cmlyr  i n  t h e  200-E Area l y s ime te r s .  Th is  es t imate  does no t  t ake  i n t o  con- 

s i d e r a t i o n  t h e  u n c e r t a i n t y  i n  t h e  k ( 8 )  value, which i n  i t s e l f  may e x h i b i t  

abso lu te  e r r o r s  o f  more than  one o rde r  o f  magnitude. A more r e l i a b l e  a n a l y s i s  

approach i s  needed. 

Taking i n t o  account t h e  problems mentioned above, an es t imate  o f  d ra inage  

(D)  i n  t h e  water  balance equa t ion  a l l ows  evapo t ransp i r a t i on  (ET) t o  be ca lcu -  

l a t e d  by d i f f e r e n c e  (assuming t h a t  R = 0) .  Th is  i s  a poor es t imate  o f  ET; 

however, i t  i s  a l l  t h a t  i s  p o s s i b l e  w i t hou t  measuring dra inage d i r e c t l y .  

CASE 2: Nonweighing l y s i m e t e r  equipped w i t h  dra inage system. S i t e  
ins t rumented w i t h  neu t ron  probe access tubes and r a i n  gauge. 

I n  t h i s  s i t u a t i o n  we can measure P  and D d i r e c t l y  and es t imate  AS f rom t h e  

neu t ron  probe da ta  as above. However, t h e  presence o f  t h e  lower  boundary i n  

t h e  l y s i m e t e r  reduces t h e  accuracy o f  t h e  neut ron probe da ta  and t h e  subsequent 

est imates o f  AS, e s p e c i a l l y  i f  a  water tab1 e  i s  a l lowed t o  develop i n  t h e  

bottom o f  t h e  l y s ime te r .  Nonetheless, by us ing  t h e  measured va lues o f  P, AS, 

and D, we can c a l c u l a t e  ET (again  assuming t h a t  R = 0) .  Th is  es t imate  o f  ET i s  

b e t t e r  than t h a t  ob ta ined  i n  case 1, because dra inage i s  measured d i r e c t l y ,  and 



t h e  measured v a l u e  f o r  d ra inage  i s  s u b s t a n t i a l l y  b e t t e r  t h a n  t h e  c a l c u l a t e d  

v a l u e  d e s c r i b e d  i n  case 1. An example o f  t h i s  k i n d  o f  d a t a  s e t  has been 

o b t a i n e d  f rom t h e  Buried-Waste Tes t  F a c i l i t y  i n  t h e  300 Area (Jones, Campbell 

and Gee 1984). 

CASE 3: Weighing l y s i m e t e r  equipped w i t h  d r a i n a g e  system. S i t e  i n s t r u -  
mented w i t h  n e u t r o n  probe access tubes  and r a i n  gauge. 

Water ba lance c a l c u l a t i o n s  a t  t h i s  l y s i m e t e r  s i t e  c o n s i s t  o f  measured 

va lues  o f  P, D, and ET. I n  cases 1 and 2 ,  e s t i m a t e s  o f  S  o b t a i n e d  f rom n e u t r o n  

probe d a t a  were t r e a t e d  as measured values.  However, t h e  u n c e r t a i n t y  i n  those  

es t ima tes  can be 1 arge.  Wi th  a  we igh ing  l y s i m e t e r ,  b o t h  ET and AS measurements 

a r e  as accura te ,  f o r  p e r i o d s  o f  t i m e  when no d r a i n a g e  o r  p r e c i p i t a t i o n  occurs ,  

as t h e  measured we igh t  change; hence t h e y  can be q u i t e  p r e c i s e  (c0.1 cm o r  

b e t t e r ) .  C o l l e c t i o n  o f  t h e  n e u t r o n  probe d a t a  i s  a d v i s a b l e  s i n c e  i t  p r o v i d e s  

a d d i t i o n a l  d a t a  r e g a r d i n g  wa te r  c o n t e n t  d i s t r i b u t i o n .  However, i t  i s  n o t  

needed f o r  wa te r  b a l  ance c a l  c u l  a t  i ons .  

UNIQUE FEATURES 

The d e c i s i o n  t o  use l y s i m e t e r s  i n  a  f i e l d  exper iment  must be made care-  

f u l l y .  There a r e  many advantages and d isadvantages t o  u s i n g  l y s i m e t e r s ,  and 

t h e  c h o i c e  o f  l y s i m e t e r s  o v e r  a l t e r n a t i v e  exper imen ta l  des igns must be 

m o t i v a t e d  b y  t h e  s p e c i f i c  o b j e c t i v e s  o f  t h e  p r o j e c t .  An e x c e l l e n t  r e v i e w  o f  

l y s i m e t r y  f o r  wa te r  ba lance s t u d i e s  i s  g i v e n  by  Tanner (1967).  

The most s i g n i f i c a n t  f e a t u r e  o f  a  l y s i m e t e r  i s  t h a t  i t  i s  b a s i c a l l y  a  

c o n t a i n e r  o f  s o i l  p l a c e d  i n  t h e  ground. The w a l l s  o f  t h i s  c o n t a i n e r  fo rm a  

p h y s i c a l  boundary on t h e  s o i l  system b e i n g  s tud ied .  The boundary d e f i n e s  a  

f i x e d  volume o f  s o i l  used t o  c a l c u l a t e  wa te r  s to rage ,  r e s t r i c t s  t h e  geometry o f  

f l o w  w i t h i n  t h e  l y s i m e t e r  t o  one dimension,  and w h o l l y  c o n t a i n s  r o o t  systems 

and t r a c e r  plumes used f o r  s o l u t e  t r a n s p o r t  exper iments.  The l y s i m e t e r  bound- 

a r y  can be a  g r e a t  advantage i n  some exper iments  b u t  a  d isadvantage i n  o t h e r s .  

Most l y s i m e t e r s  a r e  designed t o  i n c l u d e  a  means o f  c o l l e c t i n g  t h e  d r a i n a g e  

wa te r  f rom t h e  bot tom. Drainage wa te r  i s  d e f i n e d  as wa te r  t h a t  would have 

moved t o  a  dep th  below t h e  bot tom o f  t h e  l y s i m e t e r  i f  t h e  l y s i m e t e r  bo t tom had 

n o t  been t h e r e .  The a b i l i t y  t o  make d i r e c t  measurements o f  d ra inage  i s  one o f  



t h e  g r e a t  advantages o f  l y s i m e t e r s  and i s  e s p e c i a l l y  i m p o r t a n t  a t  Hanford, 

where t h e  q u e s t i o n  o f  deep d ra inage  i s  c r u c i a l  t o  t h e  s t u d y  o f  waste manage- 

ment. However, i n  t h e  case o f  s h a l l o w  l y s i m e t e r s ,  t h e  assumpt ion t h a t  w a t e r  

reach ing  t h e  bo t tom o f  t h e  l y s i m e t e r  i s  r e a l l y  d r a i n a g e  wa te r  can be ques- 

t i o n e d .  A lso ,  a  m a l f u n c t i o n i n g  o r  p o o r l y  des igned d r a i n a g e  system can r e s u l t  

i n  a r t i f i c i a l  w a t e r  t a b l e s  fo rm ing  i n  t h e  l y s i m e t e r .  Furthermore,  s h a l l o w  

wa te r  t a b l e s  t e n d  t o  enhance e v a p o t r a n s p i r a t i o n  because t h e  w a t e r  i s  c l o s e r  t o  

t h e  s u r f a c e  and can b e  evapora ted more r e a d i l y  t h a n  wa te r  a t  deeper depths .  

There fo re ,  e s t i m a t e s  o f  d r a i n a g e  f rom s h a l l o w  l y s i m e t e r s  a r e  g e n e r a l l y  l o w e r  

t h a n  t h e  a c t u a l  d r a i n a g e  f rom a d j a c e n t  s i t e s .  

I n  a d d i t i o n  t o  d ra inage ,  some e s t i m a t e  o f  wa te r  s t o r a g e  i s  a l s o  made 

e i t h e r  b y  we igh ing  o r  by  n e u t r o n  probe measurements. Having a  f i x e d  volume o f  

s o i l ,  w i t h o u t  any confound ing 1  a t e r a l  f l o w  i n t o  o r  o u t  o f  t h e  l y s i m e t e r ,  

g r e a t l y  enhances t h e  accuracy  o f  t h e  c a l c u l a t i o n s  i n v o l v e d  i n  e s t i m a t i n g  b o t h  

d ra inage  and s to rage .  

Having c o n t r o l l e d  f l o w  boundar ies  i s  an advantage when p l a n t  w a t e r  use and 

s o l u t e  t r a n s p o r t  a r e  b e i n g  s t u d i e d .  For example, when p l a n t s  grow n a t u r a l l y  , 
r o o t  systems o f  t h e  i n d i v i d u a l  p l a n t s  o v e r l a p  and merge i n t o  an e s s e n t i a l l y  

u n i f o r m  d i s t r i b u t i o n  o f  r o o t s .  T h i s  merg ing i s  e s p e c i a l l y  t r u e  i n  grasses b u t  

can a1 so be observed i n  p l a n t  communi t i e s  c o n s i s t i n g  o f  s p a r s e l y  popu la ted  

shrubs and bushes such as sagebrush. A l y s i m e t e r  boundary c o n t a i n s  t h e  r o o t  

d i s t r i b u t i o n  w i t h i n  t h e  box and does n o t  a l l o w  t h e  r o o t s  t o  merge w i t h  t h e  

r o o t s  o f  n e i g h b o r i n g  p l a n t s .  Th is  r e s t r i c t i o n  i s  an advantage i f  i n d i v i d u a l  

p l a n t s  need t o  be s t u d i e d  o r  i f  s i n g l e - s p e c i e s  p o p u l a t i o n s  need t o  be s t u d i e d  

i n  areas where a  mixed-species p o p u l a t i o n  occu rs  n a t u r a l l y .  

L y s i m e t r y  can a l s o  be u s e f u l  i n  a  s tudy  o f  n a t u r a l l y  o c c u r r i n g  p l a n t  

p o p u l a t i o n s ,  where t h e  p l  a n t  community e s t a b l  i shed i n  t h e  l y s i m e t e r  i s  i d e n -  

t i c a l  i n  eve ry  way t o  t h e  su r round ing  p o p u l a t i o n .  L y s i m e t r y  a i d s  such a  s tudy  

f o r  s e v e r a l  reasons. 

1. The r e l a t i o n s h i p  o f  r o o t  mass and d e n s i t y  t o  t o p  growth  i s  an impor-  

t a n t  parameter i n  t h e  s tudy  o f  p l a n t  wa te r  use. I f  a  l y s i m e t e r  i s  

n o t  used, t h e n  assumptions must be made about  t h e  u n i f o r m i t y  o f  r o o t  

d i s t r i b u t i o n s  and wa te r  use. 



2. The s tudy  o f  p l a n t  wa te r  uptake sometimes r e q u i r e s  t h e  measurement o f  

p l a n t  parameters such as stomata1 r e s i s t a n c e  and l e a f  water  poten-  

t i a l ,  wh ich  a r e  known t o  be h i g h l y  v a r i a b l e  w i t h i n  even smal l  commu- 

n i t i e s .  The a b i l i t y  t o  m o n i t o r  t h e s e  v a r i a b l e s  i n  p l a n t s  whose r o o t s  

a r e  w h o l l y  con ta ined  i n  a  f i x e d  volume enhances o u r  a b i l i t y  t o  r e l a t e  

changes i n  p l a n t  l eaves  t o  changes i n  t h e  s o i l  and r o o t s .  

3. The a b i l i t y  t o  measure t h e  d ra inage  component o f  t h e  wa te r  ba lance 

enhances t h e  accuracy o f  t h e  e v a p o t r a n s p i r a t i o n  c a l c u l a t i o n s .  

A d isadvantage o f  l y s i m e t r y  i n  t h e  s tudy  o f  p l a n t  water  use i s  t h a t  p l a n t  

behav io r  i n  a  l y s i m e t e r  can b e  d i f f e r e n t  f rom t h a t  i n  a  n a t u r a l  s e t t i n g .  

Lysimeter-grown p l a n t s  can e a s i l y  have a l t e r e d  r o o t  d e n s i t i e s  and d i s t r i b u t i o n s  

and consequent ly  d i f f e r e n t  water  use p a t t e r n s .  As w i l l  be  e x p l a i n e d  l a t e r ,  

t h i s  d e f i c i e n c y  o f  l y s i m e t r y  i s  c r i t i c a l  if t h e  d a t a  c o l l e c t e d  a r e  t o  be used 

as d i r e c t  measurements o f  t h e  b e h a v i o r  o f  p l  a n t s  i n  t h e  su r round ing  1  andscape. 

However, i f  t h e  d a t a  a r e  t o  be used f o r  model e v a l u a t i o n  s t u d i e s ,  t h e  problem 

i s  l e s s  c r i t i c a l .  P l a n t  s t u d i e s  i n  l y s i m e t e r s  a r e  a1 so disadvantageous i f  t h e  

p l a n t  canopy spreads o u t  s i g n i f i c a n t l y  o v e r  t h e  edge o f  t h e  l y s i m e t e r  su r face ,  

s i n c e  t h e  canopy area would t h e n  be g r e a t e r  t h a n  t h e  l y s i m e t e r  s o i l  s u r f a c e  

area. The volume o f  wa te r  t r a n s p i r e d  i s  p r o p o r t i o n a l  t o  t h e  canopy area.  How- 

ever ,  t h e  r o o t s  a r e  c o n f i n e d  t o ,  and p u l l  wa te r  from, t h e  c r o s s - s e c t i o n a l  a r e a  

o f  t h e  l y s i m e t e r .  Hence, c a l c u l a t i o n s  o f  evapo t ransp i  r a t i o n  i n  c e n t i m e t e r s  o f  
2  wa te r  (cm3 H20/cm s o i l  a rea )  would be l a r g e r  t h a n  i n  t h e  n a t u r a l  s e t t i n g ,  

where canopy area and s u r f a c e  area a r e  t h e  same. T h i s  e f f e c t  i s  most pro-  

nounced i n  smal l  e r  l y s i m e t e r s .  

The s tudy  o f  s o l u t e  t r a n s p o r t  i n  unsa tu ra ted  s o i l s  can be b o t h  enhanced 

and 1  i m i t e d  b y  l y s i m e t r y .  The two  most i m p o r t a n t  c o n t r o l s  i n  a  t r a c e r  t e s t  a r e  

f l o w  geometry and t r a c e r  recove ry  ( i  . e . ,  mass balance) . The 1  a t t e r  i s  p a r t i  cu- 

l a r l y  i m p o r t a n t  when s t u d y i n g  s o r b i n g  o r  v o l a t i l e  t r a c e r s .  Many t e s t s  o f  s o l -  

u t e  t r a n s p o r t  a r e  des igned t o  be one d imens iona l ,  and t h e  d a t a  a r e  i n t e r p r e t e d  

u s i n g  t h a t  assumption. When u s i n g  a  t r a c e r  on an open landscape, however, one- 

d imens iona l  f l o w  i s  v e r y  d i f f i c u l t  t o  c o n t r o l  and can o n l y  be ach ieved by  



p l a c i n g  t h e  t r a c e r  o v e r  a  l a r g e  a rea  and s t u d y i n g  t h e  t r a n s p o r t  i n  t h e  c e n t r a l  

p o r t i o n  o f  t h e  plume. I n  c o n t r a s t ,  one-dimensional  f l o w  i s  r e a d i l y  ach ievab l  e  

i n  a  l y s i m e t e r .  

I n  any t r a c e r  t e s t ,  t h e  r e s u l t s  a r e  much more c r e d i b l e  i f  t h e  f a t e  o f  a1 1  

t h e  t r a c e r  can be accounted f o r .  I f  t h i s  happens we say t h a t  t h e  t r a c e r  has 

been conserved o r  t h a t  we have mass balance.  I n  exper iments  w i t h  nonsorb ing  

and/or  n o n v o l a t i l e  t r a c e r s ,  c o n f i n i n g  t h e  r e g i o n  o f  f l o w  t o  t h e  l y s i m e t e r  box 

and t h u s  c o n t a i n i n g  t h e  t r a c e r  makes mass ba lance  more l i k e l y .  

A  m a j o r  l i m i t a t i o n  o f  l y s i m e t r y  t o  s o l u t e  t r a n s p o r t  s tudy  i s  i n  t h e  s t u d y  

o f  d i s p e r s i o n .  S o l u t e  d i s p e r s i o n  i s  v e r y  s e n s i t i v e  t o  t h e  1  a rge -sca le  he te ro -  

g e n e i t i e s  o f  s o i l  t e x t u r e  and d e n s i t y  found i n  landscapes. These heterogene-  

i t i e s  a r e  i m p o s s i b l e  t o  d u p l i c a t e  i n  a  l y s i m e t e r  because o f  i t s  s i ze .  Because 

most a t t e m p t s  t o  p r e d i c t  f i e 1  d-sca le  d i s p e r s i o n  a r e  h i g h l y  e m p i r i c a l ,  any 

measurements o b t a i n e d  i n  a l y s i m e t e r  would be d i f f i c u l t  t o  e x t r a p o l  a t e  t o  

s o l u t e  t r a n s p o r t  on a  f i e l d  sca le .  

DESIGN CRITERIA 

A f t e r  t h e  d e c i s i o n  has been made t o  use l y s i m e t r y ,  a  f a c i l i t y  must be 

des igned t h a t  w i l l  meet t h e  o b j e c t i v e s  o f  t h e  p r o j e c t .  Those o b j e c t i v e s  

u s u a l l y  r e q u i r e  one o r  b o t h  o f  t h e  f o l l o w i n g :  

u s i n g  l y s i m e t e r s  t o  o b t a i n  measurements t h a t  a r e  r e p r e s e n t a t i v e  o f  

what happens i n  t h e  su r round ing  n a t u r a l  landscape--For t h i s  purpose, 

a l l  o f  t h e  w a t e r  ba lance  components i n s i d e  t h e  l y s i m e t e r  must b e  

equa l  t o  t h o s e  o u t s i d e .  

u s i n g  t h e  l y s i m e t e r  d a t a  1) f o r  model i n p u t  and 2 )  t o  e v a l u a t e  how 

w e l l  a  numer ica l  model can p r e d i c t  t h e  components o f  wa te r  ba lance  

f rom i n p u t  such as  weather c o n d i t i o n s  ( c l i m a t e )  and s o i l  p r o p e r t i e s - -  

For t h i s  purpose, t h e  wa te r  ba lance  components i n s i d e  and o u t s i d e  t h e  

l y s i m e t e r  do n o t  have t o  be equal  b u t  must be measured. 

I n  a d d i t i o n  t o  w a t e r  ba lance  da ta ,  c l  i m a t i c  d a t a  and s o i l  c h a r a c t e r i z a t i o n  d a t a  

must be a v a i l a b l e .  I d e a l l y ,  we would 1  i ke t h e  l y s i m e t e r  t o  produce d a t a  com- 

p a t i b l e  w i t h  b o t h  o b j e c t i v e s .  However, t h e  d e s i g n  o f  a  l y s i m e t e r  g e n e r a l l y  



enhances t h e  meet ing  o f  one o b j e c t i v e  a t  t h e  expense o f  t h e  o t h e r .  Dec id ing  

which o b j e c t i v e  i s  t h e  most i m p o r t a n t  h e l p s  de te rm ine  l y s i m e t e r  l o c a t i o n  and 

c o n s t r u c t i o n  s p e c i f i c a t i o n s ,  as w e l l  as i n s t r u m e n t a t i o n  and m o n i t o r i n g  

i n t e n s i t i e s .  

Des ign ing  a  l y s i m e t e r  f a c i l  i t y  t o  c o l l  e c t  d a t a  r e p r e s e n t a t i v e  o f  f i e l d  

wa te r  ba lances r e q u i r e s  a  p r o p e r  l o c a t i o n  and t h e  d u p l i c a t i o n  o f  h y d r o l o g i c  and 

b i o l o g i c a l  p r o p e r t i e s  o f  t h e  1  andscape w i t h i n  t h e  l y s i m e t e r .  Choosing t h e  

l o c a t i o n  f o r  such a  l y s i m e t e r  i s  c r i t i c a l  t o  d e t e r m i n i n g  t h e  l y s i m e t e r ' s  use- 

f u l n e s s  s i n c e  t h e  d a t a  o b t a i n e d  w i l l  d i r e c t l y  r e p r e s e n t  what i s  happening i n  

o n l y  a  smal l  l o c a l  area. For example, a t  Hanford cho ices  must be made among 

t h e  100, 200, and 300 Areas and among t a n k  farms, 1  a n d f i l  l s ,  c r i b s ,  and 

u n d i s t u r b e d  areas. 

Rec rea t ing  t h e  i n  s i t u  h y d r o l o g i c  p r o p e r t i e s  o f  t h e  su r round ing  area 

i n s i d e  a  l y s i m e t e r  r e q u i r e s  c a r e f u l  a t t e n t i o n  t o  pack ing  d e n s i t i e s  and t h e  

p r e s e r v a t i o n  o f  any p h y s i c a l  inhomogenei t ies .  F o r  h i g h l y  s t r u c t u r e d  s o i l s ,  

u n d i s t u r b e d  cores  o r  m o n o l i t h s  may need t o  be used. (See, f o r  example, Brown 

e t  a l .  1974.) In waste management areas a t  Hanford, most o f  t h e  s o i l  m a t e r i a l  

c o n s i s t s  o f  unconso l i da ted  sands. Because t h e  d i f f e r e n c e s  between t h e  hydro-  

l o g i c  p r o p e r t i e s  o f  u n d i s t u r b e d  and d i s t u r b e d  samples o f  coarse sands a r e  gen- 

e r a l  l y  neg l  i g i b l  e, r e c r e a t i n g  t h e s e  a reas '  hydro1 o g i c  p r o p e r t i e s  i n  a  l y s i m e t e r  

i s  n o t  h i g h l y  p rob lemat i c .  I n  l y s i m e t e r s  designed t o  s i m u l a t e  deep p r o f i l e s  a t  

waste areas o r  a t  t h e  A r i d  Lands Ecology (ALE)  Reserve on t h e  Hanford S i t e ,  

however, t h e  l o c a l  s i l t  l a y e r s  and l i t h o l o g i c  d i s c o n t i n u i t i e s  must be phys i -  

c a l  l y  s imula ted.  

Design problems can occur  a t  t h e  s u r f a c e  and lower  boundar ies  o f  t h e  

l y s i m e t e r .  A t  t h e  v e r y  l e a s t ,  t h e  s u r f a c e  o f  t h e  l y s i m e t e r  must be c a r e f u l l y  

c o n s t r u c t e d  t o  m in im ize  d i f f e r e n c e s  i n  i n f i l t r a t i o n / r u n o f f  c h a r a c t e r i s t i c s .  I n  

t h e  case o f  a  vege ta ted  l y s i m e t e r ,  t h e  d u p l i c a t i o n  o f  a  p l a n t  d i s t r i b u t i o n  

r e p r e s e n t a t i v e  o f  t h e  f i e l d  i s  a  d i f f i c u l t  problem. The t y p e  o f  p l a n t s ,  t h e i r  

d e n s i t y  and s p e c i a t i o n ,  and t h e  r o o t i n g  d e n s i t i e s  a l l  a f f e c t  p l a n t  water  use. 

E s t a b l i s h i n g  and m a i n t a i n i n g  a p p r o p r i a t e  p l a n t  communi t ies on vegeta ted l y s i m -  

e t e r s  may be t h e  most d i f f i c u l t  t a s k  i n  l y s i m e t r y .  



The d e s i g n  o f  t h e  d r a i n a g e  system a t  t h e  bot tom o f  t h e  l y s i m e t e r  i s  

i m p o r t a n t .  The bo t tom o f  t h e  l y s i m e t e r  r e p r e s e n t s  a  boundary t h a t  i s  n o t  

p r e s e n t  i n  t h e  n a t u r a l  landscape. I n  s h a l l o w  l y s i m e t e r s  an a r t i f i c i a l  w a t e r  

t a b l e  can q u i c k l y  deve lop  t h a t  can p e r t u r b  t h e  e n t i r e  wa te r  c o n t e n t  p r o f i l e ,  a s  

we1 1  as d r a i n a g e  r a t e s  r e l a t i v e  t o  t h e  sur round ings.  F o r  most wa te r  ba lance  

s t u d i e s  a  method o f  removing t h e  d r a i n a g e  wa te r  i s  u t i l i z e d  i n  t h e  l y s i m e t e r  

design.  S i n t e r e d  me ta l  p l a t e s  ( R i t c h i e  and B u r n e t t  1968) o r  ceramic  cups 

(Brown e t  a l .  1974; Kirkham, Gee and Jones 1984) a t t a c h e d  t o  a  vacuum system 

and p l a c e d  a t  t h e  bo t tom o f  t h e  l y s i m e t e r  can be used t o  remove w a t e r  and 

m a i n t a i n  a  d e s i r e d  m a t r i c  wa te r  p o t e n t i a l .  The c o n t r o l l e d  l e v e l  o f  m a t r i c  

p o t e n t i a l  depends on numerous cho ices  b u t  can be t i e d  t o  t h e  m a t r i c  p o t e n t i a l  

observed on t h e  o u t s i d e  o f  t h e  l y s i m e t e r  (Tanner 1967). 

I n  c o n t r a s t ,  f o r  s t u d i e s  o f  p r o t e c t i v e  b a r r i e r  systems, wh ich  have s h a l l o w  

(1.5 m  o r  l e s s )  s o i l  l a y e r s ,  t h e  presence o f  an a r t i f i c i a l  boundary ( o r  w a t e r  

t a b l e )  a t  t h e  bot tom o f  t h e  s o i l  l a y e r  i s  needed t o  ana lyze t h e  system p e r f o r -  

mance. I n  such a  s tudy ,  o n l y  a  f r e e - d r a i n a g e  system would be r e q u i r e d .  Fo r  

example, a  1.5-m-deep l y s i m e t e r ,  s i m i l a r  t o  t h e  Buried-Waste Tes t  F a c i l  i t y  

we igh ing  l y s i r n e t e r s  a t  Hanford, woul d  be a p p r o p r i a t e  f o r  measur ing evapo t ran -  

s p i r a t i o n  f rom a  s o i l  cove r  used i n  a  p r o t e c t i v e  b a r r i e r .  

A l y s i m e t e r  used t o  p r o v i d e  model i n p u t  and model o u t p u t  compar ison d a t a  

i s  somewhat e a s i e r  t o  d e s i g n  because t h e  need t o  d u p l i c a t e  n a t u r a l  c o n d i t i o n s  

i s  n o t  as g r e a t .  For example, i f  a  l y s i m e t e r  i s  packed w i t h  a  c e r t a i n  s o i  1  

found i n  t h e  a rea  o f  i n t e r e s t  b u t  n o t  t o  t h e  exac t  f i e l d  d e n s i t y ,  t h e  d a t a  

c o l l e c t e d  a r e  s t i l l  v e r y  u s e f u l  i n  te rms o f  e v a l u a t i n g  model performance.  The 

model w i l l  p r e d i c t  f l o w  w i t h i n  t h e  l y s i m e t e r  based on t h e  a c t u a l  d e n s i t y  o f  t h e  

l y s i m e t e r  s o i l  and t h e  a c t u a l  h y d r a u l i c  c o n d u c t i v i t y .  I f  t h e  model p r e d i c t s  

f l o w  w i t h i n  t h e  l y s i m e t e r  adequate ly ,  we can assume t h a t  i t  w i l l  adequa te l y  

p r e d i c t  wa te r  f l o w  o u t s i d e  t h e  l y s i m e t e r  g i v e n  t h e  a c t u a l  f i e l d  d e n s i t y  and 

c o n d u c t i v i t y .  A l though  t h e  o b s e r v a t i o n s  made i n  t h e  l y s i m e t e r  cannot  be used 

as d i r e c t  measurements o f  t h e  f l o w  i n  t h e  f i e l d ,  t h e y  do h e l p  b u i l d  c o n f i d e n c e  

t h a t  t h e  model can p r e d i c t  t h e  f i e l d  f l o w .  

A  m a j o r  l i m i t a t i o n  t o  t h e  use o f  l y s i m e t r y  i n  model e v a l u a t i o n  i s  f ound  

when t h e  l y s i m e t e r  i s  des igned w i t h  s o i l  and p l a n t  c o n d i t i o n s  t h a t  d i f f e r  



g r e a t l y  f rom those  i n  t h e  f i e l d  ( i  .e., i f  t h e  processes t a k i n g  p l a c e  i n  t h e  

f i e l d  a r e  n o t  rep resen ted  i n  t h e  l y s i m e t e r ) .  An extreme example would be u s i n g  

a  success fu l  s i m u l a t i o n  o f  wa te r  f l o w  i n  a  b a r e - s o i l  l y s i m e t e r  as p r o o f  o f  t h e  

a b i l i t y  t o  model wa te r  f l o w  i n  a  vege ta ted  f i e 1  d. A more s u b t l e  example would 

be model ing  a  l y s i m e t e r  exper iment  i n  which no extreme events  such as r u n o f f  

caused by  i s o l a t e d  heavy storms o r  extreme tempera tu re  c o n d i t i o n s  such as  

f r e e z i n g  were recorded. The r e s u l t i n g  d a t a  would n o t  i n d i c a t e  how w e l l  t h e  

model wi  11 p r e d i c t  what happens under t h e s e  c o n d i t i o n s  . (The 1  a t t e r  s c e n a r i o  

i l l u s t r a t e s  why t h e  use o f  a  f i e l d  l y s i m e t e r  i s  b e t t e r  t han  a  l a b o r a t o r y  s t u d y  

even i f  t h e  l y s i m e t e r  i s  n o t  an e x a c t  d u p l i c a t i o n  o f  t h e  r e s t  o f  t h e  f i e l d :  

f i e l d  weather c o n d i t i o n s  cannot  e a s i l y  be  generated. 

A  second 1 i m i t a t i o n  t o  t h e  use o f  l y s i m e t r y  i n  model e v a l u a t i o n  i s  found 

when t h e  model b e i n g  eva lua ted  i s  l a r g e l y  e m p i r i c a l .  F o r  example, l y s i m e t r y  

may be used t o  genera te  a  c r o p  c o e f f i c i e n t  f o r  a  p l a n t  community, t h a t  i s ,  an 

e m p i r i c a l  re1 a t i o n s h i p  d e s c r i b i n g  p l a n t  water  use. The c r o p  c o e f f i c i e n t  

depends on r o o t  d e n s i t y ,  p l a n t  cove r ,  and p l a n t  spec ies ,  some o f  wh ich  do n o t  

appear e x p l i c i t l y  i n  t h e  model. There fore ,  u n l e s s  you  know t h a t  t h e  r e l e v a n t  

c o n d i t i o n s  i n s i d e  t h e  l y s i m e t e r  a r e  t h e  same as t h o s e  o u t s i d e  t h e  l y s i m e t e r ,  

t h e  measured c r o p  c o e f f i c i e n t  may n o t  be v a l i d  except  i n  t h e  l y s i m e t e r .  

Lys ime t ry  can be used t o  show t h a t ,  g i v e n  t h e  c o r r e c t  parameters,  e m p i r i c a l  

models work, b u t  u s i n g  l y s i m e t r y  d a t a  t o  genera te  e m p i r i c a l  models can be 

m is lead ing .  

The most i m p o r t a n t  des ign  c r i t e r i o n  f o r  a  l y s i m e t e r  used i n  model eva lua-  

t i o n  i s  whether t h e  d a t a  needed f o r  t h e  model e v a l u a t i o n  can be adequa te l y  

c o l  1 ected.  F o r  example, a  wa te r  b a l  ance model has seve ra l  ou tpu ts ,  i n c l  u d i  ng 
. wate r  con ten t ,  d r a i n a g e  and e v a p o t r a n s p i r a t i o n  r a t e s ,  s t o r a g e  changes, and 

r e d i s t r i b u t i o n  r a t e s .  The model can be eva lua ted  on t h e  b a s i s  o f  how w e l l  t h e  
t p r e d i c t i o n s  o f  any o f  t h e s e  q u a n t i t i e s  match measured va lues.  The most common 

c r i t e r i o n  used i n  t h e  1  i t e r a t u r e  t o  e v a l u a t e  a  mode l ' s  performance i s  wa te r  

c o n t e n t  d i s t r i b u t i o n s .  However, as s t a t e d  above, wa te r  c o n t e n t  d i s t r i b u t i o n s  

a r e  d i f f i c u l t  t o  measure a c c u r a t e l y  i n  l y s i m e t e r s  o r  any o t h e r  l a y e r e d  system 

such as p r o t e c t i v e  b a r r i e r s .  I f  wa te r  c o n t e n t  i s  t h e  c r i t e r i o n  t h a t  w i l l  b e  

used t o  e v a l u a t e  a  model, t h e n  l y s i m e t e r s  shou ld  n o t  be  used as p a r t  o f  t h e  



exper imental  design. Other c r i t e r i a  such as storage, drainage, and evapotran- 

s p i r a t i o n  can a l s o  be used t o  eva lua te  a  model, and these q u a n t i t i e s  a re  mea- 

sured n i c e l y  by l y s ime te r s .  

Another cons ide ra t i on  i n  t h e  des ign o f  l y s ime te r s  t h a t  w i l l  generate da ta  

used i n  model i n g  i s  t h e  i n p u t  requirements o f  t h e  model. The i n p u t  da ta  a re  

j u s t  as impor tan t  as t h e  l y s i m e t e r  ou tpu t  data. For  example, va r i ous  meteoro- 

l o g i c a l  parameters a re  needed as i n p u t  by  most water f l o w  models. Data c o l -  

l e c t e d  a t  a  l y s i m e t e r  f a c i l i t y  t h a t  does no t  i n c l u d e  meteoro log ica l  i n f o r m a t i o n  

a re  o f  1  i m i t e d  va lue  when t h e  o b j e c t i v e  o f  t h e  l y s ime te r  i s  model t e s t i n g .  The 

worst  p o s s i b l e  des ign  f o r  a  l y s i m e t e r  i s  one t h a t  meets none o f  t h e  r equ i r ed  

o b j e c t i v e s  (i .e., i t  does no t  d u p l i c a t e  f l o w  cond i t i ons  ou t s i de  t h e  l y s i m e t e r  

and does n o t  p rov i de  enough i n f o r m a t i o n  t o  be use fu l  i n  model ing s t ud ies ) .  

SECTION SUMMARY 

The f i r s t  s tep  i n  choosing l y s i m e t r y  over a l t e r n a t i v e  exper imental  des igns 

i s  dec id i ng  whether drainage, storage, and/or evapo t ransp i r a t i on  r a t e s  need t o  

be e x p l i c i t l y  measured, and whether r o o t  systems and/or s o l u t e  t r a c e r s  need t o  

be conta ined w i t h i n  a  f i x e d  volume o f  s o i l .  The second s tep  i s  weighing t h e  

advantages o f  making these measurements aga ins t  t h e  disadvantages o f  l e s s  accu- 

r a t e  measurements o f  water con ten t  d i s t r i b u t i o n ,  and recogn iz ing  t h e  poss i  b i  1- 

i t y  t h a t  l y s i m e t e r  measurements may no t  d i r e c t l y  represent  measurements i n  

und is tu rbed  s o i l s ,  and t h a t  p o i n t  measurements a re  no t  t h e  same as area-wide 

measurements. The f i n a l  s tep  i s  dec id i ng  whether t h e  l y s i m e t e r  measurements 

w i  11 be i n t e r p r e t e d  as d i  r e c t  f i e 1  d  observat ions o r  used f o r  model va l  i d a t i o n /  

v e r i f i c a t i o n  s t ud ies  on ly .  

I f  t h e  measurements a r e  t o  be i n t e r p r e t e d  as r ep resen ta t i ve  f i e l d  observa- 

t i o n s  and cannot be adequately dup l i ca ted  i n  a  l y s ime te r ,  then  l y s i m e t r y  i s  n o t  

recommended. On t h e  o t h e r  hand, i f  t h e  da ta  a re  t o  be used p r i m a r i l y  f o r  model 

t e s t i n g  and development , then  l y s i m e t r y  i s  recommended s i nce  l y s ime t  r y  de l  i v e r s  

t h e  i n f o rma t i on  most needed by t h e  model (i.e., i t  prov ided e i t h e r  d i r e c t  i n p u t  

da ta  o r  comparisons w i t h  model ou tpu t ) .  

Lys imeters  can be moni tored a t  depth w i t h  neut ron probes f o r  mo i s tu re  

con ten t  changes o r  t h e y  can be p e r i o d i c a l l y  weighed, e i t h e r  by p h y s i c a l l y  



removing them f rom t h e  ground and weigh ing them o r  by  p l a c i n g  them on a b u r i e d  

sca le .  Weighing l y s i m e t e r s  a r e  t h e  most a c c u r a t e  systems f o r  o b t a i n i n g  t h e  

complete wa te r  ba lance o f  a s o i l  volume ( i  .e., d i r e c t  measurements o f  evapo- 

t r a n s p i  r a t i o n ,  s t o r a g e  change, and d ra inage) .  Nonweighi ng l y s i m e t e r s  can o n l y  

measure evapo t ransp i  r a t i o n  and water  s t o r a g e  changes i n d i  r e c t l y  . Some non- 

we igh ing l y s i m e t e r s  can be s p e c i a l l y  designed t o  measure d r a i n a g e  by  u s i n g  

under -d ra in  c o l  l e c t i o n  systems o r  s u c t i o n  cup-vacuum systems. Examples o f  t h e  

fo rmer  a r e  t h e  Buried-Waste Test F a c i l i t y  ca i ssons  l o c a t e d  near  t h e  Hanford 

300-N Area b u r i a l  ground, w h i l e  examples o f  t h e  l a t t e r  a r e  t h e  18-m-deep 

l y s i m e t e r s  l o c a t e d  near  t h e  200-E Area. 

Weighing l y s i m e t e r s  a r e  capab le  o f  d i r e c t l y  measur ing evapo t ransp i  r a t i o n  

and changes i n  wa te r  s torage,  as  w e l l  as o f  d r a i n a g e  and p r e c i p i t a t i o n ;  hence, 

i n  genera l ,  t h e y  have f e a t u r e s  t h a t  make them a t t r a c t i v e  f o r  use i n  t e s t i n g /  

v a l i d a t i n g  unsa tu ra ted  water  f l o w  and wa te r  ba lance models. Both nonweighing 

and weigh ing l y s i m e t e r s  can a l s o  be used t o  measure s o l u t e  t r a n s p o r t  i n  t h e  

unsa tu ra ted  zone. Tab le  1 l i s t s  key advantages and d isadvantages o f  u s i n g  

l y s i m e t e r s  f o r  measur ing v a r i o u s  h y d r o l o g i c  processes. 

At  Hanford, t h e  p r i m a r y  advantage o f  l y s i m e t r y  i s  t h e  d i r e c t  measurement 

o f  d ra inage.  However, l y s i m e t e r  exper iments  shou ld  be designed so t h a t  as many 

components o f  t h e  w a t e r  ba lance can be measured as i s  p r a c t i c a l .  The use o f  

re1  a t i v e l y  s h a l l  ow we igh ing  l y s i m e t e r s  i n  cornbi n a t i o n  w i t h  deeper nonweighing 

l y s i m e t e r s  equipped w i t h  d ra inage  c o l l e c t i o n  dev i ces  appears t o  be an appro-  

p r i a t e  way t o  assess t h e  complete wa te r  ba lance a t  a g i v e n  s i t e .  



TABLE 1. L y s i m e t e r  Features  Use fu l  f o r  S t u d i e s  o f  Water Ba lance and 
S o l u t e  T ranspor t  i n  Unsatura ted Zones 

Hyd r o l  o g i  c  Advantage 
Process o f  Lys ime te r  

Water c o n t e n t  Es t a b 1  i shes f i x e d  v o l  ume 
s t o r a g e  f o r  s t o r a g e  and f i x e d  a rea  

f o r  r a i n  i n p u t  

Drainage 

Weighing l y s i m e t e r  b e s t  
measure o f  s t o r a g e  

E s t a b l i s h e s  f i x e d  v o l  ume 

El i m i  na tes  1  a t e r a l  f l  ow 
i n t o  a  f i x e d  volume 

Evapora t i on  Es tab l  i shes f i x e d  v o l  ume 

Weighing l y s i m e t e r  i s  o n l y  
d i r e c t  way t o  measure 
e v a p o r a t i o n  

Transp i  r a t i o n  E s t a b l  i shes f i x e d  v o l  ume 

Contains r o o t  systems 

Only d i r e c t  way t o  
measure t r a n s p i r a t i o n  

Sol u t e  t r a n s p o r t  Contains s o l u t e  p l  ume and 
enhances mass ba lance  

Di sadvantage 
o f  L y s i m e t e r  

Accura te  wa te r  c o n t e n t s  a r e  
d i f f i c u l t  t o  measure a t  
1  y s i m e t e r  boundar ies  

Accumulat ion o f  wa te r  a t  
l y s i m e t e r  bo t tom may p e r t u r b  
wa te r  c o n t e n t s  w i t h  r e s p e c t  t o  
n a t u r a l  c o n d i t i o n s  

May p e r t u r b  runon / runo f  f 
p r o p e r t i e s  

Ou t f l ow  (d ra inage)  boundary 
c o n d i t i o n  g e n e r a l l y  d i f f e r e n t  
f rom t h a t  o f  f i e l d .  Perched 
w a t e r  t a b l e  can be c rea ted ,  
caus ing  u n d e r e s t i m a t i o n  o f  
d  r a i  nage. 

Thermal p e r t u r b a t i o n  may change 
n a t u r a l  e v a p o r a t i o n  r a t e  

May cause p l a n t  g rowth  and r o o t  
d e n s i t i e s  t o  d i f f e r  f rom t h o s e  
o f  n a t u r a l  systems 

Dupl i c a t i o n  o f  n a t u r a l  
popul a t i o n  and p l a n t  d e n s i t i e s  
i s  d i f f i c u l t  

Real system may have two- o r  
t h ree -d imens iona l  f l o w  

May r e s t r i c t  d i s p e r s i o n  



PAST AND PRESENT LYSIMETER FACILITIES AT HANFORD 

Lys ime te rs  have been used i n  one form o r  ano the r  a t  t h e  Hanford  S i t e  s i n c e  

t h e  e a r l y  1970s. S i x  m a j o r  l y s i m e t e r  f a c i l i t i e s ,  c o n s i s t i n g  o f  more t h a n  50 

i n d i v i d u a l  l y s i m e t e r s ,  have been b u i l t  t h roughou t  t h e  200 and 300 Areas and t h e  

ALE Reserve. Four o f  t h e  f a c i l i t i e s  a r e  s t i l l  b e i n g  ma in ta ined  and mon i to red  

a t  some 1  eve1 . The purposes o f  t h e  l y s i m e t e r s  i n c l u d e  t h e  s tudy  o f  r o o t  pene- 

t r a t i o n  th rough  p h y s i c a l  b a r r i e r s  such as a s p h a l t  and conc re te ,  t h e  s tudy  o f  

deep d ra inage  and recharge,  and t h e  a n a l y s i s  o f  t h e  l e a c h i n g  r a t e s  o f  s o l i d  

waste forms. Some f a c i l i t i e s  have been designed t o  c o l l e c t  d a t a  a t  a  l e v e l  

compa t ib le  w i t h  model v e r i f i c a t i o n / v a l i d a t i o n  s t u d i e s ,  w h i l e  o t h e r s  have been 

designed s i m p l y  t o  demonstrate t h e  presence o r  absence o f  some process such as  

deep d ra inage  o r  r a d i o n u c l i d e  t r a n s p o r t .  A sunimary o f  t h e  s i x  ma jo r  f a c i l i -  

t i e s ,  i n c l u d i n g  t h e i r  l o c a t i o n ,  t h e  number o f  l y s i m e t e r s  a t  each, t h e i r  p r i m a r y  

purpose, and t h e i r  c u r r e n t  s t a t u s ,  i s  shown i n  Tab le  2. F i g u r e  2  shows t h e  

l o c a t i o n  o f  t h e  f a c i l i t i e s  on t h e  Hanford S i t e .  A d e s c r i p t i o n  o f  each f a c i l -  

i ty ,  i n c l u d i n g  i t s  des ign,  t h e  l e v e l  o f  i n s t r u m e n t a t i o n  and m o n i t o r i n g  a v a i l -  

a b l e ,  and i n f o r m a t i o n  o b t a i n e d  f rom t h e  f a c i l i t y  t o  date ,  f o l l o w s .  

LYSIMETER FACILITY 1: 200-E AREA ROCKWELL LYSIMETERS 

The f i r s t  l y s i m e t e r s  c o n s t r u c t e d  a t  Hanford were t h e  200-E Area Rockwel l  

l y s i m e t e r s .  The l y s i m e t e r s  have been d e s c r i b e d  i n  d e t a i  1  by Hsieh, Brownel 1  

and Reisenauer (1973) and by  Brownel l  e t  a l .  (1975) and were rev iewed r e c e n t l y  

by  Gee and Hel . le r  (1985). A  schemat ic d iagram o f  t h e  200-E Area f a c i l i t y  i s  

shown i n  F i g u r e  3. A t  t h i s  f a c i l i t y  a r e  two l y s i m e t e r s ,  each approx ima te l y  

18.0 m deep and 3  rn i n  d iamete r ,  f i l l e d  w i t h  a  u n i f o r m  sandy s o i l .  

The p r i m a r y  o b j e c t i v e  o f  t h e  l y s i m e t e r  f a c i l i t y  was t o  address t h e  problem 

o f  deep d r a i n a g e  ( i  .e., recharge)  i n  t h e  u n s a t u r a t e d  zone a t  Hanford. The . 
approach was t o  c o n s t r u c t  two l y s i m e t e r s ,  one w i t h  a  c l o s e d  bot tom sea led  w i t h  

a  conc re te  pad and an aluminum p l a t e ,  and one c o m p l e t e l y  open a t  t h e  bo t tom 

( F i g u r e  3 ) .  It was reasoned t h a t  i f  deep d r a i n a g e  were o c c u r r i n g  i n  t h e  

200 Area p l a t e a u ,  wa te r  shou ld  accumulate i n  t h e  bo t tom o f  t h e  c losed-bot tom 



TABLE 2. Lys i rne ter  F a c i l i t i e s  a t  t h e  Hanford  S i t e  -- 

L o c a t i o n  
Des igna t i on  Loca t  i o n  

1 200-E Area 
(Rockwel l  Hanford 
Operat ions  
l y s i m e t e r s )  

I n s t a l  l a t i o n  
Date S i  zelType 

1971172 18-m-deep 

Number Purpose 

2 +- Water ba lance 

Reference 

Brownel 1 
e t  a l .  1975 

S ta tus  

50% ma in ta ined  

200-W Area 
(S-10 C u l v e r t s )  

16 Root p e n e t r a t i o n  Kirkham and 
C l i n e  1982 

50% und i s tu rbed  b u t  
not  a c t i v e l y  
ma in ta ined  

i 3 300-N Area 
1 (Buried-Waste 

i Test F a c i l i t y )  

6 w a t e r b a l a n c e  
(ba re  s o i l )  

Phi  11 i p s  
e t  a l .  1979 

A c t i v e  

300-N Area 
(Bur ied-Waste 
Test  Fac i  1 i t y )  

I 

1978179 P la t f o rm-sca le  
we igh ing 
(1.5-m x 1.5-m) 

2 'Water ba lance 
( b a r e  s o i l  and 
vegeta ted)  

Kirkham. Gee 
and Jones 
1984 

A c t i v e  

1 4  300-N Area 
(Commercial -Waste 
Test  F a c i  1 i t y )  

10 4 Water ba lance 
and l e a c h i n g  
(ba re  s o i l )  

Wal ter ,  Graham 
and Gee 1984 

A c t i v e  

5 300-N Area 
(Grout Waste 

\! Test  Fac i  1 i t y )  - 
600 Area 
(ALE Reserve) 

2 - Water ba lance 
and l e a c h i n g  
( b a r e  s o i l  ) 

Treat  1985 A c t i v e  

b Smal I -sca l  e 
) weigh ing - (0.1-m-dia x 

1-m-deep) 

(Numerous)' Water ba lance 
and rad ionu-  
c l  i d e  t r a n s p o r t  
( vege ta ted )  

Hinds 1973 I n a c t i v e  



Location 

Hanford Site 

Pacific Northwest 

Area Lysimeter Facility 

200- E 18-m-Deep (RHO) 

200-W 2-m-Deep (S-1 0) 

300-N 8-m-Deep (BWTF) 
300-N . Weighing(BW1F) 

300-N 3-m-Deep (CWTF) 

300-N 8-m-Deep (GVVTF) 

6 600 (ALE) . Weighing (ALE) 

FIGURE 2. Locat ions o f  Lysimeter F a c i l i t i e s  a t  t h e  Hanford S i t e  



Depth 19.3 m 34.6 rn -4 , Depth 18.7 m 
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Closed-Bottom I 
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FIGURE 3. Schematic Diagram o f  18-m-Deep Caisson Lysimeters i n  t h e  
200-E Area ( A f t e r  Brownel 1 e t  a l .  1975) 

l y s ime te r .  It was hoped t h a t  t h e  presence o r  absence o f  an accumulat ion o f  

water would conc lus i ve l y  demonstrate o r  r e f u t e  t h e  recharge quest ion.  

A secondary o b j e c t i v e  was t o  mon i t o r  severa l  so i  1  p rope r t i es ,  i n c l  ud ing  

s o i l  temperature, s o i l  water p o t e n t i a l ,  water content ,  and po re -a i r  pressure.  

These da ta  were t o  suppor t  t h e  development o f  a  d e t a i l e d  water f l o w  model 

capable o f  p r e d i c t i n g  ar id-zone water balance. However, va r ious  problems t h a t  

were encountered d u r i n g  t h e  i n s t a l l a t i o n  and e a r l y  mon i t o r i ng  o f  these l y s im-  

e t e r s  have prevented t h e  measurement o f  any q u a n t i t y  except s o i l  water  con ten t .  

The mo is tu re  con ten t  o f  t h e  s o i l  has been moni tored w i t h  neu t ron  probes 

s i nce  l y s i m e t e r  i n s t a l l a t i o n  i n  l a t e  1970 and e a r l y  1971. Al though t h e  t o p  6 m 

o f  one l y s i m e t e r  had a h i ghe r  i n i t i a l  water con ten t  than t h e  o the r ,  n e i t h e r  

l y s i m e t e r  has shown measurable changes i n  water con ten t  below about t h e  6-m 

depth. Th is  l a c k  o f  accumulat ion o f  water a t  l ower  depths over t ime  has been 

i n t e r p r e t e d  by some authors  as p r o o f  t h a t  no deep dra inage i s  o c c u r r i n g  

(Brownel l  e t  a l .  1975; Last,  Easley and Brown 1976). Jones (1978) reviewed t h e  

da ta  from these two l ys i rne te rs  f o r  t h e  pe r i od  f rom i n s t a l l a t i o n  i n  197112 



t h rough  1977. He con f i rmed  t h a t ,  w i t h i n  t h e  d e t e c t i o n  l i m i t s  o f  t h e  n e u t r o n  

probe,  t h e  wa te r  c o n t e n t  a t  dep th  was n o t  changing and t h e r e  was no obse rvab le  

accumula t ion  o f  wa te r  i n  e i t h e r  l y s i m e t e r .  However, he i n t e r p r e t e d  t h e  u n i f o r m  

wa te r  c o n t e n t  d i s t r i b u t i o n  t h a t  p e r s i s t s  i n  t h i s  homogeneous s o i l  as an i n d i c a -  

t i o n  o f  a  downward f l o w  o f  wa te r  caused by  g r a v i t y - i n d u c e d  d ra inage  ( u n i t  

g r a d i e n t  f l ow ,  as d e s c r i b e d  p r e v i o u s l y ) .  Jones f u r t h e r  suggested t h a t  a1 though  

no water  c o n t e n t  change was de tec ted ,  a  recharge r a t e  o f  as much as 0.5 cm/yr  

c o u l d  e a s i l y  have gone undetec ted i n  t h e s e  nonweighing u n i f o r m  l y s i m e t e r s  o v e r  

t h e  6-year t e s t  pe r iod .  

No d a t a  on t h e  200-E Area 18-m-deep l y s i m e t e r s  have been p u b l i s h e d  s i n c e  

t h e  r e p o r t  o f  Jones i n  1978. Recent correspondence w i t h  Rockwell  personne l  

i n d i c a t e s  t h a t  a d d i t i o n a l  n e u t r o n  probe d a t a  a t  t h i s  s i t e  a r e  a v a i l a b l e .  The 

open-bottom l y s i m e t e r  was excavated t o  a  dep th  o f  about  6  m i n  t h e  s p r i n g  o f  

1983, so t h e r e  i s  no c o n t i n u i t y  o f  r e c o r d  on t h i s  l y s i m e t e r .  However, t h e  

c losed-bot tom l y s i m e t e r  has been mon i to red  on about  a  6-month i n t e r v a l  s i n c e  

t h e  f a l l  o f  1983. The r e c e n t  d a t a  f rom t h e  c losed-bot tom l y s i m e t e r  c o n t i n u e  t o  

show t h a t  t h e  wa te r  c o n t e n t  o f  t h e  l y s i m e t e r  s o i l  below a  dep th  o f  about  6 m 

has a p p a r e n t l y  changed l i t t l e .  

The ma jo r  problem w i t h  t h e  200-E Area l y s i m e t e r  d a t a  i s  t h e  l a c k  o f  d i r e c t  

measurement o f  deep dra inage.  The l y s i m e t e r s  do n o t  have any c o l l e c t i o n  system 

f o r  d ra inage  water ;  t h e r e f o r e ,  d r a i n a g e  must be es t ima ted  i n d i r e c t l y  f rom wa te r  

c o n t e n t  measurements. U n f o r t u n a t e l y ,  t h e  d a t a  p r o v i d e  two  c o n f l i c t i n g  conc lu -  

s ions .  On t h e  one hand, no obse rvab le  accumula t ion  o f  water  has been observed, 

which would i n d i c a t e  e i t h e r  no o r  ex t reme ly  l o w  r a t e s  o f  d ra inage.  On t h e  

o t h e r  hand, t h e  u n i f o r m  wa te r  c o n t e n t  d i s t r i b u t i o n  i s  c o n s i s t e n t  w i t h  u n i t  

b g r a d i e n t ,  deep dra inage.  Another l i m i t a t i o n  o f  t h e  d a t a  s e t  i s  t h e  q u e s t i o n  o f  

p l a n t - w a t e r  use. The l y s i m e t e r s  were o r i g i n a l l y  i n tended  t o  be k e p t  unvege- 

t a t e d ,  b u t  cheatgrass  and Russian t h i s t l e  were a l l o w e d  t o  i nvade  t h e  l y s i m e t e r s  

a t  l e a s t  f o r  t h e  p e r i o d  o f  1977 t o  1982 (see  Gee and H e l l e r  1985). The r e s u l t -  

i n g  u n c e r t a i n t y  about  t h e  s u r f a c e  c o n d i t i o n s  w i l l  make any mode l i ng  o f  t h e  d a t a  

d i f f i c u l t .  The measurements t a k e n  i n  t h e  c losed-bot tom l y s i m e t e r  shou ld  be 

cons ide red  va luab le ,  b u t  a t  t h e  p r e s e n t  t i m e  t h e y  a r e  an ambiguous and 



unresolved da ta  se t  i n  terms o f  p r e d i c t i n g  recharge ra tes .  Core sampling o f  

t h e  e n t i r e  s o i l  p r o f i l e  would be one way t o  he1 p  r eso l ve  t h e  u n c e r t a i n t y  o f  t h e  

neut ron probe data.  

LYSIMETER FACILITY 2: BIOINTRUSION LYSIMETERS 

I n  1975, a  s tudy was i n i t i a t e d  by PNL t o  examine t h e  e f f ec t i veness  o f  

va r ious  l aye red  m a t e r i a l s  i n  p reven t i ng  p l a n t  and animal i n t r u s i o n  i n t o  waste 

s i t e s  (Cl  i ne ,  Gano and Rogers 1980; K i  rkham and C l  i n e  1982). Lys imeters  and a  

l a r g e  t r ench  were used t o  t e s t  f o r  b i o i n t r u s i o n .  Several b a r r i e r  systems, 

i n c l u d i n g  s o i  1  1  ayers con ta i n i ng  1  oose rock,  aspha l t  emu1 s ion,  and s o i  1  sp iked 

w i t h  r o o t  t o x i n ,  were tes ted .  Root p e n e t r a t i o n  was de tec ted  by measuring t h e  

p l a n t  uptake o f  t r a c e r s  p laced i n  t h e  s o i l  below t h e  b a r r i e r .  Animal i n t r u s i o n  

was s tud ied  i n  t h e  l a r g e  t r ench  by observ ing an t  and pocket mouse t unne l s  a f t e r  

excavat ion.  

A t o t a l  o f  28 l y s ime te r s  (1.2-m-dia by 2.4-m-deep ca issons)  were f i l l e d  

w i t h  s o i l  c o n t a i n i n g  var ious  b a r r i e r  systems (see F igu re  4). The l y s i m e t e r s  

were cons t ruc ted  near t h e  216-S-10 d i t c h  j u s t  south o f  t h e  200-W Area. The 

l y s i m e t e r s  were open a t  t h e  bottom. No i n f o rma t i on  on h y d r a u l i c  p r o p e r t i e s  i s  

a v a i l a b l e  f o r  t h e  t e s t  s o i l ,  bu t  t e x t u r a l l y  t h e  s o i l  i s  s i m i l a r  t o  t h e  200 Area 

deep l y s i m e t e r  s o i l  (coarse tex tu red ,  w e l l  d ra ined) .  Twelve o f  t h e  l y s i m e t e r s  

were d e s t r u c t i v e l y  sampled. The remaining 16 l y s i m e t e r s  a re  s t i l l  i n  p l ace  bu t  

have no t  been a c t i v e l y  maintained. These u n i t s  cou ld  be used i n  t h e  f u t u r e  t o  

t e s t  t h e  e f f e c t i v e n e s s  o f  b a r r i e r s  t o  bo th  p l a n t  and water i n t r u s i o n .  

B i o i n t r u s i o n  t e s t s  us ing  l aye red  m a t e r i a l s  may be necessary when f i n a l  

designs a re  developed f o r  p r o t e c t i v e  b a r r i e r  systems. Small l y s ime te r s  s im i  1  a r  

t o  t h e  des ign used by Hinds (1973) and Cl ine,  Gano and Rogers (1980) would be  

use fu l  i n  assessing b a r r i e r  performance, bu t  a d d i t i o n a l  measurements o f  water  

con ten t  and water s to rage  i n  t h e  l ys i rne te rs  would be needed t o  q u a n t i f y  t h e  

e f f e c t s  o f  water movement on b i o i n t r u s i o n .  The 16 remaining l a r g e  l y s i m e t e r s  

may be use fu l  f o r  eva lua t i ng  t h e  r e l a t i v e l y  long- term (10-year) response o f  a  

b a r r i e r  system t o  water i n f i l t r a t i o n  and drainage. 
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LYSIMETER FACILITY 3: BURIED-WASTE TEST FACILITY (BWTF) LYSIMETERS 

The l y s i m e t e r  f a c i l i t y  a t  t h e  BWTF i n  t h e  300 Area was c o n s t r u c t e d  i n  t h e  

s p r i n g  o f  1978 ( P h i l l i p s  e t  a l .  1979).  It i s  d e s c r i b e d  i n  d e t a i l  i n  t h e  

P h i l l i p s  r e p o r t ,  and d a t a  f rom t h e  l y s i m e t e r s  a r e  presented and ana lyzed i n  two 

subsequent r e p o r t s  (Jones and Gee 1984; Jones, Campbell and Gee 1984).  A 

r e c e n t  r e v i e w  o f  t h e  f a c i l i t y  i s  g i v e n  by  Gee and H e l l e r  (1985).  

The f a c i  1  i t y  c o n s i s t s  o f  e i g h t  i n d i v i d u a l  l y s i m e t e r s  , s i x  nonwei gh i  ng and 

two we igh ing  l y s i m e t e r s  ( see  F i g u r e  5 ) .  The s i x  nonweighing l y s i m e t e r s  a r e  

7.6 m deep; two  o f  them a r e  2.7 m  i n  d iamete r  and t h e  o t h e r  f o u r  a r e  0.6 m i n  

d iameter .  The two we igh ing  l y s i m e t e r s  (one o f  wh ich  was added i n  1979) a r e  

each b u i l t  o u t  o f  r e c t a n g u l a r  box, 1.5 m on a  s i d e .  These l y s i m e t e r s  a r e  

d e s c r i b e d  i n  d e t a i l  by  K i  rkham, Gee and Jones (1984). F i g u r e  6  shows a  c r o s s  

s e c t i o n  o f  one we igh ing  l y s i m e t e r ,  comple te  w i t h  p l a t f o r m  s c a l e  and d r a i n a g e  

c o l l e c t i o n  system ( s u c t i o n  cand les ) .  An i m p o r t a n t  f e a t u r e  o f  t h e  two we igh ing  

l y s i m e t e r s  i s  t h a t  t h e y  can be c o n t i n u o u s l y  mon i to red ,  t h u s  p r o v i d i n g  changes 

i n  s t o r a g e  e s t i m a t e s  on t i m e  s c a l e s  r a n g i n g  f r o m  hours  t o  yea rs .  The e s t i m a t e d  

p r e c i s i o n  o f  measurement f o r  changes i n  s t o r a g e  and d r a i n a g e  i s  about  

t0 .1  cm ly r .  Four  o f  t h e  l y s i m e t e r s  (one 1  arge-diameter,  two sma l l -d iamete r ,  

and one we igh ing  l y s i m e t e r )  were i r r i g a t e d  i n t e r m i t t e n t l y  o v e r  a  p e r i o d  o f  

about  2 y e a r s  (1979 t o  1981). 

I n  a d d i t i o n  t o  l y s i m e t e r  d a t a  on wa te r  s t o r a g e  and d ra inage ,  a d d i t i o n a l  

d a t a  i n c l  u d i n g  e x t e n s i v e  s o i  1  c h a r a c t e r i  z a t i o n  (Cass , Campbell and Jones 1981, 

1984) and meteor01 o g i c a l  i n f o r m a t i o n  were c o l  1  e c t e d  t o  suppor t  model develop- 

ment and e v a l u a t i o n .  Radionucl i d e  t r a n s p o r t  s t u d i e s  were a l  so  per formed (Jones 

e t  a l .  1983).  Recen t l y ,  one o f  t h e  we igh ing  l y s i m e t e r s  was p l a n t e d  t o  cheat -  

g rass  and t r a n s p i r a t i o n  measurements were s t a r t e d  (Gee and Kirkham 1984) .  

The d a t a  c o l l e c t e d  a t  t h e  BWTF d i f f e r  f rom t h o s e  c o l l e c t e d  by  t h e  200-E 

Area l y s i m e t e r  i n  t h a t  d ra inage  wa te r  i s  c o l l e c t e d  and measured d i r e c t l y  i n  

t h r e e  o f  t h e  l y s i m e t e r s  ( t w o  we igh ing  l y s i m e t e r s  and one nonweighing l y s i m e t e r )  

(see F i g u r e  5) .  Water c o n t e n t  p r o f i l e s  have been mon i to red  w i t h  n e u t r o n  probes 

i n  a  manner s i m i l a r  t o  t h a t  used i n  t h e  200-E Area Rockwel l  l y s i m e t e r s .  The 

upper  1 t o  2  m show seasonal v a r i a t i o n s ,  and t h e  m i d d l e  and 1  ower dep ths  ( 3  t o  

5 m) show t h e  same u n i f o r m  wa te r  c o n t e n t  p r o f i l e  w i t h  dep th  as has been 
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F I G U R E  6.  Schematic Diagram o f  Weighing Lysimeters a t  t h e  
Buried-Waste Test F a c i l i t y  S i t e  i n  t h e  300 Area 
( A f t e r  Kirkham, Gee and Jones 1984) 

observed i n  t h e  Rockwell l ys imete rs .  A l a y e r  o f  coarse sand l oca ted  i n  t h e  

nonweighing l y s i m e t e r  j u s t  below t h e  6-m depth causes a nonun i f o rm i t y  i n  t h e  

water con ten t  da ta  due t o  t h e  t e x t u r a l  and l i t h o l o g i c  d i s c o n t i n u i t y  i t  repre-  

sents. Th is  l a y e r  has been used as a  check on neut ron probe p o s i t i o n  as w e l l  

as a  means t o  observe t h e  e f f e c t s  o f  l ayered  s o i l  on dra inage c h a r a c t e r i s t i c s .  

The o n l y  apparent e f f e c t  on dra inage r a t e  was a s l i g h t  de lay  caused by an 

inc rease  ( 2  t o  3 ~ 0 1 % )  i n  water above t h e  l a y e r  be fo re  dra inage occurred. 

I n  c o n t r a s t  t o  t h e  200 Area data,  t h e  300 Area da ta  show an inc rease  i n  

water  con ten t  over  t i m e  a t  depth i n  t h e  l y s ime te r ,  and dra inage water i s  be ing  



c o l l e c t e d  f rom t h e  bottom. The amount o f  d ra inage  wa te r  e x t r a c t e d  f rom a  f r e e -  

d r a i n a g e  c o l l e c t i o n  system a t  a  dep th  o f  o v e r  7 m has exceeded 5 c m l y r  o v e r  t h e  

1  a s t  3  yea rs .  It shou ld  be no ted  t h a t  p r e c i p i t a t i o n  i n  t h e  p a s t  5 y e a r s  (1980 

t h r o u g h  1984) has been above normal w i t h  t h e  1983 maximum o f  28.1 cm exceed ing 

t h e  l ong - te rm average by 12 cm. The e f f e c t  o f  t h e  above-normal p r e c i p i t a t i o n  

on measured d r a i n a g e  r a t e s  needs t o  be cons ide red  i n  any p r e d i c t i v e  model o f  

t h e  recharge a t  t h i s  s i t e .  

A p r e l i m i n a r y  a t tempt  t o  model t h e  wa te r  ba lance  o f  t h e  BWTF was completed 

i n  1984 (Jones, Campbell and Gee 1984).  The r e s u l t s  were encouraging;  t h e  

model p r e d i c t i o n s  t r a c k e d  w e l l  w i t h  t h e  measured s t o r a g e  and d r a i n a g e  data .  

However, t h e  r e s u l t s  were cons ide red  o n l y  p r e l i m i n a r y  because o f  u n c e r t a i n t i e s  

i n  t h e  BWTF d a t a  base. S ince  t h e  f i r s t  r e p o r t  was completed, t h e  BWTF d a t a  

base has been enhanced by 2  a d d i t i o n a l  y e a r s  o f  d a t a  and improved f rom a  

q u a l i t y  assurance p o i n t  o f  v iew. A d e t a i l e d  n e u t r o n  probe c a l i b r a t i o n  has been 

compl e t e d  f o r  t h e  c u r r e n t l y  a v a i l  ab l  e  n e u t r o n  probe, and c ross -ca l  i b r a t i o n  has 

been completed on o t h e r  probes used p r e v i o u s l y  d u r i n g  t h e  p a s t  6 y e a r s ,  so  t h a t  

a  n e a r l y  con t inuous  d a t a  s e t  has been ob ta ined .  A  more c o n c l u s i v e  mode l i ng  

e f f o r t  i s  p lanned u s i n g  t h e  improved d a t a  s e t  and w i l l  be completed i n  f i s c a l  

y e a r  1986. 

L i m i t a t i o n s  t o  t h e  use o f  l y s i m e t r y  d a t a  f o r  model ing  i n v o l v e  t h e  c o n t i n u -  

i t y  o f  o n s i t e  m e t e o r o l o g i c a l  da ta .  For t h e  p r e l  i m i n a r y  model i n g  e x e r c i s e ,  d a t a  

f rom t h e  200 Area m e t e o r o l o g i c a l  s t a t i o n  were used t o  supplement t h e  BWTF d a t a  

base. I n s t r u m e n t a t i o n  and d a t a  c o l l e c t i o n  exper ience  ga ined d u r i n g  t h e  l i f e -  

t i m e  o f  b o t h  t h e  200 Area and BWTF l y s i m e t e r  p r o j e c t s  have l e d  t o  b e t t e r  and 

more re1 i a b l e  systems b e i n g  implemented. 

LYSIMETER FACILITY 4: COMMERCIAL-WASTE TEST FACILITY (CWTF) LYSIMETERS 

F i g u r e  7 i s  a  schemat ic d iagram o f  t h e  Commercial-Waste Tes t  F a c i l i t y  i n  

t h e  300 Area. Th is  f a c i l i t y ,  a d j a c e n t  t o  t h e  BWTF s i t e ,  was i n s t a l l e d  i n  l a t e  

1983 and e a r l y  1984 and i s  d e s c r i b e d  i n  d e t a i l  by Wal ter ,  Graham and Gee 

(1984). The f a c i l i t y  c o n s i s t s  o f  1 0  l y s i m e t e r s  made o f  sealed-bot tom v e r t i c a l  

c o n t a i n e r s  ( ca i ssons )  each o f  which i s  1.8 m i n  d iamete r  and 3  m deep. The 

l y s i m e t e r s  a r e  f i l l e d  w i t h  s o i l  m a t e r i a l s  v e r y  s i m i l a r  t o  t h e  BWTF l y s i m e t e r  



FIGURE 7. Schematic Diagram of  Lysimeters a t  t h e  Commercial-Waste 
Test  F a c i l i t y  i n  t h e  300 Area ( A f t e r  Walter, Graham and 
Gee 1984) 

s o i l s  i n  t e x t u r e  and hyd ro l og i c  p r o p e r t i e s  (sandy t e x t u r e  and r e a d i l y  d ra ined) .  

Each l y s i m e t e r  has an under-dra in  c o l l e c t i o n  dev ice  as w e l l  as a porous cup- 

vacuum system f o r  t h e  removal o f  s o i l  water so t h a t  e i t h e r  f r e e  dra inage o r  

con t ro l l ed -p ressu re  ( s u c t i o n )  head can be mainta ined a t  t h e  bot tom o f  t h e  

l y s ime te r .  Each l y s i m e t e r  con ta ins  a 2 0 8 4  (55-gal  ) volume o f  commercial waste 

t h a t  has been s o l i d i f i e d  w i t h  e i t h e r  bitumen, polymer, o r  cement. The purpose 

o f  t h e  f a c i l i t y  i s  t o  eva lua te  t h e  l each ing  o f  s o l i d i f i e d  low- leve l  waste i n  an 

a r i d  environment. Some d e t a i l e d  l each ing  chemist ry  s t ud ies  a re  under way b o t h  

i n  t h e  l a b o r a t o r y  and a t  t h i s  f a c i l i t y  t o  assess t h e  source term assoc ia ted 

w i t h  s o l i d i f i e d  commercial waste. The hydro1 ogy and t h e  e f f e c t  o f  s t o c h a s t i  c- 

a l l y  de r i ved  r a i n f a l l  i n p u t  a re  t o  be assessed i n  model s imu la t i ons  o f  t h e  

f a c i l i t y .  Because t h e  f a c i l i t y  i s  r e l a t i v e l y  new, no dra inage da ta  have been 

pub l i shed  t o  date.  Th i s  s tudy i s  funded by t h e  U.S. Department o f  Energy's 

Nat iona l  Low-Level Waste Program and i s  scheduled t o  con t inue  f o r  a t  l e a s t  

another  3 years .  



LYSIMETER FACILITY 5: GROUT WASTE TEST FACILITY (GWTF) LYSIMETERS 

A  schemat ic d iagram o f  t h e  Grout  Waste Tes t  F a c i l i t y  i n  t h e  300 Area i s  

shown i n  F i g u r e  8. These l y s i m e t e r s  a r e  designed t o  e v a l u a t e  l e a c h i n g  o f  

g r o u t - t  r e a t e d  waste under f i e l d  c o n d i t i o n s  ( T r e a t  1985). Four l y s i m e t e r s  have 

been designed and a r e  p r e s e n t l y  i n  v a r i o u s  s tages o f  c o n s t r u c t i o n .  One l y s i m -  

e t e r ,  2  m i n  d iamete r  and 8.2 m  deep, has been f i l l e d  w i t h  s o i l  and c o n t a i n s  

numerous smal l  sampl es  o f  g r o u t - t r e a t e d  Hanford f a c i l  i t i e s  waste. Thi s  l y s i m -  

e t e r  was b a c k f i l l e d  w i t h  1  ayers  o f  coarse- and f i n e - t e x t u r e d  s o i l  m a t e r i a l s  

t a k e n  f rom t h e  AP t a n k  fa rm i n  t h e  200 Area. The l y s i m e t e r  i s  i n s t r u m e n t e d  

w i t h  porous-Tef lon@ s u c t i o n  samplers f o r  c o l l e c t i n g  water  f rom t h e  u n s a t u r a t e d  

zone. A  c e n t r a l  access t u b e  p r o v i d e s  a  means t o  m o n i t o r  t h e  m o i s t u r e  p r o f i l e  

u s i n g  downwell n e u t r o n  probes. The bot tom o f  t h e  l y s i m e t e r  i s  sealed,  and 

d ra inage  wa te r  w i l l  be  c o l l e c t e d  w i t h  a  vacuum system. One a d d i t i o n a l  l y s i m -  

e t e r  w i l l  be f i l l e d  and ins t rumen ted  i n  September 1985. The r e s o l u t i o n  o f  

t h e s e  l y s i m e t e r s  i n  measur ing wa te r  ba lance components i s  comparable t o  t h a t  o f  

t h e  BWTF nonweighing l y s i m e t e r s .  

LYSIMETER FACILITY 6 :  ALE RESERVE LYSIMETERS 

F i g u r e  9  i s  a  schemat ic d iagram o f  a  smal l  we igh ing  l y s i m e t e r  used f o r  

wa te r  ba lance and r a d i o n u c l i d e  t r a n s p o r t  s t u d i e s .  T h i s  t y p e  o f  l y s i m e t e r  has 

been used r a t h e r  e x t e n s i v e l y  on t h e  ALE Reserve f o r  a  number o f  yea rs  (Hinds 

1973; C l i n e ,  Gano and Rogers 1980).  The l y s i m e t e r s  a r e  t y p i c a l l y  about  13 cm 

i n  d iamete r  w i t h  l e n g t h s  o f  100 cm o r  l e s s ,  made o f  p l a s t i c ,  and inexpens ive  t o  

b u i l d  ( a  few do1 l a r s  f o r  m a t e r i a l s )  . E v a p o t r a n s p i r a t i o n  r a t e s  a r e  determined 

d i r e c t l y  f rom we igh t  changes o b t a i n e d  by removing t h e  l y s i m e t e r s  f rom t h e  

ground and we igh ing  them on a  sca le .  Root growth  and contaminant  uptake 

p a t t e r n s  can be o b t a i n e d  by  d e s t r u c t i v e l y  sampl ing  t h e  l y s i m e t e r s  ( C l i n e ,  Gano 

and Rogers 1980). The o n l y  q u a n t i t a t i v e  d a t a  r e l a t i n g  r o o t i n g  d e n s i t y  and 

a c t u a l  e v a p o t r a n s p i r a t i o n  f o r  cheatgrass  a t  Hanford were c o l l e c t e d  u s i n g  t h i s  

t y p e  o f  l y s i m e t e r  (H inds 1973). These d a t a  have been used t o  genera te  e m p i r i -  

c a l  re1 a t i o n s h i  ps t o  model e v a p o t r a n s p i r a t i o n  f rom cheatgrass  (Gee and Simmons 

1979). 
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FIGURE 9. Schematic Diagram o f  Small Weighing Lys ime te rs  a t  t h e  A r i d  Lands 
Ecol ogy Reserve ( A f t e r  Hi nds 1973)  

Disadvantages o f  t h e s e  u n i t s  i n c l u d e  t h e i r  s i z e  ( s m a l l  d iamete r  and sha l -  

l o w  dep th )  and t h e  f a c t  t h a t  n o r m a l l y  t h e y  a r e  sea led  a t  t h e  bot tom, so n o  

d r a i n a g e  i s  measured. It i s  n o t  c l e a r  whether d a t a  o f  t h i s  type,  genera ted i n  

smal l  l y s i m e t e r s ,  a r e  v a l i d  f o r  l a r g e - s c a l e  f i e l d  s i m u l a t i o n s .  The d a t a  a r e  

i m p o r t a n t ,  however, s i n c e  no o t h e r  d a t a  on t r a n s p i r a t i o n  r a t e s  a t  t h e  Hanford  

S i t e  a r e  a v a i l a b l e  a t  p resen t .  The p r e c i s i o n  o f  t h e s e  dev i ces  i s  r e l a t e d  



d i r e c t l y  t o  measured we igh t  changes. E r r o r s  i n  e v a p o t r a n s p i r a t i o n  and wa te r  

s t o r a g e  changes a r e  e s t i m a t e d  t o  be abou t  i0 .6  cm/yr o r  l e s s  (H inds 1973).  

SECTION SUMMARY 

Lys ime te rs  have been used a t  Hanford s i n c e  t h e  1970s. The m o t i v a t i o n  f o r  

u s i n g  l y s i m e t e r s  has v a r i e d  f rom f a c i l i t y  t o  f a c i l i t y ,  and t h e r e f o r e  t h e  con- 

s t r u c t i o n  and i n s t r u m e n t a t i o n  o f  t h e  f a c i l i t i e s  a r e  d i f f e r e n t .  T a b l e  3 sum- 

mar i  zes how each f a c i l i t y  i s  equipped t o  measure o r  c a l c u l a t e  each component o f  

t h e  wa te r  b a l  ance. 

The t a b l e  shows t h a t  t h e  two main areas o f  d i f f e r e n c e  a r e  i n  whether w a t e r  

s t o r a g e  i s  measured d i r e c t l y  by  t h e  use o f  s c a l e s  o r  i n f e r r e d  f r o m  n e u t r o n  

probe measurements, and whether d r a i n a g e  i s  measured d i  r e c t l y  by  c o l l  e c t i  ng 

wa te r  a t  t h e  bo t tom o f  t h e  l y s i m e t e r  o r  c a l c u l a t e d  f rom n e u t r o n  p robe  da ta .  

The q u a n t i t i e s  c a l c u l a t e d  f rom n e u t r o n  probe measurements a r e  t h e  l e a s t  accu- 

r a t e ;  t h o s e  c a l c u l a t e d  by we igh t  a r e  t h e  most accura te .  

It i s  s a f e  t o  say t h a t  no l y s i m e t e r  f a c i l i t y  b u i l t  t o  d a t e  has had an 

optimum des ign,  n o r  has any f a c i l i t y  been adequa te l y  suppor ted f i n a n c i a l l y  t o  

o p t i m i z e  t h e  q u a l i t y  and c o n t i n u i t y  o f  d a t a  c o l l e c t e d .  However, each f a c i l i t y  

has p r o v i d e d  u s e f u l  d a t a  t h a t  shou ld  n o t  be  d i s regarded .  The development o f  a  

comple te  unders tand ing  o f  u n s a t u r a t e d  f l o w  a t  Hanford  w i l l  r e l y  on t h e s e  h i s -  

t o r i c a l  d a t a  bases as  w e l l  as on f u t u r e  e f f o r t s ,  and any unders tand ing  d e v e l -  

oped cannot  be comple te  u n t i l  t h e  d a t a  f rom each exper iment  a r e  e x p l a i n e d  a t  

l e a s t  qua1 i t a t i v e l y  . 



TABLE 3. Measurement C a p a b i l i t i e s  o f  Hanford Lys ime te r  F a c i l i t i e s  

S i t e  Lysimeter Water Preci  i t a t i o n  Soi 1 Source o f  
Number F a c i l i t y  -- Content Storage Evapo t ransp i ra t ion  Drainage & n t i a )  -- ~ u n o f f ( ~ )  - Tem~era tu re  -- -- Weather Data - 

1. 200-E Area NP(C) Ca lcu la t ions  Ca lcu la t ions  Ca lcu la t ions  M,!s(~) None None No HHS ( 8  km)(d) 
(Rockwell ) from NP from NP from NP 

2. 200-U Area NP Ca lcu la t ions  Ca lcu la t ions  Ca lcu la t ions  HNS None None No W!S ( 5  km) 
(S-10 c u l v e r t s )  from NP from NP from NP 

3. 300-N Area NP same Ca lcu la t ions  Ca lcu la t ions  Free drainage Onsi te None None Yes Onsi t e and HIIS 
(BUTF deep samples from NP from NP (28 km) 
caissons)  

(BWTF weighing NP Ca lcu la t ions  Ca lcu la t ions  from Suct ion candles Onsi te None None Yes Onsi t e  and Nt!S 
l ys imete rs )  from NP and weight changes (2R km) 

weight 

4. 300-N Area NP Ca lcu la t ions  Ca lcu la t ions  Suct ion candles Onsi te None None Yes Onsi t e  
(CUTF) from NP from NP and f r e e  drainage 

5. 300-N Area NP Ca lcu la t ions  Ca lcu la t ions  Suct ion candles n n s i t e  None None No Onsi te 
(GUTF) from NP f r a n  NP 

6. 600 Area None Weight Ca lcu la t ions  f r o n  None 
(ALE small- weight changes 
s c a l e  weighing) 

Onsi t e  None None No Onsi te 

(a)  No f a c i l i t y  t o  date has been equipped t o  d i s t i n g u i s h  between snow and ra in .  
(b)  A l l  f a c i l i t i e s  t o  date have been designed f o r  no runo f f .  
( c )  Neutron Moisture Probe. 
(d )  Hanford Meteorological  S ta t ion  (HIS) (numbers i n  parenthesis  i n d i c a t e  d is tance  from HMS t o  f a c i l i t y ) .  



LYSIMETER NEEDS 

Lys ime te rs  a r e  key f a c i l i t i e s  needed t o  address t h e  q u e s t i o n  o f  n a t u r a l  

recharge a t  t h e  Hanford  S i t e .  Water t h a t  i s  n o t  r e c y c l e d  by  r o o t  w a t e r  u p t a k e  

o r  e v a p o r a t i o n  moves t h r o u g h  t h e  subsur face  s o i l  t o  t h e  wa te r  t a b l e  as 

recharge.  At  p r e s e n t ,  t h e r e  i s  no d e f i n i t i v e  answer as t o  how much deep d r a i n -  

age o r  recharge occu rs  a t  t h e  waste d i s p o s a l  s i t e s  a t  Hanford. No d i r e c t  

measurement o f  recharge  has been made a t  any o f  t h e  waste s i t e s .  Recharge a t  

Hanford  w i l l  n o t  be q u a n t i f i e d  u n t i l  a c c u r a t e  measurements o f  e v a p o t r a n s p i r a -  

t i o n  and wa te r  s t o r a g e  a r e  made a t  s e v e r a l  s i t e s  under  a  v a r i e t y  o f  s o i l  and 

p l a n t  cove r  c o n d i t i o n s .  A d d i t i o n a l  l y s i m e t e r s  coup1 ed w i t h  o t h e r  measurements 

o f  wa te r  movement w i l l  b e  r e q u i r e d  t o  o b t a i n  t h i s  i n f o r m a t i o n .  

The p r e s e n t  e s t i m a t e s  o f  wa te r  recharge t o  t h e  wa te r  t a b l e  a t  Hanford v a r y  

f r o m  0 t o  as much as  8.5 cm ly r .  A r i d  s i t e  recharge i s  known t o  v a r y  depending 

on t h e  i n t e r r e l a t i o n s h i p s  o f  s o i l ,  p l a n t ,  and c l  i m a t i c  v a r i a b l e s .  T a b l e  4  

1  i s t s  t h e  sources o f  d a t a  and t y p e s  o f  measurements used t o  e s t i m a t e  r e c h a r g e  

a t  Hanford  and o t h e r  a r i d  s i t e s .  C l e a r l y ,  recharge i s  n o t  a  s i m p l e  f u n c t i o n  o f  

c l i m a t e  (e.g., p r e c i p i t a t i o n )  a lone  and must be l ooked  a t  on a s i t e - s p e c i f i c  

b a s i s .  P o s s i b l e  reasons f o r  t h e  observed d i f f e r e n c e s  i n  recharge  e s t i m a t e s  a t  

Hanford have been g i v e n  i n  t h e  p r e v i o u s  s e c t i o n s .  

Comprehensive model v a l i d a t i o n  e f f o r t s  and demons t ra t i on  a r e  t h e  m a j o r  

reasons f o r  c o n t i n u e d  work w i t h  l y s i m e t e r s  a t  Hanford. P r e d i c t i n g  t h e  l o n g -  

t e r m  performance o f  b u r i a l  s i t e s  w i l l  r e q u i r e  t h a t  t h e  u n s a t u r a t e d - f l o w  model 

used t o  p r e d i c t  s i t e  w a t e r  ba lance  be c a l i b r a t e d  w i t h  known e v a p o t r a n s p i r a t i o n  

and d r a i n a g e  va lues  f rom t h e  b u r i a l  s i t e .  Fur thermore,  t h e  a v a i l  a b l e  w a t e r  

ba lance  models need t o  be t e s t e d  on d a t a  f rom t h e  200 and 300 Areas, and t h e  

a b i l i t y  t o  p r e d i c t  b a r r i e r  performance must be demonstrated. 

MODEL EVALUATION 

We recommend t h a t  t h e  i s o t h e r m a l  model, UNSAT-H, be t e s t e d  w i t h  t h e  a v a i l -  

a b l e  200-E Area and 300 Area d a t a  s e t s .  We t h i n k  i t  w i l l  be  u s e f u l  t o  s i m u l a t e  

t h e  14-year m o i s t u r e  p r o f i  1  e  r e c o r d  f o r  t h e  c l  osed-bottom Rockwel l  l y s i m e t e r .  

A l though l e s s  i n f o r m a t i o n  i s  a v a i l a b l e  f rom t h e  open-bottom l y s i m e t e r ,  i t  



TABLE 4. Reported Est imates o f  Recharge a t  Se lected A r i d  S i t e s  

Recharge 
Annual Estimated as % of 

Source Locat ion Elethod P r e c i p i t a t i o n  (cm) Recharge (cm) P r e c i p i t a t i o n  

En f ie ld ,  Hsieh and Hanford S i t e  Darcy f l u x  16 < 1 < 6 
Warri ck ( 1973) (200 Area) 

Brownell e t  al. (1975) (200 Area) Neutron probe 16 0 0 

Jones (1978) (200 Area) Neutron probe 16 c0.5 < 3 

Gee and Kirkham (1984) (300 Area) Neutron probe 28 
and lys imeter  

Di  ncer , A1 -Mugri n and Saudia Arabi a T r i  t i um t r a c e r  8 
Zimmerman (1974) 

W 
~n Sammis, 'Evans and A r  i zona Darcy f l u x ,  100-150(~ )  22 15 t o  22 

Warrick (1982) t r i t i u m ,  
temperature 
p r o f i l e  

A1 1 ison, Stone and Austral i a Chlor ide t r a c e r  30 
Hughes (1985) 

Stephens (1985) New Mexico Darcy f l u x  18 

Narasimhan, White and IJyoming Darcy f l u x  22 
Tokunaga (1985) 

(a )  Includes i r r i g a t i o n .  



shou ld  be p o s s i b l e  t o  use t h e  d a t a  f rom t h i s  l y s i m e t e r  t o  v e r i f y  e s t i m a t e s  o f  

hyd rau l  i c  c o n d u c t i v i t y .  I n  s i t u  h y d r a u l  i c  c o n d u c t i v i t y  t e s t s  c o u l d  be p e r -  

formed i n  t h e  open-bottom l y s i m e t e r  t o  c o n f i r m  h y d r a u l i c  c o n d u c t i v i t y  e s t i m a t e s  

used i n  p r e v i o u s  model s i m u l a t i o n s .  

Two a t t e m p t s  t o  s i m u l a t e  t h e  wa te r  ba lance  o f  t h e  200-E Area Rockwel l  

l y s i m e t e r s  have been pub l  i shed (Baca, K ing and Norton 1978; F in1  ayson, Nelson 

and Baca 1978). N e i t h e r  o f  t h e s e  model ing  s t u d i e s  addressed t h e  e f f e c t s  o f  

u n c e r t a i n t y  i n  t h e  m o i s t u r e  probe d a t a  n o r  a t tempted t o  p r e d i c t  m o i s t u r e  p r o -  

f i l e s  beyond t h e  span o f  a  few months. The F i n l a y s o n  r e p o r t  d e s c r i b e d  i n  

d e t a i l  a  comprehensive non iso thermal  mode l i ng  procedure,  b u t  t h e  s i m u l a t i o n  o f  

t h e  m o i s t u r e  p r o f i l e  i n d i c a t e s  g e n e r a l l y  poor  agreement w i t h  measured va lues.  

The Baca r e p o r t  showed non iso thermal  model s i m u l a t i o n s  o f  m o i s t u r e  p r o f i l e s  

t h a t  appear t o  match n e u t r o n  probe d a t a  reasonab ly  w e l l  ove r  a  p e r i o d  o f  

4  months (December 1974 t h r o u g h  March 1975).  However, t h e r e  i s  no pub l  i s h e d  

documentat ion f o r  t h e  Baca code, and a  d e s c r i p t i o n  o f  i n p u t  parameters used f o r  

t h e  s i m u l a t i o n s  i s  1  ack ing .  

The need f o r  a  non iso thermal  code t o  assess wa te r  ba lance i n  l y s i r n e t e r s  

has n o t  a c t u a l l y  been e s t a b l i s h e d .  Several  r e p o r t s  (Reisenauer e t  a1 . 1975; 

Jones 1978; Gee and Simmons 1979) e s t i m a t e  t h e  e f f e c t s  o f  thermal  g r a d i e n t s  on 

recharge.  These r e p o r t s ,  s p e c i f i c  t o  t h e  Hanford S i t e ,  a r e  i n  genera l  agree-  

ment w i t h  t h e  r e p o r t  by Ross (1984) wh ich  suggests t h a t  o n l y  i f  t h e  recharge  

r a t e  i s  l e s s  t h a n  0.03 cm/yr  would t h e r m a l l y  induced vapor f l o w  s i g n i f i c a n t l y  

a f f e c t  d ra inage.  Water vapor f l o w  r a t e s  caused by t y p i c a l  geothermal  g r a d i e n t s  

a r e  v e r y  sma l l ;  a t  most, t h e y  c o u l d  produce a  recharge r a t e  e q u i v a l e n t  t o  l e s s  

t h a n  0.1 cm/yr. Numerous r e p o r t s  (Jackson e t  a l .  1974; K imba l l  e t  a l .  1976; 

Hammel , Papendick and Campbell 1981; Jones, Campbell and Gee 1984) i n d i c a t e  

t h a t  non iso thermal  models, as compared w i t h  i s o t h e r m a l  model s, do n o t  neces- 

s a r i l y  improve w a t e r  ba lance  p r e d i c t i o n s  f o r  nea r -su r face  s o i l s .  S ince n o  

a v a i l a b l e  d a t a  s e t  c o n t a i n s  s u f f i c i e n t  hea t  and wa te r  p r o f i l e  d a t a  t o  ade- 

q u a t e l y  t e s t  a  non iso thermal  model o v e r  an extended t ime ,  we suggest  t h a t  

i s o t h e r m a l  models be used t o  e v a l u a t e  t h e  wa te r  ba lance o f  t h e  200-E Area 

l y s i m e t e r s .  The use o f  UNSATH, an i s o t h e r m a l  vapor  f l o w  model, i s  p lanned f o r  

f i s c a l  y e a r  1986. 



It i s  i m p e r a t i v e  t h a t  p r e s e n t  f a c i l i t i e s  i n  t h e  200 and 300 Areas be main- 

t a i n e d .  The 200-E Area c losed-bot tom l y s i m e t e r  shou ld  be moni t o r e d  f o r  moi s- 

t u r e  s to rage  changes a t  l e a s t  q u a r t e r l y  f o r  t h e  n e x t  6 yea rs .  It shou ld  be 

ma in ta ined  so t h a t  t h e  s u r f a c e  i s  k e p t  f r e e  o f  a l l  v e g e t a t i o n .  The b a r e  s u r -  

f a c e  would s i m u l a t e  t a n k  fa rm s i t e s ,  wh ich  have been k e p t  v e g e t a t i o n - f r e e ,  and 

would o p t i m i z e  t h e  c o n d i t i o n s  f o r  recharge a t  t h i s  l y s i m e t e r .  S o i l  m a t e r i a l  s  

f rom t h e  l y s i m e t e r  shou ld  be sampled and c h a r a c t e r i z e d ,  and water  r e t e n t i o n  and 

wa te r  c o n d u c t i v i t y  parameters shou ld  b e  determined f o r  t h e  s o i  1. A f t e r  s o i  1 

c h a r a c t e r i z a t i o n  i s  complete, t h e  d a t a  s e t s  shou ld  be analyzed f o r  c o n s i s t e n c y  

and t h e n  used t o  v a l i d a t e  UNSAT-H, t h e  unsa tu ra ted - f l ow  code t h a t  i s  c u r r e n t l y  

b e i n g  documented f o r  t h e  Hanford  S i t e .  As p a r t  o f  t h e  a n a l y s i s  o f  t h e  da ta ,  

t h e  procedures f o r  n e u t r o n  probe m o n i t o r i n g  shou ld  be t h o r o u g h l y  reviewed. The 

r e v i e w  shou ld  i n c l u d e  t h e  e v a l u a t i o n  o f  t h e  random, i ns t rumen t ,  and o p e r a t o r  

e r r o r  assoc ia ted  w i t h  t h e  data .  Procedures shou ld  be e s t a b l i s h e d  and s t r i c t l y  

f o l l o w e d  f o r  c o l l e c t i n g  and a n a l y z i n g  t h e  data.  These procedures a r e  espe- 

c i a l l y  i m p o r t a n t  f o r  a l l  l y s i m e t e r  s t u d i e s  a t  Hanford i n  which n e u t r o n  probes 

a r e  used as t h e  p r i m a r y  source o f  measurements f o r  wa te r  ba lance (evapot ran-  

s p i  r a t i o n ,  water  s to rage ,  and recharge ) .  

Weighing l y s i m e t e r s  a r e  t h e  key  t o  o u r  unders tand ing  o f  e v a p o t r a n s p i r a t i o n  

processes i n  t h e  a r i d  Hanford environment.  They have p r o v i d e d  a l l  o f  t h e  

a v a i l a b l e  e v a p o t r a n s p i r a t i o n  d a t a  t h a t  have been used i n  model ing  s o i l  wa te r  

ba lance a t  t h e  Hanford S i t e  (Hinds 1973; Gee and Simmons 1979; Gee and Kirkham 

1984). The 300 Area l y s i m e t e r  s i t e s  shou ld  be ma in ta ined  f o r  a t  l e a s t  t h e  n e x t  

3 t o  5 yea rs .  The o n l y  d i r e c t  measurements o f  recharge a t  t h e  Hanford S i t e  

have been made i n  t h e  300 Area, and t h e  o n l y  complete wa te r  ba lance measure- 

ments a t  Hanford have been made u s i n g  t h e  300 Area weigh ing l y s i m e t e r s .  These 

two l y s i m e t e r s  a r e  capab le  o f  d e t e c t i n g  we igh t  e q u i v a l e n t  t o  20.02 mm of  water ;  

hence, t h e y  a r e  u s e f u l  i n  q u a n t i f y i n g  i n d i v i d u a l  components o f  t h e  wa te r  

ba lance ( i  .e., evapo t ransp i  r a t i o n ,  d ra inage,  and s t o r a g e  changes) . 
U n t i l  a d d i t i o n a l  l y s i m e t e r s  can be b u i l t  and a  3- t o  5-year d a t a  s e t  

compi led,  t h e  300 Area d a t a  s e t  w i l l  be  t h e  o n l y  one u s e f u l  i n . t e s t i n g  models 

t h a t  e v a l u a t e  t h e  e f f e c t s  o f  c l i m a t e  and p l a n t  cove r  ( v e g e t a t i o n )  on wa te r  

balance.  T h i s  k i n d  o f  i n f o r m a t i o n  i s  needed t o  deve lop  con f idence  i n  t h e  



l ong- term model p r e d i c t i o n s  o f  b a r r i e r  performance and t o  e s t i m a t e  recharge  

r a t e s  under t h e  w ide  range o f  s o i l ,  p l a n t ,  and c l i m a t i c  c o n d i t i o n s  t h a t  e x i s t  

s p a t i a l l y  and t e m p o r a l l y  a t  Hanford. 

PROTECTIVE-BARRIER STUDIES 

Water ba lance  measurements f o r  l a y e r e d  p r o f i l e  a r e  needed t o  s u p p o r t  t h e  

P r o t e c t i v e - B a r r i e r  Eng ineer ing  Stud ies .  These s t u d i e s  a r e  p a r t  o f  t h e  o v e r a l l  

Hanford  Waste Management Techno1 ogy Pl an (U  .S. Department o f  Energy 1984). 

Plans a r e  p r e s e n t l y  b e i n g  f o r m u l a t e d  f o r  u s i n g  l y s i m e t r y  t o  e v a l u a t e  i n f i l  t r a -  

t i o n  and d r a i n a g e  on t e s t  b a r r i e r  systems. New l y s i m e t e r s  shou ld  be des igned 

t o  meet t h e  c r i t e r i a  s p e c i f i e d  i n  e a r l i e r  s e c t i o n s  and shou ld  be c o m p a t i b l e  

w i t h  p r e s e n t  l y s i m e t e r  f a c i l i t i e s .  

ALE SITE WATER DYNAMICS STUDY 

P lans  a r e  under way t o  i n s t a l l  we igh ing  l y s i m e t e r s  a t  t h e  ALE Reserve o v e r  

t h e  n e x t  s e v e r a l  y e a r s  t o  e v a l u a t e  w a t e r  dynamics ( p a r t i c u l a r l y  e v a p o t r a n s p i r a -  

t i o n  and wa te r  s t o r a g e  changes) under c o n d i t i o n s  o f  s t r e s s  and d i s t u r b a n c e  

(d rough t ,  f i r e ,  e t c . ) .  The s t u d y  i s  p a r t  o f  a  Department o f  Energy-sponsored 

a r i d  l a n d s  eco logy  s tudy .  However, t h e  l y s i m e t e r  d a t a  ga the red  a t  t h e  ALE 

Reserve (under  c o n d i t i o n s  o f  h i g h e r  r a i n f a l l ,  more r a p i d  p l a n t  growth,  and 

f i n e r  t e x t u r e d  s o i l s  t h a n  a r e  found i n  t h e  200 and 300 Areas) shou ld  be comple- 

mentary  t o  t h e  model v a l  i d a t i o n  and p r o t e c t i v e  b a r r i e r  s t u d i e s  t h a t  w i l l  b e  

conducted i n  t h e  200 and 300 Areas o v e r  t h e  n e x t  s e v e r a l  yea rs .  The d a t a  s e t s  

f rom ALE w i l l  p r o v i d e  an a d d i t i o n a l  range o f  parameters upon which  UNSAT-H o r  

any o t h e r  u n s a t u r a t e d - f l o w  models can be t e s t e d .  A t  l e a s t  two, and p o s s i b l y  as 

many as f o u r ,  l a r g e  we igh ing  l y s i m e t e r s  w i l l  be  cons t ruc ted .  The proposed 

l y s i m e t e r s  w i l l  be s i m i l a r  i n  des ign  t o  t h e  we igh ing  l y s i m e t e r s  i n  t h e  300 Area 

(Kirkham, Gee and Jones 1984).  They w i l l  be  used t o  e v a l u a t e  e v a p o t r a n s p i r a -  

t i o n  on a t  l e a s t  two s i t e s  where t h e  e l e v a t i o n  and annual p r e c i p i t a t i o n  a r e  

h i g h e r  t h a n  t h o s e  o f  t h e  200 Area. 
























