
PROCEEDINGS. Tench Yorkihop on Geotherul Reservoir Engineering 
Stanford University, Stanford, California, January 22-26, 1985 
SCP-1p-84 

FRACSL CODE DEVELOPMENT AND CORRELATION OF EAST MESA TEST RESULTS 

T. M. Clemo 

EG&G Idaho, Inc.  
Idaho F a l l s ,  I D  83415 

ABSTRACT 

The FRACSL f l o w  and t r a n s p o r t  code i s  under 
development as p a r t  o f  an e f f o r t  t o  improve 
r e s e r v o i r  c h a r a c t e r i z a t i o n  techniques. The 
present  ve rs ion  simulates a two-dimensional, 
isothermal r e s e r v o i r  composed o f  a g loba l  
f r a c t u r e  network imbedded i n  a porous media. 

FRACSL s imulates t h e  h y d r a u l i c  response o f  a 
r e s e r v o i r  t o  i n j e c t i o n  o r  backflow. The code 
simulates t h e  movement o f  i n j e c t e d  t r a c e r s  
w i t h i n  t h e  r e s e r v o i r  by adding advect ive and 
random d i s p e r s i v e  motions o f  d i s c r e t e  
p a r t i c l e s .  

FRACSL has been benchmarked against  t h e o r e t i c a l  
f l o w  and t r a n s p o r t  responses i n  simple systems. 
I t  has been used t o  s imulate a benchscale 
phys ica l  model and t o  c o r r e l a t e  f l o w  and 
d ispers ion  d a t a  f rom t h e  East Mesa Hydrothermal 
I n j e c t i o n  Test  Program. 
Mesa data has prov ided an est imate o f  an 
an iso t rop ic  hydrau l i c  c o n d u c t i v i t y ,  a n a t u r a l  
d r i f t  in t h e  reservo i r ,  and d i s p e r s i v i t y .  

C o r r e l a t i o n  o f  East 
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l o n g i t u d i n a l  ( L )  o r  t ransverse (T)  
d i s p e r s i v i t y ,  f t  

f l o w  v e l o c i t y ,  f t / d a y  

t ime increment, days 

head, f t  
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th ickness o f  porous layer ,  ft 

hydrau 1 i c conduct i v i t y  , f t l d  ay 

p o r o s i t y  

e f f e c t i v e  d is tance  f rom t h e  we l l ,  
f t  

a f o u r t h  r o o t  o f  t h e  r a t i o  o f  t h e  
hydrau l i c  c o n d u c t i v i t y  i n  t h e  y 
d i r e c t i o n  t o  t h e  c o n d u c t i v i t y  i n  
t h e  x d i r e c t i o n  

S s p e c i f i c  s torage f t l f t  

t time, days 

c t r a c e r  concen t ra t ion  r f t31 -1  
, 

Co i n j e c t  d t r a c e r  concen t ra t ion  
L f t31 -7  

e r f c  complimentary e r r o r  f u n c t i o n  

7 averaqe rad ius  o f  i n i t i a l l y  
i n j e c t e d  t racer ,  ft. 

INTRODUCTION 

I n  1981 EG&G Jdaho, toqe ther  w i t h  t h e  
U n i v e r s i t y  o f  Utah Research I n s t i t u t e  (UURI) , 
i n i t i a t e d  t h e  Hydrothermal I n j e c t  Son Research 
Program f o r  t h e  Deoartment o f  Enepqy, D i v i s i o n  
o f  Geothermal and Hydropower Technology. The 
program qoal i s  t o  develop improv d methods 
f o r  r e s e r v o i r  charac te r i za t ion .  t' he program 
w i l l  enhance t h e  r e s e r v o i r  engineers'  a b i l i t y  
t o  evaluate, develop and u t i l i z e  a geothermal 
system. The orogram's focus i s  on t h e  study 
o f  t h e  i n j e c t i o n  o f  spent geothermal f l u i d s .  
Research e f f o r t s  c o n s i s t  o f  a serries o f  h i g h l y  
instrumented f i e l d  s tud ies  w i t h  suppor t inq 
labora to ry  and t h e o r e t i c a l  work. F i e l d  
s tud ies  c o n s i s t  o f  i n j e c t i o n  and backflow 
t r a c e r  t e s t s  t o  determine t h e  usefulness o f  
s ing le- we l l  t e s t i n g  f o r  t h e  c h a r a t t e r i z a t i o n  
o f  reservo i rs .  
t r a c e r  t r a n s p o r t  s tud ies  i n  small  phys ica l  
models. 

A comprehensive r e s e r v o i r  s imu la tb r  i s  t h e  
c e n t r a l  t o o l  used t o  i n t e r p r e t  and u t i l i z e  
bo th  f i e l d  and labora to ry  data. 
s imu la to r  must u l t i m a t e l y  be capable of 
s imu la t ing  hydraul ics ,  s o l u t e  t r a n s p o r t  and ' 
heat t r a n s p o r t  i n  a f r a c t u r e d  reservo i r .  The 
FRactured media-Advanced Continuous Simulat ion 
Languaqe (FRACSL) code i s  be inq develODed t o  
meet these needs. 

Laboratory  e f f o r t s  cons is t  of 

Th is  
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FRACSL has two dominant c h a r a c t e r i s t i c s :  
( 1 )  I t i s  a dual  p o r o s i t y  model w i t h  d i s c r e t e  
f r a c t u r e s  imbedded i n  a homogenous porous 
medium, and ( 2 )  s o l u t e  t r a n s p o r t  i s  simulated 
w i t h  d i s c r e t e  p a r t i c l e s  r a t h e r  than  by s o l v i n g  
t h e  advect ion- dispers ion equation. A t h i r d  
major c h a r a c t e r i s t i c  i s  t h e  use o f  t h e  
Advanced Continuous S imu la t ion  Language (ACSL) 
( M i t c h e l l  and Gauthier,  1981) as a d r i v e r  
code. ACSL suppl ies t h e  numerics t o  implement 
and so lve t h e  r e s e r v o i r  model. 

The present  ve rs ion  o f  FRACSL s imulates 
hydrau l i cs  and s o l u t e  t r a n s p o r t  w i t h i n  a 
two-dimensional f r a c t u r e d  r e s e r v o i r  o f  
Car tes ian geometry. Thermal and chemical 
processes a re  n o t  incorporated i n  FRACSL b u t  
are t o  be added i n  t h e  fu tu re .  

Th is  paper presents t h e  s a l i e n t  fea tu res  o f  
FRACSL and i t s  major c a p a b i l i t i e s .  Some 
comparisons o f  FRACSL s imu la t ions  w i t h  
t h e o r e t i c a l  r e s u l t s  f rom a homogenous 
nonfractured r e s e r v o i r  and i n j e c t i o n / b a c k f l o w  
t r a c e r  t e s t s  f r o m  t h e  East Mesa Known 
Geothermal Resource Area (KGRA) a re  inc luded 
i n  t h i s  paper. 

e Flow i s  laminar  and described by 

0 The l o c a l  pressure d i s t r i b u t i o n  i s  
complete ly  describeU by t h e  
pressure a t  t h e  node c l o s e s t  t o  a 
p a r t i c l e  and t h e  eicght adjacent 
nodes 

The media i s  homogeneous w i t h i n  
t h e  r e q i o n  bounded by t h e  
n i n e  nodes. 

t h e  Darcy v e l o c i t y  

, 

0 

F i t t i n g  t h e  n i n e  pressures about a p a r t i c l e  t o  
second o rder  f u n c t i o n s  o f  p o s i t i o n  prov ides a 
l o c a l  pressure q rad ien t  and l o c a l  pressure 
curvature.  The pressure qradiemt and 
curva tu re  are used t o  determine a p a r t i c l e ' s  
v e l o c i t y  and t h e  d e r i v a t i v e  o f  V e l o c i t y  w i t h  
respect  t o  distance. T h i s  procedure a l lows 
p a r t i c l e s  t o  move a l a r g e  f r a c t i o n  o f  t h e  
n o d a l i z a t i o n  d is tance  i n  a s i n q l e  step. 

P a r t i c l e  movement i n  t h e  d iscre4e f rac tu res  
and t h e  p a r t i c l e  t r a n s f e r s  between media were 
i n i t i a l l y  descr ibed by M i l l e r  11983) and are 
c u r r e n t l y  being modif ied. 

FRACSL CODE DESCRIPTION 

FRACSL de f ines  a r e s e r v o i r  model us inq  a 
rec tangu la r  nodal i z a t  ion. The hydrau l i c  
p r o p e r t i e s  o f  t h e  porous media a re  lumped a t  
t h e  nodes. The f r a c t u r e  system i s  def ined by 
h i g h  c o n d u c t i v i t y  connect ions between ad jacen t  
nodes. The pressures a t  each node are solved 
f rom t h i s  d e s c r i p t i o n  and t h e  conservat ion o f  
mass r e l a t i o n s h i p  f o r  e i t h e r  t r a n s i e n t  o r  
s teady- state condi t ions.  Boundary c o n d i t i o n  
op t ions  inc lude  f i x e d  pressure, f i x e d  
f low- rate,  o r  f i x e d  c o n d u c t i v i t y  t o  a zero 
head source o r  s ink.  

So lu te  t r a n s p o r t  i s  modeled us ing  t h e  
h y d r a u l i c  s o l u t i o n  as t h e  d r i v i n g  f u n c t i o n  f o r  
movement o f  d i s c r e t e  p a r t i c l e s .  The s o l u t e  
t r a n s p o r t  p o r t i o n  o f  t h e  code i s  based on a 
"random walk" approach o r i g i n a t e d  by E l i a s o n  
and Foote (1972) f o r  modeling thermal 
t ranspor t .  Random walk d ispers ion  i s  
simulated by addinq a zero mean Gaussian 
movement t o  t h e  d e t e r m i n i s t i c  convect ive 
t ranspor t .  

The l o n g i t u d i n a l  and t ransverse  d i s p e r s i v e  
movements each have a standard d e v i a t i o n  g iven 
as : 

A p roper ty  o f  t h i s  approach i s  t h a t  t h e  n e t  
d i s p e r s i v e  movement i s  independent o f  t h e  t ime 
step size. 

So lu te  p a r t i c l e s  a re  i d e n t i f i e d  as being 
w i t h i n  e i t h e r  the  porous media o r  a f rac tu re .  
So lu te  p a r t i c l e  t r a n s p o r t  i n  porous media i s  
based on t h e  f o l l o w i n g  assumptions: 

APPLICATION Tn H3MOGENEOUS POROUS M E D I A  

As t h e  f i r s t  staoe o f  determin inq t h e  accuracy 
o f  t h e  FRACSL code, c a l c u l a t i o n s  have been 
compared t o  a n a l y t i c  r e s u l t s  for an i n f i n i t e  
l a y e r  o f  homogenous porous mate f ia l .  
Comparisons have been made f o r  I s o t r o p i c  and 
an i  sot  rop i c  hydraul  i c  c o n d u c t i v i t y  
condi t ions.  The a n i s o t r o p i c  c o r l d u c t i v i t y  case 
was performed because an anisotpopic  
c o n d u c t i v i t y  was assumed i n  t h e  East Mesa 
s imulat ions.  These c a l c u l a t i o n s  and t h e  East 
Mesa s imu la t ions  were made w i t h  t h e  model 
parameters l i s t e d  i n  Table 1. 

Pressure d i s t r i b u t i o n s  f o r  a constant  drawdown 
r a t e  were c a l c u l a t e d  f o r  an i s o t r o p i c  
c o n d u c t i v i t y  c o n d i t i o n  and a c o q d u c t i v i t y  n i n e  
t imes l a r g e r  i n  t h e  y d i r e c t i o n  than  i n  t h e  x 
d i r e c t i o n .  These c a l c u l a t i o n s  were performed 
f o r  a w e l l  a t  t h e  cen te r  o f  t h e ' q r i d  and 
repeated f o r  a w e l l  a t  t h e  co rner  o f  t h e  q r i d  
w i t h  i d e n t i c a l  r e s u l t s .  For  an i s o t r o p i c  
c o n d u c t i v i t y  Hoooes and Harleman (1967) g i v e  
t h e  r a d i a l  v a r i a t i o n  o f  head as 

h = h  - & I n  - rl 

'2 rl '2 

The an iso t rop ic  case can be der i ved  by 
t ransforming coord inates such t h a t  x '  = ax and 
y '  = y/a. In t h e  transformed coordinates, t h e  
c o n d u c t i v i t y  i s  i s o t r o p i c  and Equation 2 
app l ies  with: 
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TABLE 1. FRACSL MODEL PARAMETERS 

Model s i ze :  

Hydrau l i c  c o n d u c t i v i t y :  

Storage c o e f f i c i e n t  : 

P o r o s i t y  : 

Thickness: 

150' x 150' 11 x 11 nodes 

7 . 9  f t / d a y  o r  23.7 i n  y d i r e c t i o n  
2.63 i n  x d i r e c t i o n  

1 10-5 

0.25 

1 f t  

Flow r a t e :  462 f t 3 / d a y  I 

Comparison o f  FRACSL r e s u l t s  w i t h  a n a l y t i c  
s o l u t i o n s  f o r  i s o t r o p i c  and a n i s o t r o p i c  
hydrau l i c  c o n d u c t i v i t i e s  i s  g iven  i n  Table 2.  
A head o f  zero was set  a t  200 f t  f o r  t h e  
i s o t r o p i c  case and a t  x equals 150 f t  and y 
equals 150 f t  f o r  t h e  a n i s t r o p i c  case. The 
e r r o r  terms are small cons ider ing  t h e  coarse 
(11 x 11) n o d a l i z a t i o n  o f  t h e  model. 

Dynamic pressure responses were c a l c u l a t e d  f o r  
t h e  same c o n d i t i o n s  us ing  t h e  r e l a t i o n s h i p  
g iven  i n  Equat ion 3 (Theis, 1935). Table 3 
l i s t s  t h e  head responses a t  a d is tance  of 
15 f t  f rom t h e  we l l .  

( 3 )  

The FRACSL r e s u l t s  match very c l o s e l y  f o r  t h e  
i s o t r o p i c  case. The an iso t rop ic  s o l u t i o n  lags 
behind by 0.06 f t  i n  t h e  low c o n d u c t i v i t y  
d i r e c t i o n  and 0.08 f t  i n  t h e  h i g h  c o n d u c t i v i t y  
d i r e c t i o n .  T h i s  l a g  shows up i n i t i a l l y  and 
remains f a i r l y  constant  over t ime  i n d i c a t i n g  
t h e  r a t e  o f  change o f  head i s  very c l o s e  t o  
t h e  a n a l y t i c  so lu t ion .  So lu te  t r a n s p o r t  was 
simulated under s teady- state f l o w  cond i t i ons .  
A s lug  i n j e c t i o n  t e s t  was s imulated f o r  
i s o t r o p i c  c o n d u c t i v i t y  condi t ions.  The 
d i s p e r s i v i t i e s  were se t  t o  zero which r e s u l t e d  
i n  an expanding c i r c l e  o f  t r a c e r  p a r t i c l e s .  
The r a d i a l  p o s i t i o n  o f  t h e  p a r t i c l e s  i s  g iven  
by 

Table 4 presents t h e  r e s u l t s  o f  these 
s imulat ions.  

The u n c e r t a i n t y  g iven  i n  t h e  FRACSL r e s u l t s  i s  
t h e  standard d e v i a t i o n  o f  t h e  p a r t i c l e  
p o s i t i o n  about t h e  g iven  radius.  The p a r t i c l e  
dev ia t ions  are p r e f e r e n t i a l  w i t h  g rea te r  
e r r o r s  along t h e  axes and d iagonals  o f  t h e  
g r i d .  The small  d e v i a t i o n  a t  0.05 days i s  due 
t o  spec ia l  handl ing o f  t h e  reg ion  near t h e  
i n j e c t i o n  w e l l .  The delay and recovery o f  t h e  

p a r t i c l e s  a t  0.25 days and 0.55 days, 
respec t i ve ly ,  i s  due t o  t h e  coarse 
noda l i za t ion .  A second t r a n s p o r t  t e s t  
accounting f o r  d ispers ion  was r u n  w i t h  
cont inuous p a r t i c l e  i n j e c t i o n .  The 
l o n g i t u d i n a l  d i s p e r s i v i t y  was 0.16 f t  and t h e  
t ransverse d i s p e r s i v i t y  was 0.2 ft. 
(1972) de f ines  t h e  dependence of concen t ra t ion  
on r a d i a l  d i s tance  t r a v e l e d  by: 

Bear 

F i q u r e  1 shows C/Co  as a f u n c t i o n  o f  
d i s tance  from t h e  we l l .  

DIwsnsIrnrn cwmipw - FR. I: - - - -  AN YTICAL 
1.1 , , , , , , , , , , , 

1.0 

I . " 
0.1 

0.0 
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F iqure  1. Comparison of FRACSL s imu la t ion  t o  
an a n a l y t i c a l  s o l u t i o n  f o r  r a d i a l  f l o w  f rom a 
we1 1. 

F i g u r e  1 shows an e x c e l l e n t  match t o  t h e  
t h e o r e t i c a l  r e s u l t s .  I t i n d i c a t e s  t h a t  t h e  
dev ia t ions  about t h e  nominal r a d i u s  apparent 
i n  Table 4 are small  compared t o  t h e  
d i s p e r s i v e  term. I n  F igure  1 thte v a r i a b i l i t y  
o f  t h e  concen t ra t ion  near t h e  w e l l  i s  a 
p r o p e r t y  o f  d i spers ion  f o r  t h e  l i m i t e d  number 
of t r a c e r  o a r t i c l e s  used i n  t h e  s imulat ion.  



TABLE 2. COMPARISON OF FRACSL AND ANALYTIC DRAWDOWNS 

I s o t r o p i c  Case An isot rop ic  Case 

Ana ly t i c  FRACSL Ana ly t i c  FRACSL 
r Drawdown Drawdown E r r o r  X Y r Drawdown Drawdown E r r o r  
- ft  ft f t  x f t  - ft f t  f t  f t  x - - 

15 24.55 24.11 -1.8 0 15 8.7 32.15 31.93 -0.7 

45 14.00 13.88 -0.8 45 0 77.9 11.70 11.63 -0.6 

90 7.46 7.43 -0.4 0 150 86.6 10.72 10.84 + l .  1 

212 -0.49 -0.54 -10.2 150 0 260.0 0.49 0.46 -6.1 

TABLE 3. DYNAMIC PRESSURE RESPONSE 

An isot rop ic  Conduct iv i ty  

Low Conduct iv i ty  High Conduct iv i ty  
I s o t r o p i c  Conduct iv i ty  D i r e c t i o n  ( x )  D i r e c t i o n  ( y )  

A n a l y t i c  FRACSL Ana ly t i c  FRACSL Ana ly t i c  ~ R A C S L  
Time Pressure Pressure Pressure Pressure Pressure Pfessure 

( f t )  (days) ( f t )  ( f t )  f f t )  ( f t )  ( f t )  

0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.01 20.32 20.36 15.21 14.62 25.43 24.64 
0.02 23.54 23.56 18.43 17.78 28.65 t7.84 I 
0.05 27.80 27.83 22.69 22.04 32.91 32.13 
0.08 29.41 30.01 24.88 24.38 35.09 34.48 

-c---- 

TABLE 4. TRANSPORT OF A TRACER SLUG 

A n a l y t i c  
Time Radius FRACSL Radius E r r o r  

( f t )  ( f t )  - ( days) 

0.0 
0.05 
0.25 
0.55 
1.05 
2.05 

0.0 
5.46 

12.13 
17.99 
24.84 
34.73 

0.0 0.0 
5.44 t 1 10-5 -0.4 

11.87 t 0.3 -2.1 
17.99 2 0.4 0.0 
24.21 f 0.5 -2.6 
34.23 t 0.7 -1.4 

SIMULATION OF EAST MESA TESTS 

Tests conducted a t  East Mesa we l l  56-30 i n  
1983 and 1984 provided a base case data se t  o f  
a porous media t o  v e r i f y  FRACSL. 

The r e s e r v o i r  surrounding t h i s  w e l l  i s  
composed o f  layers  of porous sandstone 
interbedded by  r e l a t i v e l y  impermeable shale. 
While t h e  r e s e r v o i r  contains near v e r t i c a l  
fau l ts ,  these are t o o  d i s t a n t  t o  a f f e c t  t h e  

f l o w  d i s t r i b u t i o n .  Spinner logs  laken dur ing  
both  i n j e c t i o n  and backflow i n d i c b t e  t h a t  t h e  
w e l l  has four  major oroduct ion  zobes of equal 
product ion  per  f o o t  o f  thickness. The model 
parameters used t o  s imulate t h i s  we l l  are 
q iven i n  Table 1. Two 
in ject ion-quiescence-backf low t e s t s  were 
conducted. One t e s t  consisted o f  12 hours 
i n j e c t i o n ,  12 hours quiescence an@ a backflow 
long enough t o  recover t h e  i n j e c t k d  t racer .  
I n  t he  second t e s t  t h e  quiescence was 

-290- 



lengthened t o  6 months i n  order  t o  evaluate 
t h e  n a t u r a l  d r i f t  i n  t h e  reservo i r .  

The r e t u r n i n g  t r a c e r  concentrat ions f o r  t h e  
s i x  month quiescence t e s t  peaked a f t e r  a 
volume 7.5 t imes t h e  i n j e c t e d  volume was 
backflowed f rom t h e  we l l .  The delay i n  t h e  
r e t u r n i n q  t r a c e r  peak i s  an i n d i c a t i o n  o f  a 
n a t u r a l  d r i f t  i n  t h e  r e s e r v o i r .  S imu la t ion  o f  
t h i s  t e s t ,  i ncorpora t ing  n a t u r a l  d r i f t  
requ i res  an an iso t rop ic  c o n d u c t i v i t y  t o  match 
t h e  shape o f  t h e  t r a c e r  re tu rn .  

F igure  2 presents a comparison o f  s l u g  
concen t ra t ion  data and FRACSL r e s u l t s  f o r  t h e  
s i x  month quiescent t e s t .  
F i g u r e  2 i s  t h e  r e t u r n  concen t ra t ion  d i v i d e d  
by t h e  i n j e c t e d  concentrat ion.  The abscissa 
i s  t h e  cumulat ive number o f  i n j e c t i o n  volumes 
backflowed i n t o  t h e  we l l .  The FRACSL r e s u l t s  
were f i t  t o  a seventh o rder  power s e r i e s  f o r  
t h e  F igure  2 p l o t .  

The o r d i n a t e  o f  
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F igure  2.  
t r a c e r  and a n a l y t i c a l  recovery data f rom a 
six-month quiescent t e s t  a t  East Mesa. 

The r e t u r n i n g  concen t ra t ion  o f  bo th  s l u g  and 
continuous t r a c e r s  was matched by us ing  a 
hydrau l i c  c o n d u c t i v i t y  r a t i o  o f  n i n e  t o  one, a 
l o n g i t u d i n a l  d i s p e r s i v i t y  o f  0.17 f t  and a 
t ransverse d i s p e r s i v i t y  o f  0.06 ft. 
s imu la t ion  o f  t h e  s i x  month quiescent t e s t  
requ i red  a 32 f t  d r i f t  d u r i n g  t h e  quiescent 
p e r i o d  and t h e  n i n e  t o  one c o n d u c t i v i t y  r a t i o  
t o  match t h e  peak r e t u r n  time. 

The t i m e  t o  peak f o r  t h e  r e t u r n  concen t ra t ion  
i s  a f f e c t e d  by bo th  t h e  n a t u r a l  d r i f t  and 
a n i s o t r o p i c  c o n d u c t i v i t y .  The d r i f t  requ i red  
t o  match t h e  t ime o f  peak r e t u r n  changes w i t h  
a changing c o n d u c t i v i t y  r a t i o .  The peak t ime 
i s  very s e n s i t i v e  t o  d r i f t  b u t  n o t  t h e  
hydrau l i c  c o n d u c t i v i t y  r a t i o ,  which i s  
probably  accurate t o  w i t h i n  30%. The shape o f  
t h e  curve i s  q u i t e  s e n s i t i v e  t o  t h e  
d i s p e r s i v i t y  and changes o f  10% are no t i ceab le  
i n  t h e  FRACSL r e s u l t s .  

Comparison o f  FRACSL t o  an ac tua l  

The 

CONCLUSION 

The FRACSL code i s  be inq developed t o  s imulate 
hydrau l i c  resoonse and s o l u t e  t r a n s p o r t  w i t h i n  
a f r a c t u r e d  r e s e r v o i r .  The Val i d a t i o n  aqainst  
a n a l y t i c  and f i e l d  r e s u l t s  presented i n  t h i s  
paper were l i m i t e d  t o  porous media 
app l i ca t ions .  The hydrau l i c  model uses a dual  
p o r o s i t y  aoproach and lumped papameter 
n o d a l i t a t i o n .  So lu te  t r a n s p o r t  i s  simulated 
w i t h  a d i s c r e t e  p a r t i c l e  approadh. 
d i s c r e t e  p a r t i c l e s  are moved by c a l c u l a t i n g  
t h e  l o c a l  advect ion based on t h e  hydrau l i c  
model r e s u l t s .  Dispers ion i s  simulated us ing  
a random walk p e r t u r b a t i o n  about t h e  
d e t e r m i n i s t i c  advection. 

Example s imu la t ions  f o r  an i n f i n i t e  
homogeneous porous r e s e r v o i r  w i t h  bd th  
i s o t r o p i c  and an iso t rop ic  hydrau l i c  
c o n d u c t i v i t i e s  have been compared t o  a n a l y t i c  
so lu t ions .  The comparisons were f o r  dynamic 
and steady- state pressure resporises t o  a s tep 
i n  vo lumetr ic  f l o w  f rom a l i n e  source. The 
comparisons show good agreement w i t h  a n a l y t i c  
r e s u l t s  us ing a model w i t h  a small  number o f  
nodes. 

Transpor t  o f  a pu lse  i n j e c t i o n  o f  s o l u t e  
p a r t i c l e s  f rom a constant  f l o w  source was 
simulated w i thou t  d ispers ion  and compared t o  
a n a l y t i c a l  r e s u l t s .  A step i n p u t  o f  t r a c e r  
from a constant  f l o w  source was simulated 
us inq  d ispers ion.  These comoarisons have 
shown t h a t  FRACSL i s  capable o f  c l o s e l y  
s imu la t ing  an un f rac tu red  homogeneous r e s e v o i r  

The w e l l  t e s t e d  a t  East Mesa i s  loca ted  i n  a 
we1 1 de f ined  unfractured porous sandstone. 
FRACSL s imulat ions prov ided a c lose  match t o  
measured t e s t  data. A hydrau l i c  c o n d u c t i v i t y  
n i n e  t imes as g rea t  i n  one d i r e c t i o n  than  i n  
t h e  perpendicu lar  d i r e c t i o n  and a l o n g i t u d i n a l  
d i s p e r s i v i t y  o f  0.17 along w i t h  a 32 f t  d r i f t  
were requ i red  t o  p rov ide  t h e  match. 
FRACSL has thus y i e l d e d  an est imate o f  an 
a n i s o t r o p i c  h y d r a u l i c  conduc t i v i t y ,  
d i s p e r s i v i t y ,  and a d r i f t  v e l o c i t y  f rom a 
comparison w i t h  f i e l d  t e s t  data. 
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