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ABS TRACT 

wastes, e i g h t  se ts  o f  souice? configuratjoms, three k inds  o f  source 

releaser;, 2nd four variat ions a f  the a ui fer  dinrcnsi o m .  Three t.ypes 

o f  the  wastes 3t-e radioact ive w a s t e 3  ctienriccals, ,tnd h e a t -  The e i g h t  

types o f  source conf igura t ions  are a p o i n t  source, a l i n e  so 

paraale1 to the  x-axis ,  a l ine source paral7k.l tfi the y - a x i s ,  a l i n e  

iii 



atmosphere. Boundary conditions i nc 1 uded Diri  c k l  e t ,  Neumann, m i  xed 

type,  and/or r ad ia t ion  boundaries. FPlfty sample cases are  provided t o  

i l l u s t r a t e  t he  appl icat ion o f  AT123D t o  various s i t u a t i o n s .  

i v  
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p r i v a t e  business t o  carefully formulate waste r ~ ~ ~ ~ ~ $ ~ e ~ ~  plans and 

evaluate d isposa l  s i t e s  fo r  haza~rdous wastes.  at^ but less 

time-consumi ng tc?chniqures are therefore rieeded t o  p r o v i d e  good i n i t i  a1 

estimates o f  the d ispersi an, advect ion a and adscarpti on character is t ics  

o f  a s p e c i f i c  disposal s i t e  because waste ~ ~ n ~ ~ ~ ~ ~ ~ t  p l a n n i n g  i s  

becoming less conceptual and more q u a n t i t a t i v e  as t h e  valumc o f  wastes 



2 

increases and C O ~ C P V ~ I  i s  cxpressed o f  their- wvironzentdl compatabil i t y .  

Coil lpiete analysis  o f  a Given s i t e  requires extensive inves t iya t ion ,  

includirig Sor ing,  plrmping Lests, physical model simulations,  and 

soph i < t i  cated numer; ra l  iiiildai q ,  whi c i i  are consi d e t - ~ d  too cxpensi ve arid 

impr-acticsl d u r i n g  til? preliminary disposal s i t c - s e l e c t i o n  stdge- F1o.r~ 

o f t c n  than riot, an adcqr:ate analy t ica l  model is h i g h l y  des i rab le  and 

risefcrl not Gl-ily f o r  sc reen ing  dl te rndt ive  wzste  disposal s i t e s  S u i  a l so  

for- dei,?iled planning and design of f i e l d  measurments and cnonitoriny 

prqranis. I t  must 1x2 emphasized tha t  a cringidei-crble amount o f  time and 

~ x p e n s ?  vmld  utrdouStcd1y be saved by u t i  l i r i n y  ana!ytical p rcd ic t ive  

models in  plannirij f i e l d  surveys and es tab l i sh ing  inani tor- ing prcgraills. 

Nrmcrous ana ly t ica l  modCs!s For predici ing t h e  t ranspor t  and 

m i  g r a t i  c x  o f  hazat-docrs wactes i n  ti72 subsu r fac~  rnedi a are avail  able  

(Lapi r lus and fimundsorr 1952, Uavidson et  a l .  1968, I i tidstrom and Boersma 

1971, I..ai and Jurinak 1377, ldarrick et  a l .  1932, Cleary e t  01. 1Y73, 

Linds t rm and Stone 1974, Marina 1974, Kuo 1375, Yeh and Tsai 1976, Van 

6enuchtr.n and Wi wenga 1975, Seliiii and Manse11 1976, Wang e t  a1 . 
1977). Each o f  t i les? deal wi th  a pa r t i cu la r  p rob lm.  All of them 

involve itlore or less s impl i f ica t ion  i n  order t o  render  possible 

analyt i  ca! simul a t i  on nf t h e  governing Pquati on. F o r  exaniple the 

s impl i f ica t ion  in  the ea r ly  m a l y l i c a l  solut ion o f t e n  involvc the  

assumption of the i n f i n i t e  e x t e n t  of the media. Recently, progress has 

been made L O  r e lax  t h i s  assunpt-ion by allowing both the depth and w i d t h  

o f  t i l e  a q i j i f w  t a  be f i n i t p .  

This repc-t pr-esents a yeoeral i zed analy t  i cal  t ransient ,  one- , 
two- , md/ar ikree--dimonsi onal tilode1 (AT123D) w i t h  the connpwtcr code t o  
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I I .  MATHFXATTCAL STATEMENTS 

As poll utaiits are released in to  groundwtPr,  seurral f ac to r s  

c o n t r i b u t e  t o  t h e i r  I,iigration and t ranspor t .  F i r s t  o f  211, the  w l u t e s  

in  t h c  porous media will  rnovle w i t h  t tw nean vploci ty  of the soI\/ent.  

[ h i s  mcchanism i s  terriwd advection. I f  this wnrr the  ~ f i : y  mechanisin 

govrrtring t h a  tranzjvJr2. of Soliitri;, i t  zsolrl cl bdiavc 25 an aggiegated 

s o l i d  par t ic l t -  t rave l ing  Ihrough the inedia witiirsrrl art3 lcngthincj or  

cpreading. In r e a l i t y ,  the body O F  so11rtc. blill spread because the 

5 f I I : l t i G i i  does n o t  TiIuvI? unifOl"iIIly i n  tiic porouF inledia: though i t  does in 

L W  averagc secse.  The flcw parcel tr-:,vels slower n e w  the walls sF 

t h ~  porc tkarc i n  the center ;  it. flows f a s t e r  i n  larger.. porcs than i n  

small pores; i t  does no'c tt-dvel in a pa r t i cu la r  direct ion b u t  meanders 

randomly. This mechau im o i  migration i s  called hydraulic diqpersion. 

Anolher process causing t he  rjr-n&.i: in 5 i p e  O F  Erie c,olute patches i s  

tirvlecular d i f fus ion .  T h i s  is caused by t h e  random Brokvi3t-i m o t i o n  of 

molecul~s in t h e  solut ion arid occurs wiieth~r. tiie solution i n  the porous 

media i s  s t d t i o n a r y  or has average mot ion .  T ~ I J  diffusion process i s  

norinally small compared t o  t h e  hydraulic d i s p w i o n  and i t s  e f f e c t s  are 

m u a l l y  combined i n  the term o f  d ispers ion .  

- 

L I  

In a d d i t i o n  t o  advection, hydraulic dispersion and molecular 

d i f fus ion ,  the t ranspar t  and concentrat ion of t h e  solutt .(s)  are 

af fec ted  by reversible ion exchange w i t h  the so i l  grains;  the chemical 

degeneration with other cons t i tuents ;  f 1 u i  d compression and exparisi on; 

a n d ,  in  the case o f  radioact ive ~ a 5 t e s ,  by t h e  radioact ive decay. 

N r g i x t i n g  f l u i d  compression and, expansion, t h e  equation5 governing 



a b c d  E? .F 

ivl = ra te  of release of S Q ~ Q Y C S ~  ( -3 +) 

n e f fec t ive  p o r o s i t y  ( L ” )  e 
h = rad ioac t ive  decay constant (T-’) 

K = degradation rate (T-’) 

a (1) i s  the time rate o f  G ange of waste salwte mass per 

u n i t  volume o f  the aquifer water; term b ,  the combined e f f e c t  o f  

hydraul ic  dispers ion and molecular d i f f u s i o n ;  term c, t h  

advect i  VF? transport; t e  c l ,  t he  contribution OF bixaste Source ; term e ,  

the e f f ec t s  of f i r s t  order cheinical and ~ ~ ~ ~ ~ ~ ~ G a ~  degradation; term f, 

the e f f e c t s  o f  r a d i o a c t i v e  decay; and term 9, t e effects of re\sersib]e 

exchange or sorpti on. 

The i n i t i a l  cond i t i on  o f  E q ,  (1) i s  assumed t a  be known: 

c = C i  ( X J , Z t 0 )  ad t = 6 i n  R , 



5y/iere C 

t h e  lorcatim on S 

c o n d i t i o n ,  according t o  which t h e  nurnra l  g r a d i e l ~ t  o f  t h e  concent rd t ion  

i s  pres cr i bed : 

i s  a po,* t iun o f  S and C1 i z  a given f u n c t i o n  o f  tirrse and "1 

The sezor?d typt. i s  Liie N~iimarrn boundary 1' 

wiierc q i s  a g i v e n  furrction o f  t i m r  and thc. Ipo in l  ( x , y , z ) ,  on t h e  

S p o r t i o n  o f  5. I f  t h e  pollutdtl t  t o  be mudr:lIed i s  heat, at iother 

t y p e  of boundary cond i t ion ,  r e f e r r e d  t o  as r a d i a t i o n  c o n d i t i o n ,  may be 

s p e c i f i e d  as 

3 

3 
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R 



8 

4 
where Ke i s  t i l e  m d i f i e d  hea t  exchange r w f f i c i c w t  (Yeh 1980), and 

S4 i s  t h e  a i r - s o i l  i n t c i f s c ? .  

S4, coi3st i t i i t .P the \ ho le  boundary S (x ,y , z )  

rtlc boimilaries, S.;  S 2 ,  S 3 ¶  and 
1 

0 a5 shoilin i n  Fig. 1, 
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where 

R d  = Retardation Factor = 1 +- P b  Kd/n, 

K = Retarded Dispersion Tensor = D / R d  

U = Retarded Seepage Velocity = ( q / n  ) / R d  

- - __ 

-+ -f 

e 

Kd = Distr ibut ion coe f f i c i en t  

The s o l u t i o n  of Eq. 7, subject t o  i n i t i a l  and boundary conditions 

o f  Eqs. ( 2 )  t h r o u g h  ( 5 ) ,  i s  

G dRo d~ f ( G  C i )  dR 
II ~ ( x , . ~ , ~ , t )  = r r - 

o R 'e'd R - C = o  

y3 dSo d'l 
t 

- r r  ____ 

s3 neR d 

if G(x,y,z, t ;  < , Q ~ < , T )  s a t i s f i e s  t h e  following conditions:  

G - 0  for  t < 'r 

G = O  on s1 



1.3. 0 RN L. - 5 6 ci 2 

and 
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f o r  instantaneous source 

where F i j k  is t h e  i n t e g r a l  of Green's f u n c t i o n ,  G, over t h e  source 

space; M i s  t h e  instantaneous r e l e a s e  o f  t o t a l  mass; and 'F i s  t h e  

d u r a t i o n  of waste re lease .  Fijk is g iven  by: 

where i = 1 o r  2, j = 1,2,3, or 4, and k = 1,2,3, o r  4. Func t i ons  

Xi, Y j ,  and Zk are g i ven  by Eqs. (18) th rough  (27 )  f o r  t h r e e -  

dimensianal  cases as f o l l o w s :  

f o r  p o i n t  source i n  t h e  x - d i r e c t i o n :  

f o r  l i n e  source i n  the  x - d i r e c t i o n :  

x-L1 - u ( t - q  x-L2 - U ( t - T )  
- e r f  exp [- (S;A)(t--L)-J 

4Kxx (t-,[) 

(19) 

for- f i n i t e  w i d t h  and p o i n t  source i n  t h e  y - d i r e c t i o n :  

f o r  f i n i t e  w i d t h  and l i n e  source i n  t h e  y - d i r e c t i o n :  



13 0 17 N I.. - 5 6 02 

f o r  i n f i n i t e  width and point  source in t h e  y-direct ion:  

f o r  i n f i n i t e  width and l i n e  S Q U ~ C ~  in  the y-direct ion:  

f o r  f i n i t e  dep th  and point  source i n  the z -d i rec t ion :  

f o r  f i n i t e  d e p t h  and l i n e  source i n  the  z-direct ion:  

fo r  i n f i n i t e  d e p t h  and point source i n  t h e  n-direct ion:  
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f o r  i n f i n i t e  dep th  and l i r i c  source ; n  t h e  z-d i rec t ion ;  

wheve B and 1.1 a w  t h e  wi&h and depth of the dquifer ;  L1, 81, t$ 

and L 2 ,  B2,  H2 are  the begin i r ing x, y, z and the ending x, y, z 

coordinates o f  the source; xs, ys, and zq a r e  t h e  x, y, and z 

coordinates o f  Ihe p o i n t  soi.~rce. 

denotes tile f u n c t i  nn:  

I n  Eqs. (24 )  and (251, 'Yi(z) 



and 
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To a p p l y  the abode equations t o  two-dimensional cases i n  the x-y plane, 

one has t o  s e t  I 

cases i n  the Y-z plane,  one has t o  set  Y 

the  o w  dimensional cases, say x-direct ion,  one s imp ly  sets bath Y 

and Zk equal t o  1. 

= 1 ( k  2 1$2$..4). Similarily f o r  the two-dimensional 

= 1 ( j  := 1,2,..4> and for  

j 

k 

j 

I n  p y x t i c a l  camputdtion, Eqs. (20) and (31) o f t e n  converge very 
2 slawly when K ( ~ - T ) , ' B  i s  small. Under such circumstances, the  

f a l l o w i n g  equations, w h i c h  are obtained by the method o f  image, are 

used: 

YY 



- erf 

( 3 2 )  

I t  i s  w e n  t h a t  32 eqmt-ions may be o b t a i n e d  for- the s p a t i a l  

ii-itpggrai o f  Grecn's f u n c t i o n ,  Fijk. 'Thew are  F 111 3 fj12Y . ' *  

and F244. 

( l G b ) ,  and ( 1 6 c )  vsr!ld y i e l d  36 equat ions .  

a p p l i c a b l e  t o  any o f  thrw wastes ,  t h e r e  would be 788 opt ions  whela a l l  

three s p a t i a l  dimensions are  considered.  Careful &clopt ion o f  cmrce 

d i s t r i b u t i o n  and media s i z e  would y i e l d  14 two-dimensional o p t i o n s  each 

ii-i the A-y plane and x-z plane ,  respectively, arid 18 o p t i o n s  f o r  t h e  

one-dimensfonal along ~ I P P  Iongi  t u d i  nal  d i r e c t i o n .  AT1 230 computer code 

i s  developed to p e r f o m  t he  i n b g r a t i o n  o f  Eqs. (15a ) ,  (16b)  and ( 1 0 ~ ) .  

Suhst f tu t io r i  o f  each o f  those 32 eqmtions into Fqs.  (1621, 

Since each equat ion i s  



1.7 

) *  Tcnsor a n a l y s i s  i n d i c a t e s  t h a t  they ?IYhDlli?d be a Tineair func t i s r ,  
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i ypi cal Val ucts of the e f f ~ c t i  ve poros i ty ,  hydraulic conduct ivi ty ,  

and the d i s p c s i v i t i e s  f o r  cand, s i l t ,  and c lay  are  l i s t e d  in T a b l e  7, 

(Eagleson 1990, Rredehoeft and P i n d e r  1913, Robertson 1974) .  

v a l  lips are  i ntended t o  pmvi de gui de’ i nes f o r  thesr parameters. 

actual appl ica t ion  soil measurments shou ld  be made to  determi ne t h e  

e f f r c i i  ve p c r o s i t y  and hydraulic conduct ivi ty .  Dispers iv i t ie5  should 

be ohtained by cal b r a t i o n  agaifist f i e l d  d a t a  (Robertson 19/41 or they 

m2j k extrapolated fi-sm values l h a t  h a w  been calihrat;>d froin 5imilar  

a q u i f e r  system. Based on ihc  f i e l d  experimental r e s u l t s ,  the 

d i s p e r s i v i t y  var ies  w i t h  aquifer mater ia l s ,  t hc  more pwrneable an 

aquife:-, t h e  higher the d i s p e r s i v i t y ,  

and 0: may be modifier] by t he  permeabili ty f ac to r  frsm t h e  ca l ibra tcd  

Val ues. 

Thi2Se 

For 

T h u s ,  the values o f  C J L ~  c y T 9  

V 
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- 
Io i l l u s t r a t e  the appl icat ion o f  AT123D code radwastc will be 

assumed t o  be r e l e a s 4  i n t o  an aqi-ii fer 5ysteiii con t i nuous ly .  For 

siiisplici t j ,  the r2lease r a t e  ni l  1 bc assumed cof l s t an t ,  a l  iksiiiigh t he  

code t a k e s  care o f  t h c  tiire-dspendent r a t e .  Thirty-two ( 3 2 )  sample 

problems are perfom:d f o r  the three-dimensional appli cakion. I n  

a d d i t f o i l ,  8 sarnpie ~pohlcms each f o r  the  t ,m-d~~;~eni l ’ona’B case$ i n  the 

X -y X-z planes,  respcct-s’vely, and tl.,r@ sample prahlcnils f o r  t h c  

onc dimensional case in  thtse longitudinal direct ion are i l l u s t r a t e d .  

These f i f t y  cases a r e  l i s t e d  i n  Table 2. I n p u t s  o f  t h e w  sample 

problems are given in  Appendix B. O u t p i i t  o f  Four sample cases are a l so  

g iven  i n  the 

back cover .  

l i s t i n g  o f  

included in  Appendix 6 .  Output o f  a l l  f i f t y  case: are 

mici-ofi she hh-ich i s  at tached i n  the ?’ns i& page o f  the 

Prcparation o f  input d a t a  i s  given i n  Appendix A and a 

FORTRAN source program i s  g i v e n  i n  Appendix C .  

F 3 r  the sample probleixs, porosi ty ,  n e ,  o f  the  aqu 

The hydr-airlic conduct ivi ty ,  Kh, i s  assumed to be 0.2. 

f e r  i s  assuriied 

t o  be 9.5 
. I  mhr . A h y d r a u l j c  gradien-t o f  0.05 i s  assumed along the longitudinal 

direct ion which results in a veloci ty  o f  0.025 rn h r  . Typical values 

o f  Tot-igi t b d i  rial , t ransverse ,  and ver t ica l  di s p e r s i v i t i e s ,  a c1 and 

a are assumed to bc 30.0, 5.0, and 5.0 meters, respect ively f o r  s i l t y  V ’  
sand. A d i s t r ibu t ion  coefficient.. ,  Kd, o f  10 cm /gran-a i s  used t o  

represent  the absorption o f  strontium i n  the s i l t y  sand. H u l k  density,  

o f  the soil i s  assumed t o  be 1.4 gram/”m . Decay cons tan t ,  A ,  o f  

- a  

L ’  P’ 

3 

3 
% 
2.83 x I O m 6  hr-’ i s  used. 

l i f e  of  25 years .  

i n  the example o f  p o i n t  source* 

This &cay cons tan t  i s  e q u i v a l e n t  t o  a h a l f  

The s w r c e  I s c a t i o n  i s  a t  (xs,  y s ,  E 1 .? ( 0 ,  10,  1 )  
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Table 2. List o f  sample p r o b l e m  

1 x  X X 
2 x  X 
3 X  X X 
4 x  X X 
5 X  x X 
6 x  X 
7 x  x 
8 X  X 
9 x  x X 

10 x X 

11 x X X 
12 x X x 
13 x x X 
14 x X 
15 x X 
16 x X 
17 X X :< 
18 X X 
19 X X x 
20 x x X 
21 X X X 
22 X X 
23 X X 
24 X X 
25 X X X 
26 X X 
27 x X X 
28 X x X 
29 X X x 
30 x X 
31 x X 
32 x X 
33 x x X 
34 x x 
35 x X X 
36 x X 
37 X X X 
38 X x 
319 X X X 
40 x X 
41 x X X 
42 x X 

43 x X X 
44 x x 
45 X X X 
45 x x 
47 x X X 
48 x X 
49 x X X 
50 x X 

36 
X X 

X 
X 

X X 
X 

X 
X x 
X 
X 

X 
X x 

X x 
x 

x 
X 

X X 
X 

X 
x X 
X 
x 

X 
X X 

X X 
X 

x 
X 

X X 
X 

x 
X X 
X 
X 

X 
X X 

X X 
X 

X 
X 

X X 
X 

X 
x x 
x 
X 

x 
x x 

X 
x 

X X 

X 

X 

x 

X 

x 

x 

X x 
X 

X 
X 

X 
x 
X X 
X x 
X 
X 
X X 
X X 
X 
x 
X 
X 

X 
x 
x 

x 

X 
X 
X 

X 

X 
X 
X 

X 

X 
X 
X 

X 
x 

FW = f i n i t e  w i d t h ,  IW = i n f i n i t e  width. FD = f i n i t e  depth,  ID = i n f i n i t e  depth,  
PS = p o i n t  source, LS = l ine source. 



used, a dppti-r o f  !-! - 10 w t w ~  i s  assrrmed. Thcsr sourc? diinwsiotis are 

s h o w  iii I ig .  2. 

I t  should h P  noted t h a t  i f  the code is applied f o r  a 

two-dfmensio,ial p roh l~m i n  ihc  x-y plane (sample cases 33-43), one has 

t o  itiprlt X1 = 0 and H2 = ! I .  

for a tm-dimensiopal p r o b l m  in the x - z  plane (sample <asp‘s 41-48), 

on2 just uses i n p u t  B 

one-d iinefisional pi-oblerr: in t h e  langi tudinal  d i r e c t i n t ~  (sample cases 49 

and 501, one has to  i n p i t  R1 - 0 afid B2 = 6 as well as t I  

H = I{. 

S i rni lar i ly ,  i f  the rnodpl i s  mployed 

= 0 and a, = B. !-or the reduction t o  1 

= 0 aild i 

2 
- 
It-icz follcwiq-sg saci;p?e cases ar’c in tended t o  i l l u s t r a k  t h e  e f f e c t  

of  Foiirce configurations and % i 7 ~ s  o f  t h e  rnedja on t i l e  distr%ibcltioii o f  

the radiondclides.  Sample cdczc no. 1 i n  Appendix R ptcscnts the 

cnnccntrat?  61-1 d i  s I!-. ; b i i t i  ori as a :-csu1 t, o f  the conti n s i o i i ~  rc3 ease 3-f 

rad;iiast: L-vith zi rdte o f  1,O C i / h r  and lastir ig f o r  240 hours. A point 

s0ur-c~ c onfiym-ati on is  assirrwd atid i t  i s  discharged i r i t o  a 

thvPe-difiensional medid ; g j t h  f i n i t e  d e p t h  and f i r l i t ?  wid”l;7. I n i t i a l l y ,  

t h e  mcdia i s  clean diid the  concentration at  tiine = 0 ~ O I J ~ -  i s  zero 

everywhs-@., A t  the end o f  1224 ~ O I J ~ S ,  the concentrat ion a t  t h e  p o i n t  

( x , y , a j  - (10,10,2) i s  33300 p C I / l i t w .  A t  the point (x,y,z) = 

(6C9 l ,O9Z’ ) ,  t h e  cnrwnt t -a t ion  has decreawd t o  0.0269 p C i / l i  t e r n  ;lad 



10 9 s -- 7 MHO 
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-the dispersion not beer; incli.rdcd, t h e  comontrat ion a t  ho th  points  

vcoteld have becfi zero  sirice t h e  retarded ve:ocity i s  O . l i 6  x lo-’ 

in/kir, thus t k  meail fr-ont o f  the  w r , t e  ha \  traveled only t o  x = 2.16  m 

a t  thra m d  o f  1224 hours. I t  should be p o i n t t d  out  t h a t  a t  tiit! ei;d o f  

1724 hours,  the  decay r n x t l a n i w i  would not s ig l i i  ficai3tly a1 ienuat:: th;: 

concentration because the h a l f  l i f e  o f  28 years i s  r e l a t i v e l y  much 

longer than t h P  c i imlat ion time. 

Sample rase  no. 39 sho!vc, the concentration d i s t r ibu t ion  o f  240 

h o w  continuails relcasa w i t h  a r a t e  o f  1.0 Ci/hi- .  A l i ne  source 

omfigura t ion  pa ra l l e l  tu  y .d i r ec t ion  i s  aszmed atid i t  i s  discharged 

i n t o  the trslca dimensional II ieciid in the  x y plane. A t  t h e  end o f  1274 

h o w s ,  t i l e  rnncpntration at  points ,  [x,y,z;  = (10,10,2) and (x ,y , r )  = 

(6091022), a w  2310 pCi / l i t c r  and 0.0023 p 

These values are  srndll p r  than those iri thr 

complctc mixing i s  assumed in the ver t ica l  

the c o n c e n t r ~ ~ t i  on t i ist i i  buti on in the ver t  

I /1  i t e r ,  T 

above sarrp 

di rec t ion .  

cat  direct, 

s p e c t i  vely. 

e case because 

I t  i 5  no ted  t h a t  

on i s  uniform as 

expected. For zxample, thc x-y d i s t r ibu t ion  C J ~  the  concentration oii 

z = 2 iii i s  idpnt ical  t o  t h a t  on z = 4 111. 

Samp:t. cas? no. 48 i l l u s t r a t x  the d i s t r i b u t i o n  as a r e s i i l t  of 

continuous re lease  i n t o  t h e  t w o -  dimensional mccdia in t i l e  x-*! plane. 

The r e l e a s e  c o n f i g u r a t i o n  is assumed *Lo be an a r m  SOUi-Cee A t  the end 

o f  1334 i~nurs, the concentration a t  point \ ,  ( x ,y , z )  = (10,10,?)  and 

(x ,y , r )  = (60,10,2), are  657.U pCI/litee- and 0.(98%18 pCI / l i t e r ,  

resprc t ivc ly .  F ina l ly ,  saiiiple case no. 50 shows ihr cormxtratiorr 

d i s t r ibu t ion  r e s i i l t j n g  from a volume rplmw i n t o  a otit~.diiiiensional 

incdia i n  the u - d i r - e c t i o q .  As  c x p x t e d ,  Ltir roncentratio,i  in thy: y-  and 

z - d i  recti  01:s GPP uti iforiii. 
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ai 
B 

FD 

e 

1 

H2 

I D  

a. 
K 
* 
e K 

A c o e f f i c i e n t  defined by E 

W i d t h  o f  the aquifer 



Kd - 
K 

xx 

5 Y  

K,Z 

L1 

L2 
LS 

M 

M 

PS 
-+ 
9 

42 

43 

R 

R d  

R O  

S 

S istr i bu t i  on coeff i c i  ent 

Retarded dispers i  011 tensor 

x-compofient o f  the retsrded dispersion tensor 

y-component of the  retarded dispersion tensor 

E-componenl o f  the retarded dispersion tensor 

B e g i n n i n g  coordinate o f  the source i n  the x-direction 

Ending coordinate of the SOI.WGC? i n  the x-direction 

L i n e  source 

Source r a t e  

Total source 

P oros i t y 

An outward u n i t  vector normal t o  a surface 

P o i n t  source 

Darcy's ve loc i ty  vector 

F l u x  th rough  boundary S2 

F l u x  through boundary S 3  

A regian w i t h  respect t o  x, y, z 

Retardat i on f a c t o r  

A reg ion  with respect t o  E 3 q , c  

The boundary o f  R 

Par t  o f  S 

Par t  o f  S 

Par t  o f  S 

Par t  of S 

T i me 
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x 

'b 

li 

5 

r; 

IC. 
1 

Y. 
1 

Decay constant  

B u l k  d e n s i t y  

Time 

Longitudinal c o o r d i n a t e  

Transverse coord ina te  

V e r t i  ea1 coord i nate 

i - t h  eigenvalue def ined by Eq. (29)  

i - th  e i g e n f  uncti  on d e f i  ned by E q .  (28) 
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1. T1PL.X: Format (20M) one card per problem 

.................... ______ ............ _, ................ 
- - - -  i i 

I I - - -  IllLE I 

TI i L E  7 Ari-ay To, t i l e  t i t l e  of l i i e  problem. I t  may c o n t a i n  
u p  t o  80 ci-liiracters. 

45 

NX = 

NY 5: 

NZ 

w!;zr)o-i- = 

NtlGTI = 

NEDYI = 

NPRINT = 

INSPWN = 

NSOUS = 

INTER = 

Number of points i n  &.Fie y-direction sd-iere the z o l u t i o n  
i s  desired. 

Number o f  p o i n t s  in t i l e  2-direction where t h e  solut ion 
i s  desired.  

Nuinbsr o f  eigen$alues required for scri es evalination. 

Number- of beginni isy t i m e  i n  Lerrns or  D T  when t h e  
s o l u t i o n  i s  desired.  

Niimber o f  ending time in terms OF DT w h w  t h e  so lu t ion  
i s  desired,  

An integer parameter i nd 'sca t i  rrg that fo r  every NPKINT 
t i i i le steps the sslutiori  i s  clesit-cd 

P.n integer  parameter indicating i f  the  re lease  i s  an 
i nstan"Lanersa:s re1 ease or not ;  = 0 i nstantaneous re1 ease, 
= 1 continuous re lease .  

A 9  in teger  parameter i n d i c a t i n g  i f  the source i s  
constat i t  or changing witis t ime:  
NSOUS d a t a  p o i n t s  as f i ~ n ~ t i o n  o f  tiiise are required. 

.r 0 constant  source, f 0 

An integer parameter i n d i  c a t ?  ng i f  i nterrni  t t a n t  
s o l u t i o n s  betrvcren NBGTl  and NEDTl  are  t o  he 
line-printed: = 0 No, = 1 yes 



H2 :E g cosrd.;P3ate o f  the source i n  the z-direction, (L) 
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HGRAO 1 Hydraulic gradient 

AELONG = L o n g i t u d i n a l  d i s p w s i v i  ty, ( L )  

P,TP,IWW = 

AVtKTE = Vcrtical d f s p e r s i v i t y ,  ( I  1 
T r  a rss we r SP :1 i s 11 er s i v i t y , ( L ) 

AKD = D i sit- i b u t  i on i a ~ f f  i c i en t , ( l - 3 ~  1 ) 

5 .  

... ................ 
I____ _ ___ - I.x ..... ..................... 

/ R M i P U  I RAMADA I RHOB ?H,ari FKCU 1 UT' 1 TDlSP j p 7  
.............. .- ..................... ._ , ..- ................. ............. 

10 20 30 4.0 50 SO 70 90 

RHOW = Density o f  water, (ML-3) 

P,CCU := Error tolerance i f  steady-state soltition i s  desired 

DT = Time s t e p  s i z e  f o r  which the s o l u t i o n  i s  desired, ( P )  
- TOISP = I irne d u r a t i o n  o f  waste release, ( T )  

Q =  Constant  waste re1 ease r a t e  o r  t o t a l  instantaneous 
re l ease ,  ( M T - ~ )  

6. X-SPACE --._ Coordinate: -1 . Format (8F10.0) 

Number o f  cards depend on NX: READ (XDIM(I), I :; 'I, N X ) .  
.... ........ ....... ... 

... ........ ...... ..-._I__. ....... 

10 20 30 40 50 50 70 80 

XDIM(1) = x -coo rd ina te  o f  I - t h  p o i n t  i n  t h e  x - d i r e c t i o n ,  where the  
so lu t ion  i s  des i red ,  ( L )  



~~~~~~~~ = y -coord inate of I - t h  p o i n t  in t he  y-direct ion where the 
solestiofl i s  desired, (L) 

z-coordinate o f  the 1-t p o i n t  i n  t he  z-direction where 
the s o l u t i o n  i s  desired, (L) 

9. Vari a b X S o u r c e  Release -.m Rate: _I FORMAT (8F10.0) 

The number o f  cards depends on MSORS. 
required o n l y  i f  NSORS > 0. 

T h i s  group o f  cards i s  
READ ( $ ( I > ,  I = 1, 
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APPENDIX B 

INPl lT AND OUTPLOT OF SAMPLE CASES 
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