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Introduction

The ‘A Civil Action’ 1-D Contaminant Transport Game is an EXCEL spreadsheet that enables students to compute concentrations of TCE traveling in the groundwater flow system toward well H that emanate from the W.R. Grace site.  The idea of the game is to draw students into learning some of the fundamental concepts about (1). how contaminants move in the subsurface, and (2). how models can be used to test hypotheses, by teaching these concepts within the context of the famous ‘A Civil Action’ trial described in the book by Jonathan Harr (1996) and the movie starring John Travolta (1998).  

The spreadsheet computes values of hydraulic head, advective flow velocities and traveltimes, contaminant velocities, and contaminant concentrations at 20 locations along the flowpath from W.R. Grace to the Aberjona River.  Breakthrough curves showing changes in concentration versus distance and changes in concentration versus time pop-up automatically (see below). The spreadsheet also creates graphs of advective and contaminant velocities versus distance.  
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Hydrogeologic input parameters in the 20 cells along the flowpath are porosity (n), aquifer thickness (b), hydraulic conductivity (K), and recharge rate.  Input values used in the finite-difference solution are the initial concentration of TCE at W.R. Grace (Co), time step duration (t), longitudinal dispersivity (), and chemical retardation (Rf).  Suggested values of these parameters are given in Table 2.  

The spreadsheet calculates differences between measured water levels in observation wells located along the flowpath with simulated heads at corresponding cells.  It computes the mean absolute error between measured and simulated heads.  Actual water levels were measured in a network of observation by the U.S. Geological Survey (Myette and others, 1987).  The spreadsheet also calculates the discharge (ft3/day) along the flowpath (flow tube of width y) into the 21st cell, which represents the Aberjona River.  This value is compared with an estimate of the streamflow gain along this segment of the Aberjona River (y) based on stream discharge measurements made by the U.S. Geological Survey (Myette and others, 1987).  Thus, students have two different sets of calibration targets (heads and fluxes) to measure the “goodness-of-fit” of the flow model against actual field data.  The transport model cannot be calibrated because no TCE data were collected prior to closure of municipal wells G & H.

One objective of the game is to minimize the difference between measured and simulated hydraulic heads, and between measured and simulated streamflow gain while using realistic values of aquifer thickness, hydraulic conductivity, and porosity.  This enables students to gain insight into the mass and concentration of TCE reaching the Aberjona River (the area near well H) during the period from November 1960, when the W.R. Grace plant began operation, to May 1979, when wells G and H were shutdown by order of the Massachusetts Department of Environmental Quality Engineering because water from the wells contained concentrations of TCE and PCE exceeding state and federal standards.
The overarching idea is to teach students that models are used by scientists and engineers for a variety of purposes and that different types of models are used for different purposes.  In the legal arena, models presented in the courtroom have to undergo scrutiny by opposing experts and acceptance or rejection by the jury.  In a sense, opinions expressed by experts during a trial are hypotheses that they present to the jury.  They also must demonstrate to the jury that their hypothesis is correct because it can be tested by measured data and can withstand cross examination by the opposing party.  Undergraduate students likely will not understand the mechanics of how the spreadsheet game works, but they will understand that for a hypothesis to be tested properly it has to reproduce one or more measured states of the flow system.  More information on what each expert witness said in the famous trial and  the parallels between modeling procedures, the scientific method, and the path of a civil lawsuit through the U.S. legal system are presented in Figure 1 below (from Bair, 2001).   
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Figure 1. Similarities among the ‘Scientific Method’ and the procedures followed to construct a calibrated groundwater model and the path a civil lawsuit

takes through the U.S. legal system. 

Example Assignment


An interesting assignment is to use the spreadsheet to compare the divergent conceptualizations of the groundwater flow system and opinions about when contaminants arrived at Woburn municipal wells G and H presented by two expert witnesses in the ‘A Civil Action’ trial.  One expert witness (Expert A) based his professional opinions (Table 1), in part, on the results of a one-dimensional analytical model that assumed the aquifer between W.R. Grace and the Aberjona River had a uniform thickness, uniform hydraulic conductivity, uniform porosity, and no recharge (see cross section below).  Another expert witness (Expert B) based his professional opinions (Table 1), in part, on the results of a three-dimensional numerical flow and transport model that accounted for spatial variations in aquifer thickness, hydraulic conductivities and porosities in the different types of glacial deposits, and recharge variations on the upland at W.R. Grace and the floodplain and wetland by the wells, among other parameters.  The spreadsheet can be used to compare these two different conceptualizations in the one-dimensional case and to draw conclusions as to whether the simulated results from the two different conceptualizations are reasonable.    
An aerial photograph, cross section, and images of the sediments at the Wells G & H Superfund Site are shown at the end of this MS-WORD file.  More than 100 other images of Woburn, wells G and H, drill rigs, observation wells, the river and wetland, trial participants, and scientists involved in the famous pumping test, etc. can be found at the following website, which also contains geologic cross sections, potentiometric surface maps, and aerial photographs that can be downloaded for class use at www.geology.ohio-state.edu/courtroom.  This website also includes information about the remediation systems operating to cleanup contamination at the Superfund Site and an an animation of TCE transport from the five known sources of contamination at the Superfund Site based on the Ph.D. dissertation of Maura Metheny, a former student of mine at Ohio State.

Table 1.
Testimony from the ‘A Civil Action’ Trial Pertaining to Contaminant Transport

Excerpted Testimony from the Plaintiffs’ Expert Witness


“…a traveltime for TCE of 3 years from Grace…”  [Trial Day 41]


“…[from] Beatrice, I would like my testimony to read that TCE was 3 months…”  


[Trial Day 41]

 

Excerpted Testimony from the W.R. Grace Expert Witness


“…even if chemicals were released to the groundwater system in 1960, the day 
the plant opened…  they could not have reached well H, which is 2500 feet 
away…  by May of 1979.”  [Trial Day 68]
More extensive quotes from the actual testimony are given in (Bair, 2001), including quotes about the arrival times of other contaminants, the hydrologic role of the Aberjona, induced infiltration, and quotes from the Beatrice expert witness.

The file wob_2001gsa.xls, which was originally distributed on the 2001 GSA field trip to Woburn (see Metheny and Bair, 2001), contains two versions of the worksheet program – one is labeled W.R. Grace – heterogeneous and represents the conceptualization of Expert B, whereas the other is labeled W.R. Grace – homogeneous and represents the conceptualization of Expert A.  

Table 2.

Parameter Values Used to Simulate Flow and Transport from W.R. Grace

	Parameter / Variable
	Expert A
	Expert B

	Time step (days)
	36.5
	73

	Porosity (decimal)
	0.25
	0.20 – 0.35

	Hydraulic conductivity (ft/d)
	75
	0.5 – 200

	Aquifer thickness (ft)
	20
	10 - 50

	Recharge rate (ft/yr)
	0
	0.5 – 2.0

	Co (ppb)
	5000
	5000

	Rf for TCE
	4.0
	4.0

	Dispersivity (ft)
	67
	67


The W.R. Grace – homogeneous worksheet for Expert A is set up using the parameters listed in Table 2.  The results of this representation of the flow system and the transport of TCE are summarized in Table 3 below.  

The parameter values in the W.R. Grace – heterogeneous spreadsheet are (deliberately) not consistent with the hydrogeologic data presented during the 2001 GSA field trip (Metheny and Bair, 2001) and with the materials included herein.  Based on the information presented, modify and improve the W.R. Grace – heterogeneous worksheet to incorporate more realistic spatial variations in hydrogeologic parameters.  Then, fill in Table 3 with the results from the simulation that produces the smallest errors between measured and simulated heads and between measured and simulated streamflow gain while using realistic hydrogeologic data.  Remind your students to use their  textbook and other reference books to select reasonable parameter values.

As you can see from Table 3 (below), based on the conceptualization and simulation of Expert A, TCE reaches the area near well H within 1 to 2 years.  This suggests that the groundwater at the future sites of wells G and H along the Aberjona River was contaminated with TCE before the wells were constructed in 1964 and 1967, respectively, and therefore the water pumped by wells G and H into the municipal water mains was contaminated from October 1964 to the day the wells were closed in May 1979.  

Table 3.

Comparison of Results from the Two Conceptualizations of the Flow System

	Points of Comparison
	Expert A

Simulation
	Expert B

Simulation

	Computed mean absolute error in water levels (ft)
	9.09
	

	Computed error in streamflow gain (percent)
	-144
	

	Advective flow velocity at 500 ft from source (ft/d)
	5.7
	

	Contaminant flow velocity at 500 ft from source (ft/d)
	1.4
	

	Total advective traveltime to 2625 ft (yrs)
	1.2
	

	Simulated TCE concentration at 500 ft at 1 year (ppb)
	3445
	

	Simulated TCE concentration at 500 ft at 5 years (ppb)
	4996
	

	Simulated TCE concentration at 1000 ft at 2 years (ppb)
	3279
	

	Simulated TCE concentration at 1000 ft at 10 years (ppb)
	5000
	

	Simulated TCE concentration at 1000 ft at 15 years (ppb)
	
	

	Simulated TCE concentration at 2500 ft at 2 years (ppb)
	1
	

	Simulated TCE concentration at 2500 ft at 10 years (ppb)
	4990
	

	Simulated TCE concentration at 2500 ft at 15 years (ppb)
	
	

	Simulated TCE concentration at 2500 ft at 20 years (ppb)
	
	



Among other questions you can prepare to ask your students depending on the extent of your treatment of contaminant transport in class, consider posing these:
(1). What does the conceptualization and simulation of the flow system by Expert B suggest about the jury’s verdict?  
(2). Do you think it is reasonable / ethical for scientists testifying in a trial and sharing a common database to come to separate opinions?
(3). Do you think a jury of six non-scientists, like in the ‘A Civil Action’ trial, could understand the geology, hydrology, and aqueous chemistry in sufficient detail to appreciate the differences in the way these two experts conceptualized and simulated the flow system?  [Be sure to point out that jurors are passive learners – they usually cannot take notes, cannot read books or papers, and cannot even talk among themselves until after the trial ends, and jurors certainly do not get the gentle reinforcement of concepts and principles like students do on exams, labs, and papers.]

(4). What do you think is the purpose of a trial within the U.S. legal system to obtain the truth, or to obtain a solution and settlement to a dispute between two parties?

Using the Spreadsheet

The spreadsheet should open easily into all versions of EXCEL.  In some cases, it may be necessary to reset the iterative equation solver in EXCEL.  This is done by clicking on Tools on the Menu Bar.  Select Options, then select Calculation.   Once you are in the Calculation menu, click on Manual, click on Iteration, and set Maximum Iterations to 1000 and Maximum Change to 0.00001.  Return to the spreadsheet.  To start the iterative equation solver simply hit the F9 key on your keyboard.  If your computer is slow, you may want to decrease Maximum Iterations to 500 and Maximum Change to 0.0001.  This will speed up the convergence of the iterative equation solver, but it will yield a less accurate solution that produces slightly larger errors in mass balance. 

In some cases it also may be necessary to zoom in or out of the spreadsheet so the text shows in each cell.  This prevents the dreaded  #####  symbol from appearing in cells.  To do this, select View on the Menu Bar.  Then select Zoom.  For most computer screens a zoom factor of 75% to 100% keeps the dreaded  #####  symbol away.  If you receive an error message about a “circular reference” in one or more of the equations, ignore it.  

The worksheets are set up so that only certain cells can be changed (n, b, K, t, , Co, Rf).  All other cells are protected to preserve the finite-difference equations, other calculations, and graphs.  

Limitations 


The solution to the advection-dispersion equation used in this spreadsheet assumes that contaminant transport is transient through a steady-state, one- dimensional flow field.  As a consequence of this assumption, no pumping stresses from wells G and H can be incorporated in the spreadsheet.  Thus, the simulated velocity field is based on variations in hydraulic gradient between W.R. Grace and the Aberjona River produced by spatial variations in hydraulic conductivity, porosity, aquifer thickness, and recharge rate between the upland area and the wetland as would have occurred prior to the construction well G in 1964 and well H in 1967.  Changes to regional hydraulic gradients caused by the periodic operation of wells G and H between 1964 and 1979 create transient, three-dimensional flow effects that cannot be represented in the one-dimensional analysis used in the spreadsheet.

The advection-dispersion equation is difficult to solve numerically. Peclet and Courant criteria are designed to prevent numerical errors in the solution (Anderson and Woessner, 1992). The Peclet criterion (Pe = x/) limits the size of grid cells relative to the value of dispersivity used in the solution.  Generally, Pe should be less than or equal to 1, although this spreadsheet commonly produces good results when Pe is less than or equal to 2.  It is easiest to simply change the value of  used in the spreadsheet to adjust Pe because x is fixed constant at 125 feet.  Changes to x entail modifying the structure of the entire spreadsheet, which is arduous to implement.


The Courant criterion (C = vct/x) is designed to limit contaminant movement in each time step.  This spreadsheet works best when C is less than 0.7, which was determined solely by trial-and-error use. In the spreadsheet, C is adjusted by changing t, because x is fixed at 125 feet.  The spreadsheet also works best when the ratio of C/Pe is less than 0.5.  This value also was determined by experimentation.  Adherence to these three criteria is documented in the top right corner of the spreadsheet. 

Solution Technique

For those faculty and students who are interested, the 1-D advection-dispersion equation is solved using an explicit finite-difference solution incorporating chemical retardation (Rf)
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  The solution addresses contaminant transport in a steady-state, heterogeneous flow field with spatially variable recharge, where the velocity field is determined using a Poisson formulation.  The concentration (C) at cell i at time step t is determined by
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where 
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is hydrodynamic dispersion (molecular diffusion is ignored) and the terms 
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   are flow velocities at the interfaces between cells i and i-1 and cells i and i+1, respectively (modified from Zheng and Bennett, 1995, p. 161).  This can be used to introduce students in an upper-level modeling course to the concepts of stability and numerical dispersion as the solution is unstable if the Peclet and Courant constraints are not met.  

The ‘A Civil Action’ 1-D Contaminant Transport Game was conceived as a classroom assignment in one of my graduate-level numerical modeling courses.  The spreadsheet is not foolproof.  Certain combinations of parameter values can produce bizarre results.  For example, adding too much recharge on the upland can cause a reversal of groundwater flow directions, which creates a local groundwater divide in the flow field.  This, in turn, causes the transport algorithm to produce some truly wild results.  In actuality, there is no local groundwater divide between W.R. Grace and the Aberjona River.  If you keep the groundwater flow components realistic, the transport algorithm should do fine.  Under some combinations of parameters the downgradient boundary condition used to remove contaminant mass in the 21st cell does not work.  I have no solution for this at present and welcome any suggestions.    
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1992 aerial photograph of the Wells G & H Superfund Site showing wells G and H, W.R. Grace, UniFirst, Beatrice (Riley’s 15 acres), the wetland, and the Aberjona River
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Southwest-northeast geologic cross section from the Beatrice (Wildwood) property to the W.R. Grace property (from Bair, 2001, modified from Metheny, 1998)
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Lodgement till underlying the W.R. Grace property
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Sand samples from an observation well near the middle of the valley
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Diamict from the west side of the valley
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_1065511111.xls
Chart1

		0		0		0		0		5000		5000

		125		125		125		125		4999.9919259421		4999.9992065304

		250		250		250		250		4999.9290115074		4999.9928010128

		375		375		375		375		4999.5892734418		4999.9561459881

		500		500		500		500		4998.141557584		4999.7870815582

		625		625		625		625		4993.0402944331		4999.1292413431

		750		750		750		750		4977.8238156467		4996.9209645544

		875		875		875		875		4938.851168477		4990.4406244859

		1000		1000		1000		1000		4852.313559728		4973.6681627861

		1125		1125		1125		1125		4684.5508885201		4935.1345085275

		1250		1250		1250		1250		4399.1056245389		4856.1647904091

		1375		1375		1375		1375		3971.1241421134		4711.2417495131

		1500		1500		1500		1500		3403.9762578917		4472.345275914

		1625		1625		1625		1625		2738.3163388725		4117.7425555265

		1750		1750		1750		1750		2045.423440999		3642.8832991406

		1875		1875		1875		1875		1405.4153147426		3068.3703839237

		2000		2000		2000		2000		880.9249133869		2439.770144933

		2125		2125		2125		2125		499.9299590112		1817.4246541574

		2250		2250		2250		2250		255.0375540504		1259.8137550519

		2375		2375		2375		2375		116.1171406739		807.7382616257

		2500		2500		2500		2500		46.6489478637		472.152942595

		2625		2625		2625		2625		0		0
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SIMULATED CONTAMINANT CONCENTRATIONS
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4800.0235217164

4987.3985101262

4999.0160127887

4999.9139086626

4031.2954075542

4914.4628895309

4992.3280378314

4999.2771395078

2623.5239488886

4669.3588301433

4963.3949453062

4996.1190932541

1175.0106523799

4112.6358969573

4871.9022879582

4984.1283089032

314.3536586954

3205.5792641584

4648.887159279

4947.5250564502

37.4695717937

2114.6111497103

4217.9320797988

4855.3912522386

0

1133.9911357189

3546.4375401132

4661.1580238586

0

475.3006746454

2693.8811254071

4314.5650838366

0

148.7148795113

1806.6222583483

3787.1815245735

0

32.5195337179

1048.0961469692

3099.3490557033

0

4.4210598617
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0

0.2808047252
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0

0
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0

0
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0

0
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0

0

0.5352687914

98.3084400144

0

0
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0.0021044809
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Dispersion
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Dispersion
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W.R. Grace - Heterogeneous

		TRANSPORT BY ADVECTION AND DISPERSION WITH RETARDATION

		1-D Explicit Numerical Solution to Poisson Equation with Advection, Dispersion, and Retardation

		Global Values

								Dt =		60		days				Dx =		125		feet				Dy =		125		feet																Courant Number = (vc*Dt) / Dx < 0.7 =		0.1386374525		0

								Co =		5000		mg/L				a =		62.5		feet				Rf =		4.0																		Peclet Number = Dx / a < 2.0 =		2.00		0

																																												Courant / Peclet < 0.5 =		0.0693187263		0

								Grace																																								Well H

								DISTANCE DOWN FLOWPATH FROM SOURCE (feet)

								0		125		250		375		500		625		750		875		1000		1125		1250		1375		1500		1625		1750		1875		2000		2125		2250		2375		2500		2625

								silty clay										sandy silt with clay										silty sand										fine to medium sand								sand and gravel

		Cell-by-Cell Values

				n (decimal)				0.20		0.20		0.20		0.20		0.20		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.28		0.30		0.30		0.32		0.34		0.35		0.36		0.36

				K (ft/d)				0.5		0.5		0.5		1		2		5		5		5		10		10		15		15		15		15		15		25		40		60		80		120		150		150

				b (ft)				10		10		10		10		10		10		10		10		10		15		15		15		15		15		20		20		20		20		25		30		50		50

				T (ft2/d)				5		5		5		10		20		50		50		50		100		150		225		225		225		225		300		500		800		1200		2000		3600		7500		7500

		Conductance						i		i+1

				Cond >>>				5		5		7		13		29		50		50		67		120		180		225		225		225		257		375		615		960		1500		2571		4865		7500

				<<< Cond						5		5		7		13		29		50		50		67		120		180		225		225		225		257		375		615		960		1500		2571		4865		7500

										i -1		i

		Recharge						upland area														valley slope										floodplain								wetlands

				rate (ft/yr)						0.50		0.50		0.50		0.50		0.50		0.50		0.75		1.25		1.50		1.50		1.75		2.00		2.00		2.00		2.00		2.25		2.25		2.25		2.25		2.25

				vol/rate (ft3/d)						21		21		21		21		21		21		32		54		64		64		75		86		86		86		86		96		96		96		96		96

		Water Levels																calibration target: water levels

				simulated (ft)				94		91.9		85.6		77.6		72.0		68.7		66.3		63.6		61.0		59.1		57.5		55.9		54.0		51.8		49.4		47.6		46.4		45.5		44.8		44.4		44.2		44

				measured*(ft)										77.6		71.3										59.3						57.9				54.0										44.2

				error (ft)										-0.0		-0.7										0.2						3.9				4.6										-0.2

														GW23		GW3										GW01						S63				S82										S85

		* measured in wells by USGS on 12/4/85																										Mean absolute error in water levels =		1.59		ft		0

																		Wow. 'You da Man.'

		Intercell terms								i		i+1																																		calibration target: measured stream gain

				i (ft/ft)				0.017		0.051		0.064		0.045		0.027		0.019		0.022		0.021		0.015		0.013		0.013		0.015		0.018		0.019		0.015		0.010		0.007		0.005		0.003		0.002		0.001		travel

				v (ft/d)				0.041		0.127		0.213		0.298		0.384		0.375		0.444		0.547		0.598		0.616		0.753		0.912		1.095		1.118		0.978		1.027		1.155		1.100		0.930		0.724		0.556		time

				advect tt (yr)				4.1		5.5		2.2		1.4		1.0		0.9		0.8		0.7		0.6		0.6		0.5		0.4		0.3		0.3		0.3		0.3		0.3		0.3		0.3		0.4		0.2		21.7

				vc (ft/d)				0.010		0.032		0.053		0.075		0.096		0.094		0.111		0.137		0.150		0.154		0.188		0.228		0.274		0.280		0.244		0.257		0.289		0.275		0.233		0.181		0.139		0

																				Proportional streamflow change* for Dy =		1463.3617574794		ft3/d								Difference in fluxes =		212		ft3/d				* measured streamflow gain by USGS

																				Calculated flux to stream for Dy =		1251.7580508678		ft3/d								Error in fluxes =		14		%

		Mass Balance

				q >>> (ft3/d)				10		32		53		75		96		117		139		171		224		289		353		428		513		599		685		770		866		978		1078		1188		1252

				<<< q (ft3/d)						-10		-32		-53		-75		-96		-117		-139		-171		-224		-289		-353		-428		-513		-599		-685		-770		-866		-978		-1078		-1188		-1252

				q diff (ft3/d)						21		21		21		21		21		21		32		54		64		64		75		86		86		86		86		96		112		100		109		64

										Error =		0.00		ft3/d						Water in =		10		ft3/d						Water out =		-1252		ft3/d								Sources/Sinks =		1241		ft3/d

								Grace																																								Well H

		time		total				DISTANCE DOWN FLOWPATH FROM SOURCE (feet)

		step		years				0		125		250		375		500		625		750		875		1000		1125		1250		1375		1500		1625		1750		1875		2000		2125		2250		2375		2500		2625

		0		0				5000		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		1		0.16				5000		37		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		2		0.33				5000		73		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		3		0.49				5000		109		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		4		0.66				5000		143		5		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		5		0.82				5000		177		8		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		6		0.99				5000		209		12		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		7		1.15				5000		241		16		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		8		1.32				5000		272		21		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		9		1.48				5000		303		26		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		10		1.64				5000		333		32		3		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		11		1.81				5000		362		38		4		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		12		1.97				5000		390		44		5		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		13		2.14				5000		417		51		7		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		14		2.30				5000		444		59		8		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		15		2.47				5000		471		66		10		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		16		2.63				5000		497		74		12		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		17		2.79				5000		522		82		14		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		18		2.96				5000		546		90		16		3		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		19		3.12				5000		570		99		19		4		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		20		3.29				5000		594		108		21		4		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		21		3.45				5000		617		117		24		5		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		22		3.62				5000		639		126		27		6		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		23		3.78				5000		661		135		30		7		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		24		3.95				5000		682		144		33		8		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		25		4.11				5000		703		154		37		9		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		26		4.27				5000		724		163		40		10		3		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		27		4.44				5000		744		173		44		12		3		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		28		4.60				5000		764		182		48		13		4		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		29		4.77				5000		783		192		52		15		4		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		30		4.93				5000		802		202		56		16		5		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		31		5.10				5000		820		211		60		18		6		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		32		5.26				5000		838		221		65		20		6		2		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		33		5.42				5000		856		231		69		22		7		2		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		34		5.59				5000		873		241		74		24		8		2		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		35		5.75				5000		890		251		79		26		9		3		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		36		5.92				5000		906		261		84		28		10		3		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		37		6.08				5000		922		270		88		30		11		3		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		38		6.25				5000		938		280		93		33		12		4		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		39		6.41				5000		954		290		99		35		14		4		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		40		6.58				5000		969		300		104		38		15		5		2		1		0		0		0		0		0		0		0		0		0		0		0		0		0

		41		6.74				5000		984		309		109		40		16		5		2		1		0		0		0		0		0		0		0		0		0		0		0		0		0

		42		6.90				5000		999		319		114		43		18		6		2		1		0		0		0		0		0		0		0		0		0		0		0		0		0

		43		7.07				5000		1013		329		120		46		19		7		2		1		0		0		0		0		0		0		0		0		0		0		0		0		0

		44		7.23				5000		1027		338		125		49		21		7		2		1		0		0		0		0		0		0		0		0		0		0		0		0		0

		45		7.40				5000		1041		348		131		52		22		8		3		1		0		0		0		0		0		0		0		0		0		0		0		0		0

		46		7.56				5000		1054		357		136		55		24		9		3		1		0		0		0		0		0		0		0		0		0		0		0		0		0

		47		7.73				5000		1067		367		142		58		26		10		3		1		1		0		0		0		0		0		0		0		0		0		0		0		0

		48		7.89				5000		1080		376		147		61		28		10		4		2		1		0		0		0		0		0		0		0		0		0		0		0		0

		49		8.05				5000		1093		385		153		64		30		11		4		2		1		0		0		0		0		0		0		0		0		0		0		0		0

		50		8.22				5000		1105		395		159		68		32		12		5		2		1		0		0		0		0		0		0		0		0		0		0		0		0

		51		8.38				5000		1117		404		165		71		34		13		5		2		1		0		0		0		0		0		0		0		0		0		0		0		0

		52		8.55				5000		1129		413		170		74		36		14		6		2		1		0		0		0		0		0		0		0		0		0		0		0		0

		53		8.71				5000		1141		422		176		78		38		15		6		3		1		0		0		0		0		0		0		0		0		0		0		0		0

		54		8.88				5000		1153		431		182		81		40		17		7		3		1		0		0		0		0		0		0		0		0		0		0		0		0

		55		9.04				5000		1164		440		188		85		43		18		7		3		1		1		0		0		0		0		0		0		0		0		0		0		0

		56		9.21				5000		1175		449		194		89		45		19		8		4		2		1		0		0		0		0		0		0		0		0		0		0		0

		57		9.37				5000		1186		457		200		92		48		20		9		4		2		1		0		0		0		0		0		0		0		0		0		0		0

		58		9.53				5000		1196		466		205		96		50		22		9		4		2		1		0		0		0		0		0		0		0		0		0		0		0

		59		9.70				5000		1207		475		211		100		53		23		10		5		2		1		0		0		0		0		0		0		0		0		0		0		0

		60		9.86				5000		1217		483		217		104		55		25		11		5		2		1		0		0		0		0		0		0		0		0		0		0		0

		61		10.03				5000		1227		491		223		108		58		26		11		5		3		1		0		0		0		0		0		0		0		0		0		0		0

		62		10.19				5000		1237		500		229		112		61		28		12		6		3		1		1		0		0		0		0		0		0		0		0		0		0

		63		10.36				5000		1246		508		235		116		64		29		13		6		3		1		1		0		0		0		0		0		0		0		0		0		0

		64		10.52				5000		1256		516		241		120		67		31		14		7		3		1		1		0		0		0		0		0		0		0		0		0		0

		65		10.68				5000		1265		524		247		124		69		33		15		7		4		2		1		0		0		0		0		0		0		0		0		0		0

		66		10.85				5000		1274		532		253		128		72		34		16		8		4		2		1		0		0		0		0		0		0		0		0		0		0

		67		11.01				5000		1283		540		259		132		76		36		17		9		4		2		1		0		0		0		0		0		0		0		0		0		0

		68		11.18				5000		1292		548		264		136		79		38		18		9		5		2		1		1		0		0		0		0		0		0		0		0		0

		69		11.34				5000		1301		556		270		140		82		40		19		10		5		2		1		1		0		0		0		0		0		0		0		0		0

		70		11.51				5000		1309		563		276		144		85		42		20		11		5		3		1		1		0		0		0		0		0		0		0		0		0

		71		11.67				5000		1317		571		282		149		88		44		21		11		6		3		1		1		0		0		0		0		0		0		0		0		0

		72		11.84				5000		1325		578		288		153		91		46		23		12		6		3		1		1		0		0		0		0		0		0		0		0		0

		73		12.00				5000		1333		586		293		157		95		48		24		13		7		3		2		1		0		0		0		0		0		0		0		0		0

		74		12.16				5000		1341		593		299		161		98		50		25		14		7		4		2		1		1		0		0		0		0		0		0		0		0

		75		12.33				5000		1349		600		305		166		101		52		26		14		8		4		2		1		1		0		0		0		0		0		0		0		0

		76		12.49				5000		1357		608		311		170		105		54		28		15		8		4		2		1		1		0		0		0		0		0		0		0		0

		77		12.66				5000		1364		615		316		174		108		57		29		16		9		4		2		1		1		0		0		0		0		0		0		0		0

		78		12.82				5000		1371		622		322		179		112		59		31		17		10		5		2		1		1		1		0		0		0		0		0		0		0

		79		12.99				5000		1378		629		327		183		115		61		32		18		10		5		3		1		1		1		0		0		0		0		0		0		0

		80		13.15				5000		1386		635		333		187		119		64		34		19		11		5		3		2		1		1		0		0		0		0		0		0		0

		81		13.32				5000		1392		642		339		192		123		66		35		20		11		6		3		2		1		1		0		0		0		0		0		0		0

		82		13.48				5000		1399		649		344		196		126		69		37		21		12		6		3		2		1		1		0		0		0		0		0		0		0

		83		13.64				5000		1406		655		350		200		130		71		38		22		13		7		4		2		1		1		0		0		0		0		0		0		0

		84		13.81				5000		1412		662		355		205		133		74		40		23		14		7		4		2		1		1		1		0		0		0		0		0		0

		85		13.97				5000		1419		668		360		209		137		76		41		24		14		8		4		2		2		1		1		0		0		0		0		0		0

		86		14.14				5000		1425		675		366		213		141		79		43		26		15		8		4		3		2		1		1		0		0		0		0		0		0

		87		14.30				5000		1431		681		371		218		145		81		45		27		16		9		5		3		2		1		1		0		0		0		0		0		0

		88		14.47				5000		1437		687		376		222		148		84		47		28		17		9		5		3		2		1		1		0		0		0		0		0		0

		89		14.63				5000		1443		693		382		226		152		87		48		29		18		10		5		3		2		1		1		0		0		0		0		0		0

		90		14.79				5000		1449		699		387		230		156		89		50		31		19		10		6		3		2		2		1		1		0		0		0		0		0

		91		14.96				5000		1455		705		392		235		160		92		52		32		20		11		6		4		2		2		1		1		0		0		0		0		0

		92		15.12				5000		1461		711		397		239		164		95		54		33		21		11		6		4		3		2		1		1		0		0		0		0		0

		93		15.29				5000		1466		717		402		243		167		98		56		35		21		12		7		4		3		2		1		1		0		0		0		0		0

		94		15.45				5000		1472		723		407		248		171		100		58		36		23		13		7		4		3		2		1		1		0		0		0		0		0

		95		15.62				5000		1477		728		412		252		175		103		60		37		24		13		8		5		3		2		1		1		1		0		0		0		0

		96		15.78				5000		1483		734		417		256		179		106		62		39		25		14		8		5		3		2		1		1		1		0		0		0		0

		97		15.95				5000		1488		740		422		260		183		109		64		40		26		15		9		5		4		3		2		1		1		0		0		0		0

		98		16.11				5000		1493		745		427		265		187		112		66		42		27		15		9		6		4		3		2		1		1		0		0		0		0

		99		16.27				5000		1498		750		432		269		191		115		68		44		28		16		10		6		4		3		2		1		1		1		0		0		0

		100		16.44				5000		1503		756		437		273		194		118		70		45		29		17		10		6		4		3		2		1		1		1		0		0		0
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Sheet7

		TRANSPORT BY ADVECTION AND DISPERSION WITH RETARDATION

		1-D Explicit Numerical Solution to Poisson Equation with Dispersion

		Global Values

								Dt =		1		days				Dx =		40		feet				Dy =		40		foot																Courant Number = (vc*Dt) / Dx < 1.0 =		-1.69176841847643E-17		0

								Co =		5000		mg/L				a =		67		feet				Rf =		2.0																		Peclet Number = Dx / a < 2.0 =		0.6		0

																																												Courant / Peclet < 0.5 =		-2.83371210094802E-17		0

								DISTANCE DOWN FLOWPATH FROM SOURCE (feet)

								0		40		80		120		160		200		240		280		320		360		400		440		480		520		560		600		640		680		720		760		800		840

		Cell-by-Cell Values

				n (decimal)				0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25		0.25

				K (ft/d)				200		200		200		200		200		200		200		200		200		200		200		200		200		200		200		200		200		200		200		200		200		200

				b (ft)				10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10

				T (ft2/d)				2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000

		Stresses

				rechrg (ft3/d)						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				wells (ft3/d)						0		0		0		0		0		0		0		0		0		-5000		0		0		0		0		0		0		0		0		0		0

		Conductance						i		i+1

				Cond >>>				2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000

				<<< Cond						2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000		2000

										i -1		i

		Simulated heads

				heads				42		40.7		39.4		38.1		36.8		35.5		34.1		32.8		31.5		30.2		28.9		30.1		31.3		32.5		33.7		34.9		36.0		37.2		38.4		39.6		40.8		42

		Intercell terms								i		i+1

				i (ft/ft)				0.0327		0.0327		0.0327		0.0327		0.0327		0.0327		0.0327		0.0327		0.0327		0.0327		-0.0298		-0.0298		-0.0298		-0.0298		-0.0298		-0.0298		-0.0298		-0.0298		-0.0298		-0.0298		-0.0298

				v (ft/d)				26.19		26.19		26.19		26.19		26.19		26.19		26.19		26.19		26.19		26.19		-23.81		-23.81		-23.81		-23.81		-23.81		-23.81		-23.81		-23.81		-23.81		-23.81		-23.81

		Mass Balance

				q >>> (ft3/d)				2619.0		2619.0		2619.0		2619.0		2619.0		2619.0		2619.0		2619.0		2619.0		2619.0		-2381.0		-2381.0		-2381.0		-2381.0		-2381.0		-2381.0		-2381.0		-2381.0		-2381.0		-2381.0		-2381.0

				<<< q (ft3/d)						-2619.0		-2619.0		-2619.0		-2619.0		-2619.0		-2619.0		-2619.0		-2619.0		-2619.0		-2619.0		2381.0		2381.0		2381.0		2381.0		2381.0		2381.0		2381.0		2381.0		2381.0		2381.0		2381.0

				q diff (ft3/d)				0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		-0.0		0.0		-5000.0		0.0		-0.0		0.0		-0.0		0.0		0.0		0.0		0.0		0.0		0.0		2381.0

								Error =		-0.00		ft3/d						Water in =		2619		ft3/d						Water out =		2381		ft3/d						Sources =		0.00		ft3/d				Sinks =		-5000		ft3/d

		Solution Criteria

				vc (ft/d)				13.10		13.10		13.10		13.10		13.10		13.10		13.10		13.10		13.10		13.10		-11.90		-11.90		-11.90		-11.90		-11.90		-11.90		-11.90		-11.90		-11.90		-11.90		-11.90

				Peclet				0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6		0.6

				If >2.0, FAIL				0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0

				Courant				0.3273809524		0.3273809524		0.3273809524		0.3273809524		0.3273809524		0.3273809524		0.3273809524		0.3273809524		0.3273809524		0.3273809524		-0.2976190476		-0.2976190476		-0.2976190476		-0.2976190476		-0.2976190476		-0.2976190476		-0.2976190476		-0.2976190476		-0.2976190476		-0.2976190476		-0.2976190476

				If >1.0, FAIL				0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

				C / P				0.55		0.55		0.55		0.55		0.55		0.55		0.55		0.55		0.55		0.55		-0.50		-0.50		-0.50		-0.50		-0.50		-0.50		-0.50		-0.50		-0.50		-0.50		-0.50

				If >0.5, FAIL				FAIL		FAIL		FAIL		FAIL		FAIL		FAIL		FAIL		FAIL		FAIL		FAIL		0		0		0		0		0		0		0		0		0		0		0

		time		total				DISTANCE DOWN FLOWPATH FROM SOURCE (feet)

		step		days				0		40		80		120		160		200		240		280		320		360		400		440		480		520		560		600		640		680		720		760		800		840

		0		0				5000		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		1		1.0				5000		3560		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		2		2.0				5000		3216		2535		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		3		3.0				5000		4224		2045		1805		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		4		4.0				5000		3938		3505		1281		1285		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		5		5.0				5000		4527		2958		2866		788		915		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		6		6.0				5000		4260		4040		2132		2317		473		652		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		7		7.0				5000		4702		3463		3562		1476		1854		273		464		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		8		8.0				5000		4438		4383		2689		3107		977		1473		150		330		0		0		0		0		0		0		0		0		0		0		0		0		0

		9		9.0				5000		4817		3770		4056		1990		2684		611		1161		75		235		0		0		0		0		0		0		0		0		0		0		0		0

		10		10.0				5000		4545		4626		3058		3728		1392		2299		351		910		30		-152		0		0		0		0		0		0		0		0		0		0		0

		11		11.0				5000		4900		3965		4432		2352		3404		904		1953		174		586		-324		99		0		0		0		0		0		0		0		0		0		0

		12		12.0				5000		4611		4811		3299		4238		1693		3088		522		1599		-58		-1061		407		-64		0		0		0		0		0		0		0		0		0

		13		13.0				5000		4965		4087		4736		2591		4042		1108		2763		195		736		-2224		1521		-391		41		0		0		0		0		0		0		0		0

		14		14.0				5000		4652		4962		3449		4677		1880		3834		596		2232		-788		-5449		4613		-1779		335		-27		0		0		0		0		0		0		0

		15		15.0				5000		5019		4160		4998		2727		4623		1197		3531		-94		-430		-11985		13362		-6656		1831		-270		17		0		0		0		0		0		0

		16		16.0				5000		4675		5094		3527		5074		1955		4534		475		2358		-4636		-28329		36770		-22582		8059		-1731		210		-11		0		0		0		0		0

		17		17.0				5000		5068		4193		5238		2773		5168		1136		4090		-1673		-8770		-66431		99666		-71718		31318		-8747		1543		-158		7		0		0		0		0

		18		18.0				5000		4683		5218		3545		5449		1912		5143		-230		-300		-25897		-161840		267117		-218691		112026		-38281		8800		-1317		117		-5		0		0		0

		19		19.0				5000		5114		4194		5469		2733		5674		775		3569		-10097		-59964		-399846		714679		-648817		378668		-152042		42814		-8368		1088		-85		3		0		0

		20		20.0				5000		4679		5340		3508		5812		1695		5338		-3677		-19548		-155199		-1009611		1912952		-1890751		1229372		-563724		186846		-44805		7618		-875		61		-2		0

		21		21.0				5000		5162		4165		5699		2588		6028		-724		-3363		-60429		-387277		-2584717		5134954		-5444084		3876145		-1986910		753716		-213090		44523		-6700		689		-43		0

		22		22.0				5000		4663		5465		3410		6126		981		3069		-23435		-145525		-999838		-6706753		13831576		-15551427		11959653		-6740595		2865876		-929012		229194		-42441		5728		-533		0

		23		23.0				5000		5211		4103		5918		2213		5448		-8613		-51528		-387222		-2586815		-17583264		37401783		-44192366		36307686		-22205072		10411432		-3790552		1073917		-235121		39099		-4772		0

		24		24.0				5000		4635		5590		3201		6095		-2264		-15109		-150102		-994313		-6789310		-46519189		101528450		-125161066		108879145		-71487703		36491261		-14684917		4680565		-1178385		231949		-34839		0

		25		25.0				5000		5262		3991		6016		818		-1253		-57891		-378725		-2622366		-17945958		-124009803		276636723		-353746467		323453106		-226003529		124284790		-54584508		19265145		-5464206		1238184		-219720		0

		26		26.0				5000		4586		5675		2574		3722		-21565		-140977		-1013342		-6919339		-47834597		-332774247		756430308		-998625318		953965194		-704175242		413584945		-196195838		75717521		-23815887		6086618		-1240289		0

		27		27.0				5000		5300		3707		5224		-6822		-49494		-391524		-2664047		-18452932		-128309223		-898119214		2075242887		-2817535984		2797774533		-2168408477		1350376857		-686008754		286539935		-98702972		28005386		-6416884		0

		28		28.0				5000		4474		5425		-490		-14659		-150679		-1022157		-7119441		-49469107		-346210484		-2436225523		5710980310		-7948424050		8169371381		-6613652768		4340290903		-2344307389		1050811904		-392389176		122063971		-30943157		0

		29		29.0				5000		5214		2472		-1729		-56893		-389059		-2747076		-19068606		-133462158		-938886286		-6638234321		15761567456		-22426880631		23772424488		-20013641261		13768633308		-7858672406		3753236230		-1506509651		508587475		-140808846		0

		30		30.0				5000		4007		2809		-19958		-145389		-1059604		-7346487		-51450870		-361832429		-2557764295		-18160808448		43616030363		-63303088400		68990316121		-60171041744		43199743844		-25919202935		13109219174		-5615940131		2040098464		-610418189		0

		31		31.0				5000		4253		-5096		-51997		-407749		-2827026		-19835638		-139441474		-985538993		-6996207027		-49864500899		120995372316		-178777443645		199794706099		-179928966275		134284928702		-84309710441		44921385921		-20414471927		7922908290		-2539619111		0

		32		32.0				5000		1189		-16480		-155449		-1085064		-7647118		-53733685		-379746260		-2695211648		-19206548265		-137364170601		336427897017		-505214393248		577642843222		-535613583541		414125381847		-271003126621		151423548885		-72617422098		29925072476		-10200348143		0

		33		33.0				5000		-2894		-57356		-414093		-2947371		-20702824		-146325692		-1038303977		-7397935349		-52901594102		-379536345610		937447967889		-1428705236753		1667907959522		-1588374301558		1268502836361		-862225105679		503217048923		-253503297995		110334981680		-39741478773		0

		34		34.0				5000		-18223		-155803		-1134560		-7973578		-56383668		-399995103		-2849543709		-20373548706		-146147996709		-1051526569685		2617409544470		-4043259917027		4811141697221		-4695292323851		3862941261025		-2718989333534		1651723922103		-870579706674		398337392194		-150786877298		0

		35		35.0				5000		-54610		-434340		-3068416		-21725867		-154091002		-1097599631		-7846338774		-56277504685		-404864198710		-2920633215624		7321642480644		-11451259314496		13867208210837		-13841845436370		11704586051415		-8508062880717		5363035855086		-2947064225650		1411764685852		-558977313897		0

		36		36.0				5000		-158236		-1177209		-8369823		-59358005		-422781870		-3021826103		-21671018399		-155883676586		-1124399254932		-8130892606964		20516615471321		-32457289298631		39946316812940		-40712157543758		35309750033912		-26442899917014		17248157088787		-9850662930000		4922501213300		-2030156538088		0

		37		37.0				5000		-433974		-3218447		-22862054		-162850898		-1163785761		-8345001018		-60019729155		-432878498104		-3129970426452		-22684447676207		57585861951965		-92068146458078		115021183081329		-119509158475180		106115408567770		-81695580162573		55006836407148		-32558520492274		16916847900668		-7240711461160		0

		38		38.0				5000		-1192512		-8792111		-62724629		-448203577		-3213483398		-23109444058		-166653113619		-1204880495925		-8731568464171		-63413198221242		161880916512404		-261362024583271		331090362568562		-350227122511155		317844975554842		-251074818245284		174119053786896		-106543106539280		57391270074713		-25410511335813		0

		39		39.0				5000		-3263177		-24127152		-172604984		-1237449346		-8897887321		-64159773531		-463819977371		-3360917753899		-24406689147798		-177595677249118		455727688932968		-742518260234014		952855834897101		-1024884933605180		949254966926468		-768040101326552		547504384159879		-345549978929415		192465485042805		-87895995082083		0

		40		40.0				5000		-8961860		-66386240		-476497283		-3425983854		-24700979604		-178548687432		-1293674691203		-9393760937313		-68348581725492		-498232880934928		1284720936467860		-2111044897501050		2741928471772200		-2995480336765050		2827700201704310		-2339731037010130		1711387756946440		-1111788493776590		638777500901819		-300117427669303		0

		41		41.0				5000		-24666562		-183255494		-1319062974		-9509699743		-68733043602		-497959318056		-3615526628427		-26304370914963		-191734310294682		-1400009394693490		3626372545921580		-6006293230173200		7889747646831860		-8745808102023970		8404232754281720		-7101405896266870		5321035218688960		-3551468073856810		2100290173371010		-1012836013131670		0

		42		42.0				5000		-68103908		-507245717		-3661020899		-26459126371		-191674445253		-1391569998718		-10123428845773		-73785066359234		-538729672383815		-3939889480642930		10248623441085000		-17101202781806300		22702446132662600		-25511769935333700		24928180455727800		-21482695293593000		16465083073977500		-11271262895814900		6847462035531960		-3382220468808100		0

		43		43.0				5000		-188532547		-1407724183		-10185170958		-73779463369		-535599252523		-3896087096383		-28394766403681		-207306029316322		-1515997256390090		-11103289857426800		28997451243660900		-48724762159570900		65328827165062700		-74360835904794700		73809034951563600		-64795878131886500		50728959402539900		-35561755240644900		22153445270138400		-11186883712197500		0

		44		44.0				5000		-523273353		-3916037864		-28398141652		-206146348157		-1499446482475		-10927210857766		-79772658389359		-583329307433688		-4272107948671620		-31332674441067500		82135163339989100		-138920828114474000		188007967310348000		-216600304783711000		218193035542524000		-194917119221008000		155686730635609000		-111602726951684000		71172923741922400		-36680872967676600		0

		45		45.0				5000		-1455774743		-10917802761		-79340440341		-577077252783		-4205150316912		-30697096175236		-224455466624615		-1643742138076980		-12054958928510900		-88529532034431100		232889132724748000		-396342886459004000		541128458310199000		-630560175821778000		644109686452255000		-584939175825827000		476111875309178000		-348542000706842000		227204248561077000		-119324335342793000		0
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		TRANSPORT BY ADVECTION AND DISPERSION WITH RETARDATION

		1-D Explicit Numerical Solution to Poisson Equation with Advection, Dispersion, and Retardation

		Global Values

								Dt =		30.5		days				Dx =		125		feet				Dy =		125		feet																Courant Number = (vc*Dt) / Dx < 1.0 =		0.427		0

								Co =		5000		mg/L				a =		67.0		feet				Rf =		4.0																		Peclet Number = Dx / a < 2.0 =		1.87		0

																																												Courant / Peclet < 0.5 =		0.228872		0

								Grace																																								Well H

																						DISTANCE DOWN FLOWPATH FROM SOURCE (feet)

								0		125		250		375		500		625		750		875		1000		1125		1250		1375		1500		1625		1750		1875		2000		2125		2250		2375		2500		2625

								silty clay										sandy silt with clay										silty sand										fine to medium sand								sand and gravel

		Cell-by-Cell Values

				n (decimal)				0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20		0.20

				K (ft/d)				75		75		75		75		75		75		75		75		75		75		75		75		75		75		75		75		75		75		75		75		75		75

				b (ft)				10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10

				T (ft2/d)				750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750

		Conductance						i		i+1

				Cond >>>				750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750

				<<< Cond						750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750		750

										i -1		i

		Recharge						upland area														valley slope										floodplain								wetlands

				rate (ft/yr)						0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

				vol/rate (ft3/d)						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Water Levels																calibration targets at wells

				simulated (ft)				93		90.7		88.3		86.0		83.7		81.3		79.0		76.7		74.3		72.0		69.7		67.3		65.0		62.7		60.3		58.0		55.7		53.3		51.0		48.7		46.3		44

				measured*(ft)										77.6		71.3										59.3						57.9				54.0										44.2

				error (ft)										-8.4		-12.4										-12.7						-7.1				-6.3										-4.5

														GW23		GW3										GW01						S63				S82										S85

		* measured in wells by USGS on 12/4/85																										Mean absolute error in water levels =		8.56		ft

		Intercell terms								i		i+1																																		calibration target: measured stream gain												calibration target: measured stream gain

				i (ft/ft)				0.019		0.019		0.019		0.019		0.019		0.019		0.019		0.019		0.019		0.019		0.019		0.019		0.019		0.019		0.019		0.019		0.019		0.019		0.019		0.019		0.019		travel

				v (ft/d)				7.000		7.000		7.000		7.000		7.000		7.000		7.000		7.000		7.000		7.000		7.000		7.000		7.000		7.000		7.000		7.000		7.000		7.000		7.000		7.000		7.000		time

				advect tt (yr)				0.02		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.05		0.02		0.98

				vc (ft/d)				1.750		1.750		1.750		1.750		1.750		1.750		1.750		1.750		1.750		1.750		1.750		1.750		1.750		1.750		1.750		1.750		1.750		1.750		1.750		1.750		1.750		0

																				Proportional streamflow change* for Dy =		1463.3617574794		ft3/d								Difference in fluxes =		-287		ft3/d				* measured streamflow gain by USGS

																				Calculated flux to stream for Dy =		1750.0122496797		ft3/d								Error in fluxes =		-20		%

		Mass Balance

				q >>> (ft3/d)				1750		1750		1750		1750		1750		1750		1750		1750		1750		1750		1750		1750		1750		1750		1750		1750		1750		1750		1750		1750		1750

				<<< q (ft3/d)						-1750		-1750		-1750		-1750		-1750		-1750		-1750		-1750		-1750		-1750		-1750		-1750		-1750		-1750		-1750		-1750		-1750		-1750		-1750		-1750		-1750

				q diff (ft3/d)						0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		-0

										Error =		-0.03		ft3/d						Water in =		1750		ft3/d						Water out =		-1750		ft3/d								Sources/Sinks =		0		ft3/d

								Grace																																								Well H

		time		total				DISTANCE DOWN FLOWPATH FROM SOURCE (feet)

		step		years				0		125		250		375		500		625		750		875		1000		1125		1250		1375		1500		1625		1750		1875		2000		2125		2250		2375		2500		2625

		0		0				5000		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		1		0.08				5000		2212		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		2		0.17				5000		3411		978		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		3		0.25				5000		4077		2040		433		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		4		0.33				5000		4454		2916		1137		191		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		5		0.42				5000		4672		3569		1909		607		85		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		6		0.50				5000		4800		4031		2624		1175		314		37		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		7		0.58				5000		4877		4350		3224		1803		691		159		17		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		8		0.67				5000		4923		4566		3700		2414		1174		392		79		7		0		0		0		0		0		0		0		0		0		0		0		0		0

		9		0.75				5000		4952		4710		4063		2964		1711		733		217		39		3		0		0		0		0		0		0		0		0		0		0		0		0

		10		0.84				5000		4969		4807		4333		3431		2250		1158		443		117		19		1		0		0		0		0		0		0		0		0		0		0		0

		11		0.92				5000		4980		4872		4529		3812		2756		1630		754		260		62		9		1		0		0		0		0		0		0		0		0		0		0

		12		1.00				5000		4987		4914		4669		4113		3206		2115		1134		475		149		33		4		0		0		0		0		0		0		0		0		0		0

		13		1.09				5000		4992		4943		4769		4345		3590		2582		1558		762		291		83		17		2		0		0		0		0		0		0		0		0		0

		14		1.17				5000		4995		4962		4840		4521		3909		3012		1999		1107		496		174		46		9		1		0		0		0		0		0		0		0		0

		15		1.25				5000		4997		4975		4889		4653		4166		3393		2433		1492		761		315		102		25		4		0		0		0		0		0		0		0		0

		16		1.34				5000		4998		4983		4923		4750		4369		3720		2843		1897		1078		509		195		59		13		2		0		0		0		0		0		0		0

		17		1.42				5000		4999		4989		4947		4820		4527		3994		3217		2303		1431		756		332		118		33		7		1		0		0		0		0		0		0

		18		1.50				5000		4999		4992		4963		4872		4649		4218		3546		2694		1807		1048		516		212		71		19		4		1		0		0		0		0		0

		19		1.59				5000		4999		4995		4975		4909		4741		4398		3830		3057		2187		1375		747		344		132		41		10		2		0		0		0		0		0

		20		1.67				5000		5000		4997		4983		4935		4810		4541		4070		3386		2560		1725		1019		519		225		81		24		6		1		0		0		0		0

		21		1.75				5000		5000		4998		4988		4954		4861		4653		4268		3676		2912		2083		1323		736		353		144		49		14		3		1		0		0		0

		22		1.84				5000		5000		4998		4992		4968		4899		4739		4429		3926		3237		2438		1651		990		519		235		90		29		8		2		0		0		0

		23		1.92				5000		5000		4999		4994		4977		4927		4805		4558		4138		3530		2780		1989		1275		723		358		153		56		17		4		1		0		0

		24		2.01				5000		5000		4999		4996		4984		4948		4855		4661		4315		3787		3099		2328		1582		961		516		242		98		34		10		2		0		0

		25		2.09				5000		5000		5000		4997		4989		4962		4893		4742		4460		4010		3392		2658		1903		1229		709		361		161		62		20		6		1		0

		26		2.17				5000		5000		5000		4998		4992		4973		4921		4804		4578		4199		3654		2971		2226		1519		934		512		248		105		39		12		3		0

		27		2.26				5000		5000		5000		4999		4995		4981		4942		4853		4672		4358		3885		3262		2545		1823		1186		695		363		167		68		24		7		0

		28		2.34				5000		5000		5000		4999		4996		4986		4958		4890		4747		4490		4085		3526		2851		2132		1460		907		506		252		111		43		14		0

		29		2.42				5000		5000		5000		4999		4997		4990		4969		4918		4806		4597		4255		3763		3139		2440		1749		1146		680		363		173		73		27		0

		30		2.51				5000		5000		5000		5000		4998		4993		4978		4939		4852		4685		4399		3971		3404		2738		2045		1405		881		500		255		116		47		0

		31		2.59				5000		5000		5000		5000		4999		4995		4984		4955		4888		4754		4519		4152		3645		3022		2342		1680		1107		665		361		177		77		0

		32		2.67				5000		5000		5000		5000		4999		4997		4988		4967		4915		4810		4617		4306		3859		3287		2633		1964		1354		856		493		257		120		0

		33		2.76				5000		5000		5000		5000		4999		4998		4992		4975		4936		4854		4698		4437		4048		3530		2912		2251		1616		1071		650		359		178		0

		34		2.84				5000		5000		5000		5000		5000		4998		4994		4982		4952		4888		4763		4546		4212		3750		3175		2533		1889		1306		831		485		256		0

		35		2.92				5000		5000		5000		5000		5000		4999		4996		4987		4965		4915		4815		4637		4353		3946		3420		2807		2165		1556		1036		635		353		0

		36		3.01				5000		5000		5000		5000		5000		4999		4997		4990		4974		4935		4856		4711		4472		4118		3643		3068		2440		1817		1260		808		472		0

		37		3.09				5000		5000		5000		5000		5000		4999		4998		4993		4980		4951		4889		4772		4573		4267		3844		3313		2708		2084		1500		1003		613		0

		38		3.18				5000		5000		5000		5000		5000		5000		4998		4995		4986		4963		4915		4820		4656		4396		4023		3539		2966		2351		1751		1216		776		0

		39		3.26				5000		5000		5000		5000		5000		5000		4999		4996		4989		4972		4935		4860		4725		4505		4181		3744		3210		2614		2008		1446		959		0

		40		3.34				5000		5000		5000		5000		5000		5000		4999		4997		4992		4979		4950		4891		4781		4597		4317		3929		3437		2868		2267		1687		1160		0
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