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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. F\.ui;hermore, a thorough descrip

tion of a two-dimensional, semi-analytical mass transport model is included for the

computation of dilute concentrations within the illlderlying aquifer.

The unsaturated moisture flow equation is based on Richards' equation [73]which

can be expressed either in the moisture CO!ltentor in the pressure head form. Both

formulations have been used extensively by many researchers, and each was found

to posses some ad~~;ltages for certain geological settings and conditions. E :s et al.

r4Dl conmared the &,lutions of the moisture content and the Dressure head .xms of

cluded that, despite the inherent difficulties in describing the bOillldary conditions,

the equation based on moisture coutents was more advantageous for the following

reasons :

- Relatively low mass b&IDce errors are produced in numerical computations;

- Relatively insensitive to dry initial conditions; therefore, adoptable to arid

1
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CHAPTER 1. INTRODUCTION

reglOnsj

- Longer time steps can be incorporated in the simulation.

2

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 fommlation 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; i the underlying

aquifer dul:' to a strip source located at the top of the water tab\~ are calculated

('. r ~

saturated zone mass transport model DILUTE is coupled with the unsaturated mois

ture and mass traIl 5port II'odel, and is incorporated into the current versi(!n of th~

IMPACT model (IMPACT v3.0).



Chapter 2

Mathematical Model Formulation

This chapter presents the mathematical fornmlations of the ill1Saturated 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 con:litions. The unsaturated mass transport equation is a?so presented in a

similar manner. FUrthermore, the saturated zone transport equation is fornmlated

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 om70dimensionaland isothermal;

3
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CHAPTER 2. MATHEMATICAL MODEL FORMULATION 4

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

cible components of the contaminant present in the soil;

4. Hysteretic behavior in the moisture retention properties is not considered;

5. Hysteretic behavior of the adsorption/desorption processes is neglected;

6. 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;

7. The groundwater table is assumed to be free of any contamination at the onset

of simulation;

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

9. Interactions between various chemical constituents and competitive effects are

not considered;

10. Biotransfonnation takes place only in the liquid phase;

11. Oxygen is not a limiting factor for biological growth within the vadose zone;

12. Partitioning of the contaminant mass from one phase to another is assumed to

be linear;

assumed as a single storm event;

~.~:::.:.•.. ( _.i'::.:I_2.- .1. .. __ "_ .. '

14. Soil existing in the saturated zone (aquifer) is assumed to be homogeneous,

isotropic and isothermal;

15. 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 assmned to be free of contamination initially.

2.2 Moisture Flow

5

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 volmnetric 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 volmnetric moisture content as [73]:

where

Ow = Volumetric moisture content [L3 1L3]t = Time coardirw,te [71z = Space coardinate taken positive daumward [L]K(Ow) = Hydraulic conductivity [LI71D( Ow) = Soil di f fusi vity cae f ficient [L2 171

(2.1)

The moisture f,',lX equation is given by Darcy's law as:

(2.2)

The following initial and bOlmdary conditions are implemented in the model:

2.2.1 Initial Condition \

(2.3)

I
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where (}Wi is the moisture content at the onset of the simulation.

2.2.2 Boundary Conditions

6

A fully transient, real-time sirrmlation 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:

and

I = P - Rs - E; (net infiltration rate) [L/T]

P = Precipitation rate [L/T]

E; = Actual eva]XJtranspirationrate fram the sur face [L/T]

Rs = Surface rnnoff rate [L/T]

tp = Time required far the sur face to became saturated [T]

(2.4)

(2.5)

2. R;.' the cases where the surface becomes saturated, and the water flux at the

a) If I? Ks, the following boundary condition will be considered:

and

(2.6)

(2.7)

/ /
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where

Ks = Saturated hydraulic canductivity [L/71

Os = Saturated moisture cantent [L3/ L3]

te = Time when net precipitatian becames less than Ks [71

7

b) If I < Ks, the flux botmdary 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 botmdary condition for this case can be written as:

where

~ = Time of moisture flux cessatian at the surface [T]

tn = Time to initiatian of a new moisture flu:r:event or

time required to reach the air - dry moisture cantent [T]

4. If the dry period is long enough, the surface moisture content will reach the

air-dry value. For this case, the bountlary condition becomes:

and

where

88w = 0 @ z = 0 for tn < t < tc{)z (2.10)

Oad = Air - dry moisture content [L3/ L3]

tc = Time at which a new precipitatian event cammences [71

\

I/



CHAPTER 2. MATHEMATICAL MODEL FORMULATION 8

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 Ks. 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 Ks.

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 aclrieved 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: &e:

1. r:ravity drainage condition, i.e.

ii,
,- - . '. , ".~ .. ,

"/Jz' .-....v ~ '- u •• ~L J Vt "". V

where ZL is the wstance from the ground surface to the top of th2 water table

or capillary fringe.

2. Saturation condition, i.e.

(2.12)

I
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2.3 Unsaturated Zone Transport

9

The equilibrimn advection-dispersion equation for the transport of contaminants

in partially saturated soils was derived by applying continuity principles over an

infinitesimal control volmne. In this study, transport of the total concentration

is expressed in terms of the liquid phase concentration, CL. The governing mass

transport equation is written as:

~ [(0 E+ Da) DCL] -0 R
(2.13){)z W H {)z W

where
CL = Liquid phase cancentration [M/ L3]Kd = Reversible adsorptian roef ficient [L3/MJPb = Bail bulk density [M/L3]kf = Irreversible adsorption coefficient [L3/M71H = Henry's canstantE = Hydrcx1ynamic dispersioF, ":Defficient [L2/71

Equation (2.13) is similar to that reported by Baehr [9].

IT Monod kinetics are assumed, the R term in Equation (2.13) is substituted by

the substrate utilization rate which is defined as [27]:
\

(2.14)

/
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where

Rs = Substrate utilizatian rate [M/L371

J.Lm = Maximum specific growth rate of microorganism [1/71

X = MicrOOrganismcancentratian [M/ L3]

Y = Biomass yield coefficient

Km = Substrate cancentratian at 1/2 of J.Lm

10

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

written as follows [27]:

in which

a(OwX) + a(qwX) =!!... [Owfwax] +BwR, _ k,XOw
&t oz oz oz

€w = Mechanical dispersion coeificient [L2/71

ke = Endogenous decay caef ficient [1/71

(2.15)

Equation (2.15) assmnes that the microorganism transport is controlled by ad

vection and mechanical dispersi01l. The diffusive term is neglected in the equation

since it is assmned 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 compdationa! effort and the non-availability of

Monod parameters will render this fOrnnllation undesirable. At equilibrimn condi

tions, the microbial concentration becomes constant with respect to time. Therefore,

Equation (2.13) is decoupled by using substrate limiting conditions at equilibrimn.

In this case, the R term in Equation (2.13) is replaced with one of the following:

/
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Rs=ko

where ko is the zeroth order degradation coefficient [M/ L371;

where k1 is the first order degradation coefficient [1/71.

11

(2.16)

(2.17)

The first order degradation coefficient can be calculated by using the half-life of the

chemical compound of interest, T [1/71, as follows [47]:

k1 = In(2)
T (2.18)

For nonbiodegradable transport, Equation (2.13) is solved without the R tenn. Equar

tion (2.13) is similar to that reported by Baehr [9].

2.3.1 Initial Condition

The initial condition is implemented in the fonn:

(2.19)

" ,
.? -'.1.. ,", ;, .'.-" ,

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:
\

8CL(0, t) = 0 @ z = 0
8z (2.20)
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.' ~

."

The second top bmmdary condition asswnes an infinite flux from soil surlace to

the atmosphere, i.e. CL = O. A comparison of these bmUldary conditions is given in

the sensitivity analysis.

The bottom bmmdary condition is asswned to be as follows:

8CL
8z = canstant (2.21)

therefore

()2CL = 0 @ Z = ZL far t > 0
8Z2 (2.22)

The top bmmdary 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]:

_.L __
',' • 'r ",-

lid = Retardat'lOncoeJ ju:teniU =; Average linear velocity in x direction [L/71V = Average linear velocity in y direction [L/71Dx

= Hydrodynamic dispersion coefficient in x direction [L2/71

Dy = Hydrodynamic dispersion coefficient in y direction [L2/71A = First arder degradation coefficient [1/71

(2.23)
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The retardation coefficient is computed as [32]

~ = 1+ PbKdn

in which

Pb = Bulk density of the aquifer sail [MI L3]

Kd = First order equilibrium adsorptian coefficient [L3/M.]

n = Porosity of the aquifer sail

13

(2.24)

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:

(2.25)

where

foe = Organic carhart content of the sail

Koe = Normalized partitianing coefficient of the chemical [L3/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 Condhions

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). \

IT the contaminant input concentration diminishes exponentially with time, the

initial and boundary conditions for this problem can be written as:
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y

14

x

Figure 2.1: Schematic of a Strip Source Fonning an Arbitrary Angle with the Flow

Field

CL(O, y, t) = Co exp (--yt) far Iyl:::; a and t > 0 (2.26)

CL(O, y, t) = 0 far Iyl > a and t > 0

(2.27)

lim oCr- = 0
(2.28)Z-+OO aX

lim OCL = 0
(2.29)Y-+OO 8y

where- Co is the initial source concentration and 'Y is the sour::e decay coefficient.

Fht the aforementioned conditions, an analytical solution of Equation (2.23) can
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111/11/111///////////

Impervious Boundary

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

Unconfined Aquifer

Equation (2.30) is valid for x > 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

surfa-:e 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 = O. ~dowever,the presence of the impervious

boundary dictates the use of an image somce, which is syrrnnetrical to the actual

can be written as:

Ca(x, y, t) = CL(X, y, t) +CL(2b - x, y, t) (2.31)

where CL(2b - x, y, t) is obtained from Equation (2.30) with 2b - x in place of x,

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
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~

Water Table• I

y

i

•

rV I

Flow

•Ib
U

x

1= 0, the solution for the problem under investigation takes the form:

16

or

CL(x,y, t) = CoA(x, y, t)

(2.32)

(2.33)

wher~ A/x.,'!); t) is thp.tight-hand side of Equation (2.32): Ip.ssthe step inDL; concen-

Equations (2.32) and (2.31) can be utilized to obtain aquifer concentrations when

the input is an arbitrary nmction uf time. Such scheme is numerically developed iJ.

Chapter 3.
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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:1tainingan input concentration condition as an arbitrarj function of time.

Since the volumetric moisture content in the unsaturated zone exhibits discon

tinuities on layer interlaces for heterogeneous soils [40], a different f')rnmlation 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 correspQnding 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

\



CHAPTER 3. METHOD OF SOLUTION 18

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, (z, t), in terms of the values of these variables at neighboring

points. The rectangular grid shown in Figure (3.1) represents the (z, t) 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 fu and ~t for space and

time increments, respectively.

3.1.1 Homogeneous Soils

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

C:W+ aI~~w)- ~ [D(ew)~;] = 0

The above equation can be written in discretized form:

(3.1)

(3.2)

Using central differences for an i~1.termediatelayer, i, this equation becomes:

\ •....•" J i
:.{

-.....

'"

, I
~ '1 .-

, 'j,' • ~

L \ --'" / i+l/2

;' •• i'o "'+1 I
~ .: '.:' .~ .~....... ~
"' L:.- j i-II'/. J

The time derivative is approximated for the ith IRyerby the implicit finite differ

ence equation of the form:

(~()) HI ()~+I_ ()~
- - I I
~. - ~I

(3.4)
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2 k-1 k k+1 m
1

2-1/2

2

i-1

i+1

n-1/2

n

>-----

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

k

k+1

8i-1
8 i-1

,,",

----

-----------------
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k+1

8· 8iI

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

k
k+1

8;+1
8 i+1

~,

i
, i

----t---+---1---~---~ 6z
I

1..

6t
z

t

\

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

20

(}~1l- ()~+1&
()~+1 _ (}~~I1 1-

&

(3.5)

(3.6)

The discretized fonn of the moisture flow equation for the intennediate nodes,

i= 2, ... , n - 1, can then be written as follows:

[ 1 d+I ] (}k+I [1 Dk+I 1 Dk+I &] k+I-& i-I/2 i-I + & i+I/2 + & i-I/2 + b..t (}i +

(3.7)

The tenns D and K appearing in Equation (3.7) need to be evaluated at the

interfaces i- 1/2 and i+ 1/2 of the ith layer. This is accomplished by discretizing

the moisture flux equation for the layer interfaces as follows [53, 26]:

The moisture flux equation, qw, was written in the following fonn:

(3.8)

(}k+I (}k+I
~+I _ K~+I _ m+I i+I/2 - i

ql+I/2 - 1 1 &/2

similarly, for the lower half layer with a backward difference equation:

(}k+I (}k+I
k+I _ Kk+I m+I i+I - i+I/2

qi+I/2 - i+I - i+I &/2

(3.9)

(3.10)
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Superimposing Equations (3.9) and (3.10) reveals:

....k+I Kk+I k+I Kk+I
l/.i+I/2 - i + qi+I/2 - i+I

Df+I Df+I-i i+I

or

Of:l - Or+1

&/2

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

21

(3.11)

(3.12)

(3.13)

(3.14)

(3.15)

The above equations are harmonic means. These expressions are physically more

seru,ible than the commonly employed arithmetic means [53].

By the change of variables, for the i- 1/2 interface, the hydraulic conductivity

and the soil diffusivity terms are dis~~!.'etizedas the following:

}(~~l·Dt+I~~~~~f~~Pf0I
;;:)~-<J ~ T ( ..,' 1

(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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J+ 1/2

J+1

Intertace
811

Soil I

Soil"

Figure 3.2: Schematic moisture content distribution in a two-layer system

[40]. Therefore, these interlaces 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 interlace, i.e. j + 1/2. The subscripts I and II denote the upper and the

lower soil layers, respectively. The discontinuity in the volumetric moisture content

is represented by /)..(i*. At the interlace, j + 1/2, the suction head is conC~uous.

Therefore, the moistul'e flux across the intermediate boundary has to be collilUOUS
I".

(3.18)

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

difference equation reveals:

(3.19)



(Jj+l _ (J~+1_ -2 J&
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Similarly, for the lower half layer with a backward difference equation

(Jk+l (Jk+l
qk+l _ Kk+l iYJ+l j+l - II
j+l/2 - j+l - j+l &/2

or, alternatively

.-.k+1 Kk+ 1'-ij+l/2 - j
D~+1J

J+l Kk+l LJk+l LJk+l
'-ij+l/2 - j+l __ 2Uj+l - uII

m+1 -j+l &
By superimposing the above equations, it can be written that

2W10:tI (8jtl - 81+1)+Dj+l + Djti &
Using the harmonic means previously defined, Equation (3.23) becomes:

23

(3.20)

(3.21)

(3.22)

(3.23)

((Jk+l (Jk+l) fjj)*k+l

k+l _ k+l k+l j+l - j k+l j+l/2
qj+l/2 - Kj+l/2 - Dj+l/2 & + Dj+l/2 A _ (3.24)

where fjj);~~/2 is defined as the moisture jump con .-1itionalong the intermediate

boundary, and is equal to (Jjt1 - (Jj+l. The moisture jump is known a priori on the

order to determine the value of the moisture jump condition. The continuity of the

suction heads along the intermediate botmdary will serve this purpose. Namely,

.I.k+l _ .I.k+l _ .I.k+l<I//I - 'f/II - 'f/j+l/2 (3.25)
\

Again, discretizing the suction head based moisture flux equation by central

differences reveals the following:
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("1.k+1 ./.k+1)

+1 _ k+1 k+1 "lfIj+1 - 'f/j
c/J+1/2 - Kj+1/2 +Kj+1/2 &

Equating Equations (3.24) and (3.26) leads:

24

(3.26)

(3.27)
Kk+1

D..()*.1c+1 _ ()~+1_ ()~+1+ j+1/2 (./.~+1_ ./.~+1))+1/2 - )+1 ) ])';+1 'f/)+1 'f/)
j+1/2

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) for i= 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 j 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:

()k+1 ()k 1
j - j r J+1 J+1] -+ & ,lij+1/2 - lij-1/2 - a

Substituting Equation (3.24) into the ;:bove equation leads:

(3.28)

A _ D..()*1c+l

[ 1 nk+1 ] ()k+1 _ uz ()k Kk+1 Kk+1 nk+1 j+1/2 (3 29)- D..z Vj+1/2 j+1 - D..t j - j+1/2 + j-1/2 - j+1/2 A - •

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:

and with the use of Equation (3.24),

25

(3.30)

(3.31)

Agam, 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,

i.e. i = 2, ... , n - 1. For the boundaries, however, the governing equation cannot

directly be discretiz,··l by central differences. Therefore, for the first layer, a :)rward

0iffe.rt;='t:1~e ~lJation V!m he lltilj?:ed to define tb~ top bound;;l'[V roudi.tioT1.. S11l1il~rl:v.

'Ibp Boundary ConditiOl.S

1. Flux Boundary Condition

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

difference equation as:

-_/"
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(3.32)1 [( Mf' (Mf']&/2 D& 1+1/2 - D& 1 =0

The top bOlllldary condition for the raIDfall events was defined as the following:

(D~r' = K!'+' - 1'+1 (3.33)

Substituting this condition into the discretized governing equation reveals:

(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

equc,pon:

.~
.,\

1 [( DJJ) k+l ( b..()) k+l ]

- D- - D- -0& & 2+1/2 & 2-1/2 -

Applying the boundary conditions,

( DJJ) HI
D- -0& 2-1/2 -

(3.35)

(3.36)
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Bottom Boundary Conditions

28

The bottom bOlmdary of the sinmlation 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,

(3.41)

The governing equation is discretized for the nth layer by using a backward

difference equation of the form:

(!J..()) k+I Kk+I _ Kk+I
_ + n n-I/2
!J..t n &/2-

_1 [( !J..())k+I _ ( !J..())k+I ] _&/2 n& n& - 0n n-I~

or

r 1 nk+ 1 1 ()k+1 • r 1 nk+ 1 + & 1 ()k+1 \- /~z n-I/2 n-I y 1\.7- n-I/2 2!J..t _ n -

2. Saturation Condition

(3.42)

(3.43)

Since ()n = ()s 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
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Equation (3.7) must be incorporated with the initial and the appropriate bOlmdary

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:

where

- -
A() = B

A = Coefficient matrix of the system-
() = Moisture vedor
-

B = Column vedor

(3.44)

Replacing the coefficients of ()f!l, ()f+ I, ()f':l, and ()~by ai, di, Ci, and gi, re

spectively, and setting gi()f = bi, Equation (3.44) becomes:

dlCI
00...000 ()t+1 bl

a2 d2

~0...000 ()~+I ~

0

aa daCa
...000 ():+I ba- \

(3.4..1)
1

I,
,

, ,,• I.

l~
uuu.,. an-Ian-I

::' Jl :;~: jlD~:'j0

00, ..0an

The above equation can now be solved by the Gaussian elimination method asfollows [15]:
\The second row of the coefficient matrix, A, can be written of the form:

~()~+I + ~():+I = b~

(3.46)
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where

~ = d2 - ~ Cl
d1

b~ = ~ - a2b1
d1

30

(3.47)

(3.48)

These equations can be generalized for the (n - l)th equation as the following:

where

d' ()k+l + ()k+l _ un-l n-l Cn-l n - Un-l

d' A an-I
n-l = Un-I - ~Cn-2n-2

b' b an-l b'
n-l = n-l - ~ n-2n-2

(3.49)

(3.50)

(3.51)

For an intennediate layer, 1, the vohunetric moisture content is then obtained from

the following:

(3.02)

where

a,
bi = b, - rlJ,-11-1a,di = d, - ~CI_l

"': ·1 (3.53)

(3.54)

. i
,<. --'I ,-- ~J' .')

For the nth layer, however, the volumetric moisture content is equal to the fol

lowing:

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

I Point I x I j[xo] I j[XO' Xl] I
B~+l

.

0
Zi-11-1
e~+l-e~+1

1- 1Zi_1-Zi
1

ZiBH1 (et~l-et+1)(Zi-Zi+1)-(et+1-et':l)(Zi 1-Zi)
I

(Zi-1 Zi)(Zi Zi+1)(Zi-1-Zi+1)
ek+1_ek+1

i i+1Zi-Zi+1
2

ZH1
Bk+1

H1

3.1.5 Moisture Flux Computation
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Once the volumetric moisture contents are computed, the moisture flux for the ith

layer is obtained as follows [53]:

</;+1 = Kj+1 _ d;+1 (~) ~1 (3.56)

Korfiatis [53]evaluated the derivative ~~ in the equation given above by Newton's

divided diff~rences 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;,!ri.tten as a function of depth. z. of the

The derivative of the above equation reveals:

8B(z)
~ = j[XO,X1] + 2zj[xo,X1,X2] - (Zi-1 + Zi)![XO,Xl, X2] (3.58) \

Substituting Z = Zi and using the values given in Table (3.1) in the above equation,

the final form of Equation (3.56) then becomes:
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.,

o 8i+1 8j 8~11- 8

z . 11-

Z. I

j
z

Figure 3.3: Three-point moisture profile for the computation of moisture flux (from

Korfiatis, 1984)
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O~+1 O~+1 [ O~+1
1-1 + I _ 1-1 +

Zi-l - Zi Zi - Zi-l (Zi-l - Zi)(Zi-l - Zi+l)

Of+1 Ofll]}( )( ) + -(----)(---) (Zi +Zi-l)Zi - Zi-l Zi - Zi+l Zi+l - Zi-l Zi+l - Zi
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(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 t = 0 to 00. However,due to a residually contaminated layer located in

the unsaturated zone, the input concentratk n profile for the underlying aquifer is

an arbitrary function of time. Such as input concentration history is shown in Fig

ure (3.4). Therein, t* is used as the time variable for the source function, in order

to distinguish from the time of observation. In each time increment, 8t*, the input

concentration changes by Em increment (aCo/8t*). For a change occurring at tim('~

t*) the- fP.8UJt ff):r all future times; due to the incremental change; c.an be inferrec

aco ( )
Dc = at* &*A x, y, t - t* far t > t* (3.60)

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

times, therefore,
\

(t aec(x, y, t) = Jo at*oA(x, y, t - t*)dt*
(3.61)
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(~~o)8("

Figure 3.4: Superposition Used to Obtain Solution for a Time Variable Input Con

centration
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Co

............................................

t*
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Thus, the actual concentration, accounting for the impervious bOlmdary, can be

expressed as:

Ca(X, y, t) = c(x, y, t) + c(2b - x, y, t) (3.62)

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 wlution given by

Equation {3.61) can be simplified by converting the input concenl>ration history to
. i-A , :{ ..

the total input mass is conserved. In the first approach, the concentration history is

converted to a his';ogram ~orm by averaging concentrations at discrete timl: 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 deviatiuns were

found in tenns of the results. Therefore, the first scheme is selected to be included



CHAPTER 3. METHOD OF SOLUTION

Co

35

za
~
a:::

!Z
LoJUZau

0.0
0.0

I-/).t • -1 TIME n/).t·

.
t

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 smnmation form as:

J

J .•• " ,<\ .', ~ A .r1, :J,...~. .L. : Af*\Lf ~'.~ tJ.,!. ~ -~"'""~ L,\· _·tL~.•...l."h •. 0; t ;,,,,",h ~' ... ' ; , .~ . ,'. "..
f~ ..,~\
, '.f I...

where J is the integer portion of if .b..i* and .b..COj's are taken in their algebraic sense.

It is apparent that when if b.t* is greater than n, t.len J b~omes equal to n.

The integral used in A(x, y, i) 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 fOlllldin Press et al. [69].
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Table 4.1: Hydraulic properties of selected soils (after Gapp and Hornberger, 1978)

Hydraulic Soil Type

Properties

SandSandy LoamSilty Gay LoamSilty Clay

Ks (ft/day)

49.889.83 0.4820.293

Bf

0.050.10 0.200.25

Bs

0.3950.440 0.4770.492

Bad

0.010.05 0.070.10

m

11.112.8 18.523.8

b

4.054.9 7.7510.4

V;s (It)

0.40.72 1.171.6

BWi

0.150.20 0.300.35

CN

7282 8789

(\ (II)

(10'i 0.100.1 .C)oi • ·1.··•.

\
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'!able 4.2: Chemical properties of selected organic compOlmds

38

.

Water diffusivity dw (m2 / day)
6.95 X 10-56.90 X 10-56.23 X 10-5

Air diffusivity da (m2 / day)

0.8310.6090.729

Henry's constant KH

0.2330.3770.265

Fugacity coefficient Koc (ml / gr)

83126300

Chemical

Properties I CompOlmdI-- -Benzen---e-I TCE I Toluene

• Organic carbon content of the soil OC = 0.5%

Actual rainfall and evapotranspiration data have been used for all sensitivity

runs. Thomthwaite'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 '!able (4.2).

4.1 Layer-Heterogeneous Soils

As mentioned in Chapter 3, l::weredsoils exhibit a numerical difficulty in the solution

of the moisture flow equation due to the discontinuities in the moisture content

','.~ ~~,-~":..
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 fu = 0.1

feet and tlt = 1 day under the actual climatic input conditions for a total of 1,000
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!\~
i '~r\..~ .

0.20 0.25 0.30 0.35 0..40 OA 0.50
VOWMETRIC MOISTURE CONTENT

0.0

-10.0

-20.0

-30.0 _
0.10 0.15

Figure 4.1: Typical moisture content distribution in layered soils

days.

Figure (4.2) shows the effect of different & 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 &. Figure (4.3) is the moisture flux history at the groundwater

tabk. The effect of & on the moisture fluxes is the same tiS that observed in the

case "J homogeneous soils.

, ,

~~ults are shown in :hguieS (,*.4) and VtU) fur the l.llul:stLU:e(;(JIlLel.1L W:SLhOui,lUllal.lU

the moisture fluxes, respectively. As it was shown in the Final R.epcrl for Phase I,

for the homogeneous soils, the effect of tlt 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 was alternated \

with different types of soil using &=2 feet and !It=1 day for 2,000 days. The
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-10.0

-20.0

-30.0.
0.10 0.15 0.20 0.2.S 0.30 0.35

VOWMETRIC MOISTURE CONIDIT

OAG 0045

Figure 4.4: Effect of .0.t on moisture content distribution of a four-layer soil
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Figure 4.5: Effect of .0.t on moistru:e fluxes at g.w.t. for a four-layer soil
\
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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 grOlmdwater table

is shown in Figure (4.6). It is observed that the m.ax:imumconcentration 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 h:-~enexamined. The simulation was performed with & 0,5 feet and ~=1 day

for 2,lfO days for a 30 feet thick sand layer with the first 6 fed covered with silty

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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4.2 Aquifer Transport
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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,

Dx = 1 m2/day, Dy = 0.1 m2/day, Jl(].= 1, and I = ,\ = O. 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 (x = 20 m, y = 0 m). Discretization was performed

for values of f1.t equal to 1, 2,4, 5 and 10 days. The agreement was very good; for

f1.t = 1 day, the output concentration is shown in Figure (4.9) as well as typical

results corresponding to f1.t of 4 anu 10 days.

The present model qualitatively compared to the results of Pickens and Lennox

[68], which are based on a finite element 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 infonnation available in their pa;.•;~. They

-.:" .. ':. - ') "

- ~...'

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 Pb = 1.8 gr / crn3• Based on the above, it was estimated that the aquifer
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Figure 4.9: Output Concentration History for an Arbitrary Input Source
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flow velocity at steady-state is V = 0.0203 mJday. FUrthermore, the hydrodynamic

dispersion coefficients are defined, neglecting molecular diffusion, therein as:

(4.1)

(4.2)

where a is the soil dispersivity, and the subscripts L and T stand for longitudlnal

and transverse directions, respectively.

The aquifer portion of the present model was executed for the above values of the

.,,.".

tory, although the present model underestimates concentrations near the phreatic

surface due to the differences in the top boundary conditions of tile 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 t = 20 years, the qualitative agreement

is also satisfactory.
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Figure 4.13: Concentration Distribution at t = 60 years. aL = 10 m, aT = 0.5 m,

and, Kd = 0.1 crn3/ gr
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Figure 4.14: Variable Input Concentration History (after Pickens and Lennox, 1976) \
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Chapter 5

Model Operation

5.1 Sample Run

The following sample nm represents a contamination scenario where the first ten feet

underneath the ground stuface and the bottom ten feet above the groundwater table

are initially free of contamination, and the mid~-Ueten 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 stuface 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) ;:tnrl (4.2), The of\;.:mk 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 maJ:ching scheme is established with one

day intervals, and the actual climatic data are used throughout the simulation. The

results are printed every 500 days. \

49
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1: IF SOIL IS HETEROGENEOUS

<ISOIL> : 1

DATA COMPLETED - ANY CHANGES? [N]:

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

DATA COMPLETED - ANY CHANGES? [N]:

51

ENTER NODE NUMBER IMMEDIATELY ABOVE

THE INTERFACE BETWEEN SOIL 1 AND SOIL 2

DATA COMPLETED - ANY CHANGES? [N]:

<JINT(1» : 12

ENTER

0: IF PRECIPITATION RATE IS VARIABLE W.R.T. TIME

1: IF PRECIPITATION RATE IS CONSTANT W.R.T. TIME

2: IF PRECIPITATION RATE WILL BE COMPUTED BY SUBROUTINE PREP

<IFL4> : 2

DATA COMPLETED - ANY CHANGES? [N]:

ENTER

0: IF EVAPOTRANSPIRATION RATE IS VARIABLE W.R.T. TIME

1: IF EVAPOTRANSPIRATION RATE WILL BE COMPUThf) BY SUBROUTINE EVAP

2: IF EVAPOTRANSPIRATION RATE IS CONSTANT W.R.T. TIME

\Jh~1' "'.t:.~ ~. L.~J•

ENTER

0: IF MOISTURE FLUX WILL BE PRINTED AT EACH TIME STEP

1: IF MOISTURE FLUX WILL NOT BE PRINTED

<IFL7> : 1

DATA COMPLETED - ANY CHANGES? [N]:

\
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ENTER

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=O]

1: NO MASS FLUX CONDITION [d(CL)/d(Z)=O]

<IFL11> : 0

DATA COMPLETED - ANY CHANGES? [N]:

ENTER

0: IF INITIAL TOTAL CONCENTRATION IS CONSTANT W.R.T. SPACE

1: IF INITIAL TOTAL CONCENTRATION IS VARIABLE W.R.T. SPACE

<IFL8> : 1

DATA COMPLETED - ANY CHANGES? [N]:

ENTER

0: IF CONCENTRATION REDUCTION SCHEME 1S NOT EXERCISED

1: IF CONCENTRATION REDUCTION SCHEME ~S EXERCISED

INPUT PARAMETERS FOR SOIL 1

52

ENTER

THE VALUE OF SATURATED HYDRAULIC CONDUCTIVITY

THE VALUE OF FIELD CAPACITY MOISTURE CONTENT

THE VALUE OF SATURATION MOISTURE CONTENT

<AKS(1»

<THF(l»

<THS(l»
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THE VALUE OF AIR-DRY MOISTURE CONTENT

RESPECTIVELY: 0.482 0.20 0.477 0.07

DATA COMPLETED - ANY CHANGES? [N]:

<THAD(1»

53

ENTER THE EXPONENT M IN CAMPBELL'S K-THETA EXPRESSION <AM(1» : 18.5

DATA COMPLETED - ANY CHANGES? [N]:

ENTER

THE COEFFICIENT bAND

THE SATURATION SUCTION HEAD IN CAMPBELL'S EXPRESSION

RESPECTIVELY: 7.75 1.17

DATA COMPLETED - ANY CHANGES? [N]:

INPUT PARAMETERS FOR SOIL 2

<B (1) >

<PSIR(1»

ENTER

THE VALUE OF SATURATED HYDRAULIC CONOUCTIVITY

THE VALUE OF FIELD CAPACITY MOISTURE CONTENT

THE VALUE OF SATURATION MOISTURE CONTENT

THE VALUE OF AIR-DRY MOISTURE CONTENT

RESPECTIVELY: 49.88 O.OS 0.395 0.01

DATA COMPLETED < ANY CHANGES? [N]:

<AKS(2»

<THF(2»

<THS(2»

<THAD(2»

DATA COMPLETED - ANY CHANGES? [N]:

ENTER

THE COEFFICIENT bAND

THE SATURATION SUCTION HEAD IN CAMPBELL'S EXPRESSION

RESPECTIVELY : 4.05 0.4

DATA COMPLETED - ANY CHANGES? [N]:

<B(2»

<PSIR(2» \
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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;')TANTVALUE OF INITIAL MOISTURE CONTENT <THOL(1» : 0.30

DATA COMPLETED - ANY CHANGES? [N]:

54

v.

DATA COMPLETF.D - 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]
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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»: 0

DATA COMPLETED - ANY CHANGES? [N]:

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

AT DEPTH 1.50 FT <CTOTAL( 4»: 0

DATA COMPLETED - ANY CHANGES? [N]:

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

AT DEPTH 2.00 FT <CTOTAL( 5»: 0

DATA COMPLETED - ANY CHANGES? [N]:

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

AT DEPTH 2.50 FT <CTOTAL( 6»: 0

DATA COMPLETED - ANY CHANGES? [N]:

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION !~[MG/KG]
AT DEPTH 3.00 FT <CTC~AL( 7»: 0

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

AT DEPTH 3.50 FT <CTOTAL( 8»: 0

DATA COMPLETED - ANY CHANGES? [N]:

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

AT DEPTH 4.00 FT <CTOTAL( 9»: 0

55
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DATA COMPLETED - ANY CHANGES? [N]:

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

56

AT DEPTH 4.50 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 10» : 0

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

AT DEPTH 5.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 11» : 0

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

AT DEPTH 5.50 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 12» : 0

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

AT DE~TH 6.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 13» : 0

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

AT DEPTH 6.50 FT

DATA COMPLETED - ANY CHANGES? nr]:

<CTOTAL( 14» : 0

AT DEPTH 7.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 15» : 0

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

AT DEPTH 7.50 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 16» : 0
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ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
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AT DEPTH 8.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 17» : 0

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

AT DEPTH 8.50 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 18» : 0

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

AT DEPTH 9.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 19» : 0

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

AT DEPTH 9.50 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 20» : 0

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

AT DEPTH 10.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 21» : 0.5

.v.~v .r'r

DATA COMPLETED - ANY CHANGES? [N]:

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

AT DEPTH 11.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 23» : 0.5 \
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ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG!KG]
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AT DEPTH 11.50 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 24» : 0.5

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

AT DEPTH 12.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 25» : 0.5

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

AT DEPTH 12.50 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 26» : 0.5

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

AT DEPTH 13.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 27» : 0.5

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

AT DEPTH 13.50 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 28» : 0.5

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

"

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

AT DEPTH 14.50 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 30» : 0.5

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG!KG]
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AT DEPTH 15.00 FT <CTOTAL( 31» : 0.5

DATA COMPLETED - ANY CHANGES? [N]:

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

AT DEPTH 15.50 FT <CTOTAL( 32» : 0.5

DATA COMPLETED - ANY CHANGES? [N]:

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

AT DEPTH 16.00 FT <CTOTAL( 33» : 0.5

DATA COMPLETED - ANY CHANGES? [N]:

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

AT DEPTH 16.50 FT <CTOTAL( 34» : 0.5

DATA COMPLETED - ANY CHANGES? [N]:

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

AT DEPTH 17.00 FT <CTOTAL( 35» : 0.5

DATA COMPLETED - ANY CHANGES? [N]:

m·TTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN GiG/KG]

1:7: DEPTH 17.50 FT <CTOTA::,( 36)> : 0.5

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

AT DEPTH 18.00 FT <CTOTAL( 37» : 0.5

DATA COMPLETED - ANY CHANGES? [N]:

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

AT DEPTH 18.50 FT <CTOTAL( 38» : 0.5
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DATA COMPLETED - ANY CHANGES? [N]:

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

60

AT DEPTH 19.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 39» : 0.5

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

AT DEPTH 19.50 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 40» : 0.5

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

AT DEPTH 20.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 41» : 0.5

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

~T DEPTH 20.50 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 42» : 0

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

AT DEPTH 21.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 43» : 0

~.. '.' .
LI'h.tj •• '~J

AT DEPTH 21.50 FT

DATA COMPLETED - ANY CHANGES? (N]:

<CTOTAL( 44» : 0

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

AT DEPTH 22.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 45» : 0



CHAPTER 5. MODEL OPERATION 61

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

AT DEPTH 22.50 FT <CTOTAL( 46» : 0

DATA COMPLETED - ANY CHANGES? [N]:

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

AT DEPTH 23.00 FT <CTOTAL( 47» : 0

DATA COMPLETED - ANY CHANGES? [N]:

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

AT DEPTH 23.50 FT <CTOTAL( 48» : 0

DATA COMPLETED - ANY CHANGES? [N]:

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

AT DEPTH 24.00 FT <CTOTAL( 49» : 0

DATA COMPLETED - ANY CHANGES? [N::

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

AT DEPTH 24.50 FT <CTOTAL( 50» : 0

DATA COMPLETED - ANY CHANGES? [N]:

DATA COMPLETED - ANY CHAWGES? [N]:

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

AT DEPTH 25.50 FT <CTOTAL( 52» : 0

DATA COMPLETED - ANY CHANGES? [N]:



CHAPTER 5. MODEL OPERATION

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
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AT DEPTH 26.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 53» : 0

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

AT DEPTH 26.50 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 54» : 0

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

AT DEPTH 27.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 55» : 0

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

AT DEPTH 27.50 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 56» : 0

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

AT DEPTH 28.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 57» : 0

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

- AI' ~ ~~i;u~G~~ 't \ '~ ~
••••• ..1 •

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

AT DEPTH 29.00 FT

DATA COMPLETED - ANY CHANGES? [N]:

<CTOTAL( 59» : 0

\

ENTER THE VALUE OF INITIAL TOTAL CONCENTRATION IN [MG/KG]
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AT DEPTH 29.50 FT <CTOTAL( 60» : 0

DATA COMPLETED - ANY CHANGES? [N]:

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

AT DEPTH 30.00 FT <CTOTAL( 61» : 0

DATA COMPLETED - ANY CHANGES? [N]:

63

ENTER

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 CHANGES? [N]:

ENTER

DESORPTION COEFFICIENT OF SOIL 1 IN [ML/GR/DAY]

ORGANIC CARBON CONTENT OF SOIL 1 IN [Yo]

DISPERSIVITY OF SOIL 1

BULK DENSITY OF SOIL 1 IN [GR/CM3]

RESPECTIVELY: 0 0.5 0.2 1.65

ENTER

DESORPTION COEFFICIENT OF SOIL 2 IN [ML/GR/DAY]

ORGANIC CARBON CONTENT OF SOIL 2 IN [Yo]

DISPERSIVITY OF SOIL 2

BULK DENSITY OF SOIL 2 IN [GR/CM3]

RESPECTIVELY: 0 0.5 0.2 1.65

<DDW>

<DDA>

<HENRY>

<AKOC>

<AKPR(1) >

<OC(1»

<ALAM(1»

<RHO(1»

<AKPR(2) >

<OC(2»

<ALAM(2»

<RHO(2»
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SATURATION MOISTURE CONTENT

AIR-DRY MOISTURE CONTENT

COEFFICIENT <AM>

COEFFICIENT <B>

SATURATION SUCTION HEAD

SOIL 2

= 0.4770 FT3/FT3

= 0.0700 FT3/FT3

= 18.5000

= 7.7500

= 1.1700 FT

SATURATED HYDRAULIC CONDUCTIVITY = 49.8800 FT/DAY

FIELD CAPACITY MOISTURE CONTENT = 0.0500 FT3/FT3

SATURATION MOISTURE CONTENT

AIRuDRY MOISTURE CONTENT

COEFFICIENT <B>

SATURATION SUCTION HEAD

DEPTH INCREMENT

=

=

=

=

=

0.3950 FT3/FT3

0.0100 FT3/FT3

4.0500

0.4000 FT

0.5000 FT

\
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TIME INCREMENT = 1.0000 DAYS

*** OUTPUT PRINTED EVERY 500 TIME INCREMENTS ***

EPSILON

NUMBER OF LINES

=

=

0.001000

61

NUMBER OF TIME STEPS = 1000

***** INPUT DATA FOR MASS TRANSPORT MODEL *****

....................................

PRINTOUT FREQUENCY

NATURE OF THE SUBSTRATE

= 500

= TCE
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O.OOOOE+OO O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO

0.6516E+00

0.6516E+000.6516E+000.6516E+000.6516E+00

0.6516E+00

0.6516E+000.6516E+000.6516E+000.6516E+00

0.6516E+00

0.6516E+000.6516E+000.6516E+000.6516E+00

0.6516E+00

0.6516E+000.6516E+000.6516E+000.6516E+00

0.6516E+00

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO

O.OOOOE+OO

O.OOOOE+OOO.OOOOE+OOO.OOOOE+OOO.OOOOE+OO

O.OOOOE+OO

***** RESULTS *****

MONTHLY MEAN TEMPERATURES (F)

70

JAN FEB MAR APR MAY JUN JUL AUG SEP \

30.20 32.80 41.70 52.30 62.90 71.90 77.10 75.90 68.30
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OCT NOV DEC

57.00 46.90 35.80

CN =87.

THF =

20.00 on

THW =

10.00 (1.)

DRZ =

3.00 (FT)

SUMMARY OF WATER BALANCE METHOD

(All results are in [mm])

...............................

JAN FEB MAR APR MAY JUN JUL AUG

P84.9378.5598.0695.7097.9475.92113.0996.55

RUNOFF

13.8011.9018.7519.3319.1912.0228.2724.72

I

71. 1366.6579.3176.3778.7563.9084.8271.83

PET

0.000.3615.0045.6291.94132.71160.15143.27

I-PET

71.13·{)6.2964.3130.75-13.19-68.81-75.34-745

S(I-PET)

0.000.000.000.0013.1982.00157.3422t 79

't~·:'"

-J i ~j~~4,~~':,-t;,'j}:~'~,,~,.t4::;1 :'. ".';_ '~~7i"{.~F'~;G Ifi_~;, '-r··;
"

Q.;) 1

v.VV· ,0;0 •./v.v~·\; ;"'v.4. .', 'i..J- ~_.l..'.;/~.• "...lev]'" •.... "'"

AET

0.000.3615.0045.6291.51105.82104.8180.82

PERC

71.1366.2964.3130.750.000.000.000.00

SEP OCT NOV DEC ANNUAL TOTALS
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P

92.5774.49100.1189.341097.25

RUNOFF

24.1415.8017.5814.12 219.62

I

68.4458.6982.5375.22 877.63

PET

96.6952.8622.093.16763.87

I-PET

-28.255.8360.4372.05

S(I-PET)

257.040.000.000.00

ST

5.6211.4591.4491.44 705.70

dST

-2.165.8379.990.00 0.00

AET

70.5952.862.543.16 573.10

PERC

0.000.000.0072.05 304.53

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

CONCENTRATION DISTRIBUTION AT 500. DAYS MG/L

O.OOOOE+OO o . 1211E-060.7901E-060.4343E-050.2142E-04

0.9775E-04

0.4133E-030.1644E-020.6847E-020.3662E-Ol

O.::.,95E+00

0.2018E+000.2000E+00o .1964E·~··)00.1971E+00

0.2D31E+00

0.2136E+000.2278E+00o . 2447E+('J0.2632E+00

..)

-', ',;., ,~' •• -. ~."!
~) ., '-~('!2·~_·n·~.:':'(},;;:,>. 'j'')l){, "~-~)"!J,,:1:1 nrj';Z·i~:t}(~ • ~\ r:..r~~1E~" '\f

" -, .

V.,:)IO.J~TVV
'V. :;;;:):;,:).1:, •••,,;...,v ~·_·40.;~~~J~t··C;·!:l·~..::~Z·z~(:6.~,. ·.·-t .. ·• ••..• ".., • .1. __ "".-."""..,

0.4284E+00

0.4316E+000.4320E+000.4296E+00O.4245E+00

0.4167E+00

0.4066E+000.3942E+000.3798E+000.3637E+00

0.3462E+00

0.3274E+000.3078E+000.2876E+000.2671E+00

0.2465E+00

0.2260E+00O.2059E+000.1864E+000.1674E+00\

0.1493E+00

0.1319E+000.1154E+000.9973E-Ol0.8489E-Ol

0.7083E-Ol

0.5745E-Ol0.4467E-Ol0.3237E-Ol0.2041E-Ol
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0.8628E-02

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

CONCENTRATIONDISTRIBUTIONAT 1000. DAYS MG/L

O.OOOOE+OO 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 0.3259E+00 0.3319E+00 0.3374E+00

0.3422E+00 0.3462E+00 0.3491E+00 0.3510E+00 0.3517E+00

0.3512E+00 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

l~i.8.A. ""U.l.•"",f,i\'ri\A.a. •. ~.i.' '~;i"'~~.,,~";':"\ '. ·~.~L~~l:..'"':. ~£::i/_' :.~ •.~.J~ :.JI~~:'J

EFFLUENTCONCENTRATIONAT WATERTABLE

.....................................

AT EVERY 500 TIME STEPS
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.....................................

74

TIME DAYS

500.

1000.

DISCHARGE FT/DAY

0.6800E-02

0.3024E-02

CHEMICAL CONC. MG/L

0.8628E-02

0.5599E-01

DISCHARGE AND CUMM. VOL. AT WATER TABLE

AT EVERY 500 TIME STEPS

.....................................

TIME DAYS DISCHARGE CUBIC rr/DAY VOLUME CUBIC FT CUMM. VOLUME CUBIC FT

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

\
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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:

cdThiS is a testl
1 1--,

List of Macro Sheets

Button # 1 Button # 2

Button # 6 Button # 7

Button # 11 Button # 12

Button # 16 Button.if J.Z

Button # 21 Button (1. 22

Button # 26 Button it27

Button # 3

Button # 8

Button # 13

Button # 18

Button # 23

Button # 28

Button # 4

Button # 9

Button # 14

Button # 19

Button # 24

Button # 29

Button # 5

Button # 10

Button # 15

Button # 20

Button # 25

Butto!l1L3~Q

Button # 41

EXIT

Button # 42 Button # 43



 



 



 



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 (AI) 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.

cIDIEIF
32 Chemical Name

dw (m2/d)da (m2/d)KhKoc (ml/g)
33 3~ Acetone

0.00008850.8890.0008572.2
35 Benzene

0.000060480.8640.22683
36 Carbontetrachloride

0.00007930.6880.819150
37 Chlorobenzene

0.00007285.0610.143125.9
38 Chloroform

0.000086810.7650.15630
39 11-Dichloroethane

0.0000630.8640.23846
oItO L?-Dichloroethane

0.00006310.864~.:::::J0.0453 30
~1 t't'1ylbenzene

0.00004840.710.3291100

..1?_ F'12nt"chlorophenol

0.0000520.4750.00008738~' 2f1
-~1~,~ I·t

'." (", .~. ·:t~",_!·.r·,f ·.if1:.,U'f~,rH~f! n; i~"!j:t~;...~s·2f' {.;~?~~"(I~' ':."\\.,.'
....-.'~ ••.d. :

.' ~.':' " -; i';"t'" ';.,". .;-zt:" . ! -1,- .

~5 Toluene
0.00005440.780.275300

~6 1.1.1-Trich!oroethone

0.0000570.791.15100
oIt7 1.1.2-Trichi·Jroethoru3

0.00005880.80.u49150

oIt8 Trichloroethene (TCE)

0.00008550.7040.371126

oIt9 Vinylchloride

0.0000761.1250.72.45

50 a-Xylene

0.00005180.740.205300

51 m-Xylene

0.00005180.740.287300\

52 p-Xylene

5.180.740.292300
53 501t

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

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.

18
19

20 153

21 18
22 247

23
24
25
26

27

F

Formula Formal
r34c2:r52c2

G

CHEMICAL PROPERTIES
Use Chemical Database?

~r34c2:r52c2
Chemical Database

Yes
No

OK

Acetone
111II

H

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 st:;~cted 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 follo'",'ingexample:

To delete the data entry in CPAR.xLM for Toluene, you must first locate the parameter values for Toluene in the
shaded :nea of CPAR.XLM (Line 40, Columns B, C, D, E and F), then select the cells containing parameter
values for Tolueue. Next, you must "Clear" the cells by using the Edit menu .IS iIlustra~edbelow.



35 Benzene 0.22683
36 Carbontetrachloride

0.819150
37 Chlorobenzene

Clear 0.143125.9
38 Chloroform

(i All 0.15630
39 t 1-Dichloroethane

r Forma].Cancel 0.23846
40 1.2-Dichloroethane

r FOJmula.
0.045330

41 Ethylbenzene
r Hote.Help 0.3291100

42 Pentachlorophenol
0.0000873891.25

43 t1.2.2-Tetrachloroethane
0.019750

44 Tetrachloroethene
0.00005440.730.944302

45 46 t1.1-Trichloroethane
0.0000570.791.15100

47 1.1.2-Trichloroethane
0.00005880.80.049150

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 theEdit menu. After this operation, the permanent data area will look like the following:

Chemical Nome

dw (m2/d)da (m2/d)KhKoc (ml/g)

Acetone

0.00008850.8890.0008572.2
Benzene

0.000060480.8640.22683
Carbo ntetrach lori de

0.00007930.6880.819150
Chlorobenzene

0.00007285.0610.143125.9
Chloroform

0.000086810.7650.15630t1-Dichloroethane
0.0000630.8640.23846

1.2-Dichloroethane
0.0000630.8u40.045330

Ethylbenzene
0.00004840.710.3291100

Pentachlorophenol
0.0000520.4750.0000873891.25

1.1.2.2-Tetrachloroethane
0.000084220.6290.019750

T etrach I0 roeth ene
0.00005440.730.944302

1.1.1-Trichloroethane
0.0000570.791.15100

1.1.2-Trichloroethane
0.OlJU15880.80.049150

Trichloroethene (TCE)
0.000;18550.7040.37112f

Vinylchloride
0.00n0761.1250.72.4~·

4fl' J ., ~ i': ',J r ......
ff.D1Ji.1f£I'i f'f "i t.

f},t.'Oi;.,' {
J ,~

0,1,~ ":,,~ 0'. ' .' •• '.

.,

51 le-Xvlene
5.180.74O.~!::J2300

Notice that the new data area is now from row 34 to ro\l 51, not .32. Therefore, the database logical definition in
cell G22 must be changed to reflect the new data area, and it should read "r34c2:r51c2". To complete database
update, you must select the first cell (AI) 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 "RICl" 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.
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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.
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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.
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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).
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Button # 4: K-THETA RELATIONSHIP

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.
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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 IMPACTv3.0, 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, n 1n 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.
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Button # 6: 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 thatthe initial moisture content is constant for each layer.
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Button # 10: PRINT MOISTURE FLUXES

Like BuHon 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.

Buttons

10
11

1

\



 



 



 



 



 



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.
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Button # 18: SOIL PARAMETERS

This button is used to enter certain soil-specific parameters used in IMPACf 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 IMPACI), 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 (Lff) 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.
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CALCULATION OF DIFFUSION COEFFICIENTS
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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 Bulton 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 # 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/gld units), organic carbon content of the soil (in percentage),
dispersivity of the soil (in appropriate length units), and soil bulk density (in glee). 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 # 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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