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ABSTRACT 

Both models adequately p ro jec ted  chemical t r a n s p o r t  v e l o c i t y  and concentrat ion 

through the v e r t i c a l  s o i l  p r o f i l e  a t  the r e l a t i v e l y  homogeneous f i e l d  s i t e  evaluated. 

The two-dimensional s o l u t i o n  a l s o  p r o j e c t s  the t ranspor t  through the ground water 

and was ab le  t o  descr ibe th ree  successive years o f  app l i ca t i on .  

INTRODUCTION 

A l d i c a r b  (Temik) has been found i n  ground waters o f  Long Is land,  NY (USA) ( r e f .  1 

(F ig .  1). Long Is land,  NY, i s  approximately 180 km long and 25 km wide on the 

A t l a n t i c  Coast o f  t he  USA. The s o i l  i s  a g l a c i a l l y  deposited sandy t o  g r a v e l l y  loam 

w i t h  l i t t l e  ho r i zon  development. 

agronomic use, models are needed t h a t  evaluate the s p a t i a l  and temporal d i s t r i b u t i o n  

o f  t he  chemical. 

and disadvantages o f  each approach are discussed. 

two l o c a t i o n s  w i t h i n  t h e  f i e l d  (F ig .  2) w i t h  samples obta ined from the  surface t o  

ground water. 

sampled around the .s i t e .  

To evaluate the p o t e n t i a l  adverse e f f e c t s  from 

Two genera l ized models are compared w i t h  f i e l d  data. Advantages 

S o i l  samples were examined a t  The f i e l d  sampled was s l i g h t l y  l e s s  than 3 ha. 

Three c l u s t e r s  o f  ground-water sampling w e l l s  were a l so  i n s t a l l e d  and 

RESULTS 

One-dimensional steadv s t a t e  approach 

Recharge was approximated i n  the  area based on c l i m a t i c  data from the  c loses t  

r e p o r t i n g  s t a t i o n  and estimates o f  evapotranspi ra t ion based on pan evaporation 

us ing methods described by Jensen ( r e f .  2 ) .  The vo lumetr ic  water content  was 
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Fig. 1. A ld i ca rb  d i s t r i b u t i o n  i n  Fig. 2. Study f i e l d  showing se lected 
Eastern Long Is land,  NY (USA) ( r e f .  1) sampling p o i n t s  and h i s t o r y  o f  appl icat ion.  

est imated a t  300 cm H20 from s o i l  t e x t u r e  measurements a t  t he  s i t e  based on empir ica l  

r e l a t i o n s h i p s  o f  Clapp and Hornberger ( r e f .  3 ) .  The s p a t i a l  and temporal d i s t r i b u t i o n  

o f  the chemical was estimated by s o l v i n g  the equation 

2.93V1*11 ( r e f .  4); Do i s  t he  

water v e l o c i t y  which i s  equal 

p i s  t he  b u l k  dens i t y  o f  s o i l  

content. 

The sink/source term ( s )  

t 

0 
s ( t )  = KdC + f k C d t  

where: 

d i spe rs ion  c o e f f i c i e n t  i n  cm2/hr. which was approximated as 0.002 Do exp (10 0) + 
C i s  the s o l u t i o n  concentrat ion i n  mg/l; t i s  the t ime i n  hrs.; D i s  the 

d i f f u s i o n  c o e f f i c i e n t  i n  water; V i s  the i n t e r s t i t i a l  

t o  recharge/o; x i s  the d is tance along f l ow  path i n  cm; 

estimated a t  1.55 g/cm3; o i s  the vo lumetr ic  water 

i s  described by the equation 

where: 
% oc (m) ( r e f .  5 ) ;  Co i s  the water s o l u b i l i t y  o f  the chemical (mg/l);  oc i s  the organic 

carbon i n  the s o i l ;  t he  d i s s i p a t i o n  constant f o r  the chemical i s  k .  

Kd i s  the s o i l  p a r t i t i o n  c o e f f i c i e n t  approximated by (3.64 - 0.55 l o g  Co) 

The s o l u t i o n  used i n  the eva lua t i on  i s  

- erf 
x-Vpt 2 (; t ) ’ 2  1 c - 1  x + xo + v t 

- -  Ct 7 [ e r f  * 2 - t  ( 3 )  

where: 

the chemical and the amount o f  chemical appl ied.  

xo i s  the equiva lent  l e n g t h  o f  t he  s lug  ca l cu la ted  from the s o l u b i l i t y  o f  

V = V / ( 1  + Kd) ( 4 )  P 

R = V / V  ( 5 )  

( 6 )  

P 
t 

t o  O R  C = C exp ( -  - k )  
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Alo i ca rb  was app l i ed  t o  the s o i l  i n  1977, 1978, and 1979. The one-dimensional 

model i s  l i m i t e d  t o  p r o j e c t i o n  i n  unsaturated s o i l .  Model p r o j e c t i o n s  f o r  1977 and 

1978 i n d i c a t e  t h a t  both app l i ca t i ons  should have reached the water t a b l e  before the 

sampling date o f  December 1979. The r e s u l t s  presented f o r  the one-dimensional model 

a re  on l y  f o r  1979. 

model p ro jec t i ons .  

F igure 3 shows good agreement between observed f i e l d  data and 

TOTAL ULurs UI~CDYTUT~DN 1 ~ )  

LEGEND 
FELO 01.1 c - 
CIIE--(IONIL SWLUTIY - -  
T I O - O I F W X H I L  IoL"TT* - 

Fig. 3. Comparison of one- 
a p p l i c a t i o n  assuming average recharge 0.00386 cm/hr and d i s s i p a t i o n  o f  0.00019 h r  
( r e f .  6) versus the  f i e l d  data f o r  t he  east  sampling po in t .  

iensional and two-dimensional p ro jec t i ons  f o r  t he  19zq 

Two-dimensional t r a n s i e n t  approach 

steady s t a t e  approach although the model was capable o f  analyzing t r a n s i e n t  f low.  

Water f l u x  through the  p r o f i l e  was ca l cu la ted  from the two-dimensional equation 

Recharge i n  the area was approximated i n  the same manner as the one-dimensional 

where: o = os (Ys/Y)l'b, f o r  Y<Y . 0 = 0 s ,  f o r  Y L Y ~  
S '  

os i s  the p o r o s i t y  o f  t he  s o i l ;  y S  i s  the a i r  en t r y  m a t r i c  p o t e n t i a l  i n  cm H20; 

Y i s  m a t r i c  p o t e n t i a l ;  b and y are e m p i r i c a l l y  determined parameters ( r e f .  3). 
s p a t i a l  and temporal d i s t r i b u t i o n  o f  the chemical i s  g iven by the  equation 

The 

where: 

Dispersion, which was inc luded i n  Eq. 1, i s  ignored. Numerical d i spe rs ion  does 

occur, i n  the fou r -s tep  f i n i t e  element analys is  performed ( r e f .  7) ,  a l l ow ing  the 

r e s u l t  t o  appear dispersed. 

t he  numerical so lu t i on .  

F igure 4 shows the ca l cu la ted  water f l u x  f o r  t he  two-dimensional so lu t i on .  

F igure 5 shows the p ro jec ted  and measured chemical d i s t r i b u t i o n  i n  the s o l u t i o n  

phase. F igure 3 shows the t o t a l  concentrat ion i n  the s o i l .  

qx i s  the water f l u x  i n  x d i r e c t i o n  and q i s  t he  water f l u x  i n  y d i r e c t i o n .  
Y 

Dispers ion was n o t  considered essen t ia l  t o  inc lude i n  
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LEGEND 

- CALCULATED 

Fig. 4. Nodal p a t t e r n  f o r  two-dimensional 
ca l cu la t i ons  and se lected water f l u x  vectors .  

MEASURED 

F ig .  5. Calcu lated and measured sol- 
u t i o n  concentrat ion (Sect ion A-A, Fig. 
2)  f o r  a th ree  year  p r o j e c t i o n  assum- 
i n g  k = 0.0019 above water t a b l e  and 
k = 0.0 below water t a b l e  w i t h  average 
recharge = 0.00732. 

Comparison o f  the two approaches 

i n p u t  data, w h i l e  the two-dimensional approach requ i res  complex i n p u t  data t o  u t i l i z e  

i t s  a b i l i t y  t o  descr ibe the na tu ra l  system hydrogeologica l ly ,  b i o l o g i c a l l y ,  and 

chemical ly. 

expensive t o  r u n  on a computer. 

r e l a t i v e l y  homogeneous systems wh i l e  the two-dimensional numerical approach permits 

descr ib ing nonhomogeneous ( layered)  systems. 

n o t  evaluate t r a n s i e n t  hyd rau l i cs  and assumes constant  water  content  and f l u x  wh i l e  

the two-dimensional system describes the t r a n s i e n t  water f l o w  and ca l cu la tes  water 

content  and water f l u x  as a f u n c t i o n  o f  t ime and space. The one-dimensional model 

does n o t  c a l c u l a t e  t r a n s p o r t  w i t h i n  ground water w h i l e  the  two-dimensional model 

does. E i t h e r  model can evaluate adverse e f f e c t s  b u t  model l i m i t a t i o n s  should be 

considered. 

The one-dimensional approach i s  computat ional ly  e f f i c i e n t  and requ i res  minimal 

The two-dimensional approach i s  computat ional ly  i n e f f i c i e n t  and 

The one-dimensional approach i s  l i m i t e d  t o  

The one-dimensional approach does 
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