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Preface

This project entails the development of a one-dimensional contaminant transpo
model for layer-heterogeneous, isotropic, and unsaturated soils. The model is t
be used by NJDEPE to develop regulatory clean-up levels for contaminants in th
unsaturated zone based on an acceptable impact to groundwater.

This is the final report for Phase II of this project. It contains the mathematice
development and the method of solution of moisture flow and transport of volatil
organic compounds for layer-heterogeneous soils in the unsaturated zone, as well a
tl.e mathematical description of the saturated zone mass iransport model DILUTE
A brief sensitivity analysis is also included.

The following personnel are involved in this project:

Principal Investigators: Dr. seorge P. Korfiatis, Stevens
Dr. Jazmi M. Talimcioglu, Stevens

Ur. Bradley C. Williams, Hutgers
Project Administrator: Mr. William Librizzi, NJIT

The model was developed by Dr. Talimcioglu and Dr. Korfiatis at Stevens
Institute of Technology.
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Chapter 1

Introduction

The flow and contaminant transport mechanisms in layer-heterogeneous soils are ex-
amined in this investigation. The work presented herein consists of solutions of the
moisture flow and the mass transport equations. Furthermore, a thorough descrip-
tion of a two-dimensional, semi-analytical mass transport model is included for the
computation of dilute concentrations within the underlying aquifer.

The unsaturated moisture flow equation is based on Richards’ equation [73] which
can be expressed either in the moisture content or in the pressure head form. Both
formulations have been used extensively by many researchers, and each was found
to posses some adv- .1tages for certain geological settings and conditions. H s et al.

[401 compared the s >lutions of the moisture content and the oressure head -rms of

cluded that, despite the inherent difficulties in describing the boundary conditions,
the equation based on moisture coutents was more advantageous for the following

reasons:
- Relatively low mass balance errors are produced in numerical computations;

- Relatively insensitive to dry initial conditions; therefore, adoptable to arid
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regions;
- Longer time steps can be incorporated in the simulation.

It is, therefore, believed that an algorithm based on the moisture content equation
is more desirable for the purposes of the present study.

This study attempts to give a new approach to the formulation of the moisture
flow equation in layered soils, similar to the one presented by Hills et al. [40]. The
moisture discontinuities that occur on layer interfaces are handled by incorporating
additional source and sink terms into the governing moisture transport equation.
Real time boundary conditions, using actual daily rainfall data and mean monthly
temperatures observed in Northeastern New Jersey, are implemented for the ground
surface boundary, accounting for the full cycle of precipitation, evapotranspiration,
and runoff events. The resulting non-linear partial differential equations are dis-
cretized by using a central difference scheme. The discretized equations are then
solved numerically via the implicit finite differences technique, such as the one used
by Korfiatis [53, 54]. Several parametric relationships, accounting for soil moisture
retention and hydraulic conductivity, are incorporated in the model. The hysteretic
behavior of retention properties is not considered within the scope of this study.

The di +te concentrations resulting in different locations with' : the underlying
aquifer duc to a strip source located at the top of the water tak:: are calculated
saturated zone mass transport model DILUTE is coupled with the unsaturated mois-

ture and mass transport model, and is incorporated into the current versicn of the
IMPACT model (IMPACT v3.0).



Chapter 2

Mathematical Model Formulation

This chapter presents the mathematical formmlations of the unsaturated flow and
the mass transport processes discussed in the final report for Phase I of the project
submitted to NJDEPE earlier. First, the model assumptions are outlined, then the
governing moisture flow equation is presented with the appropriate boundary and
initial conditions. The unsaturated mass transport equation is a'so presented in a
similar manner. Furthermore, the saturated zone transport equation is formulated
along with the appropriate boundary and initial conditions.

2.1 Assumptions

most important assumptions are summarized below:

1. Soil is layer-heterogeneous (i.e., each layer is assumed to be homogeneous) and
isotropic with respect to hydraulic properties;

2. The flow is one-dimensional and isothermal;
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10.

11.

12.

R

14.

15.

Contaminant source is assumed to be eliminated, therefore there is no immis-

cible components of the contaminant present in the soil;
Hysteretic behavior in the moisture retention properties is not considered;
Hysteretic behavior of the adsorption/desorption processes is neglected;

The groundwater table does not fluctuate substantially in comparison with
the thickness of the unsaturated zone; therefore, it is assumed to be stationary
with respect to time;

The groundwater table is assumed to be free of any contamination at the onset
of simulation;

The air is at the atmospheric pressure and stationary within the soil;

Interactions between various chemical constituents and competitive effects are

not considered;
Biotransformation takes place only in the liquid phase;
Oxygen is not a limiting factor for biological growth within the vadose zone;

Partitioning of the contaminan’ mass from one phase to another is assumed to
be linear;

P # ¥ S ¥ =y L # ' §
B i e e T A LS didie LAETRAS L3

assumed as a single storm event;

Soil existing in the saturated zone (aquifer) is assumed to be homogeneous,
isotropic and isothermal;

Contaminant transport within the aquifer is assumed to be resulting from a
finite length strip source located at the top of the groundwater table;
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16. Aquifer is assumed to be free of contamination initially.

2.2 Moisture Flow

The mathematical model formulation is based on the transport mechanisms and the
fate processes described in the final report for Phase I of the project. The governing
moisture flow equation is solved to provide estimates of volumetric moisture contents
and fluxes in one dimension which is taken vertically downward from the soil surface.

The flow equation is written in terms of the volumetric moisture content as [73]:

0, , OK(60,) O 00y _

where

6, = Volumetric moisture content [L3/L?
t = Time coordinate [T]
z = Space coordinate taken positive downward |[L]
K(6.,) = Hydraulic conductivity [L/T]
D(6,) = Soil dif fusivity coef ficient [L*/T)]

The moisture { 1x equation is given by Darcy’s law as:
0
qw = K(0u) - D(0u) 5 (2.2)
The following initial and boundary conditions are implemented in the model:

2.2.1 Initial Condi*ion

0uw(z) =0u(z) @ t=0 (2.3)
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where 6,,, is the moisture content at the onset of the simulation.

2.2.2 Boundary Conditions

A fully transient, real-time simulation of precipitation/evapotranspiration events is
incorporated in the upper boundary condition to give the model more flexibility [53].

1. Flux boundary condition during infiltration events:

I = K(Gw)—-D(ew)% (2.4)

Poco @ 2=0 for 0<t<t, (2.5)

= P— R,— E} (net infiltration rate) [L/T]
= Precipitation rate [L/T)

5“0*-*
I

= Actual evapotranspiration rate from the surface [L/T]
Sur face runof f rate [L/T]
t, = Time required for the surface to become saturated [T]

&
I

2. Ft ¢ the cases where the surface becomes saturated, and tiie water flux at the

a) If I > K, the following boundary condition will be considered:
0, =6, (2.6)

and

%:0 @ 2=0 for t,<t<t, (2.7)
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where

K, = Saturated hydraulic conductivity [L/T]
0, = Saturated moisture content [L°/L?]
te = Tume when net precipitation becomes less than K, [T

b) If I < K, the flux boundary condition described in Equation (2.4) will
be used.

3. During periods of no water flux at the surface, only evapotranspiration will
take place. The flux boundary condition for this case can be written as:

K(6)- DO =-E @ z=0 for t,<t<t,  (28)
where
t, = Time of moisture flux cessation at the surface [T
t. = Time to initiation of a new maisture flur event or

time required to reach the air — dry moisture content [T

4. If the dry period is long enough, the surface moisture content will reach the
air-dry value. For this case, the boun !ary condition becomes:

b=l e (2.0)
and
By
where
6. = Air — dry moisture content [L*/L?]

t. = Time at which a new precipitation event commences [T
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When the value of P — E} at a given time step is greater than the saturated
hydraulic conductivity of the soil, the excess water will become runoff since it
cannot infiltrate into the soil with a rate greater than K. The second bound-
ary condition mentioned above for the case of saturation handles this condition
implicitly, without having to separate the runoff from the precipitation. This
situation may occur if storm events over short periods of time are consid-
ered. The soil surface may become saturated immediately after the storm has
started, and may remain at saturation as long as P — E is greater than Kj.
If long time periods are simulated, however, the model distributes the actual
precipitation rates uniformly over time, reducing the maximum precipitation
rate substantially depending on the time increment used. In this situation, the
soil surface will not reach saturation. Therefore, the runoff has to be computed
and separated explicitly from the precipitation values. This is achieved in the
model by the SCS method [77].

The bottom boundary of the simulation domain is the top of the groundwater
table. For the purposes of this model, the phreatic surface is assumed to be stationary
in time. Two distinct bottom boundary conditions are incorporated in the model.

These are:
1. Ciravity drainage condition, i.e.
a‘z — (=0 -, Jyr v - ku-.l.d.}

where 2y, is the distance from the ground surface to the top of thz water table
or capillary fringe.

2. Saturatior condition, i.e.

Be=0, Q@ z=2z fori>0 (2.12)
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2.3 Unsaturated Zone Transport

The equilibrium advection-dispersion equation for the transport of contaminants
in partially saturated soils was derived by applying continuity principles over an
infinitesimal control volume. In this study, transport of the total concentration
is expressed in terms of the liquid phase concentration, C;. The governing mass

transport equation is written as:

8(6.,C oC, 1 8(6.C1) , 9(quC.
( 5 1) +deb—atL + K pCL tg (6t z) + (qaz Z)
0 D,\ 6Cy

where
C; = Liquid phase concentration [M/L?]
K; = Reversible adsorption coef ficient [L*/M)|
pp = Soil bulk density [M/L?]
= Irreversible adsorption coef ficient [L*/MT]

= Hydrodynamic dispersion. coef ficient [L*/T)]

AL 7. Joooo FER L ¥ L S . . c. T2
, == Molecular a:f fusica coe; 1icient in s 2l air [L23/T)

K
H = Henry's constant
E
n

a0 =—  alube {'J LMY LUOO Wl LU Lo wal’;uJ uUr 1iuwvedl b LJ:Y;;.H +

Equation (2.13) is similar to that reported by Baehr [9)].
If Monod kinetics are assumed, the R term in Equation (2.13) is substituted by
the substrate utilization rate which is defined as [27):

__ #mXCL '
R= iRt G (2.14)
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where
R, = Substrate utilization rate [M/L*T]
pm = Mazimum speci fic growth rate of microorganism [1/T]
X = Microorganism concentration [M/L?|
Y = Biomass yield coef ficient
Kn = Substrate concentration at 1/2 of pim

In this case, however, a mass balance equation for the microorganisms must be

written as follows [27]:

0X

0(0uX) , OawX) _ 0 [ewew—] +O,R, — kX0, (2.15)

ot 0z 0z

2
in which
€w = Mechanical dispersion coej ficient [L?/T]
ke = Endogenous decay coef ficient [1/T]

Equation (2.15) assumes that the microorganism transport is controlled by ad-
vection and mechanical dispersioi.. The diffusive term is neglected in the equation
since it is assumed that advection dominates the transport of microorganisms [27].
In the present model, the capability is provided to solve the coupled equations. It
is, however, believed that the excess computationa’ effort and the non-availability of
Monod parameters will render this formulation undesirable. At equilibrium condi-
tions, the microbial concentration becomes constant with respect to time. Therefore,
Equation (2.13) is decoupled by using substrate limiting conditions at equilibrium.
In this case, the R term in Equation (2.13) is replaced with one of the following:
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e For Cr > K,
Ri=ko (2.16)
where ky is the zeroth order degradation coefficient [M/L*T];
o For C; < Ky,
R, =kCy (2.17)
where k; is the first order degradation coefficient [1/T7.

The first order degradation coefficient can be calculated by using the half-life of the
chemical compound of interest, 7 [1/77, as follows [47]:
_In()

T

ky (2.18)

For nonbiodegradable transport, Equation (2.13) is solved without the R term. Equa-
tion (2.13) is similar to that reported by Baehr [9].

2.3.1 Initial Condition

The initial condition is implemented in the form:

Cr(2,0)=C; @ t=0 (2.19)

2.3.2 Boundary Conditions

Two extreme cases are used for the top boundary conditions in the model. The first

assumes a no mass flux condition from soil surface to the atmosphere, namely:

60[,(0, t) s =
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The second top boundary condition assumes an infinite flux from soil surface to
the atmosphere, i.e. C; =0. A comparison of these boundary conditions is given in

the sensitivity analysis.
The bottom boundary condition is assumed to be as follows:
oCp _
5, = constant (2.21)
therefore
g ®)
ﬁ:o @ z=2z; for t>0 (2.22)

The top boundary condition for the microorganisms transport equation is a no-

flux condition, similar to the one used for liquid phase mass transport equation.

2.4 Saturated Zone Transport

For a two-dimensional, homogeneous and isotropic, saturated porous medium, the

equation governing solute mass transport can be written for stead-state flow condi-

tions as [32]:
0Cg . +:0C; . +:0CE .+ O'Cy 0*Cy
Ry g +U8x +V6y _D2W+D96_3ﬁ - AR;Cp, (2.23)
.
R4 = Hetaraation coej jicieny
U =: Average linear velocity in x direction [L/T]
V = Average linear velocity in y direction [L/T)
D, = Hydrodynamic dispersion coef ficient in = direction [L?/T)|
D, = Hydrodynamic dispersion coef ficient in y direction [L?/T)]
A = First order degradation coef ficient [1/T]
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The retardation coefficient is computed as [32]
poKa

Rd=1+T (2.24)

in which
pp = Bulk density of the aquifer soil [M]L?
K; = First order equilibrium adsorption coef ficient [L*/M]
n = Porosity of the aquifer soil
The first order equilibrium adsorption (partitioning) coefficient is calculated by using

the organic carbon content of the soil (a soil parameter) and the normalized partition
coefficient of the chemical with respect to carbon content (a chemical parameter) as:

Kd = focKoc (2.25)
where

foc = Organic carbon content of the soil
Ko,c = Normalized partitioning coef ficient of the chemical [L*/M]

Equation (2.23) is a special case of Equation (2.13) in terms of the moisture con-
tent, i.e. the coefficients of Equation (2.%) are simplified versions of the coefficients
used in Equation (2.13) in the absence of a gaseous phase and for fully saturated

2.4.1 Initial and Boundary Conditions

A strip source of length 2a is assumed to be introduced at the top of the groundwater
table at certain instant along the y axis as shown in Figure (2.1). |

If the contaminant input concentration diminishes exponentially with time, the
initial and boundary conditions for this problem can be written as:



CHAPTER 2. MATHEMATICAL MODEL FORMULATION 14

p—=— y

K -
| \\\. v

A

X i
Figure 2.1: Schematic of a Strip Source Forming an Arbitrary Angle with the Flow
Field

Cr(0,y,t) = Coexp(—1t) for |yl <aandt>0 (2.26)
Cr(0,y,t) = 0 for |ly|>aandt>0 (2.27)
z;m%;—“ =0 (2.28)
. 9C; _

Jim " = 0 (2.29)

wher~ C is the initial source concentration and < is the sour-e decay coefficient.
For the aforementioned conditions, an analytical solution «f Equation (2.23) can

rant

25 (2

/R 02\
Ci(z,y,t) = We@[wz—‘ﬂ}ﬁ exp[— ARy — YRy +-4_-Dx}T
= T | s~y V(o}V e BTY
4Dz'r] {e‘f !2 /ﬁ‘y.ﬁ 3 (Dy) T D,

£(5) ) o
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HTHE R S—

7777777777777 777777
Impervious Boundary

Figure 2.2: Schematic of Contaminated Layer in the Unsaturated Zone Overlying an
Unconfined Aquifer

~
-

Equation (2.30) is valid for > 0 and for all values of y. It is further stipulated
that this equation will describe satisfactorily concentrations very close to the free
surface of an unconfined aquifer if the soil gas and pore water above the phreatic
surface are uncontaminated at the onset of the event under examination. For the
situation depicted in Figure (2.2), the aquifer portion of the problem is restated in
Figure (2.3).

In the absence of the impervious boundary, it can be seen that Equation (2.30)
would be applicable provided that U = 0. rlowever, the presence of the impervious
boundary dictates the use of an image souice, which is symmetrical to the actual

can be written as:

Ci(z,y,t) = Ci(z,y,t) + Cr(2b - z,y,t) (2.31)

where Cr(2b — z,y,t) is obtained from Equation (2.30) with 2b — z in place of z,
and b is the aquifer thickness. When the input concentration is a step function, i.e.
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Figure 2.3: Contaminant Strip Source Applied to an Unconfined Aquifer

v =0, the solution for the problem under investigation takes the form:

Co:lf /Ra fu"2

- _ - -3/2 2y
Cr(z,y,t) = o exp[ ARyt 4D$T]T {erf [2 'D_y'r

v (r\¥ at+y V(71 12

or
Ci(z,y,t) = CoA(z,y,t) (2.33)
where Alz, y.1) is the right-hand side of Equation (2.32). less the step inpu : concen-

Equations (2.32) and (2.31) can be utilized to obtain aquifer concentrations when
the input is an arbitrary function of time. Such scheme is numerically developed ia

Chapter 3.



Chapter 3

Method of Solution

This chapter outlines the solution methods used in the present study for the mois-
ture transport equation in the unsaturated zone for both homogeneous and layer-
heterogeneous soils. In addition, the saturated zone mass transport equation is solved
by using the semi-analytical solution presented in Chapter 2 for a finite length strip
source co.1taining an input concentration condition as an arbitrary function of time.

Since the volumetric moisture content in the unsaturated zone exhibits discon-
tinuities on layer interfaces for heterogeneous soils [40], a different formulation is
rendered for the flow equation for layered systems. The discretization of the mass
and bioorganism transport equations, however, remain the same for both homoge-

neous and heterogeneous soils, except for the fact that corresponding soil parameters

I). Therefore, these solutions are not presented herein.

3.1 Moisture Flow

In the present project, a fully implicit finite differences scneme is used to obtain the

solution of the moisture transport equation. The basis of this numerical procedure

17
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is the replacement of the partial differential equation by a difference equation which
approximately describes the relations of the pertinent variables at a given point of
the space-time plane, (2,t), in terms of the values of these variables at neighboring
points. The rectangular grid shown in Figure (3.1) represents the (z, ¢) plane with the
space coordinates for i= 1, 2, ...,n, and the time coordinates for k =1, 2, ... m.
The grid is considered to be fixed, and is represented by Az and At for space and

time increments, respectively.

3.1.1 Homogeneous Soils

The governing moisture flow equation was given in Chapter 2 as follows:

%, OK(B,) 8 ,] _
% "o “BE[D("‘“)E]“O )

The above equation can be written in discretized form:

MY TR A

Using central differences for an ‘termediate layer, ¢, this equation becomes:

A0 AK A[DAG]zo | ('3_2)

z i3

il BB ¢ ag
\ = /i e e e 2 TS, AN = i-12]
The time derivative is approximated for the 7** layer by the implicit finite differ-

ence equation of the form:

k+1 k+1 _ gk
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2 k-1 k k+1 m
1 e I
212 bF—-———F-—--F-———4—-——- SR
2
k k+1
O @M
|'1 \> >,
_________________ k| ket ¢
. 16, le,
W T
. r.\ei-l-‘ _\@i+1
1+1 p! =0
s | =
n-1/2 |~~~ 7] i s e ] B B 4
n !
| At

Figure 3.1: Time-space discretization for fully implicit finite differences
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similarly, the space discretizations are written

(g) N I i (3.5)
Az i+1/2 Az

A6 k+1 9[:.+1 - 9k+11

e = T 3.6
(Az)s-m Az 29

The discretized form of the moisture flow equation for the intermediate nodes,

t=2, ..., n— 1, can then be written as follows:

1 Az
[~ Ao DE] 02 + [ Dt + 5 D + o 641+

1 Az,
[~ s DAt 0432 = Ttk — Kl + K, (37)

The terms D and K appearing in Equation (3.7) need to be evaluated at the
interfaces ¢ — 1/2 and ¢ + 1/2 of the * layer. This is accomplished by discretizing
the moisture flux equation for the layer interfaces as follows [53, 26]:

The moisture flux equation, g,,, was written in the following form:

00,
o = K(0) — D(b) 7 - (3.8)
T, ;! @yt Wi o ; F .;i-.?.ﬁ. o ;_.ﬁ_.:,ﬁF __’_, 3 __'.,:. 2 ‘%.gf-‘-}_ intferinea b “.:_. o 1
FETE N MJ'M vealas Co J.U.n. W ddiaed i g\imn.u\ua ey Lsadons iV T
k-l-l-llfz 9k+1
-|-11!2 — K{c+1 Df‘H Az/z (3. 9)
similarly, for the lower half layer with a backward difference equation:
gk_-if-ll 93:&-11/2
gty = K& - Dt fllw (3.10)
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Superimposing Equations (3.9) and (3.10) reveals:

qk 1/2 Kk+1 + q;t-;-l-lllz Kk+1 - 9?—?-11 9f+1 . (3.11)
DfH Ry Az[2
or |
o JKPUDELCKEIDM ) DD (oh_gtty o
i+1/2 — D£c+1 Dk+1 D£c+1 £ D{:_# Az .
Equation (3.8) can also be discretized by central differences as follows:
K o — ot
ey iy = K — DIt i+1/2 (T) (3.13)
By comparing Equations (3.12) and (3.13), it can be deduced that
KFDEA 4 KR DA
Kin = 5;“ DR (3.14)
D DR
-
D 2m (3.15)

The above equations are harmonic means. These expressions are physically more
sensible than the commonly employed arithmetic means [53].
By the change of variables, for the 7 — 1/2 interface, the hydraulic conductivity

and the soil diffusivity terms are dis:vetized as the following:
i DR Ok

yrhd

DD
Dy, = 211@‘:5@ (3.17)

3.1.2 Heterogeneous Soils

Layered soils exhibit a special problem in the numerical solution of Richards’ mois-

ture flow equation due to the moisture content discontinuities along layer interfaces
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Figure 3.2: Schematic moisture content distribution in a two-layer system

[40]. Therefore, these interfaces have to be treated as intermediate boundaries for
the flow equation.

Figure (3.2) represents a schematic moisture profile distribution with respect to
depth for a two-layer soil system. The intermediate boundary is chosen to be the
mid-layer interface, i.e. j + 1/2. The subscripts I and IT denote the upper and the
lower soil layers, respectively. The discontinuity in the volumetric moisture content
is represented by A#*. At the interface, j + 1/2, the suction head is cont nuous.
Therefore, the moisture flux across the intermediate boundary has to be cont auous

gt =df =gy (3.18)

Discretizing the moisture flux equation for the upper half layer with a forward

difference equation reveals:
- i G+ _ gE+1
qjj-lﬂ _I{j+ s Df"' __ﬁL_ | (3.19)
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Similarly, for the lower half layer with a backward difference equation

S 9]; 9k+1
Gt =K - Difi J—Az—ﬁ— (3.20)
or, alternatively
Kk gh+1 _ gk+1
gk lfg,cﬂ g _szf (3.21)
D" - Az '
By superimposing the above equations, it can be written that
o, KEPDH + KEIDE  2D8 D (9:‘111 o)
J+1/ D} e 111 Df“ + D} A~
219'”‘1.73""'1 o5 — gF+
o () 62
Using the harmonic means previously defined, Equation (3.23) becomes:
g+l 9k+1 AG
diln=Kifia- Difln (U5 ) + a2 (o2

k+1

where Af7./, is defined as the moisture jump conition along the intermediate
boundary, and is equal to 85! — 85!, The moisture jimmp is known a priori on the

F 4 i | *L 1 ko & (o M S iy R S o 1 1
ook of the sivmilation: however i has (o be deternanad for each: bivae stop thoaugd

vy vhav OaaddiaauilUls Toa v o U da me caliu arueeduac J e FOFATIE S ) uu;..y;;‘, —— dda

order to determine the value of the moisture jump condition. The continuity of the
suction heads along the intermediate boundary will serve this purpose. Namely,

Yt =yt =y, (3.25)

Again, discretizing the suction head based moisture flux equation by central
differences reveals the following:
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oy poen (V-9
i +1/2 = 311/2 KJII/'J (T) (3.26)

Equating Equations (3.24) and (3.26) leads:

Kk+1
wk+1 +1/2 (1 k+1 k+1
— — gkt! J K+ !
12 =0 — 6] +5"_,+1,2 Wi — ™) (3.27)

For the intermediate nodes within a layer which is assumed to be homogeneous,
the discretization of the governing moisture flow equation will be the same as Equa-
tion (3.7) fori =2, ..., j—1. For the neighboring nodes of intermediate boundaries,
however, a sink/source term has to be added to the governing equation to incorpo-
rate the moisture jump condition along the boundary. For layers 7 and j + 1, the
discretization of the moisture flow equation will be accomplished as follows:

For Layer j

The governing flow equation is written in discretized form as follows:

gk+1 _ gk

Substituting Equation (3.24) into the . dove equation leads:

I._EU;"MJ oot [E"?ﬁﬂ t 5 Uicipt EJ ;' +
1 Az gy s
[ Df+1/2] 6t = AL 6 Kfﬂ/z + KM, - ey iz (3.29)

This equation is exactly the same as Equation (3.7) except the last term, which is a

sink term representing the moisture jump condition along the intermediate boundary

of two soils.
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For Layer j +1

Similarly, the governing equation is discretized as follows:

9?111 ot 9?4-1 1 k+1 k+1

and with the use of Equation (3.24),

1 1 1 Az
[ Az J+1/2] g5t 1 [E‘Dﬁéﬂ + EDf-tljz At] 9;111
1 et Jgen = Az BZgr gl L gk phH Ae;i:}z
[ 3+3/2] i+2 = aglin ~ Bigsp T K+ D e (3.31)

Again, this equation is the same as Equation (3.7) except with a source term repre-

senting the moisture jump condition.

3.1.3 Boundary Conditions

The discretized equations given in the sections above are for the intermediate layers,
ie 1=2, ..., n— 1. For the boundaries, however, the governing equa.tion cannot
directly be discretiz-1 by central differences. Therefore, for the first layer, a srward
difference equation will be ntilized to define the top boundarv condition. Similarly.

Top Boundary Conditiois

1. Flux Boundary Condition

The governing equatior is discretized for the top half layer with a forward

difference equation as:
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( Ag)k-l-l Kf+]/2 Kk+l ~

At ), Az[2
k+1 k+1
Kzl'i l(D%’) s (D%) ] =0 (3.32)
/ 141/2 1
The top boundary condition for the rainfall events was defined as the following;
Ag\
( E)l — K]’.C+1 ! (3 33)

Substituting this condition into the discretized governing equation reveals:

Az
[ D+ At] g+ 4 [ S, 5 /2] g1
Az .
me — Kt + I (3.34)

2. Saturated and Dry Conditions

When the surface becomes saturated or reaches the air-dry moisture content,

the governing equation is discretized for the second layer by a central difference

eque on:
\&tj, ~ Az
k+1 k+1
1 ( S‘_'i) _( g) =0 (3.35)
Az Az 51 2-1/2
Applying the boundary conditions,
AG\
D— =0 3.36
( Az)z—uz S8
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and
K, = K39 (3.37)
where

K:’H = K, for 6! =4,

KM = 0 jor 6=,

the governing equation then becomes:

Az 1
R Dg-ﬁfz] g+ 4 [___ 2+1/2] ghH =

RE

A0 — K, + K (3.38)

. Evaporation Condition

D.ring the times when there is no precipitation, only evapotranspiration will
take place. For this case, the governing equation is discretized for the first half
layer as has been done for the flux boundary condition. The top boundary

condition is written in discretized form as:
/ A n \! k+1

Then, the governing equation becomes:

ot

)
+1/2 2At] gk+1 |:_"'"’ +1/2] 9k+1

Az

Ay
st - Kt - B (3.40)
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Bottom Boundary Conditions

The bottom boundary of the simulation domain is the top of the groundwater table
or capillary fringe. In the present study, two conditions are considered as boundary

conditions:

1. Gravity drainage condition
Namely,

k+1
( g) =0 8 z=2z; (3.41)

n

The governing equation is discretized for the n** layer by using a backward
difference equation of the form:

A9 k+1 " KM KM, ~
At Az[2

n

Asz [(D%)"“ ~ (D%S):J =0 (3.42)

n

or

1 1 Az
[~ Ao D] 8821 - [Eosﬂ,z + m} ghH =

0z
mf?i - Kt + K::i-:ll/2 (3.43)

2. Saturation Condition

Since 6, = 6, for all time steps, only n — 1 equations will be solved. There-
fore, there is no need to discretize the governing equation for this particular
boundary condition.
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3.1.4 Solution of Finite Difference Equations

Equation (3.7) must be incorporated with the initial and the appropriate boundary
conditions in order to obtain a solution of moisture contents on the time-space grid.
The discretized equations presented above form a system of order n which can be
expressed in matrix form as follows:

Ad=B (3.44)
where
A = Coef ficient matriz of the system
§ = Moisture vector
B = Column vector

Replacing the coefficients of 654!, 651, 654l and 6f by a;, d;, ci, and g;, Te-
spectively, and setting ;6 = b;, Equation (3.44) becomes:

(dy g 00 -.- 0 0 0 ]([e#) [ & )
do dg o 0 --- 0 0 9§+l b2
__ k+1
0 ag ._i3 C3 ) 93 =3 b3 | (345)
I | -
U U U U - Gp1 Gp-1 Cp-1 Upl1 Ion—l
0 0.0 0 o= 0O @ d JLBEV] | By
The above equation can now be solved by the Gaussian elimination method as
follows [15]:

The second row of the coefficient matrix, A, can be written of the form:

dyf5+ + 05+ =1, (3.46)
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where
& = dy— gﬁcl (3.47)
1
by = b— b (3.48)
1

These equations can be generalized for the (n — 1)* equation as the following;

d, 654 +cn 1O =1, (349)
where
d_, = dpy—2Le, 3.50
n-1 dn-1 du 2cﬂ 2 ( )
b:g_l = bn 3 Pl ;:‘_lb' (351)

For an intermediate layer, [, the volumetric moisture content is then obtained from

the following:
P T
grl = bé—;;QH-!_ (3.52)
where
% = b d_,“’_b'_l (3.53)
2
d = d— ;—’-c,_l (3.54)

For the nt* layer, however, the volumetric moisture content is equal to the fol-
lowing:

b,

k+1 —
o =7

(3.55)
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Table 3.1: Newton's divided difference method

Point | = | flzo] | flzo, 21 flwo, 21, 20]
0 Zi-1 B,kj'll
T g
H=L 8 B+l _pk+1 k+1_ ok
1 % | g+ OFH -6 ) (zi—2i41) - (67 - 0 )(2i—1 i)
. ¢ o (zi—1—2i)(zi—2i41)(Zi-1—Zi41)
61' —9!'i1
Zi—Zi41
k+1
2 |z | O

3.1.5 Moisture Flux Computation

Once the volumetric moisture contents are computed, the moisture flux for the %

layer is obtained as follows [53]:

A‘e)k+1 (3.56)

R——

Korfiatis [53] evaluated the derivative 29 in the equation given above by Newton’s
divided differences technique as follows: A parabola is fitted through three pairs of
coordinate points as shown in Figure (3.3). This procedure is outlined below with
the use of Table (3.1).

The volumetric moisture content can be " ritten as a function of depth. z. of the

8(2) = flzo] + (z — zi-1) fleo, 21] + (2 — 2i-1)(2 — 2) f[wo, 71, 72] (3.57)

The derivative of the above equation reveals:
9(z) _

0z
Substituting z = #; and using the values given in Table (3.1) in the above equation,

the final form of Equation (3.56) then becomes:

flzo, z1) + 2z [0, 1, ] — (2i-1 + &) f[20, 21, 2] (3.58)
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0 i+1

Figure 3.3: Three-point moisture profile for the computation of moisture flux (from
Korfiatis, 1984)
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q.!c+1 = Kkl _ Dk )9 9'16;1-11 4
: ! ' (zi—1 — 2i)(2i—1 — 2i41)
g o
(zi — 2i-1)(2i — 2zit1) i (Zi41 — 2ic1)(2ip1 — z")] fleE

k+1 k+1 k+1
0i"1 0 =1

Zi1— 2 2Zi— 2z - (Zi-1 = zi)(zi—l = 2‘:‘+1) '

o A, P
(2 — 2i-1)(2i — 2i41) g2 (241 — Zi—3(2£+1 - z.')} (i + Z“l)} (3.59)

3.1.6 Solution of the Saturated Zone Transport Equation

The analytical solution presented in Chapter 2 for the dilute concentrations in the
underlying aquifer is valid for the input concentration which is given as a step func-
tion for ¢ = 0 to co. However, due to a residually contaminated layer located in
the unsaturated zone, the input concentraticn profile for the underlying aquifer is
an arbitrary function of time. Such as input concentration history is shown in Fig-
ure (3.4). Therein, ¢* is used as the time variable for the source function, in order
to distinguish from the time of observation. In each time increment, 6t*, the input
concentration changes by ar increment (0C,y/0t*). For a change occurring at tim:
t*, the result for all future times, due to the incremental change. can be inferrec

b= %é‘t‘/«l(m, y,t —t*) for t>t* (3.60)

The total concentration at time ¢ is the sum of the contributions at all prior

times, therefore,

c(z,y,t) = ﬁ: %f—;?-A(:c, y,t — t*)dt" (3.61)
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Figure 3.4: Superposition Used to Obtain Solution for a Time Variable Input Con-

centration

Thus, the actual concentration, accounting for the impervious boundary, can be
expressed as:

In most practical situations, however, the input concentration history will be
available in the form of discrete concentration values at specified time intervals.
This is always true when a numerical model, such as IMPACT, is used to gener-
ate the input concentration history for the aquifer. Hence, the <olution given by
Equation 3.61) can be simplified by converting the input concenfration history to

the total input mass is conserved. In the first approach, the concentration history is
converted to a hisiogram form by averaging concentrations at discrete tim¢: instan*s,
while in the second approach, the histogram form is obtained by assuming that con-
centrations at discrete time instants extend to the midpoints of the neighboring time
intervals. Both schemes were tested for accuracy, and no significant deviations were
found in terms of the results. Therefore, the first scheme is selected to be included
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Figure 3.5: Conversion of Input Concentration History to a Histogram Form

in the current version of the model. This scheme is shown in Figure (3.5).
According to the scheme shown in Figure (3.5), Equation (3.61) can be expressed

in summation form as:

{onapg 3y em § ALY Al a4 .‘/\)4*\ fa oy
A atay EBfy L | == : £ e LA g (Fo b ™ L ¥

where J is the integer portion of ¢/At* and ACy;’s are taken in their algebraic sense.
It is apparent that when t/At* is greater than n, taen J bzcomes equal to n.

The integral used in A(z,y,t) cannot be evaluated in a closed form by using cal-
culus. Therefore, a numerical approximation scheme is adopted to estimate the value
of the integral. For this purpose, a 200-point Gauss-Legendre scheme is employed.
Details of this numerical scheme can be found in Press et al. [69).



Chapter 4
Sensitivity Analysis

This chapter presents a brief sensitivity analysis of the model output in layer
heterogeneous soils by varying key input parameters. Simulations have been per
formed for four different soils and three different chemical compounds. The soil
were chosen in the range of sand to silty clay. The hydrologic properties of thes
soils are shown in Table (4.1) as given by Clapp and Hornberger [19]. In acdition t
unsaturated zone transport model sensitivity, the aquifer transport model, DILUTE
was tested for hypothetical contamination scenarios.

The following default values have been used in all simulations except where in
dizated otherwise:

Eiiialdiokel eosiipsbantion O et visiln
e Time discretization increment At = 1 day
e Space discretization increment Az =1 ft
e Soil bulk density p, = 1.65 gr/cm?
o Dispersivity o = 0.2 ft
e Root zone depth d, =3 ft

36



CHAPTER 4. SENSITIVITY ANALYSIS

37

Table 4.1: Hydraulic properties of selected soils (after Clapp and Hornberger, 1978)

Hydraulic || Soil Type
Properties " Sand | Sandy Loam | Silty Clay Loam | Silty Clay
K, (ft/day) | 4088  9.83 0.482 0.203
b5 0.05 0.10 0.20 0.25
05 0.395 0.440 0.477 0.492
Oad 0.01 0.05 0.07 0.10
m 1151 12.8 18.5 23.8
b 4.05 4.9 7.75 10.4
% (ft) || 04 0.72 1.17 1.6
Bi; 0.15 0.20 0.30 0.35
CN 72 82 87 89
a . nno 00 0.10 0.15
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Table 4.2: Chemical properties of selected organic compounds

38

Chemical Compound
Properties Benzene TCE Toluene
Water diffusivity d,, (m?/day) | 6.95 x 10~° 6.90 x 10-5 | 6.23 x 10-5 |
Air diffusivity d, (m?/day) 0.831 0.609 0.729
Henry’s constant Kz 0.233 0.377 0.265
Fugacity coefficient Ko (ml/gr) 83 126 300

e Organic carbon content of the soil OC = 0.5%

Actual rainfall and evapotranspiration data have been used for all sensitivity
runs. Thornthwaite’s method was used for the evapotranspiration computations.
Benzene, toluene and TCE were the chemical compounds selected for the sensitivity
analysis. The pertinent properties of these compounds are shown in Table (4.2).

4.1 Layer-Heterogeneous Soils

As mentioned in Chapter 3, l1avered soils exhibit a numerical difficulty in the solution
of the moisture flow equatic: due to the discontinuities in the moisture content

1. Therefor=. the

wm Yover inderface rost fonortant input parsmeters affecting the
performed to determine the CFL condition for a four-layer system, consisting of a 5
feet silty clay loam layer at the top, a 15 feet sandy loam layer above a 5 feet silty
clay layer in the middle, and a 5 feet sand layer on top of the groundwater table.
Figure (4.1) shows the typical moisture content distribution through the unsaturated
zone for this four-layer system. This profile has been obtained by using Az = 0.1

feet and At = 1 day under the actual climatic input conditions for a total of 1,000
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Figure 4.1: Typical moisture content distribution in layered soils
days.

Figure (4.2) shows the effect of different Az values on the moisture content dis-
tribution at 1,000 days for the same geology given above. The differences observed
in the moisture contents, especially, along the layer interfaces, were expected since
the source/sink term used in the moisture flow equation for heterogenous soils is an
indirect function of Az. Figure (4.3) is the moisture flux history at the groundwater
tabl:. The effect of Az on the moisture fluxes is the same =s that observed in the
case - f homogeneous soils.

of At hes Bt fatiniusd $hsthe sarpe-acology for. A
results are shown in Figures (4.4) and (4.v/ 10T the (10ISTUrE COLLELL WSO ALl
the moisture fluxes, respectively. As it was shown in the Final Repctt for Phase I,
for the homogeneous soils, the effect of At is negligible.

Next, the soil layout configuration was investigated for a two-layer system con-
taminated with benzene. The top 6 feet of a 30 feet thick sand layer vwas alternated

with different types of soil using Az=2 feet and At=1 day for 2,000 days. The
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Figure 4.2: Effect of Az on moisture content distribution of a four-layer soil
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Figure 4.3: Effect of Az on moisture fluxes at g.w.t. for a four-layer soil



CHAPTER 4. SENSITIVITY ANALYSIS - 41

0.0 —

=10.0

DEPTH (FT)

2004 J '

=30.0 T T T T T
0.10 0.15 0.20 023 0.30 0.33 0.40 045

VOLUMETRIC MOISTURE CONTENT

DT=1 DAY

o e
_DT="5"DAYS -

Figure 4.4: Effect of At on moisture content distribution of a four-layer soil
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Figure 4.5: Effect of At on moisture fluxes at g.w.t. for a four-layer soil
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CONCENTRATION AT G.W.T. (MGA)
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Figure 4.6: Effect of different types of soil cover on liquid phase concentrations at
g.w.t.

effect of the soil cover on the liquid phase concentration at the groundwater table
is shown in Figure (4.6). It is observed that the maximum concentration value is
decreased drastically when clayey soils are used as the top layer. Figure (4.7) shows
the moisture flux history at the groundwater table for different types of soil covers.

Lastly, the effect of the soil cover on the gaseous phase mass fluxes at the surface
has besn examined. The simulation was performed with Az= 5 feet and A¢=1 day
for 2,0:°0 days for a 30 feet thick sand layer with the first 6 fest covered with silty

g [

The wmnor flox bistory at the susface & shovm in Wema (4 8)
UUDCL vabluLL Ul L JgULE \4.0) LUy idud Giiaw Uike Siity wady Lodeii buliaos cubar iChuiw Ui
gaseous concertration values very close to the surface by more than two orders of
magnitude in comparison with the case which does not contain a surface cover (see

the Final Report for Phase I submitted to NJDEPE earlier).
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Figure 4.7: Effect of different types of soil cover on moisture fluxes at g.w.t.
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Figure 4.8: Effect of silty clay loam soil cover on gaseous phase fluxes at the surface

of a sand layer
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4.2 Aquifer Transport

In order to check the accuracy and efficiency of the numerical solution of Equa-
tion (2.33), two integration schemes were employed in this study, namely Romberg
and 200-point Gauss-Legendre schemes [69]. The pertinent values of the parameters
used were obtained from Javandel et al. [45] as follows: U = 0.1 m/day, a = 50 m,

» = 1 m?/day, Dy = 0.1 m?/day, Ry = 1, and ¥ = A = 0. The comparisons
which are not shown herein proved that the Gauss-Legendre scheme is superior to
the Romberg technique; therefore, all subsequent runs reported in this section were
performed via the former approach.

A concentration history obtained from IMPACT was used as an input to the
present model. Concentrations were computed at a distance of 20 m normal to the
midpoint of the strip source (z = 20 m, y = 0 m). Discretization was performed
for values of At equal to 1, 2, 4, 5 and 10 days. The agreement was very good; for
At = 1 day, the output concentration is shown in Figure (4.9) as well as typical
results corresponding to At of 4 and 10 days.

The present model qualitatively compared to the results of Pickens and Lennox
[68], which are based on a finite elemeut solution of the governing equations. It
must be pointed out that direct comparisons cannot be made, because many of the
parameters had to be approximated from information available in their pa; er. They

firat solved the steadv-state fAomr problem in an approximately 50 m thick wiconfined
horizontal, especially downgradient from the input source. From their figures, it was
roughly estimated that the head gradient of the flow field is 0.0122 and the length
of the strip source is 160 m (a = 80 m). The authors also provide other pertinent
parameters as follows: hydraulic conductivity K = 0.5 m/day, porosity n = 0.3 and
bulk density py = 1.8 gr/cm®. Based on the above, it was estimated that the aquifer
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Figure 4.9: Output Concentration TI:rL"‘stiJ; )for an Arbitrary Input Source
flow velocity at steady-state is V' = 0.0203 m/day. Furthermore, the hydrodynamic
dispersion coefficients are defined, neglecting molecular diffusion, therein as:
Dy = oV (4.1)
Dr = ofV (4.2)
where « is the soil dispersivity, and the subscripts L and T stand for lo_ngitudinal

and transverse directions, respectively.
The aquifer portion of the present model was executec' ‘or the above values of the

narameters and for a normalized step input. The results & re shown in Figures (4 10

tory, although the present model underestimates concentrations near the phreatic
surface due to the differences in the top boundary conditions of the two models.
Pickens and Lennox [68] also performed a simulation for variable input concen-
tration as shown in Figure (4.14). The results obtained with the present model is
shown in Figure (4.15). It is found that for £ = 20 years, the qualitative agreement

is also satisfactory.
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Figure 4.10: Concentration Distribution at ¢ =15 years. oy =ar=1m
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Figure 4.11: Concentration Distribution at ¢ = 15 years. ay =ar =10 m
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Figure 4.12: Concentration Distribution at ¢ = 60 years. oy = 10 m,or = 0.5 m
and, K3 =0cm?/gr
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Figure 4.13: Concentration Distribution at ¢ = 60 years. oz = 10 m,or = 0.5 m,
and, K; =0.1 em?/gr
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Figure 4.14: Variable Input Concentration History (after Pickens and Lennox, 1976)
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Figure 4.15: Concentration Distribution for ¢ = 20 years, az =10 m, ar =0.5m

Based on the maximum allowable concentrations in any location of the aquifer
the model can be used to determine maximum levels of residual contaminant con-
centrations for a layer located in the unsaturated zone. The current version of the
IMPACT model has the capability of computing ultimate soil clean-up levels on the
basis of the maximm concentrations observed either at the groundwater *able o
any arbitrary location(s) in the underlying aquifer. The latter is more realistic anc
gives higher levels of clean-up standards, since the concentrations will be dilutec
once the contaminant reaches the aquifer.



Chapter 5

Model Operation

5.1 Sample Run

The following sample run represents a contamination scenario where the first ten feet
underneath the ground surface and the bottom ten feet above the groundwater table
are initially free of contamination, and the middle ten feet of sand is contaminated
with a total concentration of 0.5 mg/kg of TCE. It is further assumed that the first
5.75 feet of sand from the ground surface is excavated and replaced with silty clay
loam liner to form a two-layer system.

The relevant hydrogeological and chemical input data are taken directly from
Tables (4.1) and (4.2). The ory anic carbon content of the soil is assumed to be 0.5 %,

days. The spatial discretization of the 30 feet thick vadose zone is achieved with the
increments of 0.5 foot. Similarly, the time macching scheme is established with one
day intervals, and the actual climatic data are used throughout the simulation. The
results are printed every 500 days.
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PROGRAM IMPACT vi.3

TYPE ONE OF THE FOLLOWING:
A- RUN PROGRAM INTERACTIVELY
B- RUN PROGRAM IN BATCH MODE
E- EXIT
Enter Aor Bor E : A
ENTER THE FILE NAME TO BE CREATED FOR BATCH INPUT : SAMPLE.DAT
ENTER RUN NUMBER <IRUN> : 1
DATA COMPLETED - ANY CHANGES? [N]:
ENTER PROBLEM TITLE <TITLE> : SAND WITH SILTY CLAY LOAM LINER
DATA COMPLETED - ANY CHANGES? [N]:
ENTER
1: IF <FT-DAY> UNITS ARE USED
2: IF <M-DAY> UNITS ARE USED
3: IF <INCH-DAY> UNITS ARE USED
4: IF <CM-DAY> UNITS ARE USED
<IUN> : 1
DATA COMPLETED - ANY CHANGES? [N]:
ENTER ONE OF THE F' 'LOWING:
1 : FOR MOISTUR . BALANCE MODEL ONLY

r

Siwas oW

DATA COMPLETED - ANY CHANGES? [N]:

INPUT FLAGS
ENTER
0: IF SOIL IS HOMOGENEQUS

a(
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1: IF SOIL IS HETEROGENEOQUS

<ISOIL> :

1
DATA COMPLETED - ANY CHANGES? [N]:

ENTER NUMBER OF LAYERS [MAX 4] <ILAYER> : 2

DATA COMPLETED - ANY CHANGES? [N]:

ENTER NODE NUMBER IMMEDIATELY ABOVE

THE INTERFACE BETWEEN SOIL 1 AND SOIL 2 <JINT(1)> : 12

ENTER
0:
1:
2:

<IFL4>

ENTER

ENTER
0
1:

<IFLT> :

DATA COMPLETED - ANY CHANGES? [N]:

IF PRECIPITATION RATE IS VARIABLE W.R.T. TIME
IF PRECIPITATION RATE IS CONSTANT W.R.T. TIME
IF PRECIPITATION RATE WILL BE COMPUTED BY SUBROUTINE PREP
2
DATA COMPLETED - ANY CHANGES? [N]:

: IF EVAPOTRANSPIRATION RATE IS VARIABLE W.R.T. TIME
: IF EVAPOTRANSPIRATION RATE WILL BE COMPUTL" BY SUBROUTINE EVAP
: IF EVAPOTRANSPIRATION RATE IS CONSTANT W.R.T. TIME

UALas GUMPLALEAY ~ ANT wLAnamD:  Lod .

IF MOISTURE FLUX WILL BE PRINTED AT EACH TIME STEP
IF MOISTURE FLUX WILL NOT BE PRINTED

1

DATA COMPLETED - ANY CHANGES? [N]:
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ENTER

52

0: IF CONSTITUENT IS BIODEGRADABLE

1: IF CONSTITUENT IS NONBIODEGRADABLE

<INDEX> : 1
DATA COMPLETED

- ANY CHANGES? [N]:

ENTER TYPE OF TOP B.C. FOR MASS TRANSPORT EQUATION

0: ZERO LIQUID PHASE CONCENTRATION [CL=0]

1: NO MASS FLUX CONDITION

<IFL11> : O
DATA COMPLETED

ENTER
0: IF INITIAL TOTAL
i: IF INITIAL TOTAL
<IFL8> : 1
DATA COMPLETED

ENTER

0: IF CONCENTRATION
1: IF CONCENTRATION

Vnan wieiie bl i

[d(CL)/d(Z)=0]

- ANY CHANGES? [N]:

CONCENTRATION IS CONSTANT W.R.T. SPACE

CONCENTRATION IS VARIABLE W.R.T. SPACE

- ANY CHANGES? [N]:

REDUCTION SCHEME TS NOT EXERCISED
REDUCTION SCHEME [S EXERCISED

Pl i adfdi\aaaed o Ledd s

INPUT PARAMETERS FOR SOIL 1
ENTER
THE VALUE OF SATURATED HYDRAULIC CONDUCTIVITY
THE VALUE OF FIELD CAPACITY MOISTURE CONTENT
THE VALUE OF SATURATION MOISTURE CONTENT

<AKS(1)>
<THF(1)>
<THS(1)>
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THE VALUE OF AIR-DRY MOISTURE CONTENT <THAD(1)>
RESPECTIVELY : 0.482 0.20 0.477 0.07
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE EXPONENT M IN CAMPBELL’S K-THETA EXPRESSION <AM(1)> : 18.5
DATA COMPLETED - ANY CHANGES? [N]:

ENTER
THE COEFFICIENT b AND <B(1)>
THE SATURATION SUCTION HEAD IN CAMPBELL’S EXPRESSION <PSIR(1)>
RESPECTIVELY : 7.76 1.17
DATA COMPLETED - ANY CHANGES? [N]:

INPUT PARAMETERS FOR SOIL 2
ENTER
THE VALUE OF SATURATED HYDRAULIC CONDUCTIVITY  <AKS(2)>
THE VALUE OF FIELD CAPACITY MOISTURE CONTENT <THF(2)>
THE VALUE OF SATURATION MOISTURE CONTENT <THS(2)>
THE VALUE OF AIR-DRY MOISTURE CONTENT <THAD(2)>
RESPECTIVELY : 49.88 0.0& 0.395 0.01
DATA COMPLETED - ANY CHANGES? [N]:

Lad¥ LSl aedie SACUNLNG i LN GANE b o 0y sblaal B il Shcro s v R RN e 7 e

DATA COMPLETED - ANY CHANGES? [N]:
ENTER
THE COEFFICIENT b AND <B(2)>
THE SATURATION SUCTION HEAD IN CAMPBELL’S EXPRESSION  <PSIR(2)>
RESPECTIVELY : 4.05 0.4
DATA COMPLETED - ANY CHANGES? [N]:
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ENTER
DEPTH INCREMENT  <DZ>
TIME INCREMENT <DT>
RESPECTIVELY : 0.5 1
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF PRINTOUT FREQUENCY (TIME INTERVAL) <INT> : 500
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF ITERATION CONVERGENCE CRITERION <EPS> : 0.001
DATA COMPLETED - ANY CHANGES? [N]:

ENTER
NUMBER OF NODES OR LAYER INTERFACES <N>
NUMBER OF TIME STEPS <M>

RESPECTIVELY : 61 1000
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE CON-TANT VALUE OF INITIAL MOISTURE CONTENT <THOL(1)> : 0.30
DATA COMPLETED - ANY CHANGES? [N]:

BNLLD LG Oud OUlu’ wuiivi dunbolt SQLine i e

DATA COMPLETED - ANY CHANGES? [N]:

ENTER TYPE OF CONSTITUENT CONSIDERED <UNT> : TCE
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]



CHAPTER 5. MODEL OPERATION

AT DEPTH 0.50 FT <CTOTAL( 2)> : 0

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 1.00 FT <CTOTAL( 3)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 1.50 FT <CTDTAL( 4)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 2.00 FT <CTOTAL( 8)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALYE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 2.50 FT <CTOTAL( 6)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION ‘N [MG/KG]

AT DEPTH 3.00 FT <CTi JALC T7)> :

T BTRED AWY SHIANNS %

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 3.50 FT <CTOTAL( 8)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 4.00 FT <CTOTAL( 9)> :
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DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 4.50 FT <CTOTAL( 10)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 5.00 FT <CTOTAL( 11)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/XG]

AT DEPTH 5.50 FT <CTOTAL( 12)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 6.00 FT <CTOTAL( 13)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 6.50 FT <CTOTAL( 14)> :

DATA COMPLETED - ANY CHANGES? [(14]:

Lol s bale LIiLs watauwis Wi datd Cdasls LU ladis WA VO sabidl dwary wdd Ll dand ]

AT DEPTH 7.00 FT <CTOTAL( 18)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 7.50 FT <CTOTAL( 16)> : O

DATA COMPLETED - ANY CHANGES? [N]:
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ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
AT DEPTH 8.00 FT <CTOTAL( 17)> : O
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
AT DEPTH 8.50 FT <CTOTAL( 18)> : O
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
AT DEPTH 9.00 FT <CTOTAL( 19)> : O
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
AT DEPTH 9.50 FT <CTOTAL( 20)> : O
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
AT DEPTH 10.00 FT <CTOTAL( 21)> : 0.5
DATA COMPLETED - ANY CHANGES? [N]:

EWTER THT VALUE 0¥ TRITTAL TOTAL CONCENTRATION IN IMG/RG)
AL bes 1 VIR I 3 : ; LIOTAL 22,7 . v.b

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
AT DEPTH 11.00 FT <CTOTAL( 23)> : 0.5
DATA COMPLETED - ANY CHANGES? [N]:
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ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 11.50 FT <CTOTAL( 24)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 12.00 FT <CTOTAL( 25)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
AT DEPTH 12.50 FT <CTOTAL( 26)>
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
AT DEPTH 13.00 FT <CTOTAL( 27)>
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
AT DEPTH 13.50 FT <CTOTAL( 28)>
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

ISPy 1 A [EE ¢ COTOTAT s
M i ] 1% Lts 00 L 800 L

Vawta ot uoloy & AN Gaadedw . Livg .

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
AT DEPTH 14.50 FT <CTOTAL( 30)>
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

: 0.5

: 0.5

: 0.5

: 0.5
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AT DEPTH 15.00 FT <CTOTAL( 31)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 15.50 FT <CTOTAL( 32)> :

DATA COMPLETED - ANY CHANGES? [NJ:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 16.00 FT <CTOTAL( 33)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 16.50 FT <CTOTAL( 34)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH  17.00 FT <CTOTAL( 35)> :

DATA COMPLETED - ANY CHANGES? [N]:

EYTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN '"G/KG]

17T DEPTH  17.50 FT <CTOT4#..( 36)> :

™ AT N e T s A AETENmEee? T .
ATA CONPLETE! PRY OHANGEST IR

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 18.00 FT <CTOTAL( 37)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH  18.50 FT <CTOTAL( 38)> :
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DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 19.00 FT <CTOTAL( 39)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 19.50 FT <CTOTAL( 40)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH  20.00 FT <CTOTAL( 41)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 20.50 FT <CTOTAL( 42)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 21.00 FT <CTOTAL( 43)> :

DATA COMPLETED - ANY CHAN“ES? [N]:

SNLEA 10E vALUL e LNLLLAL 1ULAL wUlVLuvileadd s wiv L/ aemy

AT DEPTH 21.50 FT <CTOTAL( 44)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH  22.00 FT <CTOTAL( 45)> :

DATA COMPLETED - ANY CHANGES? [N]:
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ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KGI]

AT DEPTH 22.50 FT <CTOTAL( 46)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KGI]

AT DEPTH 23.00 FT <CTOTAL( 47)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH  23.50 FT <CTOTAL( 48)> :

DATA COMPLETED - ANY CHANGES? [NJ:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 24.00 FT <CTOTAL( 49)> :

DATA COMPLETED - ANY CHANGES? [N1:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 24.50 FT <CTOTAL( 50)> :

DATA COMPLETED - ANY CHANGES? [N]:
pres e PRI OF TRTTTAL T CONSTHIATTON IN [Me/KG)
AL Loria  £D.UV L4 LCTGTALC Bi)s

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH 25.50 FT <CTOTAL( 52)> :

DATA COMPLETED - ANY CHANGES? [N]:
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ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
AT DEPTH 26.00 FT <CTOTAL( 53)> : O
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
AT DEPTH 26.50 FT <CTOTAL( 54)> : 0

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

o

AT DEPTH  27.00 FT <CTOTAL( 55)> :
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
AT DEPTH  27.50 FT <CTOTAL( 56)> : O
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
AT DEPTH 28.00 FT <CTOTAL( 57)> : 0
DATA COMPLETED - ANY CHANGES? [N]:

ENTER T}.. VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
T NEPTE 28,50 FI ZCTOTALC 58)> : @

MALA wuliPadills = Ae wiaBaiwiad s gend v

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
AT DEPTH 29.00 FT <CTOTAL( 59)> : 0
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
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AT DEPTH 29.50 FT

<CTOTAL( 60)> :

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]

AT DEPTH  30.00 FT
DATA COMPLETED - ANY

ENTER

<CTOTAL( 61)> :

CHANGES? [N]:

BULK WATER DIFFUSION COEFFICIENT IN [M~2/DAY]
BULK AIR DIFFUSION COEFFICIENT IN [M~2/DAY]
HENRY’S CONSTANT [GASEOUS/LIQUID]

FUGACITY COEFFICIENT IN [ML/GR]

RESPECTIVELY : 6.90E-5 0.609 0.377 126

DATA COMPLETED - ANY

ENTER
DESORPTION COEFFICIENT OF
ORGANIC CARBON CONTENT OF
DISPERSIVITY OF SOIL 1
BULK DENSITY OF SOIL 1 IN
AESPECTIVELY : 0 0.5 0.2 1.65

AW SRR TAT T & 4 REAR
CATA, CORRIETED - ANV

ENTER
DESORPTION COEFFICIENT OF
ORGANIC CARBON CONTENT OF
DISPERSIVITY OF SOIL 2
BULK DENSITY OF SOIL 2 IN
RESPECTIVELY : 0 0.5 0.2 1.65

CHANGES? [N]:

SOIL 1 IN [ML/GR/DAY]

SOIL 1 IN [%]

[GR/CM3]

CrAFGRLT 1M

SOIL 2 IN [ML/GR/DAY]
SOIL 2 IN [/]

[GR/CM3]

<DDW>
<DDA>
<HENRY>
<AKOC>

<AKPR(1)>
<0C(1)>
<ALAM(1)>
<RHO(1)>

<AKPR(2)>
<0C(2)>
<ALAM(2)>
<RHO(2)>
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DATA COMPLETED - ANY CHANGES? [N]:

ENTER ONE OF THE FOLLOWING:
0: IF THORNTHWAITE’S EQUATIONS ARE USED
1: IF PENMAN’S EQUATIONS ARE USED
<IFLE> : 0
DATA COMPLETED - ANY CHANGES? [N]:

ENTER
0: IF MONTHLY MEAN TEMPERATURES ARE SUPPLIED BY USER
1: IF THE AVERAGE VALUES OF THE LAST 30 YEARS ARE USED
<IFLT>: 1

DATA COMPLETED - ANY CHANGES? [N]:

ENTER WILTING POINT OF THE SOIL IN [4] <THW> : 10
DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE DEPTH OF ROOT ZONE <DRZ> : 3
DATA COMPLETED - ANY CHANGES? [N]:

TOTAL ITERATIONS IN YGRA= 2670

LY Ul LaludLliud

The following output file lists a more detailed set of results for all iterations:
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SAND WITH SILTY CLAY LOAM LINER

RUN NO : 1

THIS IS A SIMULATION FOR BOTH MOISTURE AND SOLUTE TRANSPORT

sxioiokk INPUT DATA FOR SUBPROGRAM YGRA skxkkoksk

FLAGL = 1 FLAG2 = 1 FLAG3 = 0 FLAGZ = 2
FLAGS = 1 FLAGE = 1 FLAG7 = 1 FLAGS = 1
FLAGY = 1 FLAG10= 0 FLAG11= ( FLAG12= 0

HYDRAULIC PR{PERTIES AND SIMULATION PARAMETERS

SOIL 1

SATURATED HYDRAULIC CONDUCTIVITY 0.4820 FT/DAY

FTRTN CAPACTTY MNATRTIIRE CNNTENT = 0 2000 FTR/FTI
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SATURATION MOISTURE CONTENT
AIR-DRY MOISTURE CONTENT
COEFFICIENT <AM>
COEFFICIENT <B>
SATURATION SUCTION HEAD

SOIL 2
SATURATED HYDRAULIC CONDUCTIVITY
FIELD CAPACITY MOISTURE CONTENT
SATURATION MOISTURE CONTENT

AIR-RY MOISTURE CONTENT

COEFFICIENT <B>

SATURATION SUCTION HEAD

DEPTH INCREMENT

n

18.

49,

L4770

.0700

5000

. 7500

.1700

8800

.0500

.3950

.0100

e,
L2

.0500

.4000

.5000

66

FT3/FT3

FT3/FT3

FT

FT/DAY

FT3/FT3

FT3/FT3

FT3/FT3

FT

FT
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1.0000 DAYS

TIME INCREMENT

%%k QUTPUT PRINTED EVERY 6500 TIME INCREMENTS

EPSILON = 0.001000
NUMBER OF LINES = 61
NUMBER OF TIME STEPS = 1000

sokikkx INPUT DATA FOR MASS TRANSPORT MODEL ks

CULHLIS 19 A olMULALLUN Fub NUNDLUVGGOAUADLLG AL LG

PRINTOUT FREQUENCY = 500

NATURE OF THE SUBSTRATE = TCE
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SOIL 1

FUGACITY COEFFICIENT

SOIL DISPERSIVITY

FIRST ORDER ADSORPTION COEFFICIENT

FIRST ORDER DESORPTION COEFFICIENT

BULK WATER DIFFUSION COEFFICIENT

BULK AIR DIFFUSION COEFFICIENT

HENRY’S CONSTANT

SO0IL BULK DENSITY

SOIL 2

TULACTTY COERFICTEN

SOTL DISPERSIVITY

FIRST ORDER ADSORPTION COEFFICIENT

FTRAT NRNFR NRSNRPTTAN CARFFTOTENT

.1260E+03

.2000 FT

.6300E+00

.0000E+00

.6900E-04

.6090E+00

.3770

.1650E+01

0.1280E+03

.2000 FT

.6300E+00

-0000F+00

68

ML/GR

ML/GR

ML/GR/DAY

M2/DAY

M2/DAY

GR/CM3

ML/GR

MT./GR/DAY
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BULK WATER DIFFUSION COEFFICIENT = 0.6900E-04 M2/DAY
BULK AIR DIFFUSION COEFFICIENT = 0.6090E+00 M2/DAY
HENRY’S CONSTANT = 0.3770

SOIL BULK DENSITY . 0.1650E+01 GR/CM3

INITIAL TOTAL CONCENTRATION (MG/KG)

0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+0Q0 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0 O0O0QQOE+00
0.5000E+00 0.5000E+00 0.5000E+00 0.5000E+00 0.5000E+00
0.5000E+00 0.5000E+00 0.5000E+00 0.5000E+00 0.5000E+00
0.5000E+00 0.5000E+00 0.5000E+00 0.5000E+00 0.5000E+00
0.5000E+00 0.5000E+00 0.5000E+00 ' .5000E+00 0.5000E+00
0.5000E+00 0.0000E+00 0.0000E+00 ¢ . 0000E+00 0.0000E+00

SRRty ¢ GO00E+00 a0 A0 0, 00ONFD0 o CO0OE (!
(VRVIVIIS]-R VY, (VRVIVIVIVI VY] C . DuUuE LU VIRV RvIV v.ULGLL -l
0.0700E+00 0.0000E+00 0.0000E+00 0.0000E+N0 0.0000E+0Q0
0.0000E+00

INITIAL LIQUID PHASE CONCENTRATION (MG/L)
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o © O o o O O o o o o o o

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.6516E+00
.6516E+00
.6516E+00
.6516E+00
.6516E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

JAN

30.20 32.80 41.70 52.30 62.90

FEB

o o o o o o O O o o o o

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.6516E+00
.6516E+00
.6516E+00
.6516E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.6516E+00
.6516E+00
.6516E+00
.6516E+00
.0000E+00
.0000E+00
.0000E+00

o © o o o o o O O O O o

.0000E+00

o O O O O O O O O O O o

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.6516E+00
.6516E+00
.6516E+00
.6516E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

sokkokk RESULTS sokskoksk

--------------------------

JUL AUG

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.6516E+00
.6516E+00
.6516E+00
.6516E+00
.0000E+00
.0000E+00
.0000E+00

o o O o O O O O O O O O

.0000E+00

oooooooo

SEP

71.90 77.10 7T75.90 68.30
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SUMMARY OF WATER BALANCE METHOD

(A1l results are in [mm])

OCT  NOV  DEC
57.00 46.90 35.80
CN = 87.
THF = 20.00 (%)
THW = 10.00 (%)
DRZ = 3.00 (FT)
JAN FEB
P 84.93 78.55
RUNOFF  13.80 11.90
I 71.13 66.65
PET 0.00  0.36
I-PET 71.13 36.29
S(I-PET) 0.00  0.00
T 4 91
aou v.uu (VIRVIV]
AET  0.00 0.36
PERC 71.13 66.29
SEP 0cT

MAR

98
18

79.
i5.
64.
.00

15.
64.

.06
.75

31
00
31

NOV

APR

95.70
19.33
76.37
45.62
30.75

0.00

Ve
45.62
30.75

DEC

oooooooooo

MAY

97.94
19.19
78.75
91.94

13.19

P

91.51

ANNUAL TOTALS

75.

12

63.
132.

e d

105.

92

.02

20
71

.81
.00

=y

82

.00

JUL

113.
27
.82
.15

e

104.

09

.34
.34

81

.00

71

AUG

96.
24.
71.
143,

22¢

80.

55
72
83
27
45
79

82

.00
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P 92.57 T74.49 100.11 89.34 1097.25
RUNOFF 24.14 15.80 17.58 14.12 219.62
I 68.44 58.69 82.53 75.22 877.63

PET 96.69 b52.86 22.09 3.16 763.87

I-PET -28.25 5.83 60.43 72.05
S(I-PET) 257.04 0.00 0.00 0.00

ST 5.62 11.45 91.44 91.44 7058.70
dST -2.16 5.83 79.99 0.00 0.00
AET 70.59 B52.86 2.54 3.16 573.10

PERC 0.00 0.00 0.00 72.05 304.53

AVERAGE DAILY EVAP. FOR TIME STEP 500 = 0.9685E-02 FT/DAY ( 5/14/1960)

CONCENTRATION DISTRIBUTION AT  500. DAYS MG/L

0.0000E+00 0.1211E-06 0.7901E-06 0.4343E-05 0.2142E-04
0.9775E-04 0.4133E-03 0.1644E-02 0.6847E-02 0.3662E-01
0.%"9BE+00 0.2018E+00 0.2000E+00 0.1964E+20 0.1971E+00
0.2731E+00 0.2136E+00 0.2278E+00 0.2447E+7) 0.2632E+00
e o, 302AE 00 £, 50195 ¢ {3,34085+04) 0}, ARBT A
V.o borTuY V.oadonTuw VeTueom s uv (PR ORI i EL2CREC
0.4284E+00 0.4316E+00 0.4320E+00 0.4296E+00 0.4245E+00
0.4167E+00 0.4066E+00 0.3942E+00 0.3798E+00 0.3637E+00
0.3462E+00 0.3274E+00 0.3078E+00 0.2876E+00 0.2671E+00
0.2465E+00 0.2260E+00 0.2059E+00 0.1864E+00 0.1674E+00
0.1493E+00 0.131%E+00 0.1154E+00 0.9973E-01 0.8489E-01
0.7083E-01 0.5745E-01 0.4467E-01 0.3237E-01 0.2041E-01
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0.8628E-02

AVERAGE DAILY EVAP. FOR TIME STEP 1000= 0.7720E-02 FT/DAY ( 9/26/1961)

CONCENTRATION DISTRIBUTION AT 1000. DAYS MG/L
0.0000E+00 0.2531E-05 0.1454E-04 0.6601E-04 0.2436E-03
0.8633E-03 0.3070E-02 0.1123E-01 0.4153E-01 0.1407E+00
0.3764E+00 0.3524E+00 0.3496E+00 0.3409E+00 0.3277E+00
0.3160E+00 0.3063E+00 0.2991E+00 0.2943E+00 0.2919E+00
0.2918E+00 0.2936E+00 0.2970E+00 0.3016E+00 0.3072E+00
0.3133E+00 0.3196E+00 0.3258E+00 0.3319E+00 0.3374E+00
0.3422E+00 0.3462E+00 0.3491E+00 0.3510E+00 0.3517E+00
0.3512E+C0 0.3495E+00 0.3464E+00 0.3421E+00 0.3365E+00
0.3296E+00 0.3216E+00 0.3125E+00 0.3023E+00 0.2912E+00
0.2793E+00 0.2666E+00 0.2532E+00 0.2393E+00 0.2249E+00
0.2102E+00 0.1951E+00 0.1799E+00 0.1645E+00 0.1491E+00
0.1335E+00 0.1180E+00 0.1025E+00 0.8698E-01 0.7148E-01
0.5599E-01
AAA . GURGENTRALLUN ai . ev W usbebL UL TIGT L AL Lol Lht s

EFFLUENT CONCENTRATION AT WATER TABLE

-------------------------------------

AT EVERY 500 TIME STEPS
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TIME DAYS DISCHARGE FT/DAY CHEMICAL CONC. MG/L
500. 0.6800E-02 0.8628E-02
1000. 0.3024E-02 0.5599E-01

DISCHARGE AND CUMM. VOL. AT WATER TABLE

-------------------------------------

TIME DAYS DISCHARGE CUBIC ' [/DAY VOLUME CUBIC FT CUMM. VOLUME CUBIC FT

[SIVIV N V.UOWLT ve L1 e PR SR CL R UL S

1000. 0.3024E-02 0.3032E-02 0.2681E+01

74
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5.2 Input Preprocessor

The current version of the IMPACT model contains a preprocessor for creating input
files for the model in a spreadsheet environment. The preprocessor is written in
Microsoft Excel © version 4.0 by using macros linked with dialog boxes.

The preprocessor, like a template, helps users to select appropriate model param-
eters via interactive dialog boxes and mouse operation. The preprocessor is equipped
with several easy to update soil and chemical databases. Particular databases are
built into the corresponding macro sheets, and permanent values of variables are
hard-coded.

Appendix A contains a practical user’s guide for preprocessor operation.

5.2.1 Soil and Chemical Databases

Pertinent values of the properties of four different soils, ranging from silty clay to
sand, are built into a database which can be used in preprocessor operation. Simi-
larly, Properties of 19 chemical compounds are supplied in a separate database which
is also implemented in the preprocessor. Appendix B contains the chemical prop-
erties built into the chemical database. The aforementioned databases can easily
be updated by users. The procedure for updating the databases is outline:’ in the
preprocessor user’s guide given in Appendix A.
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IMPACT v3.0
Worksheet for Data Input

IMPACT v3.0 Preprocessor is a Microsoft Excel Worksheet that can be used to create an input data file for
the IMPACT model. This worksheet, like a template, is linked with various macros to help users in
implementing data entry with Buttons and Dialog Boxes

The worksheet consists of three major regions:

1. Variable descriptions;
2. Buttons;

3. Data values.

Upon execution of the preprocessor, the initial cell (F9) is automatically selected in the data region. Unless
otherwise specified, Buttons are used to record values of variables in the data area. To ensure data integrity,
users must follow Buttons 1 through 43 in a sequence, and must ALWAYS use the £XIT button to save data or
quit from the worksheet. Data entry by direct typing into the data region is also allowed in the worksheet, but
has a potential danger of violating data integrity. Therefore, the following precautions must be taken for data
entry by direct typing.

The worksheet is color-coded for random data entry, if desired. If the user does not wish to follow all the
buttons in a sequence, he/she may change data in any random order by using the BLUE coded buttons,
provided that all YELLOW coded buttons are executed azain prior to the EXIT button. This is required
because the YELLOW coded buttons hide or unhide certain rows in the worksheet according to the flow chart
branching, The RED buttons insert or delete rows from the worksheet according to the values they take.
Therefore, it is not recommended that users change data by direct typing into the data region for any of the
RED coded buttons.

Buttons

Dialog Boxes
List of Macro Sheets

Fiatabiasan




Buttons

The template worksheet contains a total of 45 dynamic buttons to help users accomplish data entry in an
automated fashion. Every button in the worksheet has a particular macro sheet attached to it. Each time the
button is pressed, the corresponding macro sheet is called and executed. In turn, the built-in Dialog Boxes are
displayed to prompt the user to select appropriate values for the variables. Once the selection is complete and
the "OK" option is pressed, the values are recorded into the data region.

The first button in the worksheet is labeled as "HELP" which provides an introductory information about the
preprocessor. The rest of the buttons in the worksheet are labeled with numbers from 1 to 43 followed by an
"EXIT" button. All buttons are color-coded to aid users in random data entry. The following color codes are
used for buttons to represent:

BLUE: These buttons have no effect on the worksheet structure, except recording values into the data region.
RED: These buttons insert or delete rows in the worksheet.
YELLOW: These buttons hide or unhide rows in the worksheet.

IMPORTANT NOTE: When a button is pressed, the cell adjacent to the button in the data region is selected.
If, for any reason, some other cell is selected, the data file created for the model IMPACT will not work properly

in model execution. If this happens, the user should quit the worksheet, and start over again.

A typical button looks like:

This 15 a testl
b 1
N
List of Macro Sheets
Button # 1 Button # 2 Button # 3 Buiton # 4 Button # 5
Bution # 6 Bution # 7 Button # 8 Bution # 9 Buiton # 10
Button # 11  Button # 12 Button # 13 Button # 14 Butten # 15
Button # 16  Buiton # 17 Button # 18 Button # 19 Button # 20
Bution # 21  Button # 22 Button # 23 Button # 24 Button # 25
Button # 26  Bution , 27 Button # 28 Bution # 29 Buiton # 30
Eutton # Fiatun # 32 Bullor # 33 Euiton # 3 Bulten # G
Bution # 41 Button # 42 Button # 43

EXIT



Dialog Boxes

Almost every macro sheet in the preprocessor has at least one dialog box implemented in it. The dialog boxes
are standard Microsoft Windows dialog boxes which are used in all Windows applications. All dialog boxes it
this preprocessor contain an "OK" button, a "Cancel" button, and a "Help" button. Some of the dialog boxes
have group options from which only one of the listed options can be selected. Some of the dialog boxes have
check boxes, namely a "Default” option, when pressed a pre-set selection is made for the user. In addition, tex
number, and integer edit lists as well as pull-down lists are used in combination with other options wherever
appropriate. The selection made within a dialog box is only implemented into the worksheet when the "OK"
button is pressed. If the "Cancel" button is pressed, however, the recent selections will be ignored. A typical
dialog box looks like:

p— UNITS

Options
@ ft-day
C m-day
C inch-day
C cm-day

[T Default




List of Macro Sheets Used

The following is the list of macro sheets used in the template worksheet:

Button Number

TR W=

w oo o [N O T ST S Oy T S S
-ﬁ@wqc\apamr—-ocmqmmpum.-c

32
33
34
35
36
37
38
39
40
41
42
43

EXIT
HET P

Macro Sheet Assigned

UNITS.XLM
MODELS.XILM
SOILTYPEXLM
KT.XLM
DT.XLM
IMC.XLM
PRECIP.XLM
EVAPOT.XLM
PRINT1.XLM
PRINT2.XLM
BBC.XLM
TC.XLM
TBC.XLM
ICP.XLM
DILUTE.XLM
TD.XLM
CRS.XLM
SPARXLM
DISCR1.XIL.M
PFR.XLM
CONV.XLM
DISCR2.XIL.M
RMOIS.XLM
RAIN.XILM
SCS1.XILM
ET.XLM
CHN.XILM
TCONC.XLM
CPAR.XLM

CHARX] T

SCGSz.XLM
ETC.XLM
SD; TEXLM
TEMP.XLM
WPT.XLM
RZONE.XLM
DISCR3.XLM
VCXLM
HCXLM
ST.XLM
AQP.XLM
AQCXLM

ZSAVEXLM
HETP XTM

Databas

NO
NO
"NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
YES
NO
NO
NO
NO
NO
NO
YES
NO
YES
NO
YES

I8
X

YES
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO

NO
NO



Databases

This preprocessor is equipped with several easy-to-update soil and chemical databases. Particular databases arc
built into the corresponding macro sheets, and permanent values of variables are hard-coded. Not all of the
macro sheets contain a database. For a list of macro sheets containing databases, see the List of Macro Sheets.

Updating Permanent Databases



Updating Permanent Databases

Changing Permanent Values of Existing Variables

Several macro sheets used in this preprocessor contain permanent databases. The values of corresponding soil
and chemical properties are hard-coded into the macro sheets. To change a permanent value of an existing
database entry, you must first find the macro filename from the List of Macro Sheets used, then open the
appropriate file in Microsoft Excel to make changes. Once the file is open, locate the light-gray shaded area
within the file. The light-gray shaded area contains parameter values for the corresponding variables whose
names are listed immediately above the shaded area. Next, locate the value to be changed within the shaded area
and select the cell containing that value. Type in the new value, then press the "ENTER" key on the keyboard.
Repeat the same procedure for other existing parameters to be changed. When done, select the first cell in the
macro sheet (A1) and save the file by using File Save option in the main menu. You may now quit from
Microsoft Excel.

Example

To illustrate this procedure, a typical macro sheet containing a database is shown below.

The chemical properties are hard-coded into the macro file named CPAR.XLM. Line 40 of this macro sheet

=| File Edit Formula Format Data QOptions Macro Window Help
D40 | | 0.864
B | c | D I E | E

_32 |Chemical Name dw (m2/d) da (m2/d) Kh Koc (mi/g)
33

_34 |Acetone 0.0000885 0.889 0.000857 2.2
_35 |Benzene 0.00006048 0.864 0.226 83
_36_|Carbontstrachloride 0.0000793 0.688 0.819 150
_37 |Chlorobenzene 0.0000728 5.061 0.143 125.9
_38 [Chloroform 0.00008681 0.765 0.156 30
_39 |1 1-Dichloroethane 0.000063 0.864 0.238 46
_40 | >-Dichloroethane 0.000063 [0:854 ] 0.0453 30

41 |Ewlbenzene 0.0000484 0.1 0.329 1100
42 |Fantachlarophenol 0.000052 0.475 0.0000873 891 25
A3 11 0 T pecblunathene VNR4T v 1187 -'

45 |Toluene 0.0000544 0.78 0.275 300
_46 |1,1,1-Trichloroethane 0.000057 0.79 115 100
_47 |1.1.2-Trichioroethane 0.0000588 0.8 0.u431 50
_48 [Trichloroethens (TCE) 0.0000855 0.704 0.371 126
~49 |Vinylchloride 0.000076 112 50.7 2.45
_50 |o-Xylene 0.0000518 0.74 0.205 300
_51 |m-Xylene 0.0000518 0.74 0.267 300
_52 |p-Xylene 5.18 0.74 0.252 300
53|

54

gives chemical properties of 1,2 Dichloroethane. Column B of the macro sheet within the shaded area contains



the chemical names, Column C contains the diffusion coefficients in water in m2/d units, Column D contains the
diffusion coefficients in air in m2/d units, Column E contains the dimensionless Henry's Constants, and Column
F contains the normalized adsorption (distribution) coefficients of the chemical with respect to carbon content of
the soil in ml/g units. As an example, if you would like to change the permanent value of the diffusion
coefficient of 1,2 Dichloroethane in air, you must select cell D40, and type in the new value (say 0.9), then select
the first cell in the macro sheet (A1). By using the File menu, you must save the macro sheet using the "Save"
option. You may now quit from Microsoft Excel.

Inserting/Deleting Items

The shaded areas in the macro sheets, which are used to store permanent values of variables, are logically
defined to Dialog Boxes by using the "R1C1" cell referencing system. As shown below, the example of
CPAR.XLM contains the database logical definition in cell G22 as "r34c2:r52c2", indicating that the chemical
names used as items in the pull-down list are written in Column 2 (B), starting from Row 34 to Row 52,

=| File [Edit Formula Format Data QOptions Macro Window Help
G22 | | r34c2:152¢c2
F l G l H
18
19 | CHEMICAL PROPERTIES
_20 |53 Use Chemical Database?
21118 = Acetone
_22 |247 r34c2:r52c2 I
_23 | Chemical Database
24 1
25 | Yes
26| No
27 oK

If any of the chemicals is to be removed from the database permanently, the corresponding cells for that
chemical must be selected in the shaded region, and the contents of these cells must be deleted by using
Edit-Clear-All option. Then, the remaining data entries must be sciected and moved up in the place of deleted
entries by using Edit-Cut and Edit-Paste options. Lastly, the datal-a::e logical definition must be changed to
reflect the new parameter area. To illustrate this, consider the following example:

To delete the data entry in CPAR.XLM for Toluene, you must first locate the parameter values for Toluene in the
shaded area of CPAR.XLM (Line 40, Columns B, C, D, E and F), then select the cells containing parameter
values 10r Toluewe. Next, you must "Clear" the cells by using the Edit menu us illustra.ed below.



35 |Benzene 0.226 83
36 |Carbontetrachloride 0.818 150
37 |Chlorobenzene oK 0.143 1258
38 |Chloroform m Al 0.156 30
39 |1,1-Dichlorosthans ¢ Foima ‘ 0.238 46
40 |1,2-Dichloroethane C Formulas i 0.0453 30
41 |Ethylbenzene m 0.329 1100
42 |Pentachlorophenol - ; 0.0000873 891.25
43 [1.1.2.2-Tetrachloroethane i U.bZ3 0.0197 50
44 |Tetrachloroethens 0.0000544 0.73 0.944 302
45 | |
46 [1,1.1-Trichloroethane 0.000057 0.79 1.15 100
47 11.1.2-Trichloroethane 0.0000588 0.8 0.0491 50

Then, to move rest of the entries one line up, you must select lines 46 through 52, columns B, C, D, E and F and

use the "Cut" option from the Edit menu. Next, you must select cell B45 and use the "Paste" option from the
Edit menu. After this operation, the permanent data area will look like the following:

[21]
A

Chemical Name

Acetone

Benzene
Carbontetrachloricle
Chlorobenzene
Chloroform
1.1-Dichloroethans
1.2-Dichloroethane
Ethylbenzene
Pentachlorophenol
1,1,2,.2-Tetrachloroethane
Tetrachloroethene
1,1.1-Trichloroethane
1,1.2-Trichlorosthane
Trichloroethene (TCE)
3 _|Vinylchloride

wlw|w
;oW

(21}
=]

L
=]

(A1}
(1=}

Y
[ =]

B | D | Bn
o [P =2

ol | B | B
NN

£
=~

slal

51 |p-Xvlene

dw (m2/d)

0.0000885
0.00008048
0.0000793
0.0000728
0.00008681
0.000063
0.000083
0.0000484
0.000052
0.00008422
0.0000544
0.000057
0.00u9588
0.00::1655
0.00:376

5.18

da (m2/d)

0.889
0.864
0.688
5.061
0.765
0.864
0.8u4
0.71
0.475
0.629
0.73
0.79
0.8
0.704
112

0.74

Kh

0.000857
0.226
0.819
0.143
0.156
0.238
0.0453
0.329
0.0000873
0.0197
0.944

1.15
0.0491
0.371

50.7

]
i e

0.242

Koc (mlfg)

2.2
83
150
125.9
30
46
30
1100
891.25
50
302
100
50
12t
2.45

300

Notice that the new data area is now from row 34 to rovs 51, not 52, Therefore, the database logical definition in
cell G22 must be changed to reflect the new data area, and it should read "r34c2:151c2". To complete database

update, you must select the first cell (A1) and save the macro sheet by using the "Save" option from the File

menu.

Inserting new items into the database file is accomplished by using a similar approach. The new item can be

included at the end of the light-gray shaded area, provided that the cells for the new parameter values are shaded
by using the "Patterns" option from the Format menu. Again, the database logical definition in "R1C1" format
should be altered to reflect the new entry. If the entries in the pull-down list of the dialog box are to be sorted

alphabetically, the user must select the entire data area first, then use the "Sort" option from the Data menu.



Button # 1: UNITS

This button is used to specify which units are implemented in model operation. IMPACT v3.0 is designed for
daily time increments, therefore, the time units are always in days. However, the spatial units can be feet,
meters, inches or centimeters. When Button 1 is implemented, a corresponding dialog box is called to prompt
user to select appropriate units. The default for this button is pre-set to "Feet-Day" units. The following table
shows the appropriate values written into the data region, depending on the option selected from the dialog box

Feet-Day Units 1
Meter-Day Units 2
Inch-Day Units 3
Centimeter-Day Units 4

This is a test!

& ] 1
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Button # 2: MODELS

This button is used to specify which submodel is used in model operation. IMPACT v3.0 is designed to be
executed in two distinct modes: 1) Moisture Balance Model only; 2) Moisture Balance and Mass Transport. If
the latter is selected, "0" will be written in the data region. However, if the first option is selected, certain lines
in the worksheet which contain input related to mass transport will be hidden first and "1" will be written in the
data region. This button does not have a default option.

. 1
] 0
k| fa]

Buttons



Button # 3: SOIL TYPE

This button is used to specify whether the soil in the unsaturated zone is homogeneous or layer-heterogeneous. If
the homogeneous soil option is selected, "0" will be written in the data region. This option is used as a default in
the dialog box. However, if the layer-heterogeneous option is selected, first "1" will be written in the data
region, and a secondary dialog box is called to prompt user to input how many layers of different soil exist in the
unsaturated zone. The maximum soil layers allowable in IMPACT v3.0 is four; therefore, the dialog box does
not accept a value greater than four. In addition, this dialog box restricts users to enter the number of soil layers
less than two, since it would indicate the homogeneous option. Once the number of soil layers is given, an
additional line containing the value will be added into the worksheet, and a third dialog box will be called. This
dialog box prompts users to input node numbers immediately above the soil layer interfaces for each soil type.
The node numbers are layer interfaces from the spatial discretization. It should be noted that the node numbers
cannot be zeros and the soil layer interfaces are always selected on half-layer interfaces (between two full layer
interfaces). The following example explains the numerical discretization for a two-layer system.

Example

Consider the following scenario: The unsaturated zone, which is 10 feet in depth, consists of two distinct soil
layers. The first soil layer is located from the ground surface to a depth of 3.5 feet, and the rest of the region
contains the second soil type. If the unsaturated zone is discretized by 1 foot intervals as shown in the figure
given below, the first layer interface is the ground surface (z = 0 ft), the second layer interface is 1 foot deep
from the ground surface (z = 1 ft), and similarly, the last layer interface is the groundwater water table (z = 10
ft). The node number immediately above the second soil type is therefore equal to 4 according to the
discretization.

1 — g.8.

2

3 SOIL 1

; ___________ -Soil Layer Interface
6

7 SOIL 2

Once the node numbers are given, Button 3 will first insert an additional line containing these values into the
worksheet and hides certain rows from the worksheet (Buttons 4, 5, 6 and 11). Furthermore, additional lines will
also be inserted into the worksheet for soil parameter input (see Button 18).

Buttons



utton # 4: K-T ELATIONSHIP

This button is used to specify which submodel is used in soil-moisture retention characteristics. There are four
submodels built in IMPACT v3.0, namely, Campbell, Mualem, Ragab, and van Genuchten's. Only Campbell's
relationship is implemented in this worksheet, however, the others are shown as options in the dialog box for
future inclusion. The default option is therefore set to Campbell's relationship. When this option is selected, "1"
is written in the data region. If any other option is selected, a warning message is displayed. If the soil type is
layer-heterogeneous, this button is hidden since IMPACT v3.0 assumes the Campbell's relationship for
heterogeneity.

Buttons



Button # 5: D-THETA RELATIONSHIP

This button is used to specify which submodel is used in moisture content versus soil diffusivity relationship.
There are two submodels implemented in IMPACT v3.0, namely, Clapp and Hornberger, and Gardner's. The
latter is not implemented in this preprocessor, however, it is shown in the dialog box for future inclusion. The

default option is set to Clapp and Hornberger's relationship. If this is selected, "1" is written in the data region.

If any other option is selected, a warning message is displayed. Like Button 4, if the soil type is
layer-heterogeneous, this button is hidden from the worksheet.

Buttons



Butto : INITIAL MOISTURE CONTENT

This button is used to specify whether or not the initial moisture content of the soil is constant with respect to
depth. If the initial volumetric moisture content is constant with respect to depth, "0" will be written in the data
region. This option is the default in the dialog box. However, if it is variable with respect to depth, "1" will be
written. Like Buttons 4 and 5, if the soil type is layer-heterogeneous, this button is hidden from the worksheet,
since IMPACT v3.0 assumes that the initial moisture content is constant for each layer.

- L
G 0
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Button # 7: PRECIPITATION

This button is used to specify if precipitation rate is constant or variable with respect to time or the actual daily
precipitation values from rainfall database are to be used. The first option, precipitation is variable with respec
to time, is not implemented in this preprocessor. Therefore, if selected, a warning message is displayed. Whe:
the precipitation is constant with respect to time (second option), "1" is written in the data region. The third
option specifies that the actual rainfall data will be used from the database. If this option is selected, "2" is
written in the data region. This is the default option.

Buitons



Button # 8: EVAPOTRANSPIRATION

Like Button 7, this button is used to specify whether the evapotranspiration input is constant or variable with
respect to time or to be calculated by using either Penman's or Thornthwaite's method. The first option, variabl
with respect to time, is not implemented in this preprocessor. If chosen, the dialog box displays a warning
message. If the evapotranspiration is constant with respect to time (second option), "2" will be written in the
data region, and depending on the value of Button 7, certain lines will be hidden from the worksheet. If the
evapotranspiration is computed by using the actual temperatures from the database (third option), "1" will be
written in the data region, and again, certain lines will be hidden from the worksheet. This option is used as the
default.

Buttons



Button # 9: PRINT MOISTURE PROFILE

This button is used to specify whether or not the computed volumetric moisture content values are printed in the
main output file. If the first option is selected, "0" will be written in the data region and the moisture profiles
will be printed out by the model. If the second option is selected, however, "1" will be written in the data region
and the profiles will not be printed. The latter is the default for this button.

Butions



Button # 10: PRINT MOISTURE FLUXES

Like Button 9, this button is used to specify whether or not the moisture fluxes (velocities) are printed in the
main output file. If the first option is selected, "0" will be written in the data region and the moisture fluxes
will be printed out by the model. If the second is selected, however, "1" will be written in the data region, and
the fluxes will not be printed. The latter is the default for this button.

10 1

11 1
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Button # 11: BOTTOMB. OR FLO

This button is used to specify the type of boundary condition to be used in the moisture balance model for the
lower boundary of the solution domain (groundwater table). There are two distinct types of boundary condition:
implemented into the model. The first option specifies a saturation condition (moisture content at the
groundwater table is always at saturation value), which is a boundary condition of the first kind. The second
option specifies a gravity flow condition (no-flux condition at the groundwater table), which is a boundary
condition of the second kind. The latter is the default option. If the first option is chosen, "0" will be written in
the data region. If the second option is chosen, "1" will be written in the data region. It should be noted that thi
button will be hidden if the soil type (Button 3) is layer-heterogeneous, since the model assumes a gravity flow
condition for heterogeneous soils.

1 1
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Button # 12: TYPE OF CONTAMINANT

This button is used to specify whether or not the biodegradation process is taken into account by the model. The
first option runs IMPACT v3.0 in biodegradation mode, whereas the second option neglects biodegradation in th
mass transport mechanisms. If the first option is selected, "0" will be written in the data region, however, if the
second option is selected, "1" will be written and Buttons 16 and 32 will be hidden from the worksheet. The
default is set to be the "no biodegradation” case.

-

11 1
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Button # 14: INITIAL CONCENTRATION PROFI

This button is used to specify whether or not the initial total soil concentration profile with respect to depth of the
unsaturated zone is constant. If the first option is selected, "0" will be written in the data region. If the second
option (variable concentration distribution) is selected, "1" will be written in the data region. This is the default
option.

14 0
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Button # 15: DILUTE DEL

This button is used to specify whether or not the DILUTE (saturated zone transport) model is used in model
operation. If the DILUTE model is executed (first option), "0" will be written in the data region. This is the
default option in the preprocessor. If the dilute model is skipped in model operation (second option), "1" will t
written in the data region and Buttons 38 through 43 will be hidden from the worksheet.

| (] v
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Button # 15: DILUTE DEL

This button is used to specify whether or not the DILUTE (saturated zone transport) model is used in model
operation. If the DILUTE model is executed (first option), "0" will be written in the data region. This is the
default option in the preprocessor. If the dilute model is skipped in model operation (second option), "1" will t
written in the data region and Buttons 38 through 43 will be hidden from the worksheet.

| (] v
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Button # 16: TYPE OF DEGRADATION

This button is used to specify the type of degradation mechanism to be used in model operation. IMPACT v3.0
is designed to handle biodegradation in two modes: 1) Monod Kinetics; 2) Dynamic Population Equilibrium
Conditions. Button 16 is only visible if the type of contaminant is set to "Biodegradable" by Button 12. The first
option, Monod Kinetics, is not implemented in this preprocessor; therefore, if selected, a warning message is
displayed. However, if the second option (equilibrium conditions) is selected, "1" will be written in the data
region and a secondary dialog box is displayed to prompt user to choose whether the degradation mechanism is
zero or first order. The first option in this dialog box indicates a zero order mechanism, and if selected, "0" will
be written in the data region. The second option which is the default indicates a first order mechanism and "1"
will be written in the data region.

16
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utton # 17: CONCENTRATION REDUCTICN

IMPACT v3.0 model is equipped with an iteration scheme to compute soil clean-up levels within the
contaminant source located in unsaturated zone based on the maximum concentration observed either at the
groundwater table or at any receptor location (compliance point) within the underlying aquifer. If the DILUTE
model is executed in model operation (see Button 15), the optimization scheme will be performed for any
receptor location(s) within the aquifer. However, if the DILUTE model is not executed, the optimization will be
based on the maximum concentration observed at the groundwater table. The reduction scheme is implemented
in IMPACT v3.0 as either reducing the initial concentration values in the source, keeping the thickness of the
contaminated layer constant, or reducing the thickness, keeping the concentration values constant. The first
represents the situation attained by any of the soil remediation techniques, the second represents the situation of
soil excavation and replacement by clean soil.

This button is used to specify whether or not the concentration reduction scheme is implemented. If the
concentration reduction scheme is not implemented (first option), "0" will be written in the data region. If the
second option is selected, however, "1" will be written in the data region and a secondary dialog box will be
displayed to prompt user to select the type of reduction scheme. The first option which is the default specifies
the initial concentration reduction scheme, and if selected, "0" will be written in the data region. The second
option represents the contaminated layer thickness reduction, and if selected, "1" will be written in the data
region. Then, a third dialog box will be displayed to prompt user to enter the allowable groundwater
concentration in parts per billion. When this value is entered, it will be recorded in the data region.

17 0
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Button # 18: SOIL PARAMETERS

This button is used to enter certain soil-specific parameters used in IMPACT v3.0. The first row in the
worksheet corresponding to Button 18 gives values of saturated hydraulic conductivity, field capacity, saturated
volumetric moisture content, and air-dry volumetric moisture content, respectively. The second row gives the
empirical power, m , used in Clapp and Hornberger's hydraulic conductivity versus moisture content
relationship (see technical documentation of IMPACT), and similarly, the third row gives the empirical power,

b , used in Campbell's suction pressure (head) versus moisture content relationship (retention properties) and the
saturated suction head values, respectively. It should be noted that all moisture content values and the empirical
coefficients are dimensionless, the hydraulic conductivity is in velocity units (L/T) and the saturated suction head

is in length units (L).

When Button 18 is executed, a dialog box is displayed to prompt the user to enter soil specific parameters for the
first soil layer and for other soil layers for layer-heterogeneous soils. There is a database of soil types built-in to
the dialog box, which contains values of the aforementioned variables for four types of soils, namely sand, sandy
loam, silty clay loam, and silty clay. If the database option is selected (first option in the dialog box), the user
may select the name of the soil type from the pull-down menu to automatically enter the built-in values for all
variables. The dimensioned variables are automatically converted to appropriate dimensions according to the
option used in Button 1. If the database option is not used, the user must enter values for each of the variables in
the second dialog box, supplying values in appropriate dimensions.

[ V]
49.88 0.05 0.395
18 11.1
4.05 0.4
10 1 1

Buttons



Button # 19: DISCRETIZATION PARAMETERS 1

This button is used to enter the main spatial and temporal increments used in the geometric discretization of th
problem. The first value refers to spatial increment in the discretized domain and is given in the appropriate
units set by Button 1. The second value refers to the time increment used in the time-marching scheme, and is
always given in days. It should be noted that if the climatic databases are used for actual rainfall and
temperature values, there is a restriction in the value of the time increment that it cannot be more than 5 days o
less than 1 day, and fractions of a day are not allowed. If the databases are not utilized, however, there is no
restriction on the time increment.
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Button # 20: P OUT FREQUENCY

This button is used to enter printout frequency for output purposes. The printout frequency is an integer multiple
of the time increment used in the time-marching scheme. The results are printed in the main output file with
respect to this frequency. In addition, if the DILUTE model is used (see Button 15), this value is used to
determine how fine or course the input concentration profile at the groundwater table is taken into account, thus,
affecting the accuracy of the saturated zone results. The printout frequency cannot be equal to or smaller than
zero, therefore, it is restricted in the dialog box.
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Appendix B

Chemical Properties Used in

Databases

RQ



CHEMICAL PROPERTIES OF SELECTED COMPOUNDS
WATER Koc Heney's Dimendon- | Hatt Ives In [Arst ardar| Hall Ives In |FArst order|Water Difugon| Alr Ditfuson Water Ditfuson| Alr Ditfuslon
CHEMICAL CASRN | SOLUBILITY Constant | less Hanry's Sod, constant [Groundwated] constant | Coelliclents |Coelliclentd Coefliclants | Coetficients
(mg/L) (mL/g) | {atmm3/mol)| Constant Days 1 /days Davs l/day [10*5m*2/day| m*2/day |10"Sm*2/day| m~2/day
h a a m b b | I
. (1=20C)
Acealone &7-54-1 10000000 2.20c 2.06E-06 8.57E-04 7 0.099021 14 0.049511 8.85% 9442711734 | 0.889042578
Acryonilie 107-13-1 79000 0.85¢ B.83E-05 3,678 23 0.030137 46 0.015068 9.414412513 IVALUEI
Berzena 71-43-2 1780 100d 5.43E-03 2.26E-01 16 0.043322 16 0.043322 6,048 0.864 8.251280501 | Q.600200043
Bromodichloromethana 75-27-4 AS00h 41,860 212604 8.82e-03 HOV/ HDIV/O WOV 20Vl
[Bromoforrn 75252 3033 218.77h & 12E-04 2.56E-02 180 0.003851 365 Q.001899 wOV I oVl
Bromomethane 74-83-9 18040 7 5.26E-03 219601 28 0.024755 #ON/O #Dv01 w0V
2-Butancna (MEK) 78-93-3 268000 4.5¢c 274606 1.14E-03 7 0.099021 ¥OV /I #DIV/OI (7]
‘Carbon tetrachiondea 56-23-5 1180 1600 1.97E-02 B8.19€-01 360 360 Q001925 B80.63k 7929740072 | Q687581675
(Chiorobenzena 108-50-7 500 12550 345603 1.43E-01 150 300 000231 7.28k 7.399628137 | 5.061393845
Chloroiom 67 -66-3 7900 302 375603 1.56€-01 180 1800 0.000385 0.681252767 | 076806345
Chioromathane 74-87-3 5350 &.00g 9.38E-03 3.90E-01 28 AVl WOV /DI #OV O
Dibromochioromeathana 128-48-1 40000 83.2h 9.00E-04 412602 180 180 0.003851 w¥ON /O ¥V /Ol
1,2-Dichioroberzena 95-50-1 145 400a 1,88E-03 7.82e-02 180 360 0.001926 N0V /Ol ¥V
1,3-Dichicrobenzena £41-73-1 123 4002 356603 1.48E-01 180 380 0.001925 #DV O WOV /Ol
1.4-Dichiorobenzene 106-46-7 80 6502 1.64E-03 G.82E-02 180 360 0001925 #DIV/TI #DIV/O
1,1-Cichioroathane 75-34-3 5100 A S.72E03 2.38e-01 154 164 0.004501 63 Q864 B.748178764 | 0.768437244
1,2-Dichioroethane 107062 Aa700 302 1.056-008 4.53E02 180 30 Q.001925 &3 0.864 2014722224 | 0.7668437244
1,1-Dichicroathena 75354 400 200e 1.84E-03 4.41E-02 160 132 0.005251 w0/ #OMV/0
1,2-Dichioroethane (trans) 156-60-5 6300 o 6.606-03 2.75E-01 180 #ON /O #OV /O 0.786349301
1,2-Dichicroethana (cis) 166-63-2 3500 49c 7.51E-03 302801 180 #OVO #OVQI 0.786349301
1,3-DicHoropropana 542-75-6 2800 1.80E-O1 7.4%€+00 11.3 1.3 0056134 #DIV/OI #OVO
Ethyibarnzens 100-41-4 167 1100c 7.906-03 3.29e-01 10 228 0.00304 4,84 a7i 6.5401215682 | 0.5804425638
Hexachioroelhang &67-72-1 8 21880 2.5CE-03 1.04E-01 180 365 0.0018%9 #DIV/OI WD O
Lindone 58-89 7 75 1072h 328606 1.35E-04 L0 ] WOIV/OI ROV
4-Methyl-2-pantancna (MIBK 108-10-1 17000n 229 S514E06 2,403 7 14 0.0495611 NOV/OI ¥DV /O
|Mathyiena chlodde 75-05-2 19400 25 2.57E-03 1.07E-01 28 _ ¥Vl 7.43 1.04 HON O #0v I
Pentachicrophanol 87-86-5 14 891.25h 210608 8.73e-05 178 1533 0.000452 52 0478 5175478421 | 0.474601813
1,1,1,2-Telrochioroethana 630-20-6 1100 100e 2.79E-03 L16E-01 -] =] Q.010802 Ll ] #DV /T
1,1,2,2-lalrochloroetnana 79-34-5 3000 S0a 4.74E-04 S7E2 45 45 0.015403 B.422023934 | 0.628745971
Tetrachoroathana 127-18-4 160 o 2.27E02 2.44E-01 30 720 Q000963 544 Q73 7.69176104 | 0.6387702¢5
Toluena 108-88-3 522 200d &.61E-03 275601 22 28 0.024755 5.44 078 7.2811751462 | 0.628414335
1,1,1-Tdchioroethane 71-55-6 720 100d 2.7¢E-02 1.156+00 273 546 Q.oo127 5.7 o.79 #OIV/OI Q684979918
1,1,2-Tdchloroathana T900-5 4420 02 1.186-03 A91E-2 365 730 0.00055 5.88 0.8 NOV /O 0.688075918
1 =Horoathane (TCE) 79-01-& 1100 100d B.92E-03 3.71E00 380 1620 0.000428 8,55k Q.7038 831195066 | O.697940872
| “i-yichioide 7501-4 1100n 2.45h 1.22€+00 S.07E+01 180 2850 0.000243 7.6 1.12 1079218935 | 0.926403568
5 wylena 5476 186 oo 493803 2.08€-01 28 380 0.001925 .18 Q.74 £.604782757 | 0.580801085
- {yiane 108-38-3 162 300.00 4.91E-03 2.87e-01 ol 56 0.012378 .18 Q.74 6527195183 | 0.535433879
i wylene 106-42-3 179 Ao 7O1E03 2.92e01 2 66 0.012378 .18 0.74 6494660416 | 0.53557995
] s s ey SE— -t - : e
c EPA, 1986 S T f R i L &
@ Koialls and Talimdiogiu, 1991 | |
@ Calcuated from water solublity and equation in Roy and Gilten, 1585
i Royand Gilf 2n, 1985 |
g Juryel.d. 1950 |
n  Knox, Sabatanl, and Canter, 1993
| Mohiuddin, 1593
| Brandcn at. al., 1992
k Thibodeaw 1979
| Reld and Sharwood, 1977
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CALCULATION OF DIFFUSION COEFFICIENTS

MW Ve Tc Pc Ic Va o Dw Da
/mole Em*3/molg K bar cm*3/mol @ |m*2/day|m*2/day
Acetone 58.08 209 508.1 47 0232 | 76976501 | 66.86 | 9.44E050.889043
Acrylonitrile 53.064 210 536 45.6 0.21 |77.362533| C3H3N. | 9.41E-05 | #VALUE!
Benzene . ©78.114 259 562.2 48.9 0271 |96.379132| 110.88 | 8.25E05| 0.6902
Bromodichloromethane : 0 #DIV/OI | #DIv/0!
Bromoform 0 #DIV/Ol | #DIV/OI
Bromomethane 0 #DIV/0l | #DIv/0I
2-Butanone (MEK) 0 #DIV/Ql | #DIv/OI
Carbon tetrachloride 153.823 | 275.9 556.4 45.6 0272 |102.97994| 94.5 | 7.93E-05 | 0.687582
Chlorobenzene 112.559 308 632.4 45.2 0.265 |115.57024 7.4E-05 | 5.061394
{Chloroform 119.378| 238.9 536.4 53.7 0293 [88.555468| 76.98 | 8.68E-05 | 0.765064
Chloromethane 0 #DIV/Ol | #DIV/OI
Dibromochloromethane o #DIV/Ol | #DIv/ol
1.2-Dichlorobenzene 0 #DIV/Ol | #DIv/OI
1.3-Dichlorobenzene 0 #DIV/Ol | #DIv/OI
1.4-Dichlorobenzene ; 0 #DIV/Ol | #DIv/0I
1.1-Dichioroethane 98.96 236 523 50.7 0.275 |87.429227| 79.92 8.75E-05 | 0.768437
1.2-Dichloroethane 98.96 225 566 83.7 0.259 |83.163381 79.92 9.01E-05 | 0.768437
1.1-Dichloroethene 0 #DIV/Ol | #DIv/0l
1.2-Dichlorcethene (frans) 96.944 513 48.1 0 75.96 #DIV/Ol | 0.786349
1.2-Dichloroethene (clis) 96.944 537 56 0 75.96 #DIV/0l | 0.786349
1.3-Dichloropropane 0 #DIV/Ol | #DIv/0I
Ethylbenzene 106.168 374 617.2 36 0262 |141.64926| 151.8 | 6.55E-05 | 0.580443
Hexachloroethane 0 #DIV/Ol | #DIv/OI
Lindane 0 #DIV/Ol | #Div/Ol
4-Methyil-2-pentanone (MIBK) 0 #DIV/Ol | #DIv/Ql |
Methylene chloride _ 0] #DIV/Ql | #DIV/OI
Pentachlorophenol 2663 | 543.82 84 32.92 209.70167 | 203.96 | 5.18E-05 | 0.474602
1.1.1.2-Tetrachloroethane 0 #DIV/Ol | #DIV/OI
.22 Tal Achorc o TR7 | o617 | o84 | 0266 [SATAIOTI 11406 18 Fne [non747
. 3 L4 % Yy : 7 i [ £
Il e e e IR L i & : ’ * : 1
1.1,1-Trichloroethane 133,405 545 43 0 97.44 #DIV/Ol | 0.68698
1.1.2-Trichloroethane 133.405 606 51.4 0 97.44 #DIV/Ol | 0.68698
Trichloroethene (TCE) 131.389 256 572 55 0.265 |95.209513| 93.48 | 8.31E-05| 0.569995
Vinyl chloride 62.499 169 425 51.5 0265 |61.612684| 58.44 0.000108 | 0.926604
o-Xylene 106.068 369 630.3 37.3 0.262 | 139.66529| - 151.8 6.6E-05 | 0.580501
|m-Xylene 106.068 376 617.1 35.4 0.259 | 142.4432 181.8 | 6.53E-05 | 0.535634
[p-Xylene 106.168 379 616.2 35.1 0.26 143.6345 181.8 | 6.49E-05 | 0.53558




Button # 21: CONVERGENCE CRITERIO

This button is used to enter the convergence criterion which is utilized implicitly by the model for the accuracy
of the results. It is set to 0.001 by default . This optimum value was found to yield accurate results by sensitivity
analysis. However, the user has the option to change the value. It should be noted that lower the value, higher
the accuracy will be, but the model will take a much longer time to execute.
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Button # 22: DISCRETIZATION PARAMETERS 2

This button is used to enter the number of nodes (layer interfaces) in the spatial discretization scheme and the
number of time increments in the time-marching scheme (to set total simulation time), respectively. The
number of layer interfaces or nodes are always one plus the total number of layers with a thickness set by the
spatial increment (see Button 19). For instance, if the total depth of unsaturated zone is 10 feet, and this zone is
discretized by 2 feet intervals, the number of nodes will be 6 since the first node (layer interface) is the ground
surface at 0 foot. It should be noted that the number of layer interfaces are restricted to be less or equal to 400 by
the model, similarly, the number of time increments are restricted to be less or equal to 2,234. If the values are
not given in these ranges, the dialog box will not accept them.
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Button # 23: MOISTURE CONTENT

This button is used to enter initial volumetric moisture contents of the soil. If the initial moisture content i
constant with respect to depth (see Button 6), only the moisture content for the first node will be given.
However, if the initial moisture content is variable with respect to depth, the values must be supplied for a

nodes.
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Button # 24: PRECIPITATION

This button is used to enter the constant value of the precipitation rate (in length per day units) if the
precipitation is assumed to be constant with respect to time (see Button 7). If the climatic database is utilized
this button is hidden from the worksheet.
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Button # 25: SCS SOIL CURVE NUMBER

This button is used to enter the soil curve number (CN) of the Soil Conservation Service Method for computing
surface runoff values. For more information about SCS method, see the technical documentation of IMPACT
v3.0. The dialog box corresponding to Button 25 has a soil database for default CN values. There are four types
of soils implemented in the database, namely, sand, sandy loam, silty clay loam, and silty clay. The user has the
option to choose values from the database or enter the CN value for the corresponding soil (first soil layer in case
of layer-heterogeneous formation). This button is hidden from the worksheet if the precipitation is constant with

respect to time (see Button 7).
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Button # 26: EVAPOTRANSPIRATION

Like Button 24, this button is used to enter the constant value of evapotranspiration (in length per day units) if i

is constant with respect to time (see Button 8). If the climatic database is utilized, this button is hidden from th
worksheet.
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Button # 27: CONSTITUENT NAME

This button is used to enter the name of the compound existing in the contaminated layer. This is a text
information used for identification purposes in the main output file. When this button is executed, the user has
the option to enter the name of the compound directly or to select the name from the database of compounds
which are built-into the dialog box. There are 19 compounds currently available in the database. When the
database option is chosen, the user may select the name from the pull-down list to enter it into the worksheet.
This button is hidden from the worksheet if the mass transport model is not implemented in model operation (se

Buiton 2).
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Button # 28: INITIAL TOTAL CONCENTRATION

This button is used to enter initial total soil concentration in mg/kg. If the initial concentration is constant wit]
respect to depth (see Button 14), only one concentration value will be required for the model. The constant
concentration value will be entered for the first layer interface (node) if no-mass-flux condition is used as a tof
boundary condition (see Button 13), otherwise it will be entered for the second node. If the concentration
distribution is variable with respect to depth, values will be required for all nodes.
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Button # 29: CHEMICAL PROPERTIES

This button is used to enter chemical specific properties of the organic constituent used in the simulation. The
dialog box associated with this button has the option to use built-in chemical database values for the selected
compound. If the database option is selected, the user selects the name of the compound from the pull-down lis
and presses the "OK" key. Subsequently, the following properties of the chemical are automatically written intc
the data region: diffusion coefficient of the chemical in water (in m2/d units), the diffusion coefficient of the
chemical in air (in m2/d units), the dimensionless Henry's constant, and the normalized distribution (partitioning
coefficient of the chemical with respect to carbon content of the soil (in ml/g units). If the database option is no
utilized, a secondary dialog box prompts user to enter the aforementioned parameters in appropriate units.
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Button # 30: CHEMICAL PARAMETERS

This button is used to enter certain chemical specific parameters of the soil(s) utilized in model operation. The
following parameters are prompted by the dialog box associated with this button: a first order decay coefficient
representing irreversible adsorption in soils (in ml/g/d units), organic carbon content of the soil (in percentage),
dispersivity of the soil (in appropriate length units), and soil bulk density (in g/cc). If the soil is
layer-heterogeneous (see Button 3), this button will insert additional lines into the worksheet and the values of
the parameters for each soil type must be entered respectively.
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Button # 31: BIODEGRAD COEFFICIENT

This button is used to enter equilibrium biodegradation coefficients of the chemical used in simulations. If the
chemical is considered non-biodegradable (see Button 12), this button is hidden from the worksheet. If
zero-order degradation mechanism is selected via Button 16, a dialog box is displayed to prompt user to enter the
value of the biodegradation coefficient in mg/liter/day units. However, if the first order degradation mechanism
is selected, the user is given an option to use the chemical database for degradation coefficients. If the database
option is not utilized, a dialog box is displayed to manually enter the value in 1/day units.
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Button # 32: SCS CURVE NUMBER

This button is used to enter the soil curve number (CN) of the Soil Conservation Service Method for computing
surface runoff values. For more information about SCS method, see the technical documentation of IMPACT
v3.0. The dialog box corresponding to Button 32 has a soil database for default CN values. There are four types
of soils implemented in the database, namely, sand, sandy loam, silty clay loam, and silty clay. The user has the
option to choose values from the database or enter the CN value for the corresponding soil (first soil layer in case
of layer-heterogeneous formation). This button is hidden from the worksheet if the precipitation is computed
using database (see Button 7).
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Button # 33: E.T. COMPUTATION

This button is used to specify which submodel is used to compute evapotranspiration values. If
evapotranspiration is considered to be a constant for all time steps (see Button 8), this button is hidden from the
worksheet. There are two options displayed in the dialog box associated with Button 33. The first, which is the
default, specifies the Thornthwaite's method, the second specifies the Penman's method which is not
implemented in this worksheet. If the Thornthwaite's method is selected, "0" will be written in the worksheet,
however, if the Penman's method is selected, a warning message is displayed.
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Button # 34: SIMULATION START DATE

This button is used to specify the simulation start date as the day, month and year. This button is hidden from
the worksheet if the precipitation is computed using database (see Button 7) or the evapotranspiration is constan
with respect to time (see Button 8). The dialog box associated with Button 34 prompts the user to enter the
simulation start date as the day, month and year, and the values are subsequently recorded in the data region.
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Button # 35: TEMPERATURES

This button is used to specify whether or not the observed mean monthly temperatures are used in the
evapotranspiration computations. If the evapotranspiration value is considered a constant with respect to time
(see Button 8), this button is hidden from the worksheet. There are two options implemented in the dialog box
associated with Button 35. The first option specifies that temperatures are manually entered by the user for each
of the twelve months, and if selected, "0" will be written in the data region and twelve additional lines will be
inserted into the worksheet for mean monthly temperatures. The default option associated with Button 35
specifies that the database values are utilized for mean monthly temperatures, and if selected, "1" will be written
in the data region.
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Button # 36: WILTING POINT

This button is used to specify the wilting point of the soil existing in the root zone as a percentage. It is hidde
from the worksheet if the evapotranspiration value is considered a constant with respect to time (see Bution 8
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Button # 37: ROOT ZONE DEPTH

This button is used to specify the root zone depth in appropriate length units for the water balance computation:
It is hidden from the worksheet if the evapotranspiration value is considered a constant with respect to time (sec

Button 8).
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Button # 38: DISCRETIZATION PARAMETERS 3

Buttons 38 through 43 refer to input variables for the DILUTE (saturated zone) model. If the DILUTE model is
not implemented in the model operation (see Button 15), these buttons will be hidden from the worksheet.
Button 38 specifies the discretization parameters such as number of x locations (vertical scale), number of y
locations (horizontal scale) and number of time instants to be simulated in the saturated zone application.
Number of vertical and horizontal coordinates are restricted to be maximum 20 each, therefore only 400 distinct
locations can be used in the computation of contaminant transport within the underlying aquifer. The number of
simulation times is restricted to be 100 per model operation. Button 38 inserts additional lines into the worksheet
depending upon the values of the aforementioned discretization parameters.
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Button # 39: VERTICAL COORDINATES

This button is used to prompt the user to manually enter the vertical locations simulated in the DILUTE model
The number of vertical locations are determined via Button 3.
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Button # 40: HORIZONTAL COORDINATES

This button is used to prompt the user to manually enter the horizontal locations simulated in the DILUT
model. The number of horizontal locations are determined via Button 3.
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Button # 41: SIMULATION TIMES

This button is used to prompt the user to manually enter the simulation times used in the DILUTE model. Tt
number of simulation times are determined via Button 3.
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utton # 42: ul ROPERTIES

This button is used to enter aquifer specific parameters for the DILUTE model. The dialog box associated with
this button prompts the user to manually enter the following properties: vertical (transverse) hydrodynamic
dispersion coefficient, horizontal (longitudinal) hydrodynamic dispersion coefficient, vertical aquifer velocity,
horizontal aquifer velocity, and half-length of the strip source which is assumed to be on top of the groundwater
table. All values have to be entered by the user in appropriate units. For more information about the
aforementioned variables see the technical manual of IMPACT v3.0.
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utton # 43: CHEMICAL PROPERTIES

This button is used to enter chemical specific parameters for the DILUTE model. The dialog box associated witl
this button prompts the user to manually enter the following properties: a first order equilibrium decay
coefficient, retardation coefficient and the thickness of the aquifer. All values have to be entered by the user in
appropriate units.
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EXIT

The last button in the worksheet is the EXIT button. The user must always use this button to exit or quit from the
worksheet. When executed, the EXIT button displays a dialog box which contains two options. The first option
is to create an input data file for the IMPACT model and exit from Microsoft Excel, the second option is to quit
from the worksheet without creating an input file. If the first option is selected, a secondary dialog box is
displayed for the user to manually enter a valid file name to be created. The input file is always created in the
default directory where IMPACT v3.0 Preprocessor files reside.

[ exT END OF DATA
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