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1.0
Introduction
Domenico analytical model (1987) presented in this manual is an analytical solution to the advection-dispersion partial-differential equation of organic contaminant transport processes in groundwater as shown in section below.  The model contains one dimensional groundwater velocity, longitudinal, transverse, and vertical dispersion, the first order degradation rate constant, finite contaminant source dimensions, the steady state source condition, and the estimated concentration at the plume centerline.  The analytical solution form is programmed into a Microsoft Excel spreadsheet.  The analytical model is applied to estimate the plume length for dissolved organic contaminant in groundwater.  The use of the analytical model requires contaminant spatial concentration data at a minimum of one source well and one to two downgradient wells.  The groundwater data must show a reasonable plume pattern (i.e., contaminant concentration is highest in the source well and gradually decreasing in the downgradient monitoring wells).  Model is calibrated by adjusting three model input parameters to fit groundwater concentration spatial pattern based on the spatial concentration distribution data.  The model after calibration is then used to predict the horizontal plume length in groundwater.  Prior to applying the spreadsheet model and interpreting the model results, understanding of model assumptions is strongly advised.

2.0
Domenico Analytical Model

The Domenico analytical model is based on the advection-dispersion partial-differential equation for organic contaminant transport processes in groundwater as described below (Domenico and Robbins 1985):
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(1)

Where, 


C -  contaminant concentration in groundwater (mg/L),


t - time (day), 


v -  groundwater seepage velocity (ft/day), 


x, y, z -  coordinates to the three dimensions (ft), 

Dx, Dy, Dz - dispersion coefficients for the x, y, z dimensions (ft2/day), respectively. 

To solve equation (1) analytically, under conditions of the steady-state source and finite continuous source dimension with one-dimensional groundwater velocity, three-dimensional dispersion, and a first order degradation rate constant, the analytical solution can be expressed as (Domenico 1987):
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Where, 

Cx - contaminant  concentration in a downgradient well along the plume centerline at a distance x (mg/L), 

C0 - contaminant concentration in the source well (mg/L), 

x -  centerline distance between the downgradient well and source well (ft), 

x, y, and z - longitudinal, transverse, and vertical dispersivity (ft), respectively, 


Dx=x((, Dyy((,  Dz = z((,

- degradation rate constant (1/day), 


=0.693/t1/2 (where t1/2 is the degradation half-life of the compound).
 - groundwater velocity (ft/day), 

Y - source width (ft), 

Z - source depth (ft), 

erf - error function,

exp - exponential function.  

The Domenico Analytical Model assumes:

(1) The finite source dimension,

(2) The steady state source,

(3) Homogeneous aquifer properties,

(4) One dimensional groundwater flow,

(5) First order degradation rate,

(6) Contaminant concentration estimated at the centerline of the plume,

(7) Molecular diffusion based on concentration gradient is neglected,

(8) No retardation (e.g., sorption) in transport process.

Understanding model assumptions is crucial to simulate transport process for a specific contaminant in groundwater.  For example, MTBE has a very low potential of being sorbed onto soil particles due to its low Koc value and therefore the No. 8 assumption above may not be an influential factor.  Whereas, PCE has relatively high retardation potential and the model described in this manual needs to be modified before it can be applied for simulating PCE transport process in groundwater.  

3.0
Estimation of Centerline Distance

One of the conditions for using Domenico Analytical Model is that the selected downgradient monitoring well must be along the plume centerline.  In most contamination cases, downgradient monitoring wells may be off the centerline.  In order to apply Domenico Analytic Model to these cases, the distance between these off-centerline wells and source wells must be converted to the centerline distance.

In this manual, an ellipse trigonometry method is used to convert an off-centerline distance to a centerline distance.  The method is based on an assumption about the contaminant plume geometry, which can be described as an ellipse shape (Figure 1).  This ellipse shape is idealized and assumed based on the observations that the plume migrates fastest along groundwater flow direction and the longitudinal dispersivity is greater than transverse dispersivity in general.  This assumption is consistent with the shape in a similar study by Martin-Hayden and Robbins (1997).  

Based on the assumption of the ellipse plume shape, the following offers the calculation of converting a distance from an off-centerline well to a centerline well.  First, it is assumed that (1) the ellipse width = 0.33 ellipse length (since most studies assume (y=0.33(x) (the ellipse length/width ratio can be adjusted based on the field data collected from every individual site) and (2) the ellipse is the contaminant isoconcentration line.
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The equation for an ellipse with a horizontal major axis:
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Where, a = the length of the major axis, b = the length of the minor axis, a > b > 0.  X and Y are the coordinates to the x and y dimension, respectively.  If the source well is assumed at close to one end of the ellipse and one downgradient well located on the ellipse (see Figure 1) with an off-centerline distance L’, given the angle (, the centerline distance can be calculated as follows.

Since b = 0.33 ( a, x1 = Cos ( ( L’ – a, y1 = Sin ( ( L’, where  the angle between off-centerline and centerline (< 90() and 2a = the distance (x) between source well and projected downgradient centerline well on the isoconcentration line.
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Figure 1.  Plane view of regular plume geometry and groundwater monitoring system 

4.0
Spreadsheet Analytical Model

The analytical model can be applied to estimate the plume length for organic contaminant in groundwater.  Figure 2 presents a flowchart of the analytical model application.  First, groundwater monitoring data provide concentrations at the source well and at one or two downgradient wells (known C0, C1, and X1, where C1 = downgradient well concentration, X1  downgradient well distance from the source well).  Second, the ellipse trigonometry method is used to convert the off-centerline distance to centerline distance. Third, the field data are plotted on semi-logarithmic chart (C1/Co vs. X1).  Fourth, the known C0, C1, and X1 are used to choose values for model parameters (x, (, and ( by trial and error to fit the data points on the plot generated in step three.  Fifth, the calibrated values of the parameters (x, (, and ( are to be used to predict the concentration Cx at a downgradient distance x.  The distance x is the plume length at the plume centerline.

Model Flowchart










Figure 2. Domenico Analytic Model Flowchart

The Domenico Analytical Model solution form has been programmed into a user-friendly spreadsheet in Microsoft Excel (version 7.0).  The groundwater monitoring data from a specific site are used to determine C0, C1, X1, C2, and X2, which are plotted on a semi-logarithmic chart (C1/Co vs. X1, C2/Co vs. X2, etc.).  By trial and error method, the model parameters (x, (, and ( are altered within the reasonable ranges until a best fit curve to the spatial concentration distribution field data is identified.  A plot is used to visually fit the field data (see example in Figure 4, Section 7.0).  After a “best fit” curve is established, the calibrated values of (x, (, and ( are used to predict the concentration Cx at a downgradient distance x.  The distance x is the distance between source well and down-gradient plume edge along the plume centerline.  An example of Excel spreadsheet is demonstrated in Table 6, Section 7.0.  

5.0 Sensitivity Analysis

A sensitivity analysis is conducted for the Domenico Analytical Model in the same way as presented in Rong et al. (1998).  Model runs under the condition of varying input parameter values, one at a time, within reasonable ranges.  Then model outputs from various input values are compared with the “baseline” cases.  The sensitivity analysis results, as presented in Table 1, indicate that model output is sensitive to model input parameters (x, (, x, and (.  Coincidentally, these four parameters are used to calibrate the model by changing the values of these parameters to fit in the field data.

6.0
Model Input Parameters

As indicated in sensitivity analysis, model input parameters (x, (, and ( would have great impacts on model output.  Therefore, selections of these parameters have great effects to the model outcome.  This section provides a summary of those parameter values from available references.  

6.1 Dispersivity ((x)

One of the primary parameters that control the fate and transport of contaminant is dispersivity of the aquifer.  Domenico Analytic Model uses longitudinal ((x), transverse ((y), and vertical ((z) dispersivities to describe the mechanical spreading and mixing caused by dispersion.  The spreading of a contaminant caused by molecular diffusion is assumed to be small relative to mechanical dispersion in groundwater movement and is ignored in the model.  Various dispersivity values have been used in previous studies.  Table 2 is a summary of the three dimensional dispersivity values in literatures. 

Table 1. Sensitivity Analysis Results for Domenico Analytical Model

	Input Parameter
	Factor of Input Change from Baseline
	Model Output Cw ((g/L)
	Factor of Cw Difference from Baseline

	(x (ft)

     1 (baseline)

     4

     0.1
	-

4

0.1
	5

1

50
	-

0.2

10

	( (ft/day)

0.1 (baseline)

0.5

0.05
	-

5

0.5
	5

1,020

0.008
	-

204

0.0016

	x (ft)

     670 (baseline)

     335

     1,000
	-

0.5

1.49
	5

268

0.13
	-

53.6

0.026

	Y (ft)

     20 (baseline)

     10

     30
	-

0.5

1.5
	5

3

7
	-

0.6

1.4

	Z (ft)

     5 (baseline)

     1

     10
	-

0.2

2
	5

1

10
	-

0.2

2

	( (1/day)

0.001 (baseline)

0.002

0.0005
	-

2

0.5
	5

0.0076

139
	-

0.00152

27.8


6.2 Groundwater Velocity (()
Groundwater velocity in the geologic material is controlled by hydraulic conductivity, hydraulic gradient in the vicinity of the study area, and effective porosity of the geologic material.  Based on the Darcy’s Law, the average groundwater velocity can be calculated using the following equation:
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Table 2. Dispersivity Values In Literature
	Dispersivity Values


	Reference



	            (x  = 0.1 X

            (y   = 0.33 (x
            (z  = 0.056 (x
	Gelhar and Axness (1981)

	            (x  = 0.1 X

            (y   = 0.1 (x
            (z  = 0.025 (x
	Gelhar et al. (1992)

	            (x  = 14 – 323 (ft)

            (y   = 0.13 (x
            (z  = 0.006 (x
	USEPA (1996)

	            (x  = 16.4 (ft)

            (y   = 0.1 (x
            (z  = 0.002 (x
	Martin-Hayden and Robbins (1997)

	           (x  = 0.33 – 328 (ft)

           (y   = 0.1 (x
           (z  = 0.1 (x
	AT123D (1998)



X = the distance to the downgradient well (ft), (x = the longitudinal dispersivity (ft), (y = the transverse dispersivity (ft), (z = the vertical dispersivity (ft).

Where,



(   - Groundwater velocity (ft/day)



K  - Hydraulic conductivity (ft/day)



dh/dx  - Hydraulic gradient (ft/ft)



ne  - Effective porosity (dimensionless)

The groundwater hydraulic gradient can be determined from field data. The hydraulic conductivity and effective porosity are also preferably obtained from site-specific testing. The hydraulic conductivity and effective porosity are mainly affected by the geologic material grain size.  In cases where site-specific data are absent, to estimate groundwater velocity, the lithologic boring logs can be analyzed and hydraulic conductivity and effective porosity can be estimated to be consistent with value ranges from published references (see Tables 3 and 4). 

Table 3. Hydraulic Conductivity Range for Various Classes of Geologic Materials

	Material
	Hydraulic Conductivity, ft/day

	
	Todd 

1980
	Bouwer 

1978
	Freeze & Cherry 

1979
	Dawson & Istok 1991

	Gravel
	5 x 102  – 1 x 103
	3 x 102 – 3 x 103
	3 x 102 – 3 x 105
	3 x 103 – 3 x 105

	Coarse Sand
	1 x 102
	7 x 101 – 3 x 102
	3 x 10-2 – 3 x 103
	

	Medium Sand
	4 x 101
	2 x 101 – 7 x 101
	
	3 – 3 x 103

	Fine Sand
	101
	3 - 2 x 101
	
	3 x 10-2 – 3

	Silt and Clay
	10-3 – 3 x 10-1
	3 x 10-8  – 3 x 10-2
	3 x 10-7 – 3 x 10-3
	3 x 10-6 – 3 x 10-1


Table 4. Total Porosities and Effective Porosities of Well-sorted, Unconsolidated Formations

	Material
	Diameter (mm)
	Total Porosity (%)
	Effective Porosity (%)

	Gravel
	
	
	

	Coarse 
	64.0 – 16.0
	28
	23

	Medium
	16.0 – 8.0
	32
	24

	Fine
	8.0 – 2.0
	34
	25

	Sand
	
	
	

	Coarse 
	2.5 – 0.5
	39
	27

	Medium
	0.5 – 0.25
	39
	28

	Fine
	0.25 – 0.162
	43
	23

	Silt
	0.162 – 0.004
	46
	8

	Clay
	<0.004
	42
	3


Source: Roscoe Moss Company, 1990

6.3 Degradation Rate Constant (()
Table 5 lists degradation constant and half-life for various hydrocarbon compounds in soil and groundwater (Howard, et al., 1991).

7.0
Case Study

A case study example is included in this manual to demonstrate the modeling procedures for estimating MTBE plume length.  The case study is a real case from an underground storage tank site in the City of Los Angeles, California.  Figure 3 shows the site layout and 

	Table 5. Degradation Constant and Half-Life (Howard et al., 1991)

	Compound Names
	t 1/2 =half-life
	Soil
	Groundwater

	
	 =degradation const 
	high
	low
	high
	low

	Benzene
	t 1/2 (day)
	16
	5
	730
	10

	
	 (1/day)
	0.0433125
	0.1386
	0.000949315
	0.0693

	Carbon Tetrachloride
	t 1/2 (day)
	365
	183
	365
	7

	
	 (1/day)
	0.0018986
	0.00379
	0.00189863
	0.099

	Chloroethane
	t 1/2 (day)
	28
	7
	56
	14

	
	 (1/day)
	0.02475
	0.099
	0.012375
	0.0495

	Chloroform
	t 1/2 (day)
	183
	28
	1825
	56

	
	 (1/day)
	0.0037869
	0.02475
	0.000379726
	0.012375

	Dichlorodifluoromethane (Freon 12)
	t 1/2 (day)
	183
	28
	365
	56

	
	 (1/day)
	0.0037869
	0.02475
	0.00189863
	0.012375

	Dichloromethane (Methylene Chloride)
	t 1/2 (day)
	28
	7
	56
	14

	
	 (1/day)
	0.02475
	0.099
	0.012375
	0.0495

	1,1-Dichloroethane (1,1-DCA)
	t 1/2 (day)
	154
	32
	154
	64

	
	 (1/day)
	0.0045
	0.02166
	0.0045
	0.0108281

	1,2-Dichloroethane (1,2-DCA)
	t 1/2 (day)
	183
	100
	365
	100

	
	 (1/day)
	0.0037869
	0.00693
	0.00189863
	0.00693

	1,1-Dichloroethylene (1,1-DCE)
	t 1/2 (day)
	183
	28
	132
	56

	
	 (1/day)
	0.0037869
	0.02475
	0.00525
	0.012375

	1,2-Dichloroethylene (1,2-DCE)
	t 1/2 (day)
	183
	28
	2890
	56

	
	 (1/day)
	0.0037869
	0.02475
	0.000239792
	0.012375

	Ethylbenzene
	t 1/2 (day)
	10
	3
	228
	6

	
	 (1/day)
	0.0693
	0.231
	0.003039474
	0.1155

	Methyl t-buthyl ether (MTBE)
	t 1/2 (day)
	183
	28
	365
	56

	
	 (1/day)
	0.0037869
	0.02475
	0.00189863
	0.012375

	tert-Butyl alchohol (TBA)
	t 1/2 (day)
	200
	15
	365
	56

	
	 (1/day)
	0.003465
	0.0462
	0.00189863
	0.012375

	1,1,1,2-Tetrachloroethane (1112-PCA)
	t 1/2 (day)
	66.8
	0.7
	66.8
	0.7

	
	 (1/day)
	0.0103743
	0.99
	0.010374251
	0.99

	1,1,2,2-Tetrachloroethane (1122-PCA)
	t 1/2 (day)
	45
	0.4
	45
	0.4

	
	 (1/day)
	0.0154
	1.7325
	0.0154
	1.7325

	Tetrachloroethylene (PCE)
	t 1/2 (day)
	365
	183
	730
	365

	
	 (1/day)
	0.0018986
	0.00379
	0.000949315
	0.0018986

	Toluene
	t 1/2 (day)
	22
	4
	28
	7

	
	 (1/day)
	0.0315
	0.17325
	0.02475
	0.099

	1,1,1-Trichloroethane (1,1,1-TCA)
	t 1/2 (day)
	273
	140
	546
	140

	
	 (1/day)
	0.0025385
	0.00495
	0.001269231
	0.00495

	1,1,2-Trichloroethane (1,1,2-TCA)
	t 1/2 (day)
	365
	135
	730
	135

	
	 (1/day)
	0.0018986
	0.00513
	0.000949315
	0.0051333

	Trichloroethylene (TCE)
	t 1/2 (day)
	365
	183
	1642.5
	321

	
	 (1/day)
	0.0018986
	0.00379
	0.000421918
	0.0021589

	Trichlorofluoromethane (Freon 11)
	t 1/2 (day)
	365
	183
	730
	365

	
	 (1/day)
	0.0018986
	0.00379
	0.000949315
	0.0018986

	1,1,2-Trichloro-trifluoroethane (Freon 113)
	t 1/2 (day)
	365
	183
	730
	365

	
	 (1/day)
	0.0018986
	0.00379
	0.000949315
	0.0018986


	Vinyl chloride (VC)
	t 1/2 (day)
	183
	28
	2890
	56

	
	 (1/day)
	0.0037869
	0.02475
	0.000239792
	0.012375

	m-Xylene
	t 1/2 (day)
	28
	7
	56
	14

	
	 (1/day)
	0.02475
	0.099
	0.012375
	0.0495

	o-Xylene
	t 1/2 (day)
	28
	7
	365
	14

	
	 (1/day)
	0.02475
	0.099
	0.00189863
	0.0495

	p-Xylene
	t 1/2 (day)
	28
	7
	56
	14

	
	 (1/day)
	0.02475
	0.099
	0.012375
	0.0495

	
	 = 0.693 / t 1/2 
	
	
	
	


the site groundwater contour map.  The modeling procedures are described in details as the following steps:

Step 1:

Find one source monitoring well (usually in the source area with highest MTBE concentration) and one to two downgradient well(s) along or close to the centerline with decreasing MTBE concentrations.

As shown on the Figure 3, the groundwater flow direction is towards northwest with a gradient of 0.02 ft/ft.  The monitoring well MW-3 had the highest MTBE concentration (25,000 (g/L).  Monitoring wells MW-1 and MW-4 are downgradient wells with declining MTBE concentrations (3,600 (g/L and 67 (g/L, respectively).  The boring logs for these monitoring wells indicate that soil materials are predominantly poorly graded sands. 

Step 2:

Measure the distance between the source well and the downgradient wells; measure the off-centerline angle if any.  Use the ellipse trigonometry method presented in this manual to estimate centerline distance.  Use equation (4): given L’ = 90 ft, ( = 15(,




        = 144 (ft)

 Fill out the form below:

	Case Name:


	Source Well
	Downgradient Wells

	
	MW-3
	MW-1
	MW-4

	MTBE Concentration [(g/L]
	25,000
	3,600
	67

	Distance to Source Well [ft]
	-
	45
	90

	Off-centerline Angle ( [degree]
	-
	0
	15

	Centerline Distance to Source Well [ft]
	-
	45
	144
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	Table 6. Model Parameter And Field Data For Sample Case

	
	
	
	

	Model Parameters
	
	
	

	Source well concentration
	C0
	25,000
	µg/L

	X axis dispersivity
	x
	4.00
	ft

	Y axis dispersivity
	y
	1.32
	ft

	Z axis dispersivity
	z
	0.22
	ft

	Groundwater velocity
	v
	0.25
	ft/day

	Source dimension Y
	Y
	20
	ft

	Source dimension Z
	Z
	5
	ft

	First order attenuation rate
	
	0.005
	1/day

	Predicted plume length
	X
	264
	ft

	Plume edge concentration
	Cx
	5
	µg/L

	
	
	
	

	Field Data
	
	
	

	
	Well Name
	Centerline Distance in ft, X
	MTBE Concentration, µg/L

	Source Well
	MW-3
	0
	25,000

	Downgradient Well 1
	MW-1
	45
	3,600

	Downgradient Well 2
	MW-4
	144
	67




Step 3:


A.  Open the Microsoft Excel file “Domenico”  (included in this manual)

B.  Use “distance” sheet to calculate centerline distance to source well,

C. Use “Domenico” sheet to find the best-fit curve on the plot of concentration versus distance:

· Enter case information: case name, address and ID 

· Step One - enter case data: C0 = 25,000 (g/L, X1 = 45 ft, C1 = 3,600 (g/L, X2 = 144 ft, C2 = 67 (g/L

· Step Two - manipulate model parameters ((x: 0.35 – 4 ft, (: 0.01 – 0.5 ft/day, and (: 0.1 – 0.001 /day) to find best-fit curve (Based on references in Table 2, the following value ranges are used in this case study:  (x = [0.35 ft, 4 ft], (y  = [0.33(x, 0.65(x], (z = 0.056(x ) (see Table 6 for model data entry and Figure 4 for plot)
· Step Three – estimate distance between source well and plume down-gradient edge (x): enter down-gradient concentration at 5 (g/L and then click green button. The model calculates x = 264  ft


F.  Print the Domenico sheet and Save the file

8.0 Troubleshooting for the Spreadsheet Analytical Model

Trouble 1: By changing the values of either (x, (, or (, the model calculation and curve on the chart do not response.

Solution: Go to “Add-In” option in Excel under the “Tools” menu bar and select the “Analysis Toolpak.”
Trouble 2: Some field data do not show on the chart

Solution:  Change the Y axis range by double clicking the Y axis, and add one or two more decimals for minimum range in Scale sheet.
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(1)  Collect Field Data: Co, C1, X1, dh/dx,





(2)  Convert X1 to centerline distance





(3)  Plot the field data on semi-logarithmic chart


C1/Co vs. X1





(4)  Calibrate model parameters (x, (, and ( and find the model best fit line for the field data





(5)  Predict plume length x at a given concentration (e.g., Cx=5 (g/L) using calibrated (x, (, and (
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Figure 4. Spatial distribution of normalized MTBE concentration for model case study
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						Domenico Model (1987)

		Source concentration				25,000		ug/L				Distance				exp()		erf(Y)		erf(Z)		C

		X axis dispersivity				4.00		ft				0												1		1.0000		1		1		1		1

		Y axis dispersivity				1.32		ft				50		6.25		0.2380646331		0.6159117489		0.2083053844		764		0.0305		0.0222		0.0603336954		0.1053675936		0.11618004		0.1257612797

		Z axis dispersivity				0.22						100		12.5		0.0566747695		0.4617473418		0.1481468537		97		0.0039		0.0020		0.0151279026		0.0461395113		0.0560947105		0.065728355

		Distance to monitoring well		x		183		ft				150		18.75		0.0134922582		0.3846974436		0.1211950957		16		0.0006		0.0002		0.0048487207		0.0258266797		0.0346211873		0.0439125075

		Groundwater velocity		u		0.25		ft/day				200		25		0.0032120295		0.3365784841		0.1050594897		3		0.0001		0.0000		0.00172936		0.0160869586		0.0237778064		0.0326462642

		Source dimension Y		Y		20						250		31.25		0.0007646706		0.3029083899		0.0940225883		1		0.0000		0.0000		0.0006550104		0.0106410355		0.0173422799		0.0257740889

		Source dimension Z		Z		5						300		37.5		0.000182041		0.2776610072		0.0858636987		0		0.0000		0.0000		0.0002578518		0.0073156505		0.0131461841		0.0211491184

		First order attenuation rate		l		0.008		per day				350		43.75		0.0000433375		0.2578260558		0.0795163138		0		0.0000		0.0000		0.0001042725		0.0051665375		0.0102369552		0.0178270215

						22.875						400		50		0.0000103171		0.2417112414		0.0743961248		0		0.0000		0.0000		0.0000430105		0.0037217893		0.0081310655		0.015327484

		[1-(1+(4laL/u))^(1/2)]		[…]		-0.2296						450		56.25		0.0000024561		0.2282827755		0.0701526532		0		0.0000		0.0000		0.000018013		0.0027221367		0.0065573759		0.0133803944

		Y/4(aTx)^(1/2)		Y/…		0.3217						500		62.5		0.0000005847		0.2168688653		0.0665612394		0		0.0000		0.0000		0.0000076353		0.0020151129		0.0053523435		0.0118221984

				erf(Y)		0.3509						550		68.75		0.0000001392		0.2070115496		0.0634703535		0		0.0000		0.0000		0.0000032683		0.0015063793		0.0044116739		0.0105480722

				Z/….		0.0976						600		75		0.0000000331		0.198386479		0.060773585		0		0.0000		0.0000		0.0000014103		0.00113523		0.0036658726		0.0094877337

				erf(Z)		0.1098						650		81.25		0.0000000079		0.1907566501		0.0583937201		0		0.0000		0.0000		0.0000006127		0.0008613722		0.003066965		0.0085922985

				exp()		0.0052						700		87.5		0.0000000019		0.1839443219		0.0562731887		0		0.0000		0.0000		0.0000002678		0.0006573868		0.002580854		0.0078267128

				C		5.0		ug/L				750		93.75		0.0000000004		0.1778132327		0.054368073		0		0.0000		0.0000		0.0000001176		0.0005042306		0.0021827102		0.007165186

												800		100		0.0000000001		0.1722569323		0.0526442089		0		0.0000		0.0000		0.0000000519		0.0003884513		0.0018540776		0.0065883207

						0.032						850		106.25		0		0.1671908889		0.0510745661		0		0.0000		0.0000		0.000000023		0.0003004102		0.0015809947		0.0060812474

				0		1						900		112.5		0		0.1625470087		0.0496374412		0		0.0000		0.0000		0.0000000102		0.0002331169		0.0013527391		0.0056323769

				45		0.144						950		118.75		0		0.1582697426		0.048315179		0		0.0000		0.0000		0.0000000045		0.0001814492		0.0011609665		0.0052325429

				102		0.00268						1000		125		0		0.1543132632		0.0470932514		0		0.0000		0.0000		0.000000002		0.0001416196		0.0009991085		0.0048744004
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Fig & Table

		Table 6. Model Parameter And Field Data For Sample Case

		Model Parameters

		Source well concentration				25,000		ug/L

		X axis dispersivity				4.00		ft

		Y axis dispersivity				1.32		ft

		Z axis dispersivity				0.22		ft

		Groundwater velocity		v		0.25		ft/day

		Source dimension Y		Y		20		ft

		Source dimension Z		Z		5		ft

		First order attenuation rate		l		0.005		1/day

		Predicted plume length		X		264		ft

		Plume edge concentration				5		ug/L

		Field Data

				Well Name		Centerline Distance in ft, X		MTBE Concentration, ug/L

		Source Well		MW-3		0		25,000

		Downgradient Well 1		MW-1		45		3,600

		Downgradient Well 2		MW-4		144		67

		Figure 4. Spatial distribution of normalized MTBE concentration for model case study
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		Figure 4. Spatial distribution of normalized MTBE concentration for model case study
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