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ABSTRACT

YEH, €. T. 19871, ATiZ23D: Arnalytical transient one-, two-,
and three-dimensional simulation of waste transport in an
aquifer system. ORNL-5602. 0Oak Ridge Mational Laboratory,
Oak Ridge, Tennsssee. &8 pp.

A generalized analytical transient, one-, two-, and/or
three-dimensional (AT123D) computer code is developed for estimating
the transport of wastes in a groundwater aquifer system. It contains
450 options: 288 for the three-dimensional case, 72 for the
two-dimensional case in the x-v plane, 72 for the two-dimenional case
in the x-z plane, and 18 for the one-dimensional case in the
Tongitudinal direction. These are the combinations of three types of
wastes, eight sets of source configurations, three kinds of source
releases, and four variations of the aquifer dimensions. Three types
of the wastes are radioactive waste, chemicals, and heat. The eight
types of source configurations are a point source, a line source
parailel to the x-axis, a line source parallel to the y-axis, a line
source paraliel to the z-axis, an area source perpendicular to the
X-axis, an area source perpendicular to the y-axis, an area source
perpendicular to the z-axis, and a volume source. Three kinds of
source releassas are insiantaneous, continuous, and Finite duration
releases. Four variations of the aquifer dimensions are finite depth
and finite width, finite depth and infinite width, infinite depth and
finite width, and infinite depth and infinite width. The mechanisms of
transport included in the analysis are advection, hyvdrodynamic

dispersion, adsorption, decay/degensration, and waste Tosses to the



atmosphere. Boundary conditions included Dirichlet, Neumann, mixed
type, and/or radiation boundaries. Fifty sanple cases are provided to

illustrate the application of AT123D to various situations.
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I. INTRODUCTION

Since the early seventies there has been an accelerating interest
in the area of groundwater pollution. In recent vears, several
vigorous environmental monitoring programs have resulied in the
identification of hundreds of sites throughout the country where
groundwater rescurces have been polluted by hazardous wastes or ave in
imminent danger of contamination. A particularly tragic example is the
Love Canal case near Niagara Falls, New York, whera a variety of
discarded hazardous chemicals entersed the basements of nearby homes
after traveling through the ambient groundwater {(ABD MNews Close Up:
The Killing Ground, March 2%, 1979). Many Federal EPA~sponsored
studies of hazardous waste disposal sites throughout the United States
have shown that potentially dangercus situations are not rare, as
thousands of similar sites in the United States are simply waiting for
public discovery (ABC News Close Up: The Killing Ground, March 29,
1879).

Increasing public concerns of the above problems and the legal
provisions of the Resource Conservation and Recovery Act of 1976, the
1974 Safe Drinking Water Act, and the 1972 amendments to the Federal
Pollution Control Act have compelied industry, the public sector, and
private business to carefully formulate waste management plans and
evaluate disposal sites for hazardous wastes. Adequate but less
time-consuming techniques are therefore needed to provide good initial
estimates of the dispersion, advection, and adsorption characteristics
of a specific disposal site because waste management planning is

becoming less conceptual and more quantitative as the volume of wastes
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increases and coacern is expressed of their environmental compatability.
Complete analysis of a given site reguires extensive investigation,
inciuding boring, pumping tests, physical model simulations, and
sophisticated numerical models, which are considered too expensive and
impractical during the preliminary disposal site-selection stage. Move
often than not, an adeguate analytical model is highly desirable and
useful not aiily for screening alternative waste disposal sites but also
for detailed nlanning and design of field measurements and monitoring
programs. It must be emphasized that a considerable amount of time and
expense weuld undoubtedly be saved by utilizing analytical predictive
models in planning field surveys and establishing monitoring programs.

Numerous analytical models for predicting the transport and
migration of hazardous wastes in the subsurface media are available
(Lapidus and Amundson 1952, Davidson et al. 1968, Lindstrom and Boersma
1971, l.ai and Jurinak 1977, Warrick et al. 1977, Cleary et al. 1973,
Lindstrom and Stone 1974, Marino 1974, Kuo 1976, Yeh and Tsai 1976, Van
Genuchten and Wierenga 1976, Selim and Mansell 1976, Wang et al.
1977). Each of these deal with a particular problem. A1l of them
involve more or less simplification in order to render possible
analytical simulation of the governing equation. For exampie the
simpiification in the early analylical solution often involve the
assumption of the infinite extent of the media. Recently, progress has
been made to relax this assumption by allowing both the depth and width
of the aquifer to be finite.

This report presents a generalized analytical transient, one-,

two-, and/or three-dimensional model (AT123D) with the computer code to
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compute the spatio-temporal distribution of wastes in the aguifer

system, In

to optimun advantage. Thers are

sreen's function s utilize

vactically no Timitations on the configuration and situation of source
] Y

£

releases and fypes of boundary conditions. This results fram the

versatiiity of using Green's functions., The code in fact contains 450

options: 283 for the three-dimensional case, 72 for each of the

3

two-dimensional cases in the x~y and x-z planes, respectivaly, and 18
for the one-dimensional case in the longitudinal direction. The
attached computer program provides the engineering community a ready

tool for the preliminary assessment of waste disposal sites.
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IT. MATHEMATICAL STATEMENTS

As poilutants are released into groundwater, several factors
contribute to their uiigration and transport. First of all, the solutes

in the porous media will move with the mean velocity of the solvent.

——

This mechanism is termed advection., If this were the only mecnanism
governing the transport of solutes, it weuld behave as an aggregated
solid particie traveling through the wedia without any lengthing or
spreading. In reality, the body of solute will spread because the
solution does not move uniformly in the porous media, though it does in
the average sense. The flow parcel travels slower near the walls of
the pore than in the center; it flows faster in larger pores than in
small pores; it does not travel in a particular direction but meanders
randomly. This mechanism of migration is called hydraulic dispersion.
Another process causing the growth in size of tne solute patches is
molecular diffusion. This is caused by the random Brownian motion of
molecules in the solution and occurs whether the solution in the porous
media is stationary or has average motion. This diffusion process is
norimally small compared to the hydraulic dispersion and its effects are
usually combined in tne term of dispersion.

In addition to advection, hydraulic dispersion and molecular
diffusion, the transport and concentration of the solute{s) are
affected by reversible ion exchange with the soil grains; the chemical
degeneration with other constituents; fluid compression and expansion;
and, in the case of radioactive wastes, by the radioactive decay.

Neglecting fluid compression and, expansion, the egquations governing
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the distribution of contaminant is (Robertson 1574, Duguid and Reeves
1976, Yeh and Ward 1981 ):

a b C d @ f

a(p.C )

Y g

where g
i
)

= hydraulic dispersion coefficient tensor (L2 T
3
)

Darcy velocity vector (LT

ol @y
it

_1)

C = dissolved concentration of the solute (ML~
Cg = absorbed concentration in the solid (MM“l)
p, = bulk density of the media (M.™%)

M = rate of release of source (ML"3 T“l)

n_ = effective porosity (L°)

A = radioactive decay constant (T”l)

K = degradation rate (T'l}
Term a in Eq. (1) is the time rate of change of waste solute mass per
unit volume of the aquifer water; term b, the combined effect of
hydraulic dispersion and molecular diffusion; term ¢, the effects of
advective transport; term d, the contribution of waste source ; term e,
the effects of first order chemical and biological degradation; term f,
the effects of radioactive decay; and term g, the effects of reversible

ion exchange or sorption,

The initial condition of Eq. (1) is assumed to be known:

C=20Cy (x,¥,2,0) at £ =0 4nR , (2)



> £

whiere L, is a given function of spatial coordinates, x, y, and z; R is
a region bounded by the curve, S(x,y,z) = 8, as shown in Fig. 1. This
Ci may also he obtained by simulating the steady state version of Eg.

(1) with steady boundary conditions and groundwater flow field. Three
types of boundary conditions may be specified depending on the physical
The fi

constraints. The first type is the Dirichlet boundary condition,

according to which the concentration is prescribed:
C=C1 (x,y,2,t) on S1 (3)

where S1 is a portion of S and C1 is a given function of time and
the Tocation on Sl' The second type is the Neumann boundary
condition, according to which the normal gradient of the concentration

is prescribed:
:;~—>,..n/ - A [od
~nal +vCen = golx,y,z,t) on Sp (4)

where tt is the unit vector norinal to the S, portion of the surface S,

2

q?(x,y,zgt) is the given function of time t, and space (x,y,z) on 52.
A third type or mixed type (Cauchy) boundary condition, which is

applied to the flow-throuah boundaries with fiows into the region, can

be written as

- (neﬁ «VC - dC) n = q3(x,y,z,t) on

%]
w
')
—

LI
S

where Gy is a given function of time and the point (x,y,z), on the
S3 portion of S. If the pollutant to be modelled is heat, another
type of boundary condition, referved to as radiation condition, may be

specified as



ORNL~5602

Sd

ORNL-DWG 80-1§241 ESD

84
.
T
R

w
™

Fig. 1. Spatial boundary of the region of interest.
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neﬁ'- VCen + ngKaC = 0 on Sg (6)

*
where KP is the modified heat exchange coefficient (Yeh 1980), and

54 is the air-soil interface. The boundaries, Sl’ 82, 53, and
S., constitute the whole boundary S(x,y,z) = 0 as shown in Fig. 1.

4,
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I1T. ANALYTICAL SIMULATION

The solution of Eq. (1) for a complex groundwater system is
extremely difficult. It is the general practice to simplify Eqg. (1)
before it is adopted. Depending on the physical problems, various
simplifications can be made.

Several two-~dimensional groundwater mass transport models have
been developed {Bradhoft and Pinder 1973, Robertson 1974, Duguid and
Reeves 1976, Yeh and Ward 1981, Yeh and Strand 1981 for predicting the
movement of containment in a non-homogenecus aquifer system. The
groundwater characteristics such as seepage velocity, porosity,
permeability, dispersivities, etc., are in genasral not uniform in
space. Numerical simulations of groundwater dynamics and mass
transport are therefore necessary. However, for the "first pass®
estimates and the design of a monitoring system, transport phenomena on
the local scale would be sufficient. Under such circumstances, the
assumptions of fairly uniform groundwater characteristics are
justifiable. A further assumpticn is made that the sorption is in a
state of instantaneous linear isothermal equilibrium. In cother words,
it is assumed that the adsorption of the constituent by the solid soil
matrix is to occur at a rapid rate such that the dissclved material is
in equilibrium with the material absorbed by the solids under
isothermal conditions. With these simplifications, Eg. (1) is then

reduced to (Robertson 1874):
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Rd = Retardation Factor =1 + Ob Kd/ne

K = Retarded Dispersion Tensor = ﬁ]Rd
U= Retarded Seepage Velocity = (a/ne)/Rd
Kd = Distribution coefficient

The solution of Eq. 7, subject to initial and boundary conditions

of Egs. (2) through (5), is

t L)
M
Clx,y,z,t) = /[ GdR dt+ J (GC.) dR
o R "Ry 0 R V-0 ©
t = t G q
- S S KGR Gy s, dr- S S RZ as,, dt
o S S e d
1 2
t G g
S A R3 ds_ dt (8)
0 53 e'd

if G(x,y,z,t; &,n,c,7) satisfies the following conditions:

1im G = S(x ~£) & (¥-n) 8 (z-¢) (9a)
t+1

G =0 for t <= (9b)

G=20 on $q1 (10)

(naD*Vg6 +3G)# = 0 on Sy (11)

NeD VoG« = 0 on S3 (12)

-DVGeR + KXG = D on Sa (13)
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ol = - K \

222 ey RV B) HUVE - (o 4 MG For £ > T (1)
0 ) Rd

where & is the Dirac Delta function. The subscript, "o", in Egs. (8)
through (14) refers to the operation with respect to &, n, ¢ rather

than x, y, z. Eq. {8) ekpresses the spatio-temporal distribution of

L

the contaminant in terms of the source/sink, M, the initial condition,

Ci’ the boundary conditions, Cis Ao and I3 and Green's

function, G. If G is known, the problam is solved. Thus, we have
effectively reduced the initial-boundary value problem of £gs. (2)
through (6) to a homogeneous problem of Egs. (%a) through (14).

It can be shown that for simple geometry such as seperable

coovrdinate system, Green's function, G, can be expressed as:

Glx,y,z,t58,m.2,1) = Gi(x,858,1) Gz(y.tin,1) G3(z,t;2,7) (15)

~

The derivation of Gi’ GZ, and Gy can be found elsewhere (Yeh and

Tsai 1976). If we further assume that no waste can flow across the
impervious boundaries and the flows through open boundaries are located
at infinity, then we obtain C; = 0, Gy = 0, and Uy = 0, Under

this circumstance, Eg. (8) is reduced to:

for continuous source or finite duration release and £ < T

t 2
~ ! ?‘4
Cix,v,z,t) = S Flo (X, y,2,t57) dr {16a)
i o nehd ijk
for finite duration source and £ > T
r
R R Fo.o{x,y.z,ty1) dt (16b)
o neRd ijk
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for instantaneous source

M ( .
- s xs.YaZat;T) s (le)
neRd ijk

where Fijk is the integral of Green's function, G, over the source
space; M is the instantaneous release of total mass; and T is the

duration of waste release. Fijk is given by:
Fijk = Xi¥jlk (17)

where i =1 or 2, j = 1,2,3, or 4, and k = 1,2,3, or 4. Functions

Xi’ Y., and Zk are given by Egs. (18) through (27) for three-

J
dimensional cases as follows:

for point source in the x~direction:

L {(x—xs) - U(t~r)}2

X, = o oeXp | - - (
1 , ’ 4K, (t-1)
\/4 NKXX(tmr) XX

for line source in the x-direction:

1 X'Ll - U(t-1) X~L, - U(t-t) K -
X, = 5 erf( ) - erf( ) Ve exp [» (§-+A)(t,I?J
K, (t-1) K, (t-1) d
(19)
for finite width and point source in the y-direction:
[e9] . . ' ?
1,2 3 1Yy . s _Am )
Y1 =5+% 1;1 cos ( B ) ¢ cos( 5 )« exp (B ) Kyy(t ) (20)

for finite width and line source in the y-direction:

B.,-B
_ 21
Y2 = 5 + i

N

. imB i3
% inyy . B A 1
o cos( 5 ) Fy sin( 3 ) - sin( B )

.2 )
] (21)
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for infinite width and point source in the y-direction:

1 (}"YS)
Y3 =VMW exp - — (22)
4k (Lt~ -
Ky 1) Hyy(t-1)
for infinite width and Tine source in the y-direction:
y-B y-B
Y, =3 {%rf L S R e - } (23)
\/ - -
4Kyy(‘“?¥ QKyy t-1
for finite depth and point source in the z-direction:
* fa
= . - - 2
4 2 ¥ (2) ¥ilzg) - exp [ S T)} (24)

for finite depth and line source in the z-direction:

® a.
- x i . .
Z2 = «§ Vi (z) (Ej) {S1H(KiH2) - 51n(K1H1) -
i=1 i
*
~fj§i- [cos{k.H,) - cos(x.H \]} »exp [- KZ Ko_{(t-1)] (25)
K5 i2 R I PoLm Ky By

z+7
erfc{j - > — + Ke \/Kzzit—TS} (26)
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K* i z+H7 K;’ ................ B
{eXp [H ----- Ja) | erfe| B w (B} KT (27)

t (s cH K R
- exp | (=) (z+H,) | - erfc e+ () VK _{t-1)
Kez AR (- Koz 72 li

of | My F { o
S lmcrea] o LA }

where B and H are the width and depth of the aquifer; Ll, Bl’ H1

and L,, B H2 are the beginning x, y, z and the ending x, y, Z

2, 2,
coordinates of the source; Xgs Yoo and z, are the %, y, and z

coordinates of the point source. In Eds. (24) and (25}, ¥.(z)

;
denotes the function:
*x
Ke
Wi(z) = a; {cos(Kiz) + K;;E; sin(Kiz)} R (28)
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where k5 and aj are given by the following equations:

*
K
tan(KiH) =% eK. (29)
zz i
and

2 2

as = . (30)

j * 2 ¥

H{1+(Ke/Kzz“i) * (Ke/Kzzxi)}

To apply the above equations to two-dimensional cases in the x-y plane,
one has to set Zk =1 (k =1,2,..4). Similarily for the two-dimensional
cases in the x-z plane, one has to set Yj =1{j=1,2,..4) and for
the one dimensional cases, say x-directicn, one simply sets both Yj
and Zk equal to 1.

In practical computation, Egs. (20) and (21) often converge very

sTawly when Kyy(tur)/B2 is small. Under such circumstances, the

following equations, which are obtained by the method of image, are

used:
. {(y-y_)-2nB32 . {ly-y_)-2(n-1)B}?"
Y “‘“"l“””“g Eoe |- g (i) 2 exp |-
L K TET {n=0 yy O n=0 Yy
2 2
P [ {(y+ys)-—2(n+1)B} ] w { {{y+y )-2nB} ]}
+ 7 exp - . + 2 exp - .
n=0 4K, (t-1) =0 Ak, (1)

(31)
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(YR )-203
o | Pp) 2R

‘A {t-1)
[“ !t T>“

| y-Bp-2(n-1)8 |

terf | e b - el | -
VAR TUE-) vaXK  {t-+)
Kyytie) ;J 7 yy B
(32)
' y+B?—2(n+1)B" y+81~2(n+1)81
¥ erf 2 ~erf |- R
vy Ryl
y+B,-2nB - y+B.-2nB
boerf B
VIR TE ) AR
y(t )“ quy(LI)J

It is seen that 32 eguations may be obtained for the spatial

integral of Green's function, F These are Fopq, Fypos

ije’

and F Substitution of each of those 32 equations into Eqs. (16a),

244°
(16b), and (16¢c) would yield 96 equations. Since each equation is
applicable to any of three wastes, there would be 288 opiions when all
three spatial dimensions are consideved. Careful adoption of source
distribution and media size would yiela 72 two-dimensional options each
in the x-y plane and x-z plane, respectively, and 18 options for the

one-dimensional along the longitudinal direction. ATI23D computer code

is developed to perform the integration of Egs. (16a), (16b} and (16c}).



17 ORNL-5802

TV, PARAMETER SPECIFICATIONS

The applications of ATI23D to practical probiems require: (a) the

s""
P

geameltry of the vegion of interes b} the disparsion coafficient

tensor, K, characterized by its components, X, K, K__: (c)

XY vy® 7z
the soil propertiss, Ny s Dbg and the hydraulic conductivity, Kh;
(d) the source/sink strength and configuration, &a and Xov Yoo 2o
or Lis Ly, Blf 829 Hl’ and HZ; {e} the parameter reprasenting the
waste-snil interaction, Kd; and (f} the pressure Tield of the flow
and the decay constant, ). Bmong thece inputs, Kxx’ Kyy’ and Kzz

are perhaps the most difficult ones Lo determine. No effective way is
currently practical to measure these coefficisnts in the field because
of the aguifer inhomogeneities (Bredehoft and Pinder 1973, Robertson

1974). Tensor analysis indicates that they would be a Tinear function

of the groundwater velocity (Bear 1972). For our case, we may write:

Kxx = O U5 Kyy = O U5 Ky = O U, (18)

where s M and Gy are the lengitudinal, transverse, and

vertical dispersivities, respectively. The distribution coefficient,
Kd’ should be determined by batch test or column test. The decay
constant, A, is a function of radwastes. The pressure field, which may
be obtained either by numerical simulation of flow equation or by field

mapping of well data, and hydraulic conductivity are used to compute

the velocity.
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Typical values of the effective porosity, hydraulic conductivity,
and the dispersivities for sand, silt, and clay are listed in Table 1
(Eagleson 1970, Bredehceft and Pinder 1973, Robertson 1974)., These
values are intended to provide quidelines for these parameters. For
actual application, soil measurements should be made to determine the
effective porosity and hydraulic conductivity. Dispersivities should
be chtained by calibration against field data (Robertson 1974) or they

may be extrapolated from values that have been calibratad from similar
aquiter system. Based on the field experimental results, the
dispersivity varies with aquifer materials, the more permeable an
aguifer, the higher the dispersivity. Thus, the values of O 5 Oy
and oy may be modified by the permeability factor from the calibrated

values.



,‘
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=
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Table 1. Typical values of effective porosity, hydraulic conductivity,
dispersivity, and bulk density

Sand 511t Clay

Effective

porosity, n 0.1 0.3 0.05 v 0,1 G6.03 v 0.05

g

Hydraulic conductivity . . B
K {cmisec) 10 v 10-¢ 10-3 v 10-4 10-5 ~ 1p-6

Longitudinal dis-
persivity ap{m)

et
o

0o 10D 1 10 0.1~ 1.0

Transverse
disversivity ar(m) 110 0.1~ 1.0 0.01 v 0.1

Yertical
dipersivity ay{m) 1 ~10 0,1 ~ 1.0 0.01 ~ 0.1

Bulk density, py
gram/cm’ 1.18 ~ 1,58 1.29 ~ 1.8 1.4~ 2.2




ORNL.-5602 20
V. SAMPLE PROBLEM

To illustrate the application of ATi123D code, radwaste will be
assumed to be released into an aguifer system continuously. For
simplicity, the velease rate will be assumed constant, although the
code takes care of the time-dependent rate. Thirty-two (32) sample
problems are performed for the three-dimensional application. In
aadition, 8 sample problems each for the two-dimensional cases in the
x-y and x-z planes, respectively, and two sample problems for the
one-dimensional case in the longitudinal direction are illustrated.
These fifty cases ave listed in Table 2. Inputs of these sample
problems are given in Appendix B. Output of four sample cases are also
included in Appendix B. Output of all fifty cases are given in the
microtishe which is attached in the inside page of the back cover.
Preparation of input data is given in Appendix A and a listing of
FORTRAN sgurce program is given in Appendix C.

For the sample problems, porosity, n , of the aquifer is assumed

to be 0.2. The hydraulic conductivity, Kh’ is assumed to be 0.5

LI hydraulic gradient of 0.05 is assumed along the longitudinal

direction which results in a velocity of 0.025 m hr _]. Typical values

of Tongitudinal, transverse, and vertical dispersivities, o> Os and

av, are assumed to be 30.0, 5.0, and 5.0 meters, respectively for silty

sand. A distribution coefficient, Kd’ of 10 cm3/gram is used to

represent the absorption of strontium in the silty sand. Bulk density,

O of the so0il is assumed to be 1.4 gram/cm3. Decay constant, X, of
6

2.83 x 107 hr’_1 is used. This decay constant is equivalent to a half

life of 28 years. Tne source location is at (xs, Yoo zs) = (0, 10, 1)

in the example of point source.
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Table 2. List of sample problems
Source configuration
Aquifer
Sample gecmetry A-diraction Y-direction Z-direction
problem
case i T FD ib ps L5 PS LS PS LS
1 X X X X X
2 X X X X X
3 X ® X X X
4 X X X X X
5 X X X X X
6 X X X X X
7 X X X b4 X
3 % X X X X
9 X X X X X
10 X b3 X X X
11 X X X X X
12 X X X X X
13 X X X X X
14 X X X X X
15 % X X X X
16 X X X X X
17 X X < X X
18 X X X X X
19 X X X X X
20 X X X X X
21 X X X X X
22 X X X X X
23 X X X X X
24 X X X X X
25 X X X X X
25 X X X X X
27 X X X X X
28 X X X X X
29 X X X X X
30 % X X x X
31 P X X X X
32 X X X X X
33 X 4 X X X
34 X X X X X
35 X X X X X
36 X X X X X
37 X X X X X
38 X X X X b4
39 X X X X X
40 X X X X X
a3 X X % X X
42 X X X X X
43 X X X X X
44 X X X X X
45 X X X X X
46 X X X X X
47 X X X X X
48 X X X X X
49 X X X X X
50 X X X X X

Fu
PS

WM

finite width, IN = infinite width, FD = finite depth, ID
point source, LS = line source.

infinite depth,
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In the example of volume source, the following source dimensions are
used: L. = 0.0 meter, LZ = 5.0 meter, B1 = 0,0 meter, B2 = 20.0 meters,

£~ 2

H1 = 0.0 meters and H2 = 2.0 meters. When the finite width is used,
iof B = 200 meters is assumed. If the finite depth option is
used, a depth of H = 10 meters is assumed. These source dimensions are
shown in ig. 2.

L ag

It should be noted that if the code is applied for a
two-dimensional problem in the x-y plane (sample cases 33-40), one has
to input Hl = 0 and H2 = H. Similarily, if the model is employed

for a two-dimensional problem in the x-z plane (sample cases 41-48),
ong just uses input Bl = 0 and 82 = B, For the reduction to

one-dimensional problem in the longitudinal dirvection (sample cases 49

and 50), one has to input Bl = (0 and 82 = B as well as H1 = 0 and

The follawing sample cases are intended to illustrate the effect
of source configurations and sizes of the media on the distribution of
the radionuclides. Sample case no. 1 in Appendix B presents the

V1o
i

concentration distribution as a resuit of the continuous reilease of

radwaste with a rate of 1.0 Ci/hr and lasting for 240 hours. A point

§ )

source configuration is assumed and it is discharged into a

9

thiree-dimensional media with finite depth and finite width., Initially,
the media is clean and the concentration at time = 0 hour is zero
everywhere. Al the end of 1224 hours, the concentration at ths point
(x,y,2z) = {10,10,2) is 33300 pCI/liter. At the point (x,y,z) =

(60,10,2), the concentration has decreased to §.026% pCi/liter. Had
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Fig. 2. Schematization of source dimensions and the medium.
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tihe dispersion not been included, the concentration at both points
would have been zerg since the retarded velocity is 0.176 x 10"2
w/hr, thus the mean front of the waste has traveled only to x = 2.16 m
at the end of 1224 hours. [t should be pointed out that at the end of
1224 hours, the decay mechanism would not sigiificantly altenuate the
concentration because the half life of 28 years is relatively much
longer than the simulation time.

Sample case no. 32 shows the concentration distribution of 240
hour continuous release with a rate of 1.0 Ci/hr. A Tine source
configuration parallel to y-direction is assumed and it is discharged
into the two-dimensional miedia in the x-y plane. At the end of 1224
hours, the concentration at points, {(x,y,z) = (10,10,2) and (x,y,z) =
(60,10,2), are 2310 pCi/liter and 0.0023 pCI/liter, respectively.

These values are smaller than those in the above sample case becatse
complete mixing is assumed in the vertical direction. It is noted that
the concentration distribution in the vertical direction is uniform as
expected. For example, the x-y distribution of the concentration on

z = 2 m is identical to that on z = 4 .

Sample case no. 48 illustrates the distribution as a result of
continuous release into the two-dimensional media in the x-z plane.

The release configuration is assumed to be an area source. At the end
of 1224 hours, the concentration at points, (x,y,z) = (10,10,2) and
(x,y,z) = {60,10,2), are 657.0 pCI/liter and 0.00218 pCI/1iter,
respectively. Finally, sample case no. 50 shows the concentration
distribution resulting from a voluiie release into a one-dimensional
media in the x-direction., As expected, the concentration in the y- and

z-directions are uniform.
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VI. NOTATION

A coefficient defined by Eq. {30)

Width of the aquifer

Beginning coordinate of the source in the y-direction
tnding coordinate cof the scurce in the y-direction
Concentration

initial concentration

Concentration on the boundary Sl

Absorbed concentration in the solid grain
Dispersion tension

Finite depth

A function defined by Eg. (17)

Finite width

gravity

Green's function

Subgreen’s function

Subgreen's function

Subgreen's function

Depth of the aquifer

Beginning coordinate of the source in the z-direction
Ending coordinate of the source in the z-direction
Infinity deep

Infinity wide

Chemical degeneration rate

Modified heat exchange coefficient
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Kd Distribution coefficient
K Retarded dispersion tensor
X x-component of the retarded dispersion tensor
Kyy y-component of the retarded dispersion tensor
KZZ z-component of the retarded dispersion tensor
L1 Beginning coordinate of the source in the x-direction
L2 Ending coordinate of the source in the x-direction
LS Line source
M Source rate
M Total source
g Porosity
7 An outward unit vector normal to a surface
PS Point source
E Darcy's velocity vector
9o Flux through boundary 52
A3 Flux through boundary 83
R A region with respect to x, y, z
Rd Retardation factor
RD A region with respect to &,n,zC
S The boundary of R
S1 Part of S
52 Part of S
53 Part of S
54 Part of S

t Time
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Retarded velocity vector

The magnitude of U
Longitudinal coordinate
y-coordinate of a point source
Either function Xl or XZ

A function defined by Eg. {18)
A function defined by Fg. (19)
Transfer coordinate

v-coordinate of a polint source

A function defined
A function defined by Eq. (21}
A function defined by Fq. (22)
A function defined by Eq. {23)
Vertical coordinate
z-coordinate of a point source
k~-th Z-function

A function defined by Eq. (24)

P}
™o
LN

e

A function defined by Eg.

o~ o
™3 g
~ad <
L S

A function defined by Eq.
A function defined by Eq.
Longitudinal dispersivity
Transverse dispersivity

Vertical dispersivity

Del operator with respect o x, ¥y, 2

Del operator with respect to &
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A Decay constant

Py Bulk density

T Time

& Longitudinal coordinate

n Transverse coordinate

c Vertical coordinate

K. i-th eigenvalue defined by Eq. (29)

¥, j-th eigenfunction defined by Eq. (28)
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1. TITLE: Format (20A4) one card per problem
i T e i
; FITLE
TITLE = Arvay for the title of the problem. It may contain
up to 80 characters.
2. Basic Intager Parameters: Format (161I5) one card
S T A . i - U B
i NX NY | NZ | NROOT NBGT I NEDTI NPRINT l INSTAN
"""""""" T 1 I | 1
5 10 15 20 25 30 35 40
[NSOUS INTER | ICASE IDEP IWID IBUG
, | B .
45 50 55 60 65 /0 75 80
NX = Number of points in the x-direction where the solution
is desired.
NY = Number of points in the y-direction where the solution
is desired.
NZ = Number of points in the z-direction where the solution
is desired.
NROOT = Number of eigenvalues required for series evaluation.
NBGT] = Number of beginning time in terms of [T when the
solution is desired.
NEDTI = Number of ending time in terms of DT when the solution
is desired.
NPRINT = An integer parameter indicating that for every NPRINT
time steps the solution is desired
INSTAN = An integer parameter indicating if the release is an
instantaneous release or noty; = 0 instantanecus release,
= 1 continuous release.
NSOUS = An integer parameter indicating if the source is
constant or changing with time: = 0 constant source, # 0
NSOUS data points as function of time are required.
INTER = An integer parameter indicating if intermittant

solutions between NBGT1 and NEDT1 are to be
line-printed: =0 No, = 1 yes
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ICASE = An integer parame uar *nd*rat1nq what type of waste is
heing simulated: = 1 for heat, = 2 for chemical, = 3
for radwaste.

WD = An finteger parameter indicating if 1hp mediza is infinity
or pot In the v-direction; = O yes, = 1 no.

IDEP = An irnteger parameter indicating if the aguifer is
infinitely deep: = 0 yes, = 1 no.

1BUG = An integer parameter indicating if the diagnostic check
is desired or not: = 0 no, = 1 yes. For debugging,
IBUG s novmally sef to 1. For production, IBUG is

normally s2t fo zero.

3. Aquifer Size and Source Size: Format {(8F10.0}

DEFTH WIDTH RLY RLZ RBT RB2 RH1 RHZ2
| 10 20 ﬂéf 40 50 60 70 BC
DEPTH = Aguifer depth, (L)
WIDTH = Aguifer width, (L)
RLYI = Beginning coordinate of the source in the x-direction,
(L)
RLZ = Ending coordinate of the source in the x-direction, (L)
RB1 = B‘g?nning coordinate of the source in the y-direction,
(L)
RB2 = Ending coordinate of the source in the y-direction, (L)
RHL = Beginning coordinate of the scurce in the z-direction,
{L) |
RHZ = Ending coordinate of the source in the z-direction, (L)

4, Soil and Waste Properties: Format {(8F10.0)
POR HCOND | HGRAD AELONG | ATRANV | AVERTI AKD AKE

1

POR

20 30 44 50 60 70 80
Porosity of the soil

® oo

i

HCOND Hydraulic conductivity, (LT-1)
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HGRAD = Hydraulic gradient
AELONG = Longitudinal dispersivity, (L)
ATRANY = Transverse dispersivity, (L)
AVERTI = Vertical dispersivity, (L)
AKD = Distribution coefficient, (L3M-1)
AKE = Modified heat exchange coefficient, (1.7-1)

5. More soil and waste properties and some real number parameters:
FORMAT (8F10.0)

AMTAU éAﬁADA ---- RHOB RHOW ACCG—mwwwma%: ........ }UTDlsﬁ Q
~w~~m»m]0 20 -ww;6 N 0 56 66 70 ”wéb
AMTAU = Molecular diffusion coefficient, (L27-1)
RAMADA = Decay constant (T-1)
RHOB = Bulk density of the soil, (ML-3)
RHOW = Density of water, (ML-3)
ACCU = Error folerance if steady-state solution is desired
DT = Time step size for which the solution is desired, (T)
TDISP = Time duration of waste release, (T)
Q= Constant waste release rate or total instantaneous

release, (MT-1)

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

Number of cards depend on NX: READ (XDIM(I), I = 1, NX).

XDIM(1)| XDIM(2) — S — —— — —

10 20 30 40 50 60 70 80

XDIM(I) = x~-ccordinate of I-th point in the x-direction, where the
solution is desired, (L)



37 ORNL-5607

7. Y-Space Coordinate: FORMAT (8F10.0)
Number of cards depend on NY: READ (YDIM(1), I = 1, NY).
YDIM(1) | YDIM(2) — — e o I —n
10 20 30 40 50 &0 70 80
YOIM(I} = y-coordinate of I-th point in the y-direction where the
soiution is desired, (L)
8. Z-Space Coordinate: FORMAT (B8F10.0)
Number of cards depends on NZ: READ (ZDIM{I}, I = 1, NZ).
ZDIM(1) | ZDIM(2) — — — R — —
10 20 30 40 50 60 70 80
ZDIM(1) = z-coordinate of the I-th point in the z-direction where
the solution is desired, (L)
9. Variably Source Release Rate: FORMAT (8F10.0)
The number of cards depends on NSORS. This group of cards is
required only if NSORS > 0. READ (QS(I), I = 1, NSORS).
Qs(1)y | Qs(2) e - - — e e
10 20 30 40 50 60 70 80
QS(1) = waste release rate at time = (I-1}*DT, (MT"l)
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APPENDIX B
INPUT AND OQUTPUT OF SAMPLE CASES
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APPENDIX B
INPUT AND QUTPUT OF SAMPLE CASES

INPYT DATA OF ALL FIFTY CASES

RAD WASYE DIST2ITUTION IM GROUND WATER: SAMPLE PRDBLEM CASE 1 CARD
5 2 1000 RS 103 i 1 Q i 3 t 3 CARD
230D 0.9 0.0 100 1060 1l 1e0 CARD
05 305 300 5.0 560 Q.01 2.0 CARD
D09000283 1400490 100040 00012 1240 240e0 1.0 TARD
29:0 30:0 4060 50.0 60e 0 7460 80.0 CTARD
59 100 1S5e0 2040 2560 CARD

b e CARD
RAD WASYE DISTRIBUTICN IN GRIOUND WATER: SAMPLE PROBLEM LASF 2 CARD
6 2 1990 101 103 3 i Q9 i 3 1 1 CARD
23030 V.0 S5e 0 1De0d 1G9 LeD 1ed CTARD
065 3205 300 S0 5¢90 Oed1 Deld CARD
030000283 140060 10080 Ve 12D 2433 1.9 CARD
200 Bhel 4060 50,90 £20e0 709 B0 e0 CARD
5»@ 10eC 1560 20.0 2560 CARD
460 CARD
RAD WASTE DISTRISBUT ION IN GROUND WATER: SAMP_E PROSBLEM CASF 3 CARD
6 2 1000 10: 133 i H 4] H 3 i 1 CARD
203 fe] Oed 0.0 Dot 2040 10 1e0 CARD
Qe Ge.05 30.0 S0 50 Delri 30 CARD
Te 300(90283 160300 10000 D001 1240 240y e 4 TARD
200 300 )60 50«0 600 730 80.,0 CARD
50 10,0 150 200 2Se 0 CARD
40 CARD
RAD WASTE DISTRIBUTION IN GROUND WATEFR: SAMP_E PPOBLEM CASE ¢ CARD
6 2 10090 £ Y 193 i < Q i 2 H i CARD
20090 a0 GeD 10.0 1060 Bl 2 CARD
Go5 O 05 3060 560 5690 De(1 Jeld CARD
Q00000283 40040 139000 Ca001 120 2650 el CARD
20eD 300 A0 e 506490 6EJeD 7009 BCa-0 CaRD
S.0 (00 iSe0 2040 2540 CEHRD
&0 CARDN
RAD WASYTE DISTRIBUY ION YN GRCOUNDT WATER: SAMP_E PROBLEM CASE 5 CAQD
5 2 10600 194 193 i i o i 3 13 3 CARD
2000 Da @ GeD Gl 200 Ge0 2e¢9 CARD
D65 0a05 30490 50 5.0 De01 0ed TARD
0050002233 140060 10002 0001 1260 2400 Pa0 CARD
200 300 4060 SGed 6Ue? Y0 0 8D e CARD
5.0 13e0 iSey 23¢9 25690 CARD
Goly CARMD
R&D WASYE DISY RIEJ”I N IN GRDOUND WATER: SAMP_E PRCBLEM CASE 5% CARD
5 2 1000 149L 193 S H 0 H 3 1 1 CARD
2000 Qe 5.0 1090 19.0 Ge0 2.0 CARD
[P O 300 Se 560 DeQ1 Da0 ZARD
Ve 00000283 140040 10000 D001 12e ¥ 240l Pel CTARD
200 3060 4060 5040 630 TC el 80.0 CARD
Sed 1060 150 20.0 2540 CARD
%] CARD
RAD WASTE DISTRIBUTION IN GROUND WATIR! SAMD_E DROBLEM CASE 7 CARD
6 2 1900 101 03 1 i Q 1 3 i 1 CARD

2095~ INY0

WM U F N

T 32 b 1ot 08 2 ok omx 02 b0 DT D BT QO QD

AW NDMN D WPy

07

ROCULLLLALLVLLIRIRQCLLOOoRQ
n

CGLR4OASLNN~O00m

[aXalsRalsle Ruirheofale falels]
A SIS N8 RELRVUR TR OVE VRN VY

& Lv
&

A e

o
&
ol

& &
LR
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INPUT DATA OF ALL FIFTY CASES {continued;

23@ Q G 2.0 GG 23,0 [ L TARD 351
G Ga 35 BTG G .8 S4 B:01 [P CARD 2352
090@9&@283 14038 1033,0 2,001 128 2400 Told CARD 983
2o 2303 403 & 539 BYel TH 0 83.3 CARD G354
S el 103 150 2008 2500 CARG 3535
LS CARD 258
HAT WASTE GISTREISUY ION 18 GROUND WATER:D S4aXPLE PROBLEM CASE B8 CTARD OE7F
& 2 1203 104 193 H H o i 3 H 3 CARD §%8
2003 PR 2.0 PRy 28.0 3.0 2.2 CART 359
Fs5 G 05 330 a4 554 [E R 1B 3o CARD 360
Go SOOLIZ83 14023 10080 D381 120 24D <D j cans 961
280 30«0 43,0 Ee 5000 E4UNSH AL CTarD 362
S B 130 150 2073 28500 CARD G863
2284 CARD J8B4
HAal WASTE OISTRISUT ION In GROUND WATERT SAMPLE SROBLEM CASE 9 CARD 355
& 2 1808 13y 153 ] £ 2 i 3 i1 o TARD 355
209.% Da O 29 10:8 168 1.0 1.0 Q67
025 303 330 o3 Z.48 a1 B RD 350
Do BBIBFL283 18839 13038 GG 12,8 2490 ix CARD DEw
28.0 23L.T 84,8 5823 E0: TR0 B3 a0 cAanD 4P
53 1843 £S5 3 200 2%.0 CARD 3T
4.0 CARD T2
2AT WASTE DISTRIBUTION IN GROUND wATER: SAMP_E PROBLEM CASE 12 R RT3 .
a3 2 10060 101 163 3 3 2 11 2 i 2 374 fi
QBOaQ 3.8 553 10.0 3 8ak 1.6 1.0 BTE )
G5 .05 334 L] 540 G032 8.3 ITE
G QOOONZHI 15830 16082 o301 12.3 2833 L8 b
280 23.0 83,3 53+ 0 [<Xt PRy The0 BG»O a¥s
Ss 9 [ S ES] 153.8 200 LD 379
4§90 384
RAL WASTE DISTRIABUT ION IN GROUND WATHERI SARS_E PRUBLEM CASE (i a8t
5 2 1000 10t 103 i i 3 i 3 S 2 ’ 33z
233.¢ 3. 0 B0 0.0 24, i} 1.4 1.0 023
[+ %1 %, 05 KL N1 5a0 Za0 Ba33 350 384
Qe @IBBV283 1400,0 12330 Ga 0L 12-8 2a8x0 150 288
ZGo 0 300 20,0 53,0 63s & TO0 80 .0 [ 225
5.0 L0 s 13,8 23+ Q 250 pav
LX3H 3as
2AC WASTE DISTRIBUTIDN IN GROUND WATER: SaMP_ ¢ PROBLEM CASE 12 389
& 2 1000 141 103 i 4 S 3 3 5 3 e
2880 $.0 3.8 16.0 199 2@ 228 3%%
845 3523 30,0 5.2 5.0 ﬁ@ﬂi 3. 392
G=00R00283 1330.0 12002 Q3031 12s 0 2468 PR 2393
23.¢ e 4020 58,0 &0.0 ?Qo@ L0 394
Eag E3ad 15.0 2062 250 g9s
448 8948
RAG WASTE DISTRIBUT ION IN GRUOUND WATERD SaMOUE 2ROBLEM CTASE 13 Q97
5 2 1060 EG1 1032 13 i ) i 3 i 5 298 ;
23¢.0 B. 0 3.0 S0 286 De Zald 399 K
e85 3.05 33, S} S50 .01 Ga0 LOg S
pN—



INPUT DATA OF ALL FIFTY

Co 00000283 140040 12.0
2090 30«2 600
S-g 100 25.0
‘D

RAD WASTE DISTRIBUT ION IN GROUND WATER: SAMO_E

6 2 10060 101 1 o] 3
2003 e 10.0
0.5 405 560

0.00030283 14009 1260
20690 3060 60e0
S 10943 230
409

PAD WASTE DISTR IR IN GRCUND WATER: SAMP_E

6 2 1000 104 3
24390 Ge 0 20.0
03 005 S0

0,00000283 1300« 1240
200 3Ce0 6040
5.0 iDed 250
4.0

RAD WASTE DISTRIS8 GRUUND WATER: SamMpP_f£

6 2 1900 131 [} 3
23300 0.0 200
0«5 BeD5 5.0

Ce 00000283 140040 1260
200 200 6500
5.0 10,0 2540
4.0

RAD WASTE DISTRIBUTION IN GROUND WAYFR: SAMP_E

6 2 1989090 101 i ] i 3
20040 ¢ I i0.0 10460
Q45 Q0405 S0 5.0

Q200090283 143Je0 DedD 120
200 300 50.0 85040
Sedd 1040 20.0 250
[

RAD WASTE CISTRIBUT ION O WATERTI SAMP_

6 2 {000 104 b 1 3
290.0 059D 10.90 108
GeS 0.05 5.0 560

000000283 140040 D«001 1240
2090 300 500 60«0
5.0 10e% 20.0 25.0
a‘o

RAD WASTE DISTRIBUT ION IN D gaTE R SAMPL

2 10090 Lol [s] 1 3
220840 [P ] 200
Je5 0«05 Se0

0400000283 140040 1260

20.0 200 5040

CASES {continued)

240.0
7060

PROBLEM CASE
i Q9
De0
Vel
24009
700

PROBLEM CASE
1 )
1.0
Ded1
26009
T00

PROBLEM CASE
1 (o]
De0
01
24300
700

PROBLEM CASF
] 1
1@
DeD1
24609
70 .o

PROBLEM CASE
0 i
1.0
Da.01
240290
70 0

PPOCBLEM CASE
0 i
le®
Qeli
243090
7040

CARD
CARD
CARD
CARD
CARD
CarRD
CTARD
CARD
CARD
CARD
TARD
CARD
CARD
CARD
CTARD
CARD
CARD
CARD
CARD
CARD
cagd
CaARD
CarRD
CARD
CARD
CARD
CARD
cann
CARD
Card
CARD
CTARD
TARD
CARD
carn
CARD
CARD
CARD
CARDC
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD

20585~ "INY0

YR NONFUN QLI NRUPANCCORINOUPIUN~OOBNONLURN~ O GRNO NS WO~

Bt b s o D ot s S et e ik B B 50 Gk o s Dl (i G5 G (A Bt (B fad B U Gk Drd S Gk s fud (o i G G (5 300 el faf b g Def fak fumd ki S g
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5.1 INPUT DATA OF ALL FIFTY CASES (continued}
Gal E.0 100 15,0 206G 2547 Cams
2403 443 : . CaArD
RAD WASTE DISTRIBUTION IN bp@UNU WATER! SAMPLE PROSLEM CATE 24 cAaRD
& 5 2 1000 £0L i3 |} i ] i 3 3 3 CARD
1060 2000 PRy B0 l@ ﬁ 1808 30 o CARD
Gs 2 G5 G BT 330 £y 5.8 [Pt Qa@ CRRD
320 $,300305283 1490 .9 50%.0 La?@i Y283 Z43e3 153 CARD
(9.0 20,0 QG 400 s O 53a D LG 83« CARD
[ ] Bald Pl %20 RO 2%+ 0 CARD
2 G 23 TARD
RAD WASTE SISTRIBUTICN M GROUNMD WATER? SAMPLUE PRUBLEM Cass 21 CARD
& & 2 10300 10t 103 5 £ 3] i 3 3 3 CARD
199D 22383 3.8 s O [ ] 2.0 (] 2% CARD
Do Ge3 Gs (5 300 5.8 PR 3. 01 Del CARD
Gl G JGRIL283 140T 80 10083 D251 1240 24T D 1.0 CARG
16.0 2040 3040 4G9 sl 0.0 TO L0 8040 CERD
B3 B3 103 150 2ol 2550 T&AD
28 6o CARD
R8T WASTE DISTRIBUT ION I SROUND wWaTERD SAMPLE PROBLEM TAaA35Z 22 TARD
& & 2 1800 141 133 1 H o] 14 3 G i [of Y=g
139 233,08 390 5.0 18,0 180 Ga83 28l CARD
32 x5 » 25 330 Se .0 [P e 33 Fs CaAmD
s Q Q. 00233283 i%ﬁheQ X3+ 3 PR} Da8352 12:3 240.8 103 Card
i%.0 230 A ] &30 53.0 600 3 TO e 80,9 CARD
Tl S Q £0.0 3.0 20e 0} 2% .9 CARD
2.8 453 . CARD
RAD WASTE DISTRIAUTYION IM GROUND wATIER:D SAMP_E PROBLEM ASE 23 CARD
& & 2 L1900 $GE £33 H 4 3 i 3 3 1 [o¥ -2
1050 2003 Ga3 %003 D 24, D 1.8 1.3 LARD
D.2 8.5 3,85 3348 Sa0Q Sel FaBl B3 THRD
Fa D BOVIN283 14330 19223 G331 P2. 8 24 Deid 123 Car?D
i3.0 280 3D e 400 53a3 &30 T3 a0 STV PR Y] CARD
G Sl 189 15,0 20Q.0 25432 CARTD
2,3 4.0 CARD
RAD WASTE CISTRIBUT ION IM GROUND WATRER: SaMpP.F PRUOBLEM CASE 24 CAED
& & 2 1809 1ot £O3 8 1 9 1 3 o 3 CAanD
1042 ZOQ-G Go Go % Qul 2.0 Gel Z2aid TARD
Ge2 B 3,38 33,9 Se Q2 5.0 G831 2:0 CTARD
Ja 8383953 23 14939 13003 5. 501 12.2 24328 te® [of 1230
15,5 20 ELCRVRA 0D D0 630 7020 B30 CARD
Fed ﬁaﬁ 109 15,8 2089 2B D TABD
Zad 4.0 CARD
RAD WASTT OISTRIBUYT ION IN GROUNMD WATER: SAMP_E FPROBLEM CAZE BZ caro
=] & 2 1829 10¢ [ £ 1 3 i 3 3 4] CARET
1352 2330 D20 Qal 12:0 18,0 1aG 1.0 CARD
Qe 2 G 3035 3303 54 Q 50 Joll 33 TARD
[+ PRy Go BG0UB283 13800 §000.3 20018 120 SHdsi2 i3 CARD
18.0 2050 2.0 A0 50,0 500 EALESY B0 CARD
Bl B5sD 10,9 1%.0 2840 25,0 TARG
2 d [N} TARG

RNV EOR S e Ey RN Ve Jr g RV R
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SOENPRE WD BLODP WO GO TGS W N D 4



B.1 INPUT DATA OF ALL FIFTY CASES {continued)

RAD WASTE DISTRIBUYT ION IN GROUMD WATER: SAMD_E PROBLEM CASE 26 CARD 203

[S) 6 2 19990 101 103 1 i Q i 3 ] 0 CARD 232
10490 2090.0 Q.0 Sed 10.90 10.0 1.0 1e0 CARD 203
Qe 2 045 Da 05 33«0 Sed 50 0.01 D9 CARD 204
[CXR) 0.00000283 140040 10080 Q.001 12.0 240.9 1.0 CARD 205
100 23.90 300 4040 5040 E€D.0 70 .0 80.90 CARD 206
[ ] Sed 100 1560 200 25«0 CARD 207
20 400 CARD 208
RPAD WASYE DISTRIBUT ION IN GROUND WATER?! SAMPLE PROBLEM CASE 27 CARD 209

6 6 2 10090 108 103 i 1 0 1 3 4] 0 CarRD 210
1040 29309 0.0 Ge0 00 2060 le0 140 CARD 211
02 0e5 395 300 Se 5«0 0.01 [IPRe] CARD 212
060 000000283 142049 10000 Q001 120 2450 1ed CaARD 2173
100 20.0 30:0 4060 50«0 60e0 700 8.0 CARD 214
0.0 S5ed 00 i5.0 20.0 2540 CARD 215
20 4.0 CARD 2158
RAD WASTE DISTRIBUT ION IN GROUND WATER: SAMP_E ORJOBLEM CASF 2§ CARD 217

€ 6 2 1000 101 L03 4 i k] i 3 [¢] Q CarRD 218
158 2309 GaC 0e0 10,0 100 0e® 260 CARD 219
Oe2 05 D e 015 30.0 Sel 560 0«01 Oe0 CARD 229
Oel 000000283 140040 109060 D001 12490 2400 {ed CARD 221
1040 2040 300 4000 S0.0 60.0 70 .0 85340 CARD 222
Ded 5S¢0 1i0ed 15.0 20.0 2540 CARD 223
2¢0 460 CaRm 224
RAD WASTE DISTRIBUTION IN GROUND WATER! SAMP_E PPQOBLEM CASE 29 CarRD 225

6 6 2 1000 101 103 i { ¢} 13 3 9 0 CARD 225
10.0 20040 0.0 0.0 Qe 2G.0 0.0 ZelQ CARD 227
De2 De3 Je 05 30.0 SeQ S0 [s g Te0 CARD 228
0«0 Q. 00000283 140040 10030 06001 120 2400 1el CARD 229
1040 20.0 3040 406 0 5040 50«0 70 .Q B8O .0 CARD 230
DeD S0 10.0 150 200 250 CARD 231
243 440 CARD 232
RAD WASTE DISTRIBUTICOM IN GRCOUND WATER: SAMD_E PROSBLEM CASE 3¢ CArRD 233

£ 6 2 1000 101 103 1 1 0 1 3 k() o) CarRD 234
1049 2020 0.9 «0 100 100 0.0 2.0 CARD 235
Qe2 0.5 D25 300 S.0 S50 a1 Qed CARD 236
De 0 0e 00030283 14909 1000490 De 0B 120 240.0 1a0 CARD 237
109 20+ 0 3060 40.0 5060 6060 700 80,0 CARD 238
Ded Se0 100 i1%.0 20.0 2540 CARD 239
2.0 4 e CARD 240
RAD WASTE DISTRIBUTICH IN GROUND WaATER: SAMP_.E PRUOBLEM CASE 3t CARD 244

[S] 6 2 1000 101 103 1 i 0 1 3 J 0 CARD 242
100 20040 Q.0 S5¢0 0.0 2Qe 90 1e0 1.0 CARD 243
Je 2 0.5 205 300 S5e0 540 Dell Ded CARD 244
o ) 0600000283 14000 100040 D001 120 24Qa0 el CARD 24985
10.0 2Q0.0 30.0 400 50¢0 6060 700 80,0 CARD 24¢
[ ] S5e¢0 1090 i5.0 2090 2590 CARD 247
260 4.0 CARD 248
RAD WASTE DISTRIBUT ION IN GROUND WATER: SAMP_E PROBLEM CASFE 32 CARD 249

6 6 2 1000 10t 103 i 1 [s) 1 3 v} Q CaARD 259

209G~ INY0
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INPUT DATA OF ALL FIFTY CASES ({continued)

230.,0 0.0 59 0.0
[¢ =) ) 0005 3I0.0 5.0
0.,00000283 1400,0 1000,0 0.001
200 33.3 40+ 9 0.9
2-3 100 15.0 20.90
L2
RAD WASTE DISTRIBUY ION IN GROUND WATER:?
& 2 13800 101 103 i i 3
200.0 Q.0 0.0 10.0
0+s5 3405 30,0 Sel
0.00000233 1403.0 1000.90 0,001
20.0 0.0 L3s IPRY) S0.0
5.3 12.0 15290 20.0
3
RAD WASTE DISTRIBUYTICH IN GROUND WATER:®
5 2 1000 10t 103 1 1 a3
200,00 0.0 50 10.0
0.5 0.05 300 5.0
0500000283 14900.0 10000 Qa2
20.0 30.0 40,40 S0, 0
Se9 100 i5.9 20.0
440
PAD WASTE DISTYRIBUTION IN GROUND WATER:
8 2 1009 181 103 1 [ o)
20000 ds 0 Q0 Ja0
B85 005 30.0 Ba0
3.03000283 1400.0 1000.,0 0001
290 30.0 40.0 50,0
5.0 i0e? 15.0 20,0
40
RAD WASTE DISTRIBUT IONM IN GROUND WATER:
5 2 1000 101 103 t 14 Q
2900 0.0 S.0 0590
Ve5 T 05 30.0 Sed
0200000283 1402,.0 1080.0 0331
200 30e2 40,0 50,0
5.3 10.0 15.0 20,0
4.
RAD WASTE DISTRIBUT ION IN GRCUND WATER:
] 2 1000 101 103 i i 0
2000 Q.0 Q.0 10.0
0.5 3405 30.0 5.0
0«00000233 129040 10000 Deddl
2900 30 4000 E0.0
S-g 109 15.0 20,0
4.
RAD WASTE DISTRIBUTICN IN GROUNMD WATER:?
6 2 19990 101 103 11 1 ol
290.0 9.0 5.0 10,0
0.5 Do 05 20.0 5490

2340
550

12+0
620D
250

SAMPLE
2

SAMP_E

3
2342
[T
120
£0,0
250

SAMP_E
3

20,0
S’o

120
600
250

SAMP_E

>

10.0
S0

12,0
63,0
2550

SAMP_E

3
1620
5.8

PROBLEM CASE
i

SROBLEM CASE
i 1

PROBLEM CASE
i

PROBLEM CASE
1

o ol » o
S O

W

-~

PROBLEM CASE
0

X o € 9o
(=L UK >
.« Le
< <

PROBLEM CASE

[«

CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARG
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARQD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CTARG
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CaRD
CARD
CARD

251
252
253
254
255
2586
287
258
259

261
262
263
2€a
26%
2686
267
268
269
279
271
272
273
274
275

277
278
279
280

300

2095-TNY0
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INPUT DATA OF ALL FIFTY CASES (cortinuec)

0600000283 140060 10000 D031 120 24064 Le0 CARD 201
2060 30690 40e¢0 50¢9 6lel 700 B33 CARD 2062
Sef 00 i%e90 200 2540 CARD 3073
840 \,f\QD 394
RAD WASTE DISTRIBUTION IN GRDUND WATER! SAMPLE PROBLEM CASE 39 CARD 3209
5 2 10900 19014 103 1 i 4] H 3 ol i CARD 306
2000 Da Qd? Qe 29490 Qe 130 CARD 307
De8 3e 05 30, Sed Se¥ Oedi Vel CARD 308
e 0050283 14300 169 Q 0 0e0Q01 120 260,0 ie0 CARD 309
20.0 306 B e £J60 Qe 0 TYeed 330 CARD 319
S5¢% 10ed 1560 2062 2560 CARD 311
4.0 CARD 312
RAD WASTE DISYR IRUT ION IM GRIOUND WATSERT SAMPLE PRIOZLEM CTASE 49 CTARD r
6 2 1600 1014 i 03 i i o] 1 2 O i CARD 3
2009 D69 Se0 . 0.0 29.0 0e@ 10l CARD 3:19
05 D295 3060 Eed S0 Qedi 20 CARD 316
020000283 14000 193069 DeDOY 12«0 24340 Led TARD 317
290 3020 A5 D 500 600 799 B0.0 ThRAED 318
Se 1De0 1533 200 2540 CarRD 3173
449 CTAERD 320
RAD WASTE DISTRIBUT ION 1M GRDUND W»Q TERT SAMO_E PROZLEM CASE 41 CTARD 321
6 2 1009 101 in3 5 ’1 1 3 i 1 CARD 322
208,0 [ 2] 00 C)-" 20040 Lo 1 CaARD 323
0«5 0,08 3040 S ) 5.0 Deli CARD 324
D¢ 000DD283 14903690 100060 Qe 125 240e 0 CARD 325
290 3060 X PR S0 600 70 .0 Card 3J26
S5ef) i0ef 150 2090 250 CarPn 327
LYY CARD 3238
RAD WASTFE DISTR IJUT ION IM GROUND WATER: SAMP_E BORCBL_EM TAST 42 CARD 32¢
6 2 1009 LO1 193 b 1 ] i 3 L i CARD
20@ <] 0,0 SeU 09 2000 1e0Q CARD
Qe 0,05 300 540 5S¢0 Ge(l CARD
Q-MWMQB31@MLQ e Jes Ie] De 03 12090 24D e 0 CARD
200 2000 ade ) H50e0 6060 70 0 CARD
Se0 1040 1540 20490 250 CARD
449 CARD 336
DAD WASTE DISTRISUT ION INM GRDOUND WATER! SAMP_F 32R38BLZM CASE 43 CAaRD 337
5 2 1490 1014 133 { i &} i 3 i 1S CARD 338
20049 0,0 0.0 0.0 230« 9 G0 o3 CARD 239
Ce5 3,05 JG D 5eQ 53 0Oa1 Dels CARD 240
De ©0O3I283 150069 10000 DedO1 120 26060 Lol TARD 363
200 3060 8060 Bded 650e 0 T3 69 84040 TARD 342
5.0 1340 150 2069 25«0 CARD 3473
460 ZARD 344
2AD WASTE DISTRIBUT IONM IN GROUND WATER: SAMD_¥ PBOBLEM CASE 44 CARD 349
6 2 10909 101 103 1 1 0 i 3 1 i CTARD 346
200G.0 [<IP] 5.0 0.0 2000 Gel 2e0 CARD 347
0.5 0,05 300 SeQ 5.0 Qe 00 CARD Z48
DeV0ODDV283 16003 1300 Ve 12e0 260« 0 Leld CARD 349
200 3969 400 5090 6040 7D eD BO.0 CTARD 3590

N¥O0
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8.1 INPUT DATA OF ALL FIFTY CASES ({continued}

QoG B0 13,0 153 2060 250 CARD 351
240 4.0 CARD 352
RAD WASTE DISTRIBUY ION IN GROUND RATER: SAMP E BROBLEM CASEF 45 CaRD 353
2] ) 2 1000 101 193 i 1 k) i 13 ¢ CARD 354
1895 23@10 0.0 G.8 {1 %3] @0906 10 1.0 CARD 3255
Bs2 T 2205 3 Bael) 53 [V RED 3o CARD 356
Ced 0000090283 14009 123200 G001 1242 2403090 1.3 CARD 387
10.0 2040 3040 40 0 S0,0 £QoD TO0 83,0 CARD 358
L+ 5 +] 5490 LG e 15,0 25.0 250 CcCaRDd 3z9
299 Y CARD 360
RAD WASTE DISTRIBUYION IN GROUND WATER: SAMD_E DPROBLEM ZLASE 46 CARD 361%
€ & 2 1000 101 103 i t o} t 3 |3 ¢} CARD 382
123.9 239.0 3.0 5.0 G0 dQ\)nU 18 10 CARD 383
Qa2 De5 0+D3 30,0 S0 5.0 G013 O CARD 363
0.0 0,00000233 1400:0 1039.:0 D031 12,0 240,0 13 CARD 365
10-G 200 3040 4040 S0« 0 80,0 700 80,0 CARD 386
s B¢ S 1Q.23 {50 2020 250 CARD 3587
243 4.0 CARD 368
RAD WASTE DISTRIBUT ICN IN GROUND WATSER: SAMD_F PROBLEWR CASE &7 CaRD 369
€ % 2 1000 [ X 3} 03 i i 3 ] 2 | o] CARD 373
10,3 2330 Gl 0.0 0:9 236, 0 0«0 260 CARD 371
Qa2 0s5 Q.05 300 S5aid 58 Qell 20 CARD 372
Qs 0 000000283 Y433.0 10005 8,001 1260 23090 150 CARD 373
12.0 200 20.0 43.0 5040 Bd.0 7040 B30 Cand 374
0.0 540 10.0 15,0 2050 2540 Capl 3273
2+ 9 3.0 CARD 376
RAD WASTE DISTRIBUT IOM IN GROUND WATER: SAMP_F PROBLEM TASE 48 TARD 377
[ 5 2 1000 101 103 i i 3] i 3 i 0 CarRD 378
102 22010 Ga D 540 0;0 2000 G0 » 3 CARD 379
02 2eS 2+03 30.0 " 5.0 2401 30 CARD %89
0.0 0-00000283 14000 130040 0-3)1 126D 24049 13 CARD 381
19.0 2040 23,0 400 530 500 TG0 8320 CARD 382
Q0 5-0 10.0 150 20,0 250 CARD 383
2o} 460 CARD 384
RAD WASTE OISTRIBUT ION IM GROUND WATER: SAMD_FE PROBLEM CASE 39 CARD 338%
€ & 2 1000 101y 103 L 4 ) H 3 1 1 CARD 386
1002 23040 O=0 350 Ca 200,90 0.0 =0 CART 387
0.2 B8+5 4235 330 5.8 S0 0+31 Qa0 CARD 344
Dl 00000283 14873.0 10008 0,301 12.0 24020 1.0 CARTD 38%
19:0 20«0 3040 4340 50,0 60,0 760 B340 CARD 393
Jed S0 130 15,90 200 25,0 CARD 39y
220 3.0 CARD 392
RAD WASTE CISYTRIBUT ION IN GROUND WATER: SAMP_F DROBLEM CASE =0 CARD 393
6 5 . 2 1000 101 103 i H [ 3 3 13 1 CARD 394
19,2 20090 0.0 540 [P 290.0 0.0 10,0 CARD 395
Qe 2 De5 D05 33.0 S S0 Bedl [+ 1] CARD 398
0«0 0. 00003283 14000 1380069 0.301 1240 2400 142 CARD 397
10.¢ 20.0 30,0 4340 509 60.0 T30 BO.0 CARD 398
0« S:9Q 100 £15.0 20,0 25.0 CARD 29y
223 400 CARD 400
ITHC3021 STOP o

iv
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8.2 QCUTPUT OF SAMPLZ CASE NO. °

RAD WASTE DISTR IBUTION IN GROUND WATER:! SAMPLE

Mle OF POINYS IN X=DIRECTION eestatsscessosasenssas
Nle OF POINTS IMN Y=DIRZELTION sseecossssssestocscncea
Nle IF POINTS IN Z-DIRECTLON esosesscescessssscanesas
NCe OF ROGTS?! NMOe OF SERISS TERMS eessevecss ces
NCe OF BEGIMNING TIME STEDPS ,eeecssscccconse see
m. QF ENO?XNG 'rYME STEP S SO0 S0V O P PO LS LN OO O PN e
NODe OF TIME INTERVALS FOR PRINTED OUY SOLUTION seee
INSTANTANEQOUS SDOURCE CONTROL = 0 FOR INSTANT SDOURCE
SOURCE CONDITION COMYRIOL = O FOR STEADY SUOURCE sees
INTERMITTENTY QOUYPUT TONYROL = ) NO SULH CUTPUY saese
CASE CONTRCL =i THERMAL, = 2 FUOR CHFMICALs = 2 RAD

AGUIFER NEPTH, = (40 FOR INFINITE DFEP

AGQUIFTe wiIDVH, = Qe0 FOR INFINITE WIDE

BEGIN POIMT OF X-SOURCE LOCATTIIN {METERS
END POINT OF X-SQURCE LOCATION ({METERS)
BT GIM POINT OF Y-SDOURLE LD(ATTON (METEDS)

IND POINT OF Y=SOURCE LOCATION IMETERS) s ecesanss
BEGIN PDINY OF Z-SODURCE 'C’AT1CN fMETERS) eeeeasnse
END BDIMT OF Z=SOURCE LOCATIOM {METTRSY weesseace

PORCSETY oeeevceee

Pe 00 ese s sassscssss s s e s aRas S
HYDRAUL IC CONDUCTIVITY (METER/HTOURY sesnsccscassases
S DRAVL IC GRADYIENT Iu1..&llll'.o‘.n.t'n....l.l.l...
LONMGEIT TOUNAL DESPERSIVITY (METER! uvuessenssssscesses
LATYERAL D:{SPEQSIVTTY {METERPY oeesosesscsasanssrsssnssces
VERTICAL DISPERSIVITY {METEN) eeeescoencenioase .
DISTR i KD (MEXI/KG) esneo .

= .

EBUT ION COEPFX”IE
I

1Ty L)
HEAY EXCHAMGE COSFFICIENMTY {KCAL/HR-MRX2-DEGREZ ()

MOLECUL AR DIFFUSION MULTIOLY 8Y TOROSITY {MXk2/HR}
DT CAY COMSTANT {DPER HIUR) eseseversssersesanssecssces
BULK DENSTITY OF THE SOOIl {GRAM/CMERXIE) s evesocesas .
ACCURACY TOLERANCE FDR REACHINMNG STEADY STATE Laseee
NSITY OF WATER {XG/MFEFX3) coecesosseonesnereasensss

-

L]

.

TIME INTERVAL SYZE FOR YHE DES{RED SCLUTION (HRY
DKSCHAQGE TIME {Hp, € 09D ¢ 80 889 PHSULUSEE S CUTITRSEESE) S
WASTE RELEASE RATE {KCAL/HKRYs {KG/HRIe OR {CIi/HR)

RETARDATIOM FACTOR

® 6 8 8 8 00 066 5 0000 50O ETEE e O HNEDS
RETARDED DARCY VELOCEITY §M/HR) ecovevesveaccscanccsnces
RETARDED LONGITUDINAL DISPERSION COEFe {MEE2/HR) o
R=?ARDED LATERAL DIEPSERS IOM (CEFTICIENT {MEmg2 /42 )
RETARDED VERTICAL DISPEIRS (ON COFFFICIENT {MEX2 /IR,

PROBLEM

6

[

2

L0

L0y

103

3

1

o

1

3
Dei0ODE 02
0620005 03

Deld

De?d
DelQSNE B2
Dei000E 02
QeidBDE D
De L0VDE O3

D4200C0E GO
0e¢eS5000E 00
34 SV0BE~OY
2 3000E Q2
De50DDE 01
U 59905 031
e lUGODE-0OY

O

Ce 5]
U &
De Ll
e “
Oe ye
O 3
De !

J7100E 02
Dei761E-02
De5282E-91
0e880Z2E-02
T e8803E~-02

CASE

2099-"NY0
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B.2 OUTPUT OF SAMPLE CASE

CESTRIBUTION OF RAD WASTE

? =

Y 13, 20,
p Oe 3 S8
S 3.0 Q9
13 Q.0 D40
15a 30 0.0
20 0«0 TJ.0
2%, o3 0.0
zZ =

A4 19, 204
G D [yl
5' ‘)!0 GQQ
10 3+ 8 3.0
15, Ge O 30
20 Js 0 G0
25 (R 3.0

DISTRIBUTION OF RAD WASYE

? o=
k4 1D 209
3 e 3. 187E 00 3.322E~31
S 32274E 03 82 50E 02
10 0e334E 08 Qel G4E 25
15 32742 03 DeIJIE N2
20. D+ 234E 0D GaT33E=01
25 Dy SOSE~-D1 Ds156E-01
? o=
Y 10 20
[ 3 Ds P S9E-O VeBTIE=-G2
Se 0.719% 02 Q.251E 32
13 3s373E ¢4 Js125 34
18 Qs 7T19E 02 . 281F 02
20 Je 268E-01 GeOQ7F=-02
25 3s536E=02 D1 76E=02

NO. 1 {continued;}

iN PCT AT
2«00

[ R e XS uE ]
2 ¢ &K & @ 9
[«XeJ+ZwEeLe)

5,00
3I3a

[eX s Lo u Lo ga)
& » ¢ @ & @
[ =% FoYeRel

IiNM 2T AT
23‘?3
A0

B2 E5BRE=-(2
3. 1465 Q2
Je 134 Qo
Owld6% O2
J29835=02
34 20JF-32

4400

{af
O
L]

[eX=TnY s %7l
e 2 @ 4 o B

T3 # Gl v (0
SO B
~ U e (i
T
[ed
-

9.9
(‘}{}’
G0
3.0
3.0
GG
943
8.0
24,
BeQ
9.0
3.0
3.0
9.3
[UPSe]
Bs12008 g4
4.
G.387E-03
0,091 F 08
B, 743 B2
3.99iE 07
B, 543E~03
de L OBE-D3
QOQ
G ESIE=D4
3.268% 63
S 1155 22
§.268E 00
0,8955-04
$,1 49804

HES

W
<

!

[ =2 o R e T X
@ % & @ @ u
R e (ad owt (b D
N N
€ O oms (O 4ok v
maamm I;! 121]
[RaR el Y« Eo
UV & e s ()

X
50,

Qs 191 E~GS
J.B825E8=02
Js324E 30
D BPEE~D2
D 26TE-GE
3 3B2E=-0S

£33 s
353
0.0
S0
GG
J G
o3
B e
[
3
[
Da0
Qs
s 2R}
£Q .
0,1128-08
0.198%-01
G2l RE-432
03,1585« 086
Dy BBEE-QY
59 o
GoR2ETE-Q7
D6118E=-03
D3409E-02
0:114E=-03
Ge383E~07
0,3545-08

2095~ TNE0



8.2 OUTPUT OF SAMPLE CASE NO. 1 {contirued)

NISTRIBUT ION OF RAD WASTFE IN PZ 1 AY Gei212% 06 SRS

2095-7INd0

04

2 = 2920
Y iDe 20 . 30. 4Q. 60
Oe 0.1675 00 DeaS529E~-01 DaT?125-02 Oed 158 =073 0.1 0.130F~06
Se Je274E D32 De960E 02 De § 505 D2 Oa 1)5E D¢ Je332E Oets 73E~03
{0 O0e3332F 1S 0.1 05 9% Qe i 60F 04 Q0.797E (2 0e231F Ju231E-01
15e 0«278F 03 Qe WBVE 2 Ce 1 BUF D2 D. 1955 01 Ce3328~ D.8735=03
2@- Qe 238E [0 Ce78 21 eI QUE=01 DeBH2E=-D3 O 1S2E= 3¢ 0.i84E~0F
25 3e¢504E~01 De{SEBE-D1 Qe 2DEF-02 0ai116F-03 Ce280E~05 De3015-57
Z = 4400
X
1De 20 O 403 590 . 50
Oe de |99E-01 DebBIE~-D2 De 1035 -02 Ne&59ZE~04 De211E~-)S Je294E-07
Se JeT718FE 02 Ba253E @2 e OLE 01 Ge285F 90 Qe 9IGE=-D2 Gel32E-03
[N G4372% Da Qa1 28€ Do Qe 3872 03 Oel23E 22 Ve IB9E 00 Qe 76E—-02
Se 2¢T18E 92 0.253E 02 Dea @1 01 He285C 0O DeSIGE~DZ Dei32E-03
Je267E~-D1 0.918E=-02 DeltdT=32 De9B3IE=-04 De 295E-08 Ce419E-07
De 535E-02 D23 78E=-02 $e255F ~ 92 De 1S%E~G0a Deb36EE-0CE DeS529E-08
STEADY STATE SQLUTION HAS NOT BETN REACKED BEFORE FIMAL SIMULATING TIME
OISTRIBUT ION OF RAD WASTE IN PCY AT Oel1228F Q& KRS
zZ = 200
X
Y i0e 20 30. £0 SO . 50 e
Q. Qe 1H6E DO DeS53TE~-01} DeT73I9DE~H2 Uesb &4E-03 Oe 1 20E-04 DelB2E-086
Se Be 27V3E 03 Ds971E Q2 Je 1555 {2 Oel i2E U1 Je 365E-011 GeaS44E-03
10. Oe 323E 05 Ge 1 CTE 05 JeY1 ASE Q4 Q.854E 92 Ge22485 01 D e2695=41
15 De2735 03 G.971E 02 Je 1555 02 Dei 125 G4 Ve 366H6E—-D1 DeS84E~03
20 Je234E D9 B 7854E- 31 0104503 D.£235=-93 Do 159E-046 Ue2:4E=05
25, JeSGA4E-D1 Del50E~-B] Je218T-02 Del24E~03 Oe3138~05 De3525-07
Iz = 4.00
X
10 20 30 e 40 50w 60 .
Oe De §99E-01{ Ve8B9E-02 Je 1 0B6E-92 Ce737E~0G4G Ve 233E-05 06339507
Se e 7178 Q2 Q.256E @2 0«4 138 O 0302 DO Ve 1Q0E~01 Ge131E=93
10 04372 06 Ne Lt 2BE D4 Oel1945 Q3 De 1312 02 Qe 3IVPE 4 OeBSGRE-02
154 BeT1I7E &2 Pe256E D2 Qe 13% 01 363028 02 Je 1ODE-T1 DalBLE~GT
20 . Ra287E=01 Je929E~02 Je il A4 =02 Qe101E-03 Ue325E-95 D.8B2E-07
25 . 3e S3IBE-02 Qe1BOE=02 Qe 264503 De L 7THE-086 Je68B3E~-UE DeH195E-08



8.3 OUTPUT OF SAMPL

JASE RO

)
CA

N3

RAD WASTE DISTRIBUTION IN GROUMD WATHER] SaAwMDLE PROBLEM (ASE 329

MY, OF POINTS IM X=-DIREC7 10N 3w vsa9B SED D Ny <]

NG s OF POIMTS IN y=-3IRECT ION 39 S8BT 2D BB A2 (]

MO OF PROINTE IN 7-=-0(RECT P L R 2

NG e OF RODTS: MG, OF ZER?I xesvsesn9seenecox SO0

MNO, DF BEGINMING TIME STELE ssssnssxvenxssnonssnosnz 1918

N3, 3F FNQ{?’QG TIME STER B ON D LSS S D9 DO D IS S AN SN 5 103

M. DF TIME TNTERVALS FOR SRINTED QU SBSCLUTION « s i

INSTAMTAMEOUS SOCOURCE CONTROL = § FOR INSTANT SQURTE i

SOURCE COMDITION CONTROL = 8 FOR STEADY SOURCE - uss G

INTE2MITTENT QUTOUT CONTROL = 0 NO BUCH CUTPUT s exs 3

CASE CONTROL =i THERMAL, = 2 FOR CHEMICAL ., = 3 BAD 3

AGU FER DEPTH, = 0.0 FOR 5% e2ss G2 40008 02

AQUIFER WIOTH, = 3.0 FOR IM ! i L asas sy

REGIN POIMT COF X=SOURCE LPCATIQM { 265833 3.0

ENG PO INT DF X=-S50UR 8 LDCTATION {MEY LR AR }mf’

BEGIN PCINT OF Y~\3UQCE LECATION ser 299 3.3

EMD 82 INT OF ¥-350URC LU0 ATION (RET PR G 2OQRE G2

BEGIN POINY OF z°§CU§£h LOCATION 3 35 588 30

ER PO INT OF F-SOURCE LOCATION {2 ¥ * 395 BE N DL 10038 o2 ]

P

CORTSITY sss9n202000600 A3 8 OXR DB/ BE LD XD NB Y P B WS H e BOUGOE DT
HYORAUL IC COnBUCYTIVITY RAMCIUIE ] ssasssassv 29 ess 3o SONGE L0

HY DRAUL (T GRABIENT 555 2L L BE ML N LT LS FRFAG O By50038-01
LONGITYBUNAL DESPRERSTY ETERN] senenrsssesssvssss 39 IBOOE B2

LATER AL OISPERSIVITY {4 555U FD D6 G L ABIHAN WK XN S 250808 D1

YERTICZAL DISPBERSIVIYY T HBD S THSEOITHE B LD OB s ¥ W 2. BGRRE 01
CISTRIBRQTION COBSFICLE {MBEIAUEE s os 32232290 B3y 13005451

HZ AT ERACHANGE COBFFICHY fKC&L’HQ*»** “DEGREE Tias 3G

MOLECUL AR DIFFUSION MUATIRPLY By TOROSITY {Mukzs MR} Gx B

DEC&Y ’:DNSY\A«NT (PEQ *‘56\”35 $ 553 535 DD LHD S SDBIHE GRS SH S "3»2&36&3‘ &

ALY DEMRITY UF THE SCOIL i@“AMf‘M**&} SR SR AR AR 201408E 2

ACCURACY T EBANCE FOR REACHING STFADY STATE s2s:20s B B30E~D2

DENSITY OF WATER (HG/MRR3} soaavsxsns006090ntssvnsns 3510008 Ja

TIRE INTERVAL SITE FOR THE DESIRED SOLUTION {#MRY ., $.212088 G2

SIS(:HARGE‘: ?E"‘“VE gH‘:.? s X B Y AL 22N D TEDS SN RTD DE DD D DD DN GQ&#QQE :)‘3

WA ETE RELEASE RATY (KCALSPRY, {(XG/RY, O& {JIFRR}Y o 3 L300E §1

GETARDATION FTACTUPR o5 208655 3035552490 20095555553398 35 7134

BETARDED DARCY VYELOCITY § M/HR)Y Feresensiacs yry v ass Dal?S

SETAROED LONGITUNING. DISPERSION CQER, {M@#Zfﬁﬁi s 0 »528 )
EETARDED LATERSL OIEDHERS UM CUEFFICIEN THMER2 FHRY 3580 2%
LETAROED VERTICAL CISPERS (IR COBEFFICIEN 1 MR D SR, 35 BEHT %g
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8.3 OQUTPUT OF SAMPLE CASE NO. 2 (continued) =
=
"
CISTRIRUTION OF RAD WASYE TN ©C1 aT Daed HRPS g:
o
zZ = 2eUQ N
X
10 20 . 3. (X S0, €3 e
Do Qe 9 Qa0 Ce 0 Je? D0 Oa)
Se 29 0e0 0o 0.0 0.0 0.0
O Qa0 De0 Qe Oel Q¢ 0 Oe0
Se 2e O Je0 Cel Oadl Dol Del
To Qe CeO Qa0 0a0 [OP] 040
Se e Qo0 De? Ded 09 (e %]
Z = 4400
X
Y 10. 20 2D 4 Qo S50. 60 .
Qe Je Qe Ded Te Ged Qed
Se 0.0 00 Qe 0 Oe0 [P 1] Ded
Je D2 Ded Je0 Ded Qed Ol
Se 0.0 CGed Oed OO Je0 Oe0
De De D Gel De0 e De0 Cald
Se Jed Ded 0.9 0.0 0.9 o]
(& ]
N
DISTRIBUT {ON OF RAD WASTE IN PCI AT Qe 1209 D4 HRS
Z = 200
X
Y L0 20« 30 4 0o 60
O Oel16E N4 NeIEBE 03 0e493F (2 0.28£E 0O De732=-01 Je350E-03
Se De232€ s D.735% 03 Je985c 02 DeST70Z 01 De 146E 40O Jelb69E~Q2
10. Qe232F 04 De?3IHE OZ De9B?7E 02 DeS71€ D13 De185F 0O Del70=5-02
15 . 0e232E ¢4 De735E 03 Je 985 {2 D.570= O Dei 465 09 e 169E-02
20 e do116E Q4 0.8z D2 0ea492s Q2 $e.286Z 9 Qe 732E-01 0.850E~-92
25 e 0.352F 01 0.1 228 01 Je i 8595 0N Jel305-01 De&025-03 Dea5555-905
zZ = « 30
X
1 20 30 4Qe 50 5 e
O Ve 1168 Je368F 03 0ed492= {2 De286E 01} 0e732E-01 0e850=~03
Se Je 2322 G.735E 03 De985E 02 0e570E 01 0e145E Q9 (e 1 69F=02
10 7o 2325 0«735E O3 Je987E D2 BeS7IE 01 Je 145E 00 Gel7I=-02
15 Qe2322 0.7335E 03 QeO8B5= B2 Ge570E 01 Oe146EF 00 BelH6IE=02
20 Qs116€ D.268E 03 Je4935 (2 Dea28EE D1 Oe TI2E~-01 048507-43
28 3¢ 3528 Je1 228 D1 Qe 1BAE 1O De13IE-D1 Deda D2E-43 35552 -05
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B.3 OUTPUT OF SAMPLE CASE NG. 2 {continued})

OISTRIBUTION OF RAD WASTE 1IN RPCI AT 0,12125 04 HRS

z = 24090
X
k4 19, 20w ER I 4 g 58 . 60 s
Q. 01165 08 Q:373E 03 3.512¢ Q2 3.206E B3 0.B15E~01 0e99FE=D3
S, Qe 231E O Qe 745F (3 2. 102F 03 Q6108 @t Qs LE2E 00 0. 187E~-02
19 . 3. 2325 04 B,74cE Q2 0.102E 03 0.612E QI 0. 163E QO 3.128%=02
18, 0.231E d4 D.745€ 03 J+102E 03 Q0561905 01 2 1€2E G0 G | G7E=(2
20 . Je 11EE D28 2,373 03 JeB 128 Q2 J+3J6E It 0«815E-01 2900 E-03
25 Q.351F 0} 0s-124E Ot O« 1967 00 QelZ9E~01L O 883E-0Z D.6325=08%
Z = 4,03
X
A 19« 20« 30, 40, 50, &0 e
o 3 O« 116F 04a De373E 03 G5 12F f2 Q03865 Ot 0.8152-31 9905~ Q32
5e 3+ 231F G4 DsTASE Y3 J.102% 03 Je&19F O1 Js 1862E OO Qe 197E-J2
10 Q. 232E D4 Q. T46F 03 3. 102E 02 Q0.€12E 01} O« 163€ QO U.198E-02
15, 2+ 2315 04 Ve TARE 03 2. 1027 03 Q.6 105 0Of G« 1625 00 Q197202
20 I 116E Q4 0.373E 02 g.512% p2 Q.306E 01 J.815E-01 0,953FE=03
28, 0,351 g1 J.124E 01} Je 1 9EZ 32 Oel139E-01 0.4435-03 DWb3IVE~-02
EALY STATE SOLUTION HAS NOT REEMN REACHED SEFORE FINAL STMULAT ING TIME

DISTRIBYT ION OF RAD WASTE IN DCY AT Je 12245 Q04 HRS

zZ = 22729
X
¥ 13. 20, 30, 33, S s (S22
Q. Js 11€6E Q¢ G.378E 03 G«3TIE @2 0.3272 @1 0+905E=Q1 0.115E=02
S 33,2312 34 J.755€ Q3 Je13E=Z 33 B3.652ZE 31 Ge 182E Q0 G 229E-02
10, I« 231F DA 0s 756 03 3. 10€S 33 Je6S4E D1 3: 181 29 Be230E~Q2
15. 8«231% Q4 Qs TBSE Q72 3. 1068 02 Q. 652F J1 J.180E 00 D.2295-02
20, 3. 1165 04 0e378F 03 245315 Q2 2.3272 01 T QQTE-0L :115=-02
25 3.2S1E 21 G.125¢€ 01 de202% GO Oal&7E=01 0+487E=03 Qe TIBE~05
zZ = 49039
X
Y £3. 20 30, A3 S0 60
3 3. 1168 Q4 Q.378 03 Fe531E 32 Qe327E {1 Q935801 0s+1155~02
Sa Je 231E 04 Ve 7HEHE O3 3. 1Q€7 22 36525 31 3. 183E Q0 J.229E-32
10. 02315 04 Je7BFE Q32 0« 1065 03 J=8548 {1} 3s1818 J0 Qe 220502
=D J.238F 04 D 7SSE 03 J. 1365 03 B8652% 0Ot Qs 1808 0 (6229502
23 Js 1168 Q4 Q. 2T8E 03 0.371% 02 G.327E 01 G99 05E-01 0.,115E=-02
25, Je 3515 21 N,1258 D1 J«202% 00 e 147E~D1 Je 48BFTE-03 $3.7355-35

095~"INY0

é

‘&



B.4 OUTPUT OF SAMPLE

CASE NO.

3

RAD WASTE DISTRIAUTION Id GROUNMD WATER: SAMDILE PRIOSL
JF PLINYS IN X-DIRECTICN cseesceee ee s
OF POINTS IN -2IRECTICN ceee o se s
OF POINTS IN Z—=DIRECTION aeaeceacecee se e
0F RO0TST NOe CF SERIFS TFPMS seessececcncsssssss
3F FOINNING TIMFE STEDS ,4.ecevecescccosoncsssae
GF FEMDING TIM® STEP e eevevscsescescssusnvsvcssssoe
: OF TIME INTERVALS FOR PRINTED DUT SSLUTITIN sewe i
INSTAMTANEQUS SUURCE CTONMTRIL = 0 =0R INSTANMT SOURCE t
STOURCE CONDITION CONTROL = O FOR STEATY SOURCE see06 ]
INTERMITYENT QUTPUT CONTRZL = § NOC SUCH QUTPUT eeee B
CatE CTUNTROL =1 THIZIRMAL, = 2 FUR CHEMICAL, == 3 RAD 2
AQUIFER DEPTH, = O 0 FOR EAF’V?YF DEFP {METYERS!) eee Cel
LAQUEIFED WiIDTH, = 0 FOR INFIN EMETERSY eee Oe 20 0IE 03
H=G(N POINT DURCE LOCATION R3) neeencece 0.
IMND PCINT OF SﬂUQC‘ LOCATION evsvsveanes 0«5090G% 2
IN DGINT O‘ Y =SCURCE LT } ssesssaes Lye]
D OPGINMT OF Y-SDURCT LOCATS evsscsevecse 00 E 02
BEGIN POINT DF Z-SOURTE LITA 7 eesessase D0
ENMD 30 INT OF Z-SCURTEZ L 0OCATY nesssssssss De2030E I
PGRISIYY RS RN R AR R R R N Qe 2000E 990
HYORAULIC CONDUCTIVITY {MEVER/HOUR Y ecocecassasncacse Da50C0E QO
Y DRAUL IC GRALD 29506000 0e e P00 . se e Je SGOHE-DL
COMOGTY SOUNAL DESPERSIVITY IMETERIY ocee . v s 030008 02
LRTEQAL DiIspPE R TY {METERY secesses . se e Q«eS000E O
’fH_ U SJF'; I¥y {wmE 72 see e o se D.5C00F @3
3 CVE”T' o /KG3 sesssnsescen Ve 10Q0E-0
TEMT ®{ ~MFR2-DEGREE Ciea el

MO ECUL AR
D2 CaY CON
BULK DENS

ke

TME INTE
SCHARGE
WASTE REL

REYARDATI
RET ARDED
RETARDED
RETARIED
RETARDED

DIFFUSION MULTIPLY RAY

STANTY {©=R HOUR)
ITYy OF THT SOIL

{KG/ MEeZ
RV AL 1z FOR
TIME <HR)Y

FEASE RATH (WLAL/ZFRD,

{K

TORDSITY
esustesreneecrsasbaas e
{GRAM/ CVEE 3)
AMCE FOR RS ACHIMG STEADY STATE

S/vR}

{MAHXR2 /HRY

CreLeBa T e P e
THE DESIRED

eh.l.....l’l.llltll.

“

.

P eeeoees

SILUTION

{HR)

% e 8 00

e cs srcsnnesssees e

ON FACTOR
DARCY VEL_OCITY {M/¥2)
LONGITUDINAL DYSPERSION CGEF.

LATERAL DIEPSERS ION COEFFICIENT

VERTTCAL DISPERS 1ON

.

(MK 2 /HT Y

COEFFICTIENT

THMRED MR
EMEXED F/HR) o

OQC’

2e2830E-95
NeLaGHE 06
DalDOOE=-02
! YGOE D4
De120CE 02
Da24 00F 03
Se lOOBE 01

CTASE

48

¢095-"INY0

o



B.4 QUTPUT OF SAMPLE CASE NO. 3 (continued]

DISTRIBUTION OF RAD WASTE In PCT AT Gofd HRS
zZ = 2.00
X
Y 13 20 » 38 40 B0 B3 »
Da s P D40 0D G0 .0 s 2+
5 Je 0.0 3.0 [« R4 G. 0 0.8
10« Je 0 B0 e PR ) [s 4] 3.0 3 P e]
15 Te D Qe 2D Do d 3.0 Qe ld
20, G0 Ceid [ ] QO 240G D3
25 059 V] 0.0 Dol 3.0 0 e
Z = 6430
X
A 10 20, 3B G Qs S5Q e 0 »
[ e Bul Gad 33 Je O 32
5x Ga0 Oudd Qe 0 Qe St Ga0
PO B3 3.0 Q0 [ ) 0.0 [+ 3% ¢]
15 3+9 G.8 [ PRY) Q.0 .8 Gl
20 . O 0 Bl 0.9 DD D20 [ PRe]
25 Je 0 3.3 [ ] Jed 3D (LY
(&3]
(2]
DISTRIBUTION OF RAD WASTE InN DCY AT (G.120GE Q4 S
Z = 200
X
¥ 1%, 23, 30 43w 50, (=14 2%
G 3. €E61E D3 Ge268FE O3 DeASZE O2 033278 3 0,111 0§ G2i865=02
G 3«B584F 032 3,2638E 02 328453 §2 0+ 3378 Gi S LLLE 0O Gri6EE=02
10, 2:5581E 03 D, 268 432 3,353 @2 33278 Q1 Q.331F $¢ GolEHF=QZ
15« Ge661% 33 3265F 33 3.5835 Q2 4 33T7E O 05 3111F O89 B32166E-02
2Q« 3s6861F B3 32 265F 03 D 4838 02 Pe337F H1 e lilE DO D 1BEE =02
280 3+881E 02 D 265FE O3 324535 42 B.3378 01 U= 1138 DO Q16602
z = 4933
X
Y 10, 20 30 540, S8 B o=y
eyl
Je 31878 83 D3:.480E 32 3,830 01 B 67HE 03 « 2488 -0} D81 28=03 jreag
Ss Ge LOBTE 33 Be48IE 42 32 8308 Oy Te & THE G¢ Ja 288E-01 Js5312E-03 m
10, B3, 107F O3 D 450F 02 3« B3EPE 01 BesBTBE 40 s 28HFE~01 Cuhi2T=03 R
L5 34078 33 G.a80F 42 G B30= 01 Q.678E 33 Go 248E~014 D4 2E-03 L&,
23, 2:307€ 3 8.350E @2 3.830% @1 0, E&ETBE 03 248 E=-0] G 412503 <y
254 J+ 1078 43 3480 Q2 0. 8308 01 Ds&TBE 00 0n 2485031 B.43125=-02 [t



B.& OUTPUT GF SAMPLE CASE NO. 3 {continued)

<

NN s e

2095~ INY0

2D e o

DISTRIBUTION OF RAD WASTE InN PCY AT 012128 04 RRS
zZ = 26400
X
Y 10 20 30. 40 S0 60 .
Oe Ve E59E {3 Ce267% 03 Qe 456 D2 De357E (1t De L22E QU De192E-02
5e 0e 8S9E (3 0«267E 032 DedEEE {2 D357 0% Ge122E 20 0e19225=-02
i0. 0« 659 43 0e267E O3 JeaBET (2 D357 04 Oe 122E 09 Del92E-C2
1S9 Qe BSIE H3 0e287E O3 (e &BE 02 0«357E 01 0.1228 §0 Oe192E=02
20« O0«859E (3 De267F Q3 Je s 665 02 0e3578 Q1 Oel222 03 Q0e192E-32
25 Je 6598 03 Qe 257F O3 Je 466E 02 e 357E 01 De 1225 00 De1O2E-D2
z = 4 oY)
X
Y P 20 20 40 S0 67
Ge 0e137E 93 0.453E 22 08522 01 De715E 09 Qo271 F=03 Qeb6T1E=03
Se 06107 O3 Be&53E D2 Je852% % Dea7iSE 09I Ge271E-01 2e4673E-03
10 Qe 107F 93 QeaS3E 2 DeBS2F {1 De718E DI 0e271E~D1 Je&7LE-D3
15 De 1Q7E O3 0eaS3E {2 deBS2E 01 JDe715E 0C Qe 271 E=D1 Dea7iE-03
20 Je1I7E O3 De4S53FE D2 JeB52Z 01 D715 0O Do 274E~D1 Cet VLIE—-D3I
25 D¢ 107E 03 0.4853E Q2 D.852E 0% D.71SE Q0 0e27:F=01 et 7iE~02
ZADY STATE SOLUTION HAS NIOT BEEN REFACHED BEFORF FINAL SIMULATING TIiME
DISTRIBUTION OF RaD WASTE IN PC1T AT Q041224F D4 HRS
zZ = 2400
X
10 20« 30 5 5D 60 .
Do e 6STE 03 De269E D3 O.805 02 0e377E G De 138 D0 0«21 85-02
5 De6STE O3 Da289E O3 0aa86GE 02 0.377E G1i Ve i 346E GO De2i8BE-Q2
Qe Je£6S7E 93 Be269E O3 e 48HE 02 0«377E O Qe 134E 990 Da218E-0D2
Se Je 6S7F )3 Te26GE 03 Je 480 A2 Je377E 01 Ce 134E 99 De218T-02
Je 0«B6S7E 03 0e269E O3 Ce4B80F 02 D377 O} Cel3IWE I 0e218E~-02
5e DeBSTE 03 D.269F 03 D.480% Q2 De3T77E O De134E 00 0ea218E~-02
zZ = 4 ¢ 00
X
Y 10 20, 20. 40 50 60
Je %+ LO7E D3 QaaS7E B2 Qe 275% 01 0e754= 00 Je296E-01 0e5322-032
Se Qe 1077 03 DadS7FE 02 Qe B7SE 01 De7S4E 00 Qe 295E-01 Da5322-03
Ce De 172 03 De&8B7E D2 DeB75E i Je 7545 D9 Je296E~{1 De4532E-93
S Oa107E O3 Cea87F 02 0e 8755 {1 e 754 00 0e295E-01 0e532E-03
% De i3T7E D3 Qed85BTE D2 QeB TS5 {4 Da?754%5 DD O0e296E-01 0e532E-03
Se DelOH7E 03 Cad4S87E 02 e BT5E 01 S« 7545 00 Oe296E-01 0e532E-07F



B.5 QUTPUT OF SAMPLE CASE WG, 4

RAD WASTE QISTRIBUYTION IN GROUND WATER! SA

OF POINTS IM X~DIRECTIUM s ssensssszesvoosnsesssa

P\D* R

MOs OF PGINTS In Y-DIRECTION ssevsssssossnsnnssnnsna
mb Gg mng?S IN ZQSKP\ECTxDN T E DS PO AN DSDD DY YN DD DN Y
M, OF ROOTE: N, OF SERI®EE TERMS sssassnsssonsasasse
W& Bﬁ %?GXN"éI&:G “"ZME ST‘EgS EE E B ENEEALEEEELAEERENRSENREEE R

MO e OF FNDING TIME STED s srxssxssesassssxsaxxnxuxsss
M. ST TIMZ INTEQVALS FOR PRINTFDC CQUT SCLUTION s2sa
INSTANTAREDUS SGURCE COMTROL = ¢ FOR TNETANMT SOURCE
SQURCE COoMDITION CONTROL = 8 FOP STEADY BOURCE s.0e
IMTERMETTENY OUTOUT CONTRCL = 0 ND SUCH SUTPUT ssase
CASE COUNTROL =1 THERMAL., = 2 FOR CHEMICAL, = 32 RAD

AGUIFSR DEPTH, = 0.0 FLCR INFINITE DEEP IMEYERS) »4»
AGUIFER wWIOTH, » (.3 FOR INFINITE WIOE (METERSE <.
BECIN SOINT COF E-SCURCE LOCATION (HMETERS) srwwvsoxzus
EMD POINT UF X=SDURCE LUCATIOMN (METERS) eaensvscens
A GIN POINT OF Y-SOURCE LCCATICON IMETERSY ssss35s28
END 23 IMT OF Y=S80URCE LOTATION {METERSY assessescis
BEGIH 2OINT OF F=SUQRCE LUCATION {METERS) sxesssosx
END POQINT OF Z=-SOURCE LOCATION (METERS) cezeezos2ss

PORDISITY sasass

I N T EEEEERE I ENREBEEINENEEEE I I I I B I SN2 22N
HYDRASL IC COMDUCTIVITY {(METER/HOURY sovvsvevasssons
HYORAUL TC GRADIEMT covenn $2 00e9 09533000202 6b2060¢¢5%
LOMGITIOUNAL, DESPEDSIVITY {METERY sssss0s8s58828s0600
LATERAYL DISPERSIVITY (METER} sasssssssssssensonssas
YERTICAL DISPERSIVITY (METERY sascvsnsrsozsvssssvasnss
CISTRIBUTION COEFFYCIENY, KD (MFEIINT) castsssssass
HE BT EXTHANGE COERFILIEHNT {(KCAL /HR-MEEZ-0DEGREE (1.

MOLECUYL ag DIFFUSION MULTIPLY 8Y TOROSITY {(MeB2/ MR}
ECAY CONMSTANT {OFR MIBRLY ssoeeasssssoeacsonsosnmssan
FBILE DEMSITY OF TRE S0IL (CRARITCMBERIY sesvsaxssssva
AT TR ALY TOIRCRANCE ¥FIOR BETACHING STEFADY STATE sssess
CENSEIYY UOF WATEDS (KG/MEFZ ) sovvosevnancosscsusse

cxwe 0
TIRE INTERVAL SYIZE FOR THE DESIRED SOLUTION (HRY a6
DISCHATGEE TIME IMRT] noo060 383500063060 c3sva8038038835206
WHETE @R FasE @BYE {wCaL ArRi, {(KGrHRYy TR {Z1/S7HP Y &

QETARDATION FACUTOR soososssnssasenssenossssssssenssase
RETAIDED DARCY VELDCITY (MAMRY ssvo0svsevenvnvwsunsce
RETARDED LONGITUDIMAL UISPERSICON COEF, {M&EEZ/HRY o0
FETAANED LATERAL DISHSERS ION COEFFICIENT (M&xz MR}

EETARDED YERTICAL DISPRERS INN COSFFICIENT {(REXZ/HEY,

A

3

WOLE PROBLEM CASE

e TR
oG
Lad ees € 0an e L3 ok S5 1Y OB M

Cs LO00E Q2
D 20008 03
260

G 5330E O
Jad
3528008 03
09‘3
G210008 g2
020008 00
350938 30
GeBBGE-G1
$s3805E &2
250008 0t
G+ S5Q00E 013
Qo iQQQE-D1
G

Geol

0o 2320E~0Y
D 1200 04
Fe I Q0E-Q2
D.10008 04
3.1200E 82
3222008 032
313008 91

3a7LO0E 2
Ve ITHIE=L2
G sS282E~01L
D:8803E~32
3»8803E-02

30

)

= {NH0

2094



B.5 OQUTPUT OF SAMPLE CASE NO. 4 {continued)

[STVEEE

) N oo o=

DISTRIBUTION DOF RAD WASTE IN ©C1 AT Q.0 HP S
Z = 2.00
X
10, 20, 30 40e 50 60 o
Qe 2e90 0490 Qe0 0.0 JeQ 0.0
Se [ ] 0.0 Ce0 0.0 0.0 0.0
O [OF¢) Ged Je0 0.0 (] 0.0
Se Je 0 [ ] Jeld Qe Ded Ced
O [« ] 0.0 00 Qe0 De0 0.0
Se Ge0 0.0 Ged Vel Qe D [ ]
zZ = 4400
X
A 19. 20« 30. 40 SO 60 .
Do De 0 0.0 Qe 0 040 0.0 O.0
Se 0e 0 Jed Qe 0e 0 Da9 0.0
Qo 3.0 .0 Oel Ve Oel Ded
Se Qe 0 Qa0 OO 0.0 0«0 0e0
De 0.0 00 0.0 0.0 0.0 Q.0
Se 04D 0.0 De0 Qe Q 0.9 G.0
DISTRIBUT ION OF RAD WASTE IN PCI AT 0«1200FE 04 HRS
zZ = 2.0
X
Y 10. 20 30, 40 S50 . 60 o
Oe Je 268E 03 0.1078 03 De1845 02 Q0.1378 01 Ded454E~-D1 0.£835-03
Se Je268= D3 De1D7E 03 Qe L B4E 02 Del137E 01 De854E-9: 0e553E-032
i0. Qe 2685 03 Qe107€ 03 Ca182% Q2 Qe 137E 01 De8S4E-01 0+883E-03
iS5 Je 2682 03 De1J7F 03 Je 184E 02 Dei1375 014 De454F—-0} D+6B3E-D3
20. 3¢ 268E 03 G.107E 03 0.184Z 02 0.137E 01 Je654E=-01 Qe683FE=-02
25. De268Z 03 Qs LQ7E 03 Dei84= Q2 041378 0t Gad535E~-01 D.6835-03
= 4400
X
Y 10. 20 30. 60 50 6U o
Oe Je268E D3 Je107E 03 Del1845 02 01372 01 0ed54E-01 0e583E~03
Se O« 268F 03 Qe 107E D22 Qe188F 02 0.137E 01 0edS54F~03 0.683E-03
10 Je 268E 03 0107 03 Os 1847 02 0-137E 01t De354E-01 0.5832~03
18 Je 268E 03 0e107E 03 Del&aE @2 De137E 01 0s4S4E=01 De683E~-03
20 O« 268E 03 01978 03 J¢18B4E 02 0«137E 01 Ced54E=01 Qe583E-03
25 Je 268E 03 Be1l78 03 Qe 1845 02 Je1372 31 Je454E-D1 Oe583E-03

G- INYO

20

89



DESTRIBUT ION

[ JU T 28 (R
5 6 e 2 9 @

G s o

Y
S
1(}5
15,
QG‘
28

DISTRITBUTION OF RAD

£

3 1 oo 4

[~ Xe R~ R4 0e ]
2 &5 8 0 ¢ @

g o v

GV Rz iney
& ¥ p oy @ @

GO O

ol (a3 Ll (8

=
*

13

2878
267E
267K
2HETE
D ZETE
3. 267€

[(R=g 2w
? & 8 @

TEADY STATE SBLUTION M

Egz

Qe 266
&, 266E
3.« 268E
Da 266E
Je 2H6E
Ge ZEEE

03
a3
G
33
43
03

10

3y 2EEE
3 2667
Bas 266
3w 26BE
2o FOEE
Go 2665

[SXeTegRulel

Z =

o

@ e 6 & ¢ @
(e fm b P e e
DOUCRY
QARG @ o
MMM

9
=

mmmmmm

Zz =

[s XLy Lo go)

TOF RAD WASYTE

o
[

[N FRE RO

WASTE

28

D21 09E
2ot Q9E
3.1 028
B 1 OVE
3s LIVE
G303

CoOLOOw
» ¢ @ & & @
Rt R
SOOI R
QOB
mmmmmm

03
83
33
a3
03

Cab Lt {0 oF Ld LW

QPLEOoOCw

NG, 4

IN BCY AY

2400

[
>

Ja £ 905
Jy 1EOE
¢} QGE
B 1ODE
Qs L 9OF
O 190F

BEZN REACHED

IN PCT AT

200

320

Ge 3 OBF
e } IBE

> B ok @ B K
B S e ok e P
VOO OOd
B E AN

MR N

B PR G

{continued)

AR R A
OO0
P Ll

»

«

& & & & @ w
e e gt Gt G g
MO mng
1T M 07
G GO
e Bt fw e e bk o

m DOTOOC

(=

ga HE S

X
S0

Je 822E=31
Qs 495E-~31
Gs893E=Q1
Js 3YYE=FE
G2 29QE=[1
3¢ 499E=-21

%
53 s

T ARIE=-0Y
s RFOE=Q1
G 499F =01
32 899€=01
D2 BIVE-T]
Da & 20E-J3

SIMU AT ING

J1224E 06 HPS

ES

E1UN

R SHFE=DS
e BETE-LY
G BE7E=G1
s B4T7E=Q
Do B47E-D1
e BATE-F1

¥
S0

4TE~]33
G E=3 1
G¥E=G1

PR
.’.ﬁUﬂU’XU{

[T ey oL oge)

60

$0.788E-03
3, 788E~03
Do 7BHAE=GX
GeTHBBE~Q3
D, TBBE={3
B.7TBBE~03

&3

¢.7882-02
B 7RBE=03
G 78BE~03
D 7BBE~HZ
G.7TEBE-O3
$,788T~(33

Time

B3 e

B:s895E~33
QeBIBE~GR
G BOBE-02
CeBIEET~G3
G, B5F=33
F,835F5~-03

69
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LISTING OF FORTRAN SOURCE PROGRAM



AN OND

(@)

OO0

10

SIMULAYE THE WASTH
TRANSPORYT IN SATURA

APPENGIX C
LISTING COF FCRTRAN SOURCE PROGRAM

LEEL S LR LE ST LRI EEr R SR EE PR L LY *ﬁﬁ#ﬁ*%??

:w’

YEH Ge Te 1979e AMALYTICAL SIMULATICN TF YASTE TRANSPORT %
%
&

IN THE AQUIFER SYSYEM. DORNL- 5602, TAK RIDGE NATIOMAL

E
LABORATORY ¢ DAK RIDGE, TENNESSEES 37539 *
¥
¥

R0 %Ol 9k e o R O R K G AR O R R U R S N S R B KGR R AR R o O s S X

fINCLUDING THERIMAL, CHEMICAL, 03 RADIZATTIVE)
D AGU IFER BY ANALYTICAL METHGD

FOR ANY QUESTION ON THE PRCGRAM CONTACT DRe Ge Te YEH OF ORNL
AY {61%}) 57V6-7285

140

230

DIMENSION TITLEL20) s XDIM{IS),YDIM{ 10D)ZDIM{{

DIMENSION TEMP{1S5:10410)s TEMPO{ 1510410

DIMENSION RTY{I0003 yAIVIID0OCI 2»PSIS{I000YeFCTY{ 10,1202
OIMENSTION RYZ{1000Y »ATZ {100C) ,PHIS{I0UOY»FCYZ{ 10y 12013
DIMENSIOMN G8{1281)

DATA MAXNX; MAXNY 3 MAXNZ o MAXNT I s MAXRUT /154125 104,1201,100G/

o0

Do

00

ALL UNIYS IN THIS PROGRAM ARE THE S SYSTEM

{=1 s MAXNX

Q0 J=1MAXNY

O 100 K=isMAXNZ
TEMPO{I43sK}I=0 6D
TEMPLI 33K I=DE

MA XKNK

- p

x
g

ws |
ot bt

et
e

(=]

3

@

4 ANY

G -9

1o MAXNT
2332000

<N XN
oo
ot ¥
no =
e Y\ EL ™Y
4QMV
@
*Lg II'
oa 3 w.s-

QNN
[aJe X3l

1o MAXNT I

O a0
T0d)=0 ¢0

300 I=1 . MAXNTI

MATN
MATN
MA TN
WA TN
MAIN
MAKN
WM&

'\‘H\x’\ﬂ

[OR (VN ]
YO RO GO

MAIN
MATN
MAIN
MATIN
MAIN
MA LM
MA TN
Ma TN
ME TN
MA TN
MalN
MAIN
MATN
M&ZTN
MATN
MA DN
MAIN
MATN
MATN
MAIN
MAIN
MATN
MAINMN
M TN
MA TN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MA TN
MATN
MAIN
MAIN
MA TN
MATN
MAIN
MALN
MAIN

e bR s i 0 ® e B e (e GF G

UG~ QOO OODNNOOPUUS 2 OIN TS e o 2
P ALAOURORCEQULOACHOIOMORILOoned

NN R2 DD PO D) N N =2 s i G pod 57 gam o % Lo

[4

N
S
(]

2585
2505

>

-IN

(Ga]

N

¢9



APPENDIX C {continued)

300 QAS{I¥=1.0
DG

t 4
Q
[« ]

MA X RUY

» 00
ol ot ]
NN <
e Yo W
=t St g ot
(e ]
UL Bed
LLQ.
4 9 2 @
OO0

300

ee—e—w~ PASS THE PROGRAM TO AT123D

IO

CALL ATL123D(TEMP,TEMPOs XDIMYDIMZDIM RTY cAIY,PSI S5,FCTY,
> RTZJATZWPHISFCTZiQSs TITLE yMAXNXsMAANY s MAXNZ s MBEXNTI » M5 XRUT 3

O

STGR
END

MAIN
MATIN
MAIN
MATN
MATN
MAIN
MATN
MAIN
MAIN
MATN
MATIN
MATN
MAIN
MATIN
MAIN
MAIN

255
262
2588
270
275
280
285
290
295
3090
305
310
315
320
329
339

£9

¢095-"INGO



APPENDIX C {continued)

SUBROUTINE ATI2IDITEMP, TEMQD'XDIM-VDYM.ZDIM.QTY-AIY.PSES-:CTYa

> RYVZsATZWPHIS,FCTZ, QS»? TLE e MAKNX o MAXMY o MAXNZ , MAKNT I 3 MAXRUT

C
DIMENSION TIYLT{20) XDIMIMAXNXIoYDIMIMAXNY) 9 ZDIME MAXNZY
DIMENSICON TEMP{MAXNNsMAXMY s MANNZ ) 4 TEMPO{MAXNK MAXNY ) MAXNZ %
DIMENSTION RTY{HMAXRUTI s AIVIMAXRUT ) yPSISEMANRUTY o 52 TY{ MAXNNY s MAXNT [
DIMENSION RTZ{MAXRUY I ¢ A [ZAMAXRUT ) oy PHIS{MAXRUT ) s FCTZ{MAXNNZ sMAXNTI )
DIMENMNSTION QSIMAXNMNYT )
C
DATA CP3PAI/1 a0y 34141593/
A
T ---—=—-w READ IN TIVLE, SYSTEM DPARAMETERS, AND CONTROL INAUTS
~
c
P99 READ{Se 10 END=G999) TITLE
READ IS 2201 NXINY NI HZNRODT HZNBGTE ZyNEDTT I ND2R INT yINSTANZNSOURSy INTER,
1 ICABE.IWID, IDER, [BUS
READ{5+430) PEPTH, YIDTH.RL1sRL2,RE Y1, RE2,R=1,RH2
READ{S 430 POR,HCOND) HGRAD »ASLONG s ATRANV s AVERTI 4 AKD ¢ AKE
READA{S 30} AMTAU RAMADA oRHOBIRHOW4ACCUWDT 4 7T1ISP,Q
Q"H@(Jo393 EXDIML T I ,NX )
READ (S 30) (vYDIM (§§'1—13%Y3
READ{Se 307 {ZOIMITY4I=1,N2)
IFINSOURSoNELDY READIS 30 {QSII)eI=ieNSTURS)
[F{iHIDeFTl el WIDTH=DQ
IFLIDEP «EGed ) DEOTH=0D
C
C ————— PRINY TITLE, SYSTEM PARAMETERS AND CONTROL INPUTS
c
HRITE{S,1000) {TITLELTIY ,1=31,20)
HRITE{(S+11003 NXeMNMY aNZoNRODTHNREGT I, NEDTTWNPRINT L, INSY AN, NSOURS,
> IMTER,ICASE
ARITEL(S 412007 DEPTHHIDTH,RLIHRLZ2,RE1,yRB2,RHI1,RH2
WRITE{S, 1300} DORL,HCOND ;HGRAD HAZILONGIATRANV ¢ AVERT I 4y AKDe AKE
ARITE{ S, 1800) AMTAUsRAMADARADS, ACCUsRHDH DT TDISP, 0
TFINSOURSSNE DY WRITE(6,20003 (GSAT12TI=1+NSCTURS)
C
c
C ——-———— MAKE SOMF DORSELIMINARY COMPUTATIOMS
C
NTDISP=TDISR/DY + {.,0001
XS=Q o D
Y5500
2820 o &
IF{RLI «EQeRL2) XS=RL}]
IF{RBlEQeRB2) Y3 =RE}
IF{RH] sEQeRH2I Z5=R¥1
QTCT AL =Q
IF{NSOURSNESDY) Q=140

ATAD
ATID
ATID
ATID
AT3D

IQP OO
[FTRTT RV S o)
R NDNGN

=
o
o
[

QU

NARQE DL L GO N s

<
CRORSGEHORT RF 0

P e R LIRS B W .
&

209G~ INY0



APPENDIX € {continued;

<

s18 T8 X 1R)

']

DOV

YYD

oo aONan

FACTOR=1.0/7(CPERH0OW}

IF{ICASE«E0.2) FACTOR=1 .0F3

IF{ ITASE.EG.3) FALYOR=1 ,0E5
RATIO=1,.0

BLl1eNERL2) RATIC=RATIC/{RL2-FLY)
ABlNE.REZ2} RATIO=RATIOA(REZ-RB1}
2

Ie¢
IF{
IFIRHL-NE.RH2} RATIO=RATIOA(RHZ-RHL}

= meeeees COMBUTE RETARDED YILOCITY, DISPERSIOHN COEFFICIENTS,

mmmmm = OTHER PARAMEYTERS

RETARD=1.3 + RHIBSAKDSDPOR
UF=HMCONDEHGRAD/{PORFRET ARDY

BIE= AEL ONGRUF +ART AU/ {RPUORERETARD Y
AKY= ATRANVEUF S AMT AU/ (PORERETARD )
AXZ=AVERTISUF+ AMT AU/ {BORERETARO }
REKE={AKE/{ PURRRET ARG} ) FAKE

RUTP AR=1.DES0

IF{IDER MEA0) ROTRPAR=RKEBDEPTH

WRITE{SE,1380) RETARDUF AKX 8 KY , AT

o amerse COMPUTE RTY{I} AMD AIV(I} FUOR FIMITE $WIiOTH CaSE

IF{IWID.EQ.D} G0 TO 184
00 130 Isi NRODT
RITYEII=IRPAI /W IDTH

135 AIY{LI=8-0/%wI0OTH

e enwwa WRITE QUYT Y-S IGENYALUES AND Z-CUEFFICIEMYS
IF{IBUS.EG.DY GO TCT {83
WRITE(S,31003 (RTY{I},I=1,HRO07}
WRITE(6,32001 (AIY{ 1}, I={ ,NRDUTY
e e COMBPUYTE RTZ4I) AMD AIZ{IY FOR FINITE DEPTH CASE
180 IFLIDEPRP.EQ-D} GG TC 290
wa e meme FOR THE THEQMAL CASE, (.5, AKE NOT €GUAL YO D.5
IF{ICASE.MNES1} G0 TO 2380
DO 299 I=1NRGOT
230 CALL ROUCT(RTZSI.ROTPAR . MAXRUT?
00 219 I=1l,MR0OT
RTYZLIY = RTYZLIISDEDTH

AMD

ATED 30%

ATID 312
ATID 3318
ATAD 320
ATAD 3895

330

5y
A

095~ Tiu0



APPENGIX € {continued)

[aXala)

[aXaXaXaleYe!

[aXale] 8]

lalare)

[aYaXaleYe!

DENOMT=0EPTHE( ] O+RKERX2/DTZ{ 1) %22} + PKE/RTZ{1)u%2
210 ALZ{ £3=2453/DENOMT
G0 TS 285
------ FOR THE MOM-THERMAL CASES
259 DO 250 [=1,NROCY
RYZ{ I =YD AL /DEPTH
263 AIZL [3=240/7DE0TH
—————— WRITE OUT Z-SIGENVALUES AND Z-COEFFICIENTS
285 IF{IBUG.ZG.0} GO TO 29¢
WRITELS43300) (RTZ{I1)e1 =% NROCYT)
WRITE(6+3400) {AIZA 131 =8 4NROTT)
—————— COMPUTE SOURCE PART OF EACH OF THE SERISS TE2MS
------ COMPUTE SOURCE PART OF EACH OF Y-SERIES

290 IF{IWiDeEGeD) GO YO 110
DTG 340 I=1,NROOT

IF{REL.EQ.RB2Y PSIS{II=COSI{RYY{ )uyS}
IF(RSY NEJRADY PSIS{II={AWIDTH/{IROATII I R{SIN(RTY{19%R D2}
> SIN?PTYQE?WQS?)B

300 CONTINUE
m——e—e—e COMPUYTE SOURCE PART DOF EACH OF Z~SERIES

319 IF({IDEPLEQLD) GU YO 330
DO 320 I=1,NROCT

1IF{RHl4E0eRH2} DHIS{I1=COS{RTZI{I) A
IF{RHE eNEoRH2) PHIST I5=(STNERTZ! [ J@RH2I=SINIRY 20 1 } BRI 3
> RKE/RTZALIH{COS (RTZ (T IRRH2I=COS{RTZLL IRPHLIIY /BTZL1)

320 CONTINUE
wme—m—e WRITE OUT THE YS=SERIES AND ZS~SERIES

339 IF{IBUGL,EN.D) GO 7O 3590
IF{IWIDLNELDY WRITE(S, 35

00y NROMT=
IF{IDEPWNE«G ) WRITE(H,35800) (=

s I=1y

2 I=1 4 NROOT
——————— COMPUTE THE Y- AND Z-PARY OF THE INTEGRAND
——————— IR EACH SERISS TEuM

350 DD 4903 IT=1,N5DTY
TIMEDS(IT=43%DT

Z53)+RKE/RTLZI IVRSINIRTZ{ 1525}

AT3D
ATID
ATID
AT3D
AT3D
ATID
AT3OD
AT3D
AT3D
ATID
ATZD
AT3D
ATID
ATBD
3D
AT3ID
AT3D
ATZD
AT3ZED
ATZED
AT3D
ATID
AT3D
AT3D
TR
ATI0
T30
T3D
ATAD
AT30
AT3D
AT3D
AT3D
ATID
AT3D
AT3ID
ATID
rap
AT3D
ATID
AT3ID
ATID
ATID
AT3D
AT3D
AT3D
ATIO
AT3D
AT30D
AT3D

NS i e £

[ CRLRY)]

¢(54-INd0



APPENDIX

sXale)

[aXaTaYalale

QO

- e mems o -

318

2 i SaREES S0 2 B0

D e s AAatee ser

429

425

P L

4390

r
)

{continued;

IF{IT,EQ.1) TIMED=DT

DO 440 TV=1,MY

<

F=vUIMLIY)
TO EVALUATE ¥ FEUNCTION Y1{v,TIiTAUY OR v2{¥, TiTaul

e
QP G0 YO 420

IF{IRIDEQ.

IF{ITLNEL1} GO T8 410

FCIYL Y ET3=0,0

IFIRBLEFQ.RB2 ,AND. Ya2EQs¥S) FCTPIIY,1Ti=lef
IC({RBL.MELRBE) o AMND, §VY.5E.RBL »Aﬂﬁ» ¥e s RB23
FCYY{I¥s IT¥=1.0

G0 TS 449

CALL SERIZY{SERY ¥ ¥ S ;RO RBZ WIDTH:TIMED ARV, BTY 8 TY
PSS MAXRUT, NROO TS

IFIRBL.EG:RB2) FCITY{EIY. [TIx1.0/WIDVHeSERY

IF{RIBILNEREZY FCTYLLY, ITI=(RB2Z-RABI I AW IDTHs SERY

IFIROILEQG0 ANME, R22. EQ;?E?THg FCYWEIY,iTh=1 .0
LOR L ¢

IF{FCTY LY, IT 10t T 03 &
G0 TO 440

¥YelTh=i,0
T EVALUATE THE FUNCTION ¥3(Y.YTaUY OR Y8 (¥ TiTaUd

TO OCOMPUTE FUNCTIONM Y3

IFIRBI,NMELRRBDY GO YO 430
IF{IT-NE«1Y GO TO 425
FLIP{Iv.1Ti=0.0

IFL{YsEQ.¥8) FCTY L IYITI=1:9

GO TO 448
YI=S5ORT{4,. DL AT RAKYET IMED )
EARG={Y-¥SIR{Y=¥S I/ {2, PRAKYRT IMTD}
IF{ARS{EARGI s BT 1000} EARG=LI70.0
ELTY{IV21T1={ LB/ YIIR{ELP{-EARGT]
GO TO 440

TO COMDUTE FUNCTION Ya

IF{ITeMEL1Y GO T3 435

FCYYLIV.ITI=0L0

IF{YLGERBL +ANDe YlLFLRB2Y FCTY{IvITi=t.D

30 TGO A48

SRY=SORTL4 ., OFAEYETIMEDS

ECYYE IV, I Tis{ERF{I{Y-RALIASATI-ERF{{¥-3EZI/SRTIIS2 4
ONTINUE

00 a8 IZ=1 Z

Z=72DIME Y

ATIO 78S
AT3LG 760
AT ID T65
AT3D TP8
AT3O 778
AT3D 730
AT3G ?8%

AT2D RS
AYID BGG

[ L

ATID 295
ATIOL 300



APPENDIX C (continued)

OO

(@]

C
-

e

c

48590

465

4790

EVALUATE THE FUNCTION Z1{Z+T3TAU} OR Z24{Z, T;TAU}
IF{IDEPEGe V) GO TO 460
IF{ITeNESiIY GO TO 453
FCTZ{{2+9TI=040
IFERML oZQPH2 (AND. ZeZfNe29%) FC7Z(§Z'§T3wiaO
IF{IRHT NEeRH2) o ANDe {ZaGEJRH]1 oaMND, Z.lFEeRH21Y
FCYZ{1Z41T3i=1,0
GO TO 489
CALL SERIFZISERZ 1 Zy TIMEDsAKZ s PKE ZRTZ4AIZ+DPH IS MAXRUT S NRCOTY
FCYZ{1Zs1T7})=SERZ
IF{AKESZEQeDe eANDe RH1eEDRM2Y) FCTZIIZ4I1T)=1e0/DEPTHFSERZ
IF{AKESEQeD e oefANDe RHI1GNEGJRH2Y FCYZ{1Z o1 TI={RH2=RHI J/DEPTHS
SERZ

IFIRMH1eEQeD el oANDe RH24EGDEPTHY FCTZ{IZ I 7i=1 4D
GO0 TO 489

EVALUATE THE FUMCTION Z3{Z»73TAUY OR Z6<¢{Z, T3TAUY

TO COMPUTE FUNCTION Z3

{F{RHI.NETK2Y GO TO 470
{F{ITNMES1Y GT TD 485
FCTZ{IZ241T1=04.0

IF{ZeEQe2Z%} FCTZL IZ4IT3=1.,0
GO TO 489

AKZT=4 4 DRAK 25 TIMED

AKZTO S =AKZTSDAY

AKZTASTAKIT /4 40

EARGLI={Z-23 3w (Z~2S)I/AKZY

EARG2={Z242S 1% {Z+ZSI/AKZT
FARGI=AKZARKEXNK EXxT IMEDFRKERL Z+2S)
ARG={24+2S)/SQRT{AKZT? 4+ RXEBSQRT{AKZT4S)
TERMI=0,0

IFIEARGL LT e100e0} TERMITEXP{~ZARGY I/SORT{AKZTO1)
TERM2=040

[F{EARG2eLEel1D0e0 ) TERMZ2=EXPI=EARG2}I/SART{AKZTP 1}
TERM3=0eD

IF(EARG3 LT e10040) TERM3=-RKEXEXP{EARGI ) #{ | o D~ERF{ARG))
FCTZ{IZITI=TERMISTERMZ$TFERMS

G0 TO 4890

TO COMPUTE SUNCTION Zs

IF{ITeNESalY GO YO 475
FCTZ{1Z+17)=0D«0
IF{Z.GEaRH]l o¢ANDe ZelLFeRHZ2) FCTZ(IZ41Ti=1.0

AT3D1 235
AT3ID1H8D
AT3D10485
AT30E D50
ATIDL 455
ATZD10860
ATE51053
AT3D1070
AT3D1475
ATID1 580
ATID108S
AT30: 890
AT3D10895
AT3D1100
AT3DL105
ATBDK"‘
TWDZl
Ar301
AT3D1
AT3DI
ATZO1 ]
X?é i
ATITT Y
ATdBl

AT3DI
AT3D1
AT3D1
ATHEDY
ATJD!

3
-.‘
130
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APPENDIX C (continued)

@]

[aXkXeXe)

(e}

(8}

GO TGO 4848

475 AKZTI=SQRT (4., ORAKZET IMED)

AKZT2=AKZ2T1/2,.0

ARGI=(Z+RH2V/AKZT {

ARG2= (Z+RH1 )/AKZT
ARG3=(Z-RHZ2I/AKZT1

ARGA= {2-RHL }/AKZ T}
ARGE=AKZ*RKEXRKEXTIMED + RKER{Z4+RH2)
ARGE=AKZHRKEFIRKERXTIMED 4 RKEX{Z4+RH1 }

TERMSS4=0 ., 5B (ERF{ARGII-ERF{ARGZ I-ERF (ARGII+ERF(ARGS} )

TERMS=0 ¢

IF(ARGS LT+ 100+ TERMS==EXPlARGS}I%{ |- 0~ERF{ARGI+RKERAKZTZ})

TERME =0 0

IF{ARGO «L 7100} TERME=EXDL ARGAI®R{ ] +0~ERF{ARG2+RKEXAKZT2}}

TERM78=-~(SRF{ ARG] }=ERFI ARG2)}
FCYZ(I1Z 4 ITI=TERMSA+TERMS4+TERMELTERRTS

483 CONT INUE
4303 CONT INUE

°°°°°° START TRANSIENT LODB COMPUTATION

TIME=Q.0
0O 800 ITT=NBGYI NEDYTI.:NPRINT

DO 71D IX=1eNK
D0 710 IV=1eNY
D0 710 1Z=1.NZ
TLO TEMPO(IX IV IZ¥I=TEMP LI 1Y, 17}

IFTINTERL.EG.DY G0 YO 728

TF{ [CASEL,EQe 1) WRITE(E.5100) TIMFE
EF{ICASE.SQ.2} WRITE{S,:;5200) TIMF
IF{ICASE,EG.3Y WRITE(ESSR00Y TIME

OC 720 I1ZOUT=1.N2Z
WRITE{E.6000) ZOIM(IZ
720 CALL ALLOUT(TEMP,; XDIM
> MARM X MAXMNY s MAXN 2}

728 TIME={(ITT~1}2DT

DO 760 IXM=1sNX
X=XDIM{Ixxy
DO P0G IYY=i,NY
Y=YDIMUIYY S
DO 740 1Z2Z=1.MZ

AT3D1255
AT3D1260
AT3D1265
AT3D1270
AT3D1275
AT2D1 280
AT3ID1 28S
AT3D1290
AT3D1295
AT3OL1300
AT3D1 305
AT2D1316
AT3D1315
AT3D1320
AT3ID1 325
AT3DL 230
AT3D1338
AT3D134D
AT3D1 345
AT3D1350
AT3D1 355
AT3D1 360
AT3D136S
ATIDY 370
AT3D1375
ATID138%
AT3D] 385
AT3IDI 390
AT3D] 395
AT3ID1 400
AT3D140S
AT3D1610
ATIDIALS
ATIN1 420
AT3D1425
AT3D1430
AT3D143S
AT3IDL 440
AT3D1 445
AT3D1450
AT3D1455
AT3D1480
AT3D1 465
AT3D1470
AT3ID1475
AT3ID1 480
AT3ID148S
AT3D1 490
ATIDY 495
AT3ID1500

69

NGO

i
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PPENDIX C (continued)

Z=Z01M1 2229
------- BRAMCH TO INSTAMYAMEDUS SOURCTE OR CONTINUDUS SOURCE
IFCINSTANG 731,732,731

——————— FOR THE CaSE OF CONTINUDUS SOURCE FOR THE DJRATIDON OF NTDIGP
73X iﬁ(iTT.LE.\TDYSP‘ CALL TINTEGIS+XeXSsRL1RLZ,

FCYYL,FLITZ, ’ME.iVY.\221§TT,UﬂoQT-AKX'QAMADﬁgQS.
MAXMY 3 MAXNZ , MAXNTT, I8STANM)
EF(ITT.GToNFDXSDB fAL” YVMT?G(S.K’XS.RLI.QL2.

> {
-

vV VYV

MAXMV.MAXNZ.VAANTs.IFSVA\)
GT TC 733

mmwm—mee FOR THE CASE OF INSTANTANFOUS SOURCT RE_EASE

732 CALL INTEG IS e X9 hMSeRL1sRL2sFCTYsFLTZs TIMESZIYY2a1ZZ4iTT,
> JFE oDV o AKX 9 RAMED A Qa.MQX\Y MAZENZ g MAKNT 3:1NS?AN3
S=S#2,0/DV
733 TEMPLIX X IYY, I1ZZ1=SROQERATIDEFALTOR/{PORERETARD)
748 TONT IMUE
750 CONT I NUE
60 CONTINUE

IF{IYTWEGeNBGY Iy GO 0 8GO
IFINSQURSNE D) GT TO 805

m——————— THECK ¥ STEADY STATE SOLUTION =AS BFEEMN UBTAINED

—————— BESCOT THE FINTAL SEIMULATING TiME
DIFMAX=D0
20 779 IX=71 8K
DO 778 EY=1.NV
DG 770 1Z=1.NZ
IF(TEMPOIIX sIY,IZ 14CCele0) GT TO 779
DYV“&BS(TF%PiYX»TV::Z)/T?M Of IXs IYyiZ3-1e0%
IF{DIFJL EeDI®FMAXY GO TS 770
DIFMAX=D1F
7740 CONTINUE

IFIDIFMAX L T«aACCUY GT TG 91D
A90 CONMYINUE

WRITE(6,70006 7
GO YO 929
G100 WRITILE,B8000
G20 CONY INUE

FLTY s FCTZ o TIME s IYY 3 Y ZZ s NTDISD3UF 4 DTy AKX s RAMADA 97S

AT3D:5
ATIDILIS
AT3IDILIS
AT3D1S
ATIDLS
ATIDLIS3ID
ATID1S3S
ATIDLIS4C
AT3Di1548%
AT3DISSD
AT3DL158%
ATIDLIS56D
A T3AD1S6H5
AY3DISTU
AY3IDISTS
ATJ&ASPO
ATI3DYIS58BS
AT3035§0
ATID159%
ATJO16G=
3518683
AT?DTS’
ATIDIB15
ATID16E2
AT3DY1 625
ATIDIE3D
ATEDRGBS
IDNLELGD
Q’“Dlé@ﬁ

o33
10
15
2§
2
3

5

OL“SJL‘

L4

201670
Af%Di&?”
AT3IDLEAD
ATIDL1H6H5
AT3D18%0
ATID1DI5
AY3DLT700
AT3IDI Y705
ATEDLI7L0
ATIDLITIS
ATIDLT2G
AT3D172%
AT3D173D
ATIDI 738
AYIDLT740
ATZDI745
AT3D1750

¢098G-NY0

07



APPENDIX C {co

YYVVVYVVYVVYY

{200

VAVAYR'AS A

{320

A A A A A A

{7{ TCASE

oEQ 1)
I¢(ICA€E;¢Q.¢’ WRITE
IF{ ICASE.FGe3} WRITE

ontinued;

WRETE

DG 930 1Z20UuTs={,NZ

WRITEL(S

»60G0 1

ZD M
CALL ALLOUT{TEMR ;%D

MAKMNX s MAXNY o MAXNZ Y

DO 980

oo 950G |

250 IX=

1 s NX
£¥=1,mY
T=1 ME

S100) TIME
5200 TIME
53001 TIME
Z0UT
M ¥D

TEMPL{IX 1Y +$23=0.0

G0 YO 89¢

CONY THNUE

EORMAT {2044}
FORMAT{1615)
FORMATIBFIG .03
FORMAT{IHL ¢« /77«3 X 2044

EORMAT (1n
tHNOe OF
SNG e CF
INO ., OF
TING. OF
*HO. OF
INGCs OF
NG . OF

FORMAT(iM

tAQUIFER DEOTH, =
PAQUIFER WIDTH, =
*HECIN POINY UF X-SOURCLE

s FS5X

MO,

s /3K«

oF

POINTS IN X=DIRECTION
POINTS IM Y~DIRECTION
POINTS InN Z-DIRECTION
ROQYVS T
BEGINNMNING TIME STERS .
ENDING TIME STER o
TIME INYERVALS FOR PRY
PINSTANTANEOUS SOURCE CONTRCL
fSOURCE CONDITION CONTROL =
PINTERMITTENT OUTPUT CONTROL =

*CASE CONTROL =1 THERMAL, =

IYE

39 3
® 8 2
LR I ]

SERIES

=4
»
xR} ®
pe

.
L]
NT

2 FOR

0.0 FOR INFINITE
0,0 =0R INFINITE ®WIDE (METERSY «»

LOCATTION

tTND POINT OF X=-SGURCE LUCARTION (

1IBEG
PEND

I B

INT OF

*BEZGIN POINT OF Z-30U
PEND POINT OF Z-SOURCE

FORMAT (K
tROROGSETY

SHYDRAULIC CONDUCT IV

s 75X s

B 23 28 08

CHYDRAULIC GRADIENT

tLONGITIDUNAL DESDER

»
1
®
5

S_ATERAL DISPERSIVITY
B!sQFQaKVI?V

sYERTICAL

MIISTRIBUTION COE
THE AT EXCHANGE CO’FF!»!E-

5 S B2 ED 58 BE O
9B sBE SN DEE
&5 20 55 BDRY
S D EH /DS KD
a4 5 PESE R D
X DHE R B E DS
O

OUT SOLU

FOR INSTANY SJURCE
g FOR STEADY SQURCE
O WO SUCH DUTDUT

CHEMIC AL »
DEED  {ME

{METERSY
METERS)

*

¥Y=-SOURCE LUCATION {({METERS

RCE LCCATION [METEQS

Ho v{'

"ﬁ
[
&
Y e o

3
POINT OF ¥Y-SDURCE LOCATION (METERSY 4.
3

LOCATION (

@« Ne

BRI R T Rt
MmRMD e 4o

twm (4o T=
ik ]

n
v Z

{ 1A%

»
£

.

M :
Yo
=

s}
KCAL S

METERS)

2
YR}
£l
? EE OHD 0L W
25 3% 03 €Y
© 3 DOEDOE D DS

E3/KGY sso
HR -MERZDE

2% 548 38D
29 2DB DB &
50 PP O EY D
"e ST O GO Q
a2 BRSO
S D3 %S9 B
TIDN ® 38
o9 2
% 0

= 3 RAD
TERSY e

2% 903 3358
*B b8 B0
e 92 e 28D
RN E RN XN
I EEEEER
o3 208 50 ¢

89 99
LN N

L4
®
®
*®
@

% » ¥ BB e

®
-

®
L]

* 3 & B B xR B

B 8 O @ 2 & & @

[ X0 R RGN
N
(&4
X
-

SX e

- W D B M @ oo W o @
W @ w W W W P W W

Dot B g 6ok 08 et nd P00k B Gt
o
-
4
®
o

s 475X,

RS ER N R
A B et e gk s GO0 D

ATIDL 788
AT3ID1IT60
ATIDL1 765
AY3DYT?R
AT3IDL?YS
AT3DL 780
AT3DYIT8S
AT3OL T30
ATINL79S
AT3D1340
AT2CL 835
AT3GLA1G
ATIDLELS
ATID1I8&20
£T3031825
AT301 83D

TI01 835
ATID: &40
AT3D1BSS
AT301850
AT3INDI 858
AT201 865
AT3D1 B6S

CAT20IBTR

ATINYIATS
AT3IR1 880
AT2D 885
AT3D1399%

ATANIS4E
ATIDLI950
ATIDIZSS
ATIDII6E
ATIDIYES
ATIOLI7D
AT3IDISTS
ATADI 28
AT301983
ATID1IO9G
AT301995
&T302300

¥

i0

P

G-TiN
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APPENDIX C (coniinued)

1400 FORMAT{IH +/5Xs AT3024085
> "MOLECULAR DIFFUSITION ML TIPLY BY TCROSITY {MEXk2/HR) $,512.8/5X, AT3020410
> "OTCAY COMSYAMTY (OER HMOUR) eveeveseceessrsesesssesnsce ' 1S1248/5X, ATID2GLE
> BULK DENSIYTY OF THE SOOIl {(GRAM/ZTMERI3) ceeesssesceses? vy Ei12,4/5K, AT3ID2022
> PACCURACY TOLERANCE FDR REACHING STEADY STATE sessee s T12e0/5K, ATZ2D2025
> WDE‘\qu“aY DF WATEQ (KG/M**B) ® 9 &5 088 00O ELTESS 0...'.."5;2.1’/5)(' ATE;DZOES@
> 1Y IME IMYERVAL SI{ZE FOR THY DESIRSD SOLUTION (HR} e ' 1E12e6/5%, AT3ID2035
) 1DZSC?€A;?G=: ‘:’-’MF{ gHQ; ..h,(‘.'ﬁ'...’...'.0‘.'5...-‘..“-.."Eid %/\)’(' AT33204'9
> 'WASTE RELEASE RATE {KCAL/HER?y {KG/HRYy DR {CI/HRY «"9yE12.6/7) AT3D2%45

1500 FOIMAT{LIH0»/5%, AT3D2458
> TRETARDATION FACTOR s e ee0s0ssoscosccsaseocssscncnsnssess ' sCi2¢68/5X, AT20205S
> 'REVARDED DARCY YELLZCTITY {M/HR) eeeeevessccnsssasnseaes’ ) E12.8/5X, ATID2560
> IRETARDED LOMGIYUD INAL DISPERRICON COEF, {M*WZ/HQ? 2 a3 TE2583/5Ky ATIL23565
> IRETARDED L_ATERAL DIEPSERSIOM COEFFICIEMT {(MER2/HR) 1,E52,6/5%, AT3D2070
> IRETARDED VvuEQTYICAL (DISPERSICN COEFFICIENT QM“*Z/HQ?»’?E§2n@/5 AT3D207TH

2000 TORMATL M0, 4%, 'LIST UF TRANSIENT SOURCE RELEASFE DATE'/IS5X,10Ei12.33 AT3ID208%
> 9 ATID208%

3100 FORMATT IHT 14X 'LISYT OF Y-EIGENVALUES'"/{SX,i10E12e6 1} AT3ID2090

3200 FCRMATH( IHD»4X 4L IST OF Y-COSFFICIENTY/{SXK,,L0FE124 3% ATB”2095

3300 FORMATI {HI &Ny LIST OF Z-FTIGENVALUES®/{SX,i0E12ea )} T3ID2:150

3430 FORMATY {HO,,aX, "L IST OF Z-COFFFICIENTS'/{SXsi0GE12e6) 7} ‘\TBDZ"}C‘S

F500 FORMAT{AIME ,8X 7L 18T OF YS=SERIESI/{BX,iIF1254&) % T3I021:0

3800 FORMATL (R0 08X, 9L 1ST OF ZS~SERIESI/{EX i 05 12eH 5 1 AT*D?ixs

S10C FOWAT{ LM yAK " TEMPERATURE DISTRIBUYTION M DEGREZ £ AT sELi2ebs? ATID212%
> HOURSY) ATID2i25%

S200 FORMAT{ iH1 98X, '"DISTRIBUTION OF IHREMICALS IN POB AT ,E1{2.,48,' SRS AT3D2:133

S300 TOMAT i1 yOX,'DISTRISUTION OF RAD WASYE IN PZT AT ¢ ,E12,8,% HRS*} AT3D2138

[oRReRE ;GQMﬂigi”0|20Xo'l = Y L,Fi0 .29 ATID2:40

TRO% FORMAT{1HO, STEADY STATE SITOLUTION HMAS NQOT SEEN JEACHED SEFLRAE FINA AT3D2145
DL SITMULATING TIMEr/ /% AT3D2550

3000 F@QWAT{XHQ’"SY‘_ADY STATE SCLUTION RAS S9ZEM DETAINKED BEFORE FINAL AT3D2155
> SIMIB ATING TiMeEv s/ ATAD21 60

RETIRN ATID216%

END AT302178
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SUBROUTINE ROGTIRTZ s I+ROCTPAR, MAXRUT }
DIMENSIDON RTZ{RAXRUT}

ZL=RTZ{1}

IF{T o GTal}l ZFL=mRTZil-=134+3,01
ZL=2L 4001

FZL=ZL% s IN{ 2L }=-ROTP ARKCOS{ LY
2R=FL 40,014
FZR=ZRESIN( IR -A0TRARKCOS{ZR}
IC{FILEFINR L T.0-0% G0 YO 200
GO To 1400

FEL=Z2L 2SIN ZLI-ROTRP ARRCUS(ZL}Y
DO 3080 4=i,.86

ZH={ ZLE IR A2 0

FZH=ZHB SInN ZHI=ROTS ARRCOS{ ZH1Y
IF{FEZHEFZL LLE-8. 8 SO T3 4068
ZL=ZH

FZL=FZH

GO YO 3480

ZR=ZH

CONT INUE

RTZETI={ZL ¢+ZR} /2.0

QETYEN

END

30T
ROOT
ROUT
=O0T
ROOT
R OOY
R3GT
ROOT
ROOT
&Q07
=007
ROCGT
[ROOT
ROOT
rROOT
=2O0T
ROGYT
ROGT
ROOT
[Iulehy
ROOT
&OQT
RO0T
ROCT
RODY

209G-TTNIO



APPENDIX € (continued)

S5
(=]
[=

N B

200

@B~

-t
Q 0

SUSROUTINE SERIEY(SERIYIWSIRB1,RB2,B8sTIMEDIAKY RTY,A 1Y,
> PSISsMAXRUT JNRPOOT)

DIMENSION RTY(MAXRUT) A IV{MAXRUT) ,PSIS{MAXRUT)
DIMENS ION YTEUL (15}

EPS=0.,0001
R=1

1

1

1

wionm

L X

ASSIGN 100 7O IFC

GO TO 500

YTEUL{(1}=FCT

SUM=YTEUL{1?%0.5

J=9

I=1+1

IF{1=NRODT) S5+5412

M=1

ASSIGN 200 TO IFC

GO TO S90

AMN=FCT

DO 6 K=1.M

AMP={ AMNSYTEUL{K) }%0e5
YTEUL{KI=AMN

AMN=AMP

IF{ABS{AMN) -ABSS({YTEUL{M)I})Y 7,9,9
IF{M=15) B8,9.9

M=M+ 1

YTEUL {M)=AMN

AMN= (), SRAMN

SUM= SUM+ AMN

IF{ABS{AMNY ~EPSBABS{(SUM}) 10,10,3
J=J+1

(F{J=5) &,s11,11

{FR=90

SER=SUM

IF{IERNE«D) WRITE{( 66,1000} Y, TIMED
RETURN

C
C ~=—-- TO EVALUATE N-TH TERM OF Y1{Y.TiTAU) CR Y2{YsTiTAU}
cC

AKYTB=AKY&RTIMED/(Bx8}
IF{AKYTHB.1.Fe0.00003164% GO TC SO
EARG=RYYI{N}EZRTY{N}* AKY®TIMED
IF(EARG.GT2100,0) FCT=0,0

IF{EARG.LE-100) FCT=ATIY{NIA{COS{RTY{NI®Y) IXDPSIS{N)IXEXP{=-FARG)

GO TO 590
IF{RB1«NEeRB2Y GC TO 527
AKYTPI=4.0%3.141593%AKY AT IMED

SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY

b g Pk Gt s Bk s $ul e fuos BOS gowe fud pue
SMAPFNNE U N e
CACHOMmO NN NoO

¢095-NY0



APPENDIX C (continued)

5290

5990
c
1009

AKYT =4, QRAKYETIMED
EARGI=((¥Y~YS)-2.0%N%x8
EARG2=({(Y-YS}) =2, 0% { N~

¥ s OANEBY FAKY T

1
FARGI=({Y+YS)-2.0%{ N+

3

({LYy=-¥S3}=2
B IR({V-YS)-2, 0% (N=1)%B) /aAKYY
FBIELIYEYS)I=-2, 0% (N1} RBIFAKYT
EARGA=(IY+YS)—2.,0%NABIA{((Y+YS)=2
FCT={EXP(=EARG] I +EXP{ ARG2)+EXP
GO TO 590
AKY=SQRT (4., ORARKYRTIMED Y
ARGL=Y-RB1—-2.,0&NkB
ARG2=Y-RB2-2,0%N%8
ARG3I=Y=~RB1~2,0%(N-1 )&
ARG =Y~RB2-2.0¥(N-1)ZB
ARGE=Y+RBI -2, 0% (N +] 128
AQGE=Y+RB2—2. 08 (N+1 )%B
ARG7=Y4+RB]l«2.0%N%B
ARGA=Y4+R82-2 ,0%N%3
FCT=0,.,5#(ERF(ARG]L }~ERF{ ARG2I+ERF({ARG31=-ERFLARGS)
> ~ZRF(ARGSI4ERFIARGEOI-ERF(ARGT7I+ERFILARGSY)
G0 YO IFC, (109,200)

s BENEBY JAKYT

*
)
}
*
=) {=EARGII+EXP (~-ZARGE) )} FSARTLARYTPL)

FORMAT( 1HD s 10X » *WARNING T SERIESY AT ¥ =94,F8429 7' TIMED=? FB.2, "
INEEDS MORE TERMS?Y)
END

sery
SERY
SERY
SERY
SERY
SERY
SERY
sERY
SERY
SERY
SERY
SERY
SERY
SERY
sEQY
SERY
SERY
SERY
SERY
SERY
SERY
SERY
SERY

285
260
268
270
278
2890
285
250
29%
300
305
310
3ts
320
328
33)
335
340
348
350
355
360
363

G/
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APPENDIX C ({continued)

INYO

i

SUBRTCUTIME SERIZZ{SERIZ+yTIMEDGAKZyRKEGRTZ9AIZePHIS:MAXRUT 4NROCTY SEZRZ {H6GS
SERZ U0

DIMENSION RTZ{MAXRUT ), A IZ{MAXRUT | ,PHIS{MAXRUT) SERZ 015
DIMENSION YTEULLLSY STFRZ Q20
SERZ 0425

EPS=0e DO SERZ {30
{cr=1 SERZ Q35
I=3 SERZ $ad
M=1 SERZ {45
N=1 SERZ 059
ASSIGN 180 YO IFC SERZ H55

GT ¥O 5460 SERZ 060
100 YTEUL (3?“LCT SERL I65%
SUM=YTEUNL{1)I®RG.5 SERZ 070

3 JI=0 SERZ 075
4 I=1+ SERZ 080
IF{ 1 NRODT? Se5ei 2 SERZ {85

5 HW=i SERZ 490
ASSIGN 280 TG IFC SERZ (%S

GC TC 50690 SERZ 100
230 AMN=FCT SERZ 105
DS 6 K=1,M SERZI 310
AMD= T AMNAYTEQL{X) %05 SERZ 115
YTEUL (X I=AMN SERZ 120

6 AMN=AMP SERZ 128
IF{ABS{AMNI ~ABS{YTEULIMIY} 749,59 SERZ 130

7 iF{M=15) 8,9,9 SERZ 135
8 M=M3 SERL 140
YTEUL {MISAMN SFERZ 143
AMN= Qs SBAMN SFRZ 1850

9 SiUM=SUMrAMN SERZ i8%
[F{ABS{ AMNI—-EDOSHXABS{SUM)) 10+10.,3 SERZ 160

13 S$=J+1 SZRI 165
IC{4-S) 4411411 SERZ 170

11 18R=0 L7H
12 SERx=SUM 180
IF{IERWNELO ) WRITE{ 6412003 Zs TIMED 185
RETULRN 190
199

------ TD EVALUATE THE TH TEZRM 0F Z:4{Z,T3TAUY) DR Z20Z,Ti7TAU: 204

[aX81e]

S00 EARG=RTZ{N)EX2&AKZETIMED

IF{ZARGeGTa120:0Y TCT=3 o0

IF{EARGLE . 1003 FCT=AIZI{NIE{COS{RTZI{NIBZ)+RKE/RTZI{N) R
SIN{RTZINI 2} 1 AkPHISINISFEXP{-FARG Y

GO T IFC, 1100,200)

i

C

10G0 FOAMAT{ it 10X+ "WARNING ! SERIESZ AT Z =94F342s" TIMED='9FBa2s !
NEEDS MICREZ TERMS')
END

nunrnuneunnirunuvnnmnny

MMM manmmmmonng
WVWODL 00NV 000D
INNINNNNNNNNNNSNNN

n
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o

FARSS)



APPENDIX C {continued)

[a X8 Ne) OGS

la3alasXai8TeYse)

SUBROUTINE TINTEG{S »Xs X SyRLLsRL2sFCTYFCTZ, TIME T vYy IZZ1TT
D UFLDT o AKX, RAMADA Q5 MAXNNY MAXNT JMAXNTL  INSTAN)

DIMENSION FOTY{MAXMY  yMAXNTIIoFCTZ{MAXNZ MAXNTI 1, 3S{MAXNTIL}

PaAI=3,14150627
ITYMI=ITT=1
N=ITTMLA2
SUMERMD=0,0
SUMMID=0.0
S=0.0
ITAU=}
ASSIGN 100 TO #
GO TC BOO

130 FITI=FIT

wememmmenn IF M GLTe 1 THEN THERE S ONLY OMNE INTERVAL

(F(INSTANLEG.0} GG TO 700
IFINLLT1) GO TC 700
DO 400 K=1.H ~
ASSTGN 200 TO M
ITAY=K $K =1
50 TO 840
230 SUMENDSSUMENDSFIT
ASSIGN 300 TO M
T TAU=K #K
GO TC 300
300 SUMMID=SUMMIDEFIT
403 CONYINUE

e PFON#2 O SME ., ITTMI, THEN THEDE ARE OO0 NUMBERS OF IMTERVALS

IF{N®2 «NE. ITTM1} G0 TO S00
S=(2,0%kSUMSND$L O*SUMMID-FITL 40732,
G0 TO 9090
580 ASSIGN £00 TO M
ITAU=ITTML
GO TG 800
O S=(206SUMENDH 4, QRSUMMID=-FITI4#F [T }1#DT/ 3,0
0 S=3+{FITI®#DT/2,.9
530 TO 909

sarn mem COMBUTE FUNCTION VALUE OF THE INTEGRAND
e e FUNCTION FOITAUD

e wevene T EVALUATE THE FUNCTION XII{X.TiTAU) TR X2{X.T3TALU}
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APPENDIX C {continued)

[aNaTe])

8O0 XPART=0.0
TIMO=TIME-{ ITAU-13}=DT
IF{IYAUSGEQaITTY TIMD=0,01%DT

—————— POINT SOURCE IM THFE X=-DIRECTION

IF{RL1.NE.RLZ2Y GO TO 8290
IF{ITAUSNELITTY GD TO 810
XPART=0.0
IF{XsEDeXS ) XPART=1,40
G080 TTC 8590
B10 TARG={(X=-XS}-UFXT IMD} &k 2/{ 4 (G AXXERY IMD}
IF{ABRS{(EARG I« GCT.15043 G0 TO 850
APART={140/7{SART{ 4., 0BPAIRARKXETIMD }} I 4E XO{ -EARG)
GO TO 850

—==—=== LINE SOURCE IN THE X-DIRECTION

820 IF{ITAUWNE.ITTY GU TO 830
XPART=0 o
IF{XaGERLL sAMND, X2l T «RL2) XPART=0.0
G0 7O 850

830 SRT=SART{H OHKAKXETIMD}
EAR==-UF®TIMD
EARGI={X-RLI1+5AR)/SRT
EARG2={ X=-RL 245 AR} /SRT
XPART={ERF{EARGII-ERF{SARG2)31/2.0

—————— TO EVALUATE THE INTEGRAND, FIUKIXsY2Za»T3TAUY,

850 IT=ITT=ITAU + 1

FITSXPARTRFCYZ{IZZ,y ITIRFCTY{IVY s I TIRQSE ITAUIREXD] —RAMADARTIMD}

GO TG Myd100-,2006300,500)
900 RETURN
END
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APPENBIX C (continued)

SUBROUT INE ALLOUT({FTY s XDIM, YDIMyZDIM, IZ NXsNYNZy
> MAXNX, MAXNY s MAXNZY

o
DIMENSION FTVIMAXNX yMAXNY s MAXNZ)
c DIMENSION XDIM(MAXNX) s YDIM{MAXNY ) 2D IMUMAXNZ}
JOUT=(NX=1}/10+1
DO 96 MM=1, JOUT
JAA=1QR(MM~1 )41
JZZ=10%MM
IF(MMaEQsJOUTY JZZ=0X
(F{MM+GTs1) WRITE(6,225)
225 FORMAT(IHO,S0X,*CONTINUE )
WRITE(E,222) {XDIM( )+ I=JAAIZ2)
22 FORMAT(IH 60Xt X"/iXe' ¥ $,10F12.0)
WRITE (6,223}
223 FORMAT(IH ¢ 10¢4 £))
0O 97 NN=1,NY
¥=YD IM{NN)
WRITE(E+224) Yy (FTYVLJIsNNyTZYsJ=JAALIZZ)
224 FORMAT(IH.FE.,0,10E12,3)
97 CONTINUE
9& CONTINUE
RETURN
END
IHCQ02Y STOP 0
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