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i 
SYMBOL DEFINITIONS 

i Symbol Definition (Units) 

; | ar, - Longitudinal dispersivity (L) 

am - Transverse dispersivity (L) 

i Br, _ Longitudinal _tinear dispersivity co- 
efficient (LL -) 

Br - Transverse, linear dispersivity coeffi- 
i cient (LL™*+) 

BOT - Elevation of bottom of aquifer (L) 

Cc - Concentration of solute (MM~ +) 

i D - Bulk _ density of the porous media 
(ML 3) 

i do - Distance moved by convective flow (L) 

| Dy - Ccogfficient of hydrodynamic dispersion 

(L“T ~) 

i dy. - Distance moved by dispersion along flow 
direction (L) 

i din - Distance moved by dispersion normal to 
| flow direction (L) 

At - Length of one timestep (T) 

i F - Head prediction factor (LL 1) 

I - Groundwater gradient in the direction 
i of flow 

i ~ node count in x direction 

; - - node count in y direction 

i h ~ Elevation head of groundwater table (L) 

t - Time Since analysis began (T) 

i K - Hydraulic Conductivity (LT71) 

kg - Distribution coefficient (L3m74) 

; M - Mass of solute injected (L3) 

n - Volumetric porosity of the porous media 

(L3L73) 
i Q- - Inflow to groundwater system (L371) 

q - Specific discharge (LT~+) 

i ly, 19 - Uniformly distributed random numbers 
with mean 0 and standard deviation l. 

i 

i 
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Raq - Retardation coefficient (LLTt) 

i S - Storage coefficient (L3L73) 

Sr, - Standard deviation of the concentration 
i -Gistribution along the flow direction 

(L) 

Sa _ Standard deviation of the concentration 
i distribution normal to the flow direc- 

tion (L) 

t - Time (T) 

i T - TransmisSivity - product of K_- and 
| Saturated thickness (Lép7t) 

Vv _ Average pore velocity of groundwater 
i (Lat) 

V - Darcy velocity of groundwater (ttl) 

i x - Horizontal direction of Cartesian 

coordinate system 

y - Vertical direction of Cartesian 
i coordinate system 
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; ee 

i 1.0 INTRODUCTION 

This report describes the theory and application pro- 

i cedures of a computer program written by Golder Associates 

which analyzes the movement of waste facility seepage in an 

isotropic, saturated, homogenous, porous medium. The 

i program combines a finite difference groundwater flow model 

with a discrete particle random walk model. Included are 

i the basic theory employed in predicting the transient 

groundwater gradients and seepage transport, program 

i description, input requirements, output options, a sample 

problem, and a listing of the program. 

i | This GROUNDWATER IMPACT SCREENING MODEL was developed 

to provide an easily usable tool for estimating the effect 

/ i of various approaches to the management of waste products 

from the proposed Crandon mill on the hydrologic system. 

E The program allows the user to select a proposed waste 

| disposal facility by defining its plan location and a flow 

i history of seepage from each of the system components. The 

model simulates the dynamic response of the hydrologic 

i system as it is influenced through time by the proposed 

facility. The results of the analysis consist of a series 

of "snapshots" of the groundwater table elevation and the 

E seepage concentration in the groundwater over the study 

area at various times through the simulation. Due to the 

i slow rate of seepage movement in the groundwater system, 

these "snapshots" are typically provided every 5 to 

i 15 years through Simulations that run for 60 to 

150 years. In this manner the hydrologic impact can be 

i assessed during the operation of the facility and for many 

years thereafter. 

i The program has been written to be simple in terms of 

E its use and ease of modification. Features include: 

i Golder Associates
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i - Simple input of limited quantity. 

| - Simple output options of limited quantity to aid 
i remote terminal use. 

- Programming is standard FORTRAN IV for maximum 
i compatability between computer systems. 

| - Programming for maximum internal readability and 
i ease of modifications. 

- Relatively Simple, unconditionally stable solu- 
tion algorithms. 

E | - Dimension independent input and output requiring 
only a consistent dimension set. 

i - Rapid, relatively inexpensive solution. | 

~ Entire solution matrix is stored in memory to 
i speed execution and minimize program complexi- 

ty. . 

| i Unlike most models of this sort, the code is written 

to be modified. Different input and output systems will 

i Suit different aspects of the project, encouraging tai- 

5 loring of the program to make the code suit the problem. 

The model should be regarded in this application as a 

; | screening tool used to evaluate the relative impact on the 

hydrologic system of various waste disposal systems. The 

i resulting seepage concentration contours do not take into 

account several factors, as listed below. . 

i ~ (a) The hydrochemical buffering effect of the unsatu- 

rated zone underlying the pond system and in the 

i Saturated zone. 

(b) The model is a 2 dimensional representation and 

does not estimate vertical distribution of con- 

i centrations. The concentration contours pre- 

sented are vertically integrated, 1.¢€., they 

assume complete mixing of the seepage in the 

i groundwater. 

i Goider Associates
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' (c) The effects of seepage fluid dissemination by the 
process of molecular diffusion. 

| i (d) Transit time of seepage between leaving the pond 
bottom and reaching the saturated groundwater 
zone is not considered. . 

i The model should not be viewed as an exact model of 

the total Crandon hydrologic system (i.e. hydrochemical and 

| ; hydrogeological) but rather as a screening tool to aid in 

- determining the optimum site design and location of the 

; proposed Waste Disposal Facility. Future enhancements to 

the model will allow for consideration of the above factors 

| and perhaps others as the need arises and supporting data 

i | becomes available, providing for a groundwater impact as- 

sessment tool with a degree of accuracy suitable for its. 

; intended use. 

i Golder Associates
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2.0 CONCEPTUAL HYDROLOGIC MODEL 

E Most predictive efforts require the formulation of a 

model which adequately represents the system to be anal- 

i yzed. This representation depends heavily upon the ex- 

| pected predictive use of the model. Once the model has 

; been prepared and the user is assured of its accuracy in 

representing the system in question, predictions can be 

i made by imposing a change in the system and observing the 

response of the model. 

i We consider that the model which has been developed | 

for this effort adequately represents the hydrologic system 

E at the Crandon site. The approximate extent of the model 

| is the plan area bounded by Swamp Creek on the north, 

i Ground Hemlock Slough on the east, Pickerel Lake on the 

south and Rolling Stone and Rice Lakes on the west. The | 

; actual boundary limits of the model are the stream channels 

and lake shores which are recharged by the groundwater. 

i Figure 2.1 shows the study area and assumed boundaries of 

the hydrogeologic model. In cross-section the model con- 

sists of a layer of coarse grained stratified drift materi- | 

E al which is effectively continuous over the plan area of 

the model. An idealized section is shown in Figure 2.2. 

i The saturated thickness of this layer of coarse grained 

Stratified drift varies over the model area. An isopach 

| i map of the saturated thickness of the coarse grained stra- 

: tified drift was constructed from the borehole data, geo- 

| | logic sections and areal trends inferred from the block 

| diagrams (included in Reference 1) and is included in Fig- 

; ure 2.3. The natural water input to the hydrologic model 

| is the rainfall and snowmelt infiltration which percolates 

| into this layer of coarse grained stratified drift. This 

| idealized hydrogeologic system is based on the findings 

presented in the Geotechnical Investigation (1) and Pump 

; Test and Analysis(4) prepared previously by Golder Associ- 

ates. | 

i Golder Associates
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; The primary use of this model is to predict the con- 

centration distribution of waste facility seepage over the 

| study area through time. The concentrations reported are 

; the percent of seepage in the groundwater assuming complete 

| mixing vertically across the coarse grained stratified 

i drift. The concentration distribution is assumed to be 

| dependent upon the following factors. 

; | - Leakage rate of the waste disposal facility. 

| - Location and area of the waste disposal facil- 

ity. 

i - Groundwater gradients over the study area, i.e. 

| shape of the groundwater table. 

- ~ Characteristics of the porous media through which 

; the seepage moves (hydraulic conductivity, por- 

. osity, storativity, dispersivity, and retard- 

f ance). 

| Diffusion, density gradients and chemical reaction 

i processes are not simulated. The leakage rate, location 

and area of the waste disposal facility are changes which 

i are applied to the model in a predictive mode. The simu- 

lated groundwater gradients and porous media characteris- 

; tics are input to the model and represent those which are 

prevalent in the layer of coarse grained stratified 

drift. The hydraulic conductivity of the coarse grained 

i stratified drift is 2 to 3 orders of magnitude higher than 

_ the overlying and underlying layers of till giving rise to 

i seepage transport velocities 100 to 1000 times faster in 

the coarse grained stratified drift. The hydrologic system 

; is a semi-unconfined system but the model represents it as 

a single layer water table aquifer for conservative esti- 

; mates of flow. The coarse grained stratified drift and 

upper till have hydraulic conductivity values which are 

i different enough to show similar but lagging responses to 

i | Golder Associates
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| stresses such as pumping or recharge. However, the ground- 

i water heads in the two materials equilibrate after the 

Stress has been removed. Since the bottom layer of till 

i has a much lower permeability than the overlying coarse 

| grained stratified drift, it is not affected by waste dis- 

; posal system leakage which recharges the drift material. 

It is, therefore, appropriate to formulate the predictive 

i model based on the hydraulic gradient and seepage transport 

. in this layer of coarse grained stratified drift and to use 

. the resulting model in the site screening analyses. Fur- 

i ther refinements to the basic algorithms will provide a 

model which will be appropriate for the final groundwater 

i impact assessment of the waste disposal system. 

i Once the idealized physical model has been formulated, 

a method of quantitative cause/effect analysis must be de- 

: i fined. The two basic processes which must be modeled are 

the changes in the distribution of the elevations of the 

groundwater table and the distribution of Seepage in the 

i groundwater with time. Each process has been represented 

| by a set of equations. Detailed presentations of the theo- 

7 ry of these two processes are included as Sections 3 and 

4. All mathematical symbols are defined at the beginning 

; | of this report. 

i The methods used to solve the equations which govern 

the distribution of groundwater heads and seepage concen- 

tration are well suited for solution by a computer pro- 

i gram. The program developed for this purpose is the 

GROUNDWATER IMPACT SCREENING MODEL which simulates changes 

i in the groundwater gradients and seepage transport. The 

| program itself is flexible enough to allow variation of the 

; idealized physical model and to simulate a wide range of 

leakage histories but can represent only the general hydro- 

i | 
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. geologic model configuration outlined herein. Therefore, 

| i the computer program itself has been termed "the model" or 

| the "GROUNDWATER IMPACT SCREENING MODEL". The combination 

/ of the idealized physical model, the mathematical equa- 

| tions, and the computer program represent the model which 

F will be used in a cause/effect predictive mode. In its 

present form, the cause/effect predictive results are pri- 

i marily useful in a relative screening mode, but they do 

-- represent an upper bound on concentrations to a high degree , 

. of confidence. The verification of the program is pre- 

| i sented in Section 5; model calibration is included in Sec- 

/ | tion 6; description of the computer program itself is in- 

i | cluded in Section 7; and Sections 8 and 9 outline the pro- 

| gram input requirements and output reports. 

i 

l 

i 

| 

i | 

i 

i 

i 
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3.0 GROUNDWATER FLOW SOLUTION THEORY 

i The governing equation assumed to represent the tran- 

sient distribution of groundwater head in a confined, homo- 

i geneous, isotropic aquifer in two dimensions is (adapted 

from Reference 4): | 

i os 
' oy) pt poe ta (3.1) 

| Terms used in this section are defined at the begin- 

i ning of this report. The above equation cannot be solved 

directly. By imposing a grid over the problem domain and 

i approximating equation 3.1 in terms of its finite differ- 

ences between the grid intersection points, a set of simul- 

/ taneous equations, one representing each grid intersection 

/ i (node point), can be formulated. The unknown in each equa~ 

. tion is the head condition at the node in question at a 

| given time. The known terms are the aquifer properties, T 

- and S, the flow rate q, and the x, y and t values of the 

i solution. This set of simultaneous equations is. then 

solved iteratively using the solution method presented by 

i Prickett and Lonnquist (3), Figure 8.1 illustrates the 

Exxon Crandon Project study area overlain by a matrix of 

i discrete node points. This example case will be used 

| throughout this report for demonstration purposes. 

i Solution of the simultaneous finite difference equa- 

tions requires definition of the boundary conditions. 

i These boundary conditions are; (1) the initial head con- 

| | figuration at each node point at the beginning of the anal- 

| i ysis and (2) either "no-flow" or "constant head" nodes at 

: the periphery of the study area. These boundary conditions 

: i are required to reduce the total number of unknowns to that 

! which can be uniquely solved. 

| i Golder Associates
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i Having formulated the system of simultaneous, finite . 

difference equations and defined the boundary conditions, 

i the equations are solved to determine the head at each 

node. This is done using a modified form of the alter- 

i nating direction implicit method first presented by Peace- 

| | man and Rachford!>) as described by Prickett and 

i Lonnquist ‘3). 

. "Briefly, the iterative alternating direction 

i implicit method involves first, for a given time 

, | increment, reducing a large set of simultaneous 

equations down to a number of small sets. This is 

i done by solving the node equations by Gauss elimi- 

, nation of an individual column of the model while 

: all terms related to the nodes in adjacent columns 

] are held constant. According to Peaceman, and 

Rachford (1955), the set of column equations is 

then implicit in the direction along the column 

| and explicit in the direction orthogonal to the 

i | column alignment. The solution of the set of 

column equations is then a straightforward pro- 

cess. 

i After all column equations have been processed 

column by column, attention is focused on solving 

the node equations again by Gauss elimination of 

i an individual row while all terms related to ad- 

jacent rows are held constant. Finally, after all 

equations have been solved row by row, an "itera- 

i | tion' has been completed. The above process 1s 

repeated a sufficient number of times to achieve 

convergence, and this completes the calculations 

i for the given time increment. The calculated 

heads are then used as initial conditions for the 

next time increment. This total process is re- 

peated for successive time increments. Peaceman 

i - and Rachford (1955) point out that this technique 

is unconditionally stable regardless of the size 

' of the time increment." 

| The details of the solution methodology are outlined 

| in Prickett and Lonnquist‘3) in "part 1. Mathematical 

: Background", 

7 | Golder Associates
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solution will be obtained whether or not the head predictor 

i is employed. The head predictor adjustment is formulated 

by assuming that the ratio of the change in head between 

; the two prior time cycles (at a given node) is a good esti- 

mate of the change in head over the next time cycle. This 

i is shown by the following equations. The heads at times 

mt-2"™, "t-1" and "t" have been computed and the heads at 

i | time "t+l" are to be solved. A head prediction factor, F, 

is computed and used as shown below. 

i pe Pai,it-2 7 Bidet (3.4) 

: Di,j,t-2 ~ i,j,t-1 

hi g,ttl = hig,t + (Ai 4,t-2 = hi,j,t? ° F (3.5) 

i Thus, the heads for the next timestep are the adjusted 

heads as computed above rather than the heads simulated at 

i the end of the preceding timestep. The head prediction 

' factor, F, is constrained between zero and five. 

Several other points concerning the solution methodol- 

i ogy employed are worthy of note. 

j | Time Step - The finite difference solution of the dif- 

ferential equation of groundwater flow requires that 

both time and space be discretized. The size of the 

i timesteps employed directly influence the accuracy of 

the solution obtained. The size of the timestep is 

i dependent upon the size of the node spacing, the aqui- 

| fer parameters, and the rate at which the aquifer is 

being pumped or recharged. The timestep should be 

chosen such that changes in the heads should be gradu- 

i al through time. However, a timestep which is too 

small uses excessive computer time and does not gain 

i Golder Associates
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a Significant additional accuracy. Time steps as small 

i _ as a fraction of an hour are appropriate for a pumping 

well while monthly or even yearly timesteps are ap- 

i propriate for gradual infiltration changes. Prelimi- 

nary hand calculations and sensitivity analyses are 

recommended to determine the appropriate timestep and 

i grid spacing. 

i Convergence Criteria - The implicit numerical scheme 

employed in this program is an approximate solution 

i which is refined through successive iterations. 

Therefore, some criterion must be defined to determine 

i when the solution has converged to an acceptable ac-— 

| curacy. This convergence criterion is implemented by 

” i comparing the difference in heads computed between two 

, Successive iterations. When this difference is within 

| an acceptable value, convergence is reached. This 

i program presents the difference in heads between iter- 

| ations two ways. First, the sum of the change in 

i heads for all nodes is computed. Secondly, the maxi- 

mum head change at any node is found. Both values are 

i reported and the program uses the sum of head changes 

as its convergence criteria. The iteration process 

i | stops when the sum of the head changes at every node 

point goes below a user defined limit. This method is 

most appropriate for regional groundwater simula- 

i tions. The program also reports the value of the 

maximum head change at any node and can be easily 

i modified to use this as a convergence criterion. This 

criterion would be more appropriate when simulating 

a rapid changes to localized portions of an aquifer, 

such as pumping or injection wells. 

i 
i . 
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| Boundary Conditions - Boundary conditions must be de- 

i fined for solution of the simultaneous finite differ- 

ence equations. An initial or prior value of the head 

i at each node is defined as either a somewhat arbitrary 

set of values at the beginning of the simulation or 

i the heads from the immediately preceding timestep. 

The other set of boundary conditions required imply a 

| known condition at the edge of the study area. These 

i may be either "no-flow" (barrier) nodes or "constant- 

head" (recharge) nodes. Barrier boundaries are im- 

i posed by assigning a very low hydraulic conductivity 

a (10725) at these nodes. Recharge boundaries are im- 

i posed by assigning a very high storage coefficient 

(such as 1025) at these nodes. It should be realized | 

f that the edges of the finite difference grid represent 

barrier boundaries and effectively constitute a de- 

i fault condition if no boundary is explicitly set. 

I 

i 

i 

[ 
i 

i 

i 
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4.0 SEEPAGE TRANSPORT THEORY 

i The seepage transport theory employed in the program 

| is based on the standard dispersive flow model summarized 

i in Bear (®), The governing equation of seepage concentra- 

tion distribution is: | 

M/n -(x-q/n) t2 

i ‘ (4 7 Dit) 4Dyt (4-1) 

i This equation is similar in form to the equation which de- 

fines a normal probability distribution. This allows the 

i following solution methodology. 

i | A known mass of seepage is represented by a single 

"particle" whose movement in the groundwater system is 

i tracked through time. Hundreds of particles are injected 

each timestep and their relative density over the study 

i area is mapped at various times through the simulation. 

Particle density is transformed into seepage concentration 

by knowing the mass of seepage represented by each particle 

i and the volume of groundwater within each cell. The con- 

centration is the percent pond leakage in the groundwater 

; : assuming complete vertical mixing. That is, if the pond 

leakage had a sulfate concentration of 1500 mg/l and the 

i simulated concentration is 10%, the groundwater would have 

a sulfate concentration of 150 mg/l. In this formulation, 

i the following assumptions are made (symbols are defined at 

the beginning of this report): 

i - Seepage concentration C is low compared to the 

| groundwater density, i.e. the amount of seepage 

i | does not affect the groundwater flow. 
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- The groundwater flow is steady over each timestep 

i and two-dimensional. 

i - The porous medium is isotropic with respect to 

dispersion, and thus‘’can be characterized by a 

a longitudinal dispersivity ay, and a transverse 

dispersivity am. 

i - Any sorption reaction of the seepage with the 

formation is linear and instantaneous, and can be 

7 characterized by a distribution coefficient kg. 

oo The retardation factor (Rq) is defined by: 

E where D is the bulk density and n the porosity of 

i the porous media. 

- seepage is completely mixed in the coarse grained 

i Stratified drift layer. 

i Based on these assumptions, the concentration distri- 

bution resulting from injection of a slug of unit mass of 

i seepage into an aquifer at time t = 0 at the Origin has the 

following characteristics: | 

i - The centroid of a slug of seepage moves down- 

stream at velocity V/Rqg, where v, the average 

i pore velocity of the fluid, is equal to V/n and V 

is the Darcy velocity. This distance is denoted 

i as d, and is defined as: 

ve At 

E dg = — (4.3) 
Rg 

az | Golder Associates
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i - The average pore velocity, v, is defined as: 

i >. Ki | 
~ _—— 4.5 n | . ( ) 

where K is the hydraulic conductivity, I is the 

f gradient in the direction of flow and n is the 

| volumetric porosity. 

i - With respect to the centroid, the concentration 

distribution is binormal--the product of a normal 

i distribution in the flow -direction with another 

normal distribution in the transverse direc- 

; tion. , 

i - In the flow direction, the standard deviation of 

| the normal distribution is: 

Sy, = 2ar\/(V/Rq) At =\/ 2a7d, (4.6) 

; where d, is the distance the centroid was moved 

1 and At is the simulation timestep. 

. In the transverse direction, the standard devia- 

i tion is: 

= -~ ao} _~ aoa 
i Sm 2\/2ap (v/Rg) At = V 2amde =\/ Sr, an (4.7) 

an 

i The amplitudes of the longitudinal and transverse 

; Gistributions are 1/Sy, and 1/Sm, respectively. 
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Based on this formulation, the seepage transport algo- 

i rithm used in the program is quite simple. Figure 4.1 il- 

lustrates the movement of single particles in a steady 

I state flow field over one timestep. Each particle is moved 

a deterministic amount (d,) down gradient from its existing : 

i position over a discrete timestep. In addition, each par- 

ticle is moved a dispersive distance in the longitudinal 

i (dy) and transverse (dp) directions. The values of dy, and 

; dp are computed by selecting a random, normally distributed 

number (ry) of mean 0 and standard deviation 1, and multi- 

i plying it by the standard deviation of the longitudinal 

dispersivity: 

4d, = ry\/2d, ay = r1Sy, (4.8) 

i Similarly, the transverse dispersion is given by: 

i an = ro\/2d, ap = roSm (4.9) 

i Therefore, the vector describing the movement of a single 

particle over one timestep is the resultant of the sum of 

i d, and dy, in the direction of flow and dn normal to the 

flow direction. The new position of each particle is com- 

i puted by decomposing this vector into the X and Y¥ coordi- 

nates of the problem domain and adding them to the previous 

i position. 

‘ The user should be aware that there are some problems 

i with the application of the basic theory of seepage trans— 

port. Experimental data has shown that the values of the 

| i dispersivities are very much a function of the scale of the . 

| test. Anderson stated in reference 7: 
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"Tt is well known that the magnitude of the mea- 

i sured dispersivity changes, depending on the scale 
at which the measurements are taken. Laboratory 

experiments designed to measure dispersivity yield 
values in the range of 10-2 to 1 cm, while dis- 
persivities of 10 to 100 meters have been obtained 
for field problems." : 

i ~ These problems relate to the difficulties in determining an 

i appropriate value of dispersivity. It is recommended that 

a sensitivity analysis be made to determine the importance 

of the value of the dispersivity chosen in the problem 

| situation being simulated. This will allow proper perspec- 

tive to be placed on the selection of dispersivity and will 

i allow the use of a conservative value if appropriate. 

dt 
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5.0 PROGRAM VERIFICATION 

i As stated at the end of Section 2.0, the “model” is 

taken to include the conceptual hydrogeologic model, its 

i mathematical formulation and the computer program written 

to solve the equations. The computer program is further 

i described in Section 7.0. This section presents the veri- 

fication tests employed to insure that the equations are 

i properly solved by the computer program. This verification 

process consists of a series of simulations which can be 

i checked by hand calculations. 

The two processes modeled by the program are; (1) the 

i change in the groundwater table and (2) the transport of 

seepage in the groundwater. The change in groundwater 

i heads through time is simulated in the program by a finite 

: difference algorithm. Verification of this algorithm is 

i provided by simulating simple drawdown and recharge cases 

. which can be checked by hand computations. The drawdown 

| case is an infinite, homogeneous, isotropic, unconfined 

aquifer with a saturated ~° thickness of 100 feet 

(K=85 feet/day, S$=0.05) from which 2000 gpm is being 

i pumped. Figure 5.1 shows the idealized aquifer, the simu- 

lated solution and the hand calculated solution using the 

5 Boulton method (8) , The simulated solution shows about 

2 feet excess drawdown over the hand computed solution 

I 50 feet from the well but the solutions match at 200 ft. 

and beyond. This difference is due to the discretization 

, i , of time and space of the finite difference solution. A 

| grid spacing of 50 feet and an initial timestep of 

| 0.001 days (increasing by a factor of 1.25 each cycle) was 

| i used in the modeled analysis. Closer grid spacing would 

| improve the match closer to the well. The recharge case is 

‘| an infinite, homogeneous, isotropic, unconfined aquifer 

with an initial saturated thickness of 100 feet 

i (K=0.5 feet/day, n=0.07) with infiltration being induced at 

| Golder Associates
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a race Of 0.05 foot/day over a 500 foot area. Figure 5.2 

i shows the idealized aquifer, the simulated solution and 

| the hand calculated solution uSing the Hantush method (9), 

i The two solutions show a deviation of about 2 feet during 

the early part of the simulation. A finite difference grid 

i Spacing of 100 feet and a constant timestep of 30 days were 

used in the modeled analysis. 

E 
The second process modeled is the transport of seepage 

E in the aquifer. The verification of this process is pro- 

| vided by modeling an instantaneous slug of a given mass of 

seepage in a homogeneous, isotropic aquifer 

i | (K = 10 feet/day, n = 0.25) under a uniform, constant gra- 

dient of 20 feet/mile. Neither solution considers retarda- 

i tion or chemical change. The hand solution is computed by 

solving the one dimensional equation of seepage trans- 

i port. Figure 5.3 shows the aquifer and a cross section of 

| the seepage slug 9 years after injection for the computer 

i Simulation and the hand solution. 

E 

i 
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i | 

i 

i 
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6.0 MODEL CALIBRATION 

i Due to the variable nature of the aquifer over the 

entire study site, some parameters in some areas of the 

P | model must be inferred. This is done by modifying the pa- 

rameters in a logical fashion until the predicted results 

i adequately match those observed in the field. This process 

is called calibration and is critical to the accuracy of 

i the predictions based on the calibrated model. If too many 

parameters are inferred or set through calibration an un- 

realistic parameter set could be selected. This could re- 

i sult in a model calibration which matches the predicted and 

the observed results adequately but behaves erroneously 

i | when changes are imposed, Therefore, measured field data 

should be used as extensively as possible and unsupportable 

i calibration refinements should be avoided. 

; | The head simulation and the seepage transport algo- 

; rithms may require calibration before using the model. The 

5 head solution is calibrated by determining as many of the 

aquifer parameters as possible through pumping tests, ex- 

ploration borings, regional water balances, and other ap- 

plicable sources. The remaining parameters are set to 

their most likely value. The model can then be calibrated 

i by modifying parameters until the predicted head levels 

match observed heads in a steady state mode. The final 

; head configuration is usually stored on a RESTART file to 

use as the initial heads in subsequent Simulations. The 

i transient behavior of the model should be calibrated if 

adequate observed data is available. Transient phenomenon 

| such as spring snow melt or pumping wells are commonly 

i used. If transient observed data is not available the 

model should still be checked with a reasonable estimate of 

f seasonal variation of infiltration to insure that no ex- 

treme fluctuations take place in the model. 

I 
i | Golder Associates



E 
i _ March, 1982 -29- 786085 

i The seepage transport algorithm contains dispersion 

and retardation parameters which may be calibrated by com- 

i paring predicted seepage transport to observed. This is 

complicated, however, by the scale dependency of the co-—- 

i efficient of dispersivity. Also, such observed data is 

: | seldom available requiring the use of values from the lit- 

i erature. 

| In cases where calibration is nonexistent or weak, 

i sensitivity studies should be made to determine the impact 

of the parameter values selected on the model results. 

[ Quite often some parameters are found to have very little 

effect over the range of required results and typical val- 

; ues may be used. Also, inferred parameters should be cho- 

sen in such a manner to insure conservative results. 

| i The model calibration for the Crandon site was based 

on a detailed geologic investigation(1), pump test per- 

i formed in June, 1980('4) and Dames and Moores environmental 

baseline study (19) , This site specific data provided the 

; initial set of data from which the calibration effort be- 

gan. Simulated contours were compared to observed contours 

; to determine the accuracy of the calibration. The observed 

groundwater contours used are those presented in refer- 

P ence ll which reflects all data in the area gathered to | 

date and a comprehensive set of piezometer readings in 

i September, 1980. 

Several parameters were based upon the above Listed 

i sources of information and were not varied during the cali- 

bration process. These were the average horizontal hydrau- 

i lic conductivity of the coarse grained stratified drift of 

35 feet/day and storage coefficients of the coarse grained 

f 
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stratified drift and upper till of 0.070 and 0.054, respec- 

i tively. To calculate the groundwater head at a given node 

the model requires a value of aquifer transmissivity which 

5 is the product of hydraulic conductivity and saturated 

aquifer thickness at that point. Values of aquifer thick- 

i ness were defined for each groundwater head node loca- 

tion. Calibration was achieved by varying the annual net 

i infiltration between the values indicated in the environ- 

- mental baseline report. A net annual groundwater recharge 

value of 12.5 inches generated simulated groundwater con- " 

i tours of the same general elevations as those observed. 

| The observed groundwater contours (as presented in refer- 

E ence 11) and simulated groundwater contours are shown on 

| Figure 6.1. The input parameter values are listed in the 

; Sample model output in Appendix B. 
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: i 7.0 PROGRAM DESCRIPTION 

The GROUNDWATER IMPACT SCREENING MODEL was developed 

i as a group of service routines which perform specific tasks 

controlled by a main program. The needed arrays are passed 

i between program units primarily through named COMMON 

blocks. Flow of logic through the program is kept as lin- 

ear as practical with entrance and exit from a program unit 

i from the top and bottom only. This practice reduces the 

complexity of logic flow and minimizes debugging and modi- 

i fication efforts. The program is coded in FORTRAN with as 

little use of extensions as practical. This allows compat- 

| ability of the program with many other computer systems. 

| The program is thoroughly commented and each subprogram 

| contains a description of its function and definition of 

| the major variables used. 

i . The flow chart of the program is shown in Fig- 

| ure 7.1. A brief description of the major subroutines is 

: i as follows: 

| i RANWALK - This is the main program which controls 

: the simulation and calls the major sub- 

| routines. 

i INPUT - Reads the input data which defines the 

: problem to be simulated, sets various 

control parameters and loads operational 

| arrays. An echo of the data is pro- 

! vided. 

| ; IADI ~ Solves the groundwater head at each node 

| by using the iterative alternating direc- 

tion implicit method as described in Sec- 

| i tion 3.0. Optionally makes an adjustment 

| for transmissivity change in unconfined 

| aquifers. 

J LEAK - Computes leakage between two aquifers 

| based on the hydraulic conductivity of | 

the upper layer and the vertical gradient 

J (not used in present version of the pro- 

Qram). 

; Golder Associates
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GRADNT - Computes the groundwater gradient in the 
: X and Y directions at each node point and 

resolves the resultant vector. 

GENERAT - Generates discrete particles based on the 
particle volume and leakage history input 

| to the model. 

i FIND - Finds the cell in which a given x, yY 
point is located. 

F MOVE - Transports particles according to the al- 
. gorithm discussed in Section 4.0. 

ELIM - Eliminates particles which have moved to 
the boundary areas (Streams, lakes, etc.) 
after each printstep. 

i HEDIN - Reads in the restart file, compares cri- 
| tical parameters and echos data to the 

output report. 

i HEDOUT - Stores Simulation parameters, head con- 
figuration and optionally the particle 

, i locations on a restart file. 

~ | INTERP - Interpolates a leakage rate from the 

leakage history curve. Leakage rate 1S 
i taken at time t+0.5(At). 

PLOT = Outputs the particle count matrix at each 
i node, row by row. 

PLOTR - Outputs the head elevation at each node, 

i row by row. 

s PLOT3 - Plots a symbolic representation of the 
distribution of active and inactive par- 

i ticles by assigning a character which 

corresponds to a range of the number of 
particles in the cell. 

i OUTPUT - Prints the head matrix in block form, not 

to scale. The origin (node point 1,1) is 
| located in lower left corner; the matrix 

i is partitioned into slices 25 columns 
wide. 

; OUT2K - Prints the head or concentration matrix 
in block form to a scale of 1" = 2000'. 
Origin (node point 1,1) is located in the 

i | Golder Associates
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lower left corner; matrix is partitioned 

i into slices 20 columns wide. In present 
version reported heads are actual head 
minus 1500 feet. Concentrations are com- 
puted as a percent of leachate in the 

F groundwater contained in each cell. 

OUT3K - Prints symbolic distribution of seepage 

; concentration as a percent groundwater at 
a 1" to 2000' scale when a seepage grid 
spacing of DXPAR = 200 ft. and DYPAR = 

i 333.3 ft. | 

ERP ROC - Prints error messages on output report. 

The program has been written so as to minimize the 

; computational effort involved in the innermost loop ele- 

ments, especially MOVE. Needed constants are evaluated and 

stored in matrices before entering this loop, and the alge- 

i braic expressions have been derived so as to minimize the 

| use of trigonometric and other complex mathematical func- 

[ tions. 

i | The program has several capabilities designed to in- 

crease the utility and efficiency of its use. 

- Comprehensive set of error codes handled by a 

separate subroutine. 

i - Data array dump optionally provided upon trapping 

of a fatal program error (but not fatal system 

i errors). 

: - Storage and retrieval of RESTART files which 

allow simulations to be stopped and restarted 

| i , with or without change of parameters. 

; - Several output types, all user selectable. 

: A listing of the program is included as Appendix C of 

: ; this report. | 
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8.0 INPUT DATA 

i 8.1 General 

f As in most simulation programs, the assembly of the 

input data. constitutes the major portion of the effort to 

I apply the model. Data input is mainly keyword directed to 

allow flexibility in input sequence and facilitate data 

modification. A description of needed data follows, in 

[ Sections 8.2 through 8.7 along with discussion of units. A 

summary of the input data requirements and input format is | 

; included in Section 8.8. The input is explained by use of 

the Crandon case aS an example in which a sample case of a 

| i 85 acre pond leaking at 1.0 gpm for 30 years, increasing to 

| 5 gpm thereafter is simulated. The example input is in- 

- cluded in Appendix A and the corresponding output is pro- 

| vided as Appendix B. 

| : . 8.2 Unit Convention 

The program requires a consistent set of units. 

i Length and time unit names are input to the model for in- 

formation purposes only, no unit conversion or checking is 

i - performed. Although any consistent set of units can be 

used computationally, the output portion of the program 

i presently reports in feet and days. All input parameters 

and output values used in the example case are in these 

: units. 

i 8.3 Definition of the Problem Space Domain 

: The space domain for the problem is a two-dimensional 

| i plane in space. This plane is single valued (i.e., does 

| not double back on itself) but need not be flat or horizon- 

tal. All further discussion about the solution space as- 

: i Sumes that the plane is reasonably flat, however, as it is 

| ; assumed that distances in the plane are equal to horizontal 
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distances. All geometry of the plane is projected onto a 

i horizontal surface. 

i The solution domain is represented by two grids. The 

intersection of the grid lines in each grid define a "node 

i point", which is at the center of a "cell". One grid con- 

trols the solution of the groundwater head and the other 

the concentration of seepage. The seepage grid must be an , 

i even integer subgrid (or equal to) .the head grid. The 

groundwater head is computed at each head grid node point 

i and the gradients in the x and y direction are computed by 

| interpolating linearly between head node points. The seep- 

i age concentration distribution is based on the total seep- 

age mass located in each seepage grid cell, yielding ver- 

; tically integrated, totally mixed concentrations. The 

extent of the grids should be selected so as to minimize 

i edge effects. Extending the grids to groundwater inter- 

- acting rivers and lakes or groundwater ridges is recom- 

/ mended. Other considerations of grid selection are listed 

i below. 

F - All cells in each grid have the same dimensions, 

but the two grids may differ. 

i = The origin of each grid is the origin of the 

models coordinate system (uSer may need to cor- 

rect coordinates to conform to this criteria), 

; and the two grids must use the same origin. 

- Points in the domain, including node points, are 

| referred to by their X, Y coordinates. Cells are 

i referred to by their X, Y numbers counting from 

the origin (1,1). 

i - All coordinates and cell numbers in each grid are 

: positive. 

| i | The program has the capability to print the head ele- 

| vation and seepage concentration matrices at a scale of 1" 
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to 2000' on a line printer. This is useful for overlaying 

i simulated contours on USGS 7.5 minute quadrangle basemaps, 

but requires a 10.0 ver.:6.0 hor. distortion of the seepage 

| : concentration grid. 

F Selection of grid spacing and cell size is a com- 

| promise between the resolution of the results and cost of 

I the simulation. The finite difference head solution in- 

creases in cost as the number of nodes increases due to the 

| number of finite equations to be solved. Concentrations 

i are based on the total seepage mass contained within a 

| seepage grid cell and is reported at the node point. 

; Therefore the broader the seepage grid spacing, the coarser 

the gradient definition and seepage concentration resolu- 

J tion. Simulation cost increases with the number of seepage 

grid cells since the total number of particles must be 

| increased to keep an acceptable number of discrete par- 

. . ticles in each active seepage cell. A final consideration 

| is that the grid spacing be sufficient to outline features 

i such as boundaries and material types. 

; The Crandon example, which will be used throughout 

this manual, is shown in Figure 8.1 which also shows the 

? groundwater head grid. Figure 8.2 shows the subdivision of 

groundwater grid into seepage subgrids. The grids are de- 

a fined by eight variables: 

DX = Size of X dimension of each head cell 

E DY = Size of Y dimension of each head cell 

| NX = Number of head cells in X direction 

i NY = Number of head cells in Y direction 

DXPAR = Size of X dimension of each seepage cell 

F DYPAR = Size of Y dimension of each seepage cell 

NXPAR = Number of seepage cells in X direction 

| i NYPAR = Number of seepage cells in Y direction 

F | Golder Associates
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a a Two other parameters which effect the resolution and 

| cost of simulation are the timestep and volume of leakage 

— - per discrete seepage particle (which controls total par- 

i ticle count). Selection of timestep should consider (1) 

ne required output frequency, (2) ratio of gradient induced 

| (advective) particle movement to dispersive movement during 

- each timestep and (3) convergence time for the head solu- 

5 tion. The transport components (advective and disper- 

A | : Sive) should be compared _ to prevent overpowering effects 

ce of either process. As shown by equations 4.3, 4.6 and 4.7 

fT - a short timestep and a large dispersivity or the inverse 

Ree can result in odd transport behavior in extreme cases. 

| Both the leakage rate and the timestep affect the itera- 

cee tions — required for head solution convergence. Further 

ef discussion of the timestep follows in the next section. 

| The volume of seepage to be represented by each par- 

i ticle defines the average number of particles in each cell 

. : for a given cell size and leakage history. A maximum of 

| — 20,000 particles is allowed by the program. A rule of 

= thumb for particle density is that the user should aim for 

=f an average of between 10 and 20 particles seepage per seep- 

~ age cell within the seepage plume. 

= | 
oo The master grid, timestep and particle volume for the 

iy - | sample problem is defined by the following parameters: 

~ _ DX = 1000 feet 

“| DY = 1000 feet 

—_ NX = 28 cells 
| NY = 41 cells 

Be - -DXPAR = 200 feet 
“| DYPAR = 333.3 feet 
a NXPAR = 140 

| 
| Golder Associates
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—— ss PARTVL = 3300 cubic feet 

eo - 8.4 Definition of the Problem Time Domain — | 

I The finite difference formulation of the groundwater 

Se flow governing equation requires that the simulation time 

| domain be discretized, as does the random walk seepage 

a | transport algorithm. The groundwater elevation of each 

-. ce head node point is computed at the end of a timestep, gra- 

| dients at each particle location are computed between time- 

3 a steps and all seepage particles injected at the beginning 

=f of each timestep. Results output represent the conditions 

Se at the end of a timestep. As discussed in Section 8.3, 

af shorter timesteps increase the cost of simulation but are 

= - ‘sometimes required for output frequency or head solution 

z i convergence. 
— 

ag | The time domain of the simulation is defined by three 

“| | parameters: _ | 

“T TSTEP = size of timestep © 

. | TIMMAX = ending time of Simulation 

| OUTFRQ = frequency of printout expressed in number of 
~~ timesteps 

A Care should be used in selecting OUTFRQ if several 

= types of output are selected to prevent vast quantities of 

“[ output. The time parameters used in the sample problem 

- | are: 

a TSTEP = 365 days 
| TIMMAX = 18,250 days | 

. OUTFRQ = every 10 timesteps 

| ; Golder Associates
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a | 8.5 Definition of Material Types - - 

4 Several physical characteristics of the aquifer are 

_ | constant over broad ‘regions of the study area. Input of 

ll - these characteristics is done by use of material types. 

= Each head cell is given a specific type number which is 

| defined by a given set of parameter values. The program 

=a can presently accept up to 10 material types. The parame- 

| ters which define each material type are: 

f | NVM = material type number 

ane K = hydraulic conductivity | 

| | S = storage coefficient 

on RE = normal recharge to aquifer | 

- | POR = porosity 
ff DL = longitudinal disperssivity 

a DT = transverse dispersivity 

sf RT = retardation 

ag Several special materials are used for various types 

a of boundaries in the model. A very small (10725) value for 

| hydraulic conductivity represents a no-flow or barrier 

ea | boundary; a very high (102°) storage coefficient represents 

7 a constant head or recharge boundary; a zero value for por- 

| osity (not used in the head situation) represents no seep- 

fe 7 age transport areas. The barrier and recharge boundaries 

=f can be either rows or areas of cells encompassing the pro- 

oa ject area. "No transport" areas are those areas lying 

a outside of the constant head and no flow boundaries. 

=f The material type distribution over the model area is 

a defined by two input methods. Initially, the entire matrix 

=] is set equal to the default material type. Specific head 

fl cells can then be set to actual material types by speci- | 

= fying the material type number over the head cell matrix, 

| 
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ch leaving.a blank -or.zero for the head cells with the default 

ae material type. The material type definitions and their 

Be distribution over the head grid is shown in the sample 

fl - input listed in Appendix A. Co 

| 8.6 Definition of Leakage Histories . 
ea 
Le The primary use of the model is to impose a pond leak- 

| age at various seepage grid nodes and examine the impact on 

pane the head configuration and transport of seepages. The time 

Ht : trace of recharge rates is defined by a set of leakage his- 

c/a tories. Up to 20 separate leakage histories can be defined 

J which can overlap in time but not in space. Each leakage 

Se history is defined by the following parameters: 

af . NLH = Leakage history identifier number 

a NLPTS = number of points on the time/rate 
ft leakage curve 

<7 NNODES = number of seepage grid nodes over 

a | | which leakage is spread 

| TM(NLPTS) | = time ordinates of the leakage 

a : curve (NLPTS values must be en- 
: tered) 

ef RATE (NLPTS) = flow rate ordinates of the leak- 
ea age curve (NSPTS value must be 

-_ entered) 

f i NODES (NNODES ) = column numbers (x-direction) of 
~ seepage cells (NNODES pairs must 
_ , , be entered) 

| a NODES (NNODES) = row numbers (y-direction) of 
= leakage cells (NNODES pairs must 
a be entered) 

ET The flow values in the leakage curve are total flows 

ff for the leakage area and are divided evenly over the appro- 

= priate seepage cells. Seepage particles are injected ran- 

- i domly over the cells in the leakage area. Leakage values 

7 | at each simulation timestep are interpolated linearly from 

: i | Golder Associates
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se 7 the time/rate curves active at that time. The leakage 

| : history used in the sample problem is shown in the sample 

Se input listing in Appendix A. | | 

en 8.7 Definition of Initial Head Configuration 

| — As stated in Section 3, the finite difference solution 

Be of the groundwater flow equation requires an initial head 

ff : configuration, which can be specified at the beginning of 

an . | each run or by use Of a RESTART file, as discussed in the 

| - next paragraph. This initial condition can be chosen some- 

Be what arbitrarily except that constant head nodes must be 

ae ; set to their fixed elevation. The solution scheme will 

ft | iterate to the proper heads at other nodes. This is done 

ee . through the default head parameter and/or the HEAD matrix 

ff input block. The initial groundwater head at nodes defined 

oe aS constant head nodes must be set to the desired fixed 

:| | head elevation using the HEAD input block. Heads at all 

— other nodes can be input as zeros or blanks and specified 

“yy by the default value. The default value should be an esti- 

= m mated areal average of the elevation of the phreatic sur- ) 

a . face since the further the initial head condition is from 

fl . the field condition, the more iterations are required for 

= convergence. | 

ro | The model should be allowed to proceed under steady 

ef State conditions through enough timesteps until the change | 

mo | in heads has stabilized prior to imposing the leakage to 

“| minimize initial condition effects. Alternatively, the 

=" simulation can be terminated when steady state is reached 

5 | and the heads stored on a RESTART file. Subsequent sSimula- 

= - tion can then utilize this stored head configuration to 

io define the initial conditions and omit the warm-up peri- 

a | | od. Heads read from a RESTART file override the default or 

vr matrix defined head elevations input to the program. 

: i | Golder Associates
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- 8.8 Summary of Data Input Requirements 

if , | This section defines the format of the input data. 

<a Input is in fixed format and must occur in the given order 

ef : for the first 6 data cards. Subsequent input is keyword 

ee directed and data blocks may be arranged in any order. 

ee Card Number Variable Format Description | 

ef ol TITLE 8A1 0 job title 

ae a 2 TUNIT — A10 time units (information 
of - Oo | only) 
= LUNIT Al0 length units (information 
ee Oo - _ only) 

| - — 3 DX F10.0 size of xX dimension of 
es — | | each groundwater flow cell 

22 | DY Fl0.0 size of Y dimension of 
fe . | | each groundwater flow cell 

rae NX I10 number of groundwater flow 
ae cells in X direction 
-{ NY 110 number of groundwater flow 
= , cells in Y direction 
Ro TSTEP F10.0 timestep size 
| . . TIMMAX Fl0.0 ending time for simulation 

8 PARTVL F10.0 volume of leakage repre- 
ee sented by each discrete 2 OO particle. Set to zero to 

= | . - | inhibit seepage transport 
an Simulation. 

| 4 DXPAR F10.0 Size of x dimension of 
: = each particle cell 
So DYPAR F10.0 Size of y dimension of 

fy | 7 each particle cell 
oi NXPAR I10 number of particle cells 
oa in x direction 
ol NYPAR I10 number of particle cells 
iy in y direction 
a | KELIM 12 indicator to control elim- 
—— ination of particles in no 
f transport areas. 
_ s | 0 = eliminates particles 
- Only after each print step 
a (default) | 

| 1 = eliminates particles 
a after each time step 

- i Golder Associates



4. March, 1982 | -47- 786085 

eee HS ISEED I10 seed for random number 
| Oo Bc generator 

of a MTYPE I10 model type 
ae re - ce 1 = double layer aquifer 

eo | | . , 2 = unconfined aquifer 

of | - (make transmissivity cor- 

pgs Sooty ae a 7 rection) 

Sie 3 = confined aquifer (do 

| not make transmissivity 

_a correction) . 

an MAXIT 110 maximum number of itera- 

7 tions allowed for each 

-{ : | 7 . step of finite difference 

Be groundwater model 

<2 TOL F10.0 convergence criteria (sum 

a0 a | OB of differences between | 

be | actual and calculated 

Bo oe heads for all cells) 

=f . OUTFRQ I10 number of timesteps be- 

= tween report output, first 

PE a timestep is always printed 

ef | PRINT(10) 1OTI1 print output selector, 

= each column represents an 

mar option which is requested 

8 | by entering a 1 in the 

: fl column, as defined be- 

a low: 

oe 1 - dump head, bottom and 

=f material type array 

=. | - : - | 2 - dump head array on 

mee 7 . program generated 

= | : abort 

-j - 3 - plots head matrix, 20 

Er columns per page 

Se | 4 - plots head matrix, 1" 

[ oo to 2000' scale 

Be 5 - plots concentration 

de 
matrix, 1" to 2000' | 

fq - | scale 

ec 7 | | 6 - plots symbolic active 

eg and boundary particle 

T | | summary 
oy - 7 - prints detailed parti- 

ae cle count by cell 

-_ 8 - prints detailed gradi- 

af oo | ents by cell 

oe | 9 - prints iteration in- 

Bo formation for finite 

{ | difference 

= 10- Seepage grid output 

7 matrix (at 1" to 2000' 
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re a ' when DXPAR = 200° and 

a | - IHEDIN T1110 + #°file number for file con- 
7 | 7 a . . taining restart informa- 

Se ne IHEDOT T10 file number to output re- 

- Start information for 
ef | | later use 

6 HEAD(1,1) F10.0 default head elevation 
f : BOT(1,1) F10.0 default impermeable bottom 

ee a elevation 
a os MATL(1,1) 10 default material number 

| | THICK(1,1) F10.0 default aquifer thickness 

a The default values of HEAD(1,1) BOT(1,1) MATL(1,1), 
| : and THICK (1,1) are automatically assigned to all cells. 

ae oe Modification of default values at various nodes, and ini- 

cf tialization of material properties and definition of the 

oe leakage histories is done by keyword directed input. De- } 

af fault values are changed by inputting the entire matrix 

ee with the overriding value at the proper node and blanks or 

| oo zeros in locations where defaults are to be used. 

ey Use of keyword input provides increased flexibility in 

. the modification and initialization of parameters and al- 

oe lows any order of data block input. Each keyword refer- 

af ences a block of data. 

ay ~ KEYWORD ACTION 

—_ HEAD modify initial head elevation for any or all 
a | head cells 

me BOTTOM modify impermeable bottom elevation for any or 
=f - all head cells 

= MATERIAL initialize material parameters for all materi- 

y al types 

E | LEAKAGE define leakage history parameters 

i Golder Associates
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ee TYPE modify material type designation for any or 
| le a Lo | : a all head cells 

Bo THICKNESS modify aquifer thickness at any or all head 
: 2 cells | 

ee END - terminate input of data | 

ti - Block data sets contain the proper keyword as the 

tl | first card followed by the actual input data values as 

Za shown in the sample input in Appendix A. 

ef Block data sets that modify default input values in- 

es a Clude HEAD, BOTTOM, THICKNESS and TYPE. Information to 

| reference all head cell values in the grid must be in- 

ne cluded. A zero or blank for any head cell in the block 

if data set results in retention of the default value. The 

: : number of head cells per card depends on the particular 

if Gata set, 8 cells/card for HEAD, THICKNESS and BOTTOM and 

a 80 cells/card for TYPE. 

af ; Data Type Variable . Format Description 

= a HEAD HEAD (NX , NY) 8F10.0 (NX*NY)/8+1 cards needed 

af ) BOTTOM BOTT (NX,NY) 8F1 0.0 (NX*NY)/8+1 cards needed 

et | THICKNESS THIC (NX ,NY) 8F10.0 (NX*NY)/8+1 cards needed 

7 TYPE MATL (NX,NY) 80AL one card per row, NY 

af records necessary 

A - Insertion of a blank card results in retention of the 

_ default parameter for all cells referenced by that card. 

| 7 In the example input, insertion of the all zero card im- 

‘fi mediately following the keyword THIC results in retention 

Oo of the default aquifer thickness for all nodes in grid row 

ef a 41. This option reduces the amount of data entry necessary 

e to produce a complete data set. 

- i | Golder Associates
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a _ The MATERIAL ‘and LEAKAGE block data sets are used to 

ef | | define the material properties and the pond leakage histor- 

Se ies, respectively. Input format is different from that 

ef used in the HEAD, BOTTOM, THICKNESS and TYPE data blocks 
a and is explained below. oe | | 

A a _ MATERIAL: 

-. One card must be input for each material type con- 
=e. / taining the following information (maximum of nine 7 

oe , _ Materials can be included). A card with a zero value 
2 of NM is required to terminate the material definition 
=f | sequence, a 

| | Variable Format | Description Units 

an NM I10 material sequence number - 

| K F10.3 hydraulic conductivity L/T 
=f Ss. E10.3 storage coefficient = 
we RE E10.3 natural recharge L3/T 
... POR E10.3 - Material porosity - 
=f 7 DL E10.3. longitudinal dispersivity L 

= DT E10.3 transverse dispersivity L 
yy | RT E10.3 retardence L/L 

eo | LEAKAGE: 

ef Multiple cards needed to initialize each leakage his- 
a tory. Up to twenty leakage histories can be in- 

= cluded. A card with a zero value of NL iS required to 
=| terminate the LEAKAGE input sequence. 

| - Card No. Variable - Format Description Units 

Te 1 NL I10 sequence number --- 
~% NLPT I10 number of points 

of : in leakage history --- 
ae NNODES I10 number of leaking 

. F cells --- 

oN Repeat following card up to 5 times, 4 sets of TM and 
oo RATE per card 

“| 2 T™ F10.0 time ordinates of 
~ leakage curve T 

| RATE | F10.0 leak rate ordinates 
q of leakage curve L3/T 
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7. - Repeat following card up to 10 times, 10 sets of seepage 
-8 cell x,y counts per card to define NNODES number of 

Eo leaking cells’ — ae | 

- a - , 

ee 3  IX(l) £T4- cell count in x | 

= | direction for first 

coe So leaking cell _-- 

ss - TY (1) r4 cell count in y 

ca a ee direction for first 

Sets | — oe leaking cell --- 
Soe : 3 
aa - IX (2) 14 cell count in x 

wee . - direction for 2nd 

| | leaking cell -- 

PRE IY (2) 14 cell count in y 

ef | direction for 2nd 
25 
oF | leaking cell —- 

a - (Repeat until all leaking cells are specified) 

“| The keyword END, entered left justified, terminates 

ee reading of block data sets and initiates the modeling pro- 
ao : ; . 
cf cess. Appendix A contains an example input data set for 

ae the Crandon site. 

a | 

BP 
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ae 9.0 PROGRAM OUTPUT . 

d ss 9.1 Output Reports” 

ia _..,The output from the model is divided into 2 parts. 

ft | The first is an echo of the input which defines the system 

oe being simulated. The printout from the example problem 

-f | used in Section 8 is included in Appendix B. This printout 

ae was generated from the input data shown in Appendix A. The 

f end of the first section of output is marked by "INPUT COM- 

=o Oo PLETE". The second portion of the output is optional and 

|] is controlled by the PRINT parameter on the second input 

— | card. PRINT allows output options to be selected. PRINT 

ey - has 10 "flags" which may be set to either 1 or O with 1 

a pS denoting selection of that particular print option. A 

a typical value for PRINT is shown by column below in which 5 

ef ‘print options are requested. ) 

af (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
eS 0 1 0 1 1 1 1 0 0 0 

a | The print options selected by each column are defined 

a 2 below. 

ae 1 - Reversed Array Dumps 

= Prints out head, bottom and material type arrays as a 
ie check against input 

a 2 - Array Dump Option 

z — If the program aborts, head values are output at the 
ee time of program failure. However, system errors are 

a | not trapped and output is not provided when this type 
a | of error occurs. 

J oe 3 - Head Array 

So Subroutine OUTPUT is called and the head matrix values 
a are printed (not to scale). This option is used 

ef . during model calibration. 
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i = Subroutine OUT2K is called and prints the head array 
=e during a seepage leakage run to a scale of 1"=2000' 

ey - _ for plotting on U.S.G.S. quad sheet base maps. For 
a. —-" Grandon simulation heads are printed from a 1500" ref- ; 
SRE erence elevation (i.e. reported 90 is actually eleva- 
Se tion 1590"). 4 . = 5 - Concentration Arra 

2. Subroutine OUT2K prints the seepage concentration (as 
a a percentage of pond leakage in groundwater) at each 
ee node for a given printstep at a 1"=2000' scale. 

J Preae —6 - Symbolic Plot -——- | a 

ane 
co 7 This option calls subroutine PLOT3 to plot the active / 
cg - and boundary particles for the given printstep, in 
_- symbolic form. The output matrix prints a single 
Bo digit for each -cell representing the range of par- 
f | ticles contained in that cell. 

| OO va 
ae : 7 - Particle Count 

.f — This option prints the abseepage particle count within 
Bee each cell, acting as a check on the concentration val- 
= : ues. — | 

5 8 - Gradients 

ry A detailed summary of the interpolated groundwater 
2 Oe _ . gradient in each cell is printed. Primarily used for - 
ge initial run checking. | 

ef Co 9 - Print Iteration Information 

This option prints the iteration number and the two 
| Cn convergence criteria (EPSILON and EMAX) for each iter- 
2a ation. This is useful in detecting non-convergence of 
Be the iteration process. A condensed form of this out- 
—E : put is provided by default and is sufficient for pro- 
=e ~ duction runs. 

a - 10 - Print Particle Grid Matrix 

a Prints the symbolic value of the concentration of | 
eo seepage in each particle grid. With a particle grid 
cf | spacing of 200 ft. in the x direction and 333 ft. in 

7. ee the y direction this plot comes out at a scale of | 
oo | 1 inch to 2000 ft. 
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| : | | During normal production runs options 2, 4, and 10 are 

a, commonly used. “Most of the other options are only used to 

ry a debug failed runs, as they generate a large quantity of 

a | output. | | | 

fT | By carefully selecting basemap scale and cell dimen- 

be sions the computer plots can be overlayed on the basemap 

Tt - for direct comparison. A set of diagnostic input data 

oe printouts and various data plots are included in Appen- 

ri | dix B. Plots prepared from this output are included as 

— Figures 9.1 and 9.2. 

ee Figure 9.1 shows a plot which was generated by over- 

= yo laying the 1" to 2000! basemap over the printed heads (re- 

ll | ‘ported as feet over elevation 1500) and drawing contours. 

- This output allows model calibration to observed data and 

ll illustrates changes in the groundwater contours resulting 

= from the construction of the example tailings pond. Fig- 

eT ure 9.2 shows the concentration contours over the study 

Be | area aS percent of seepage in the groundwater. These con- 

y a tours were also prepared by overlaying the printout on a 1" 

: oO to 2000' basemap. } 

A 9.2 Interpretation of Output | 

ey | The primary result of the simulation is the distribu- 

27 tion of the concentration of a seepage in the groundwater 

fs | Or surface water system at various times. From the concen- 

E i tration array (select PRINT #10) contours of equal seepage 

= ; concentration may be drawn at several points in time. 

f | These show the spread of the seepage plume at selected 

— times during and after the active life of the tailings 

J ponds system. Alternately, change in concentration through 

: ; Golder Asscciates
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time at a certain cell can be computed to yield a time- 

| f concentration curve at points of interest. 

; The seepage concentration in surface waters can be 

determined from the volume of seepage discharged from the 

i groundwater. This requires knowledge of the flow in the 

river or lake over the simulation period. A time trace of 

volume of seepage entering a given reach of stream or lake 

f can be computed by using the detailed particle counts (se- 

lect PRINT #7). Concentrations are computed by applying 

| the mass of seepage to the appropriate volume of water. 

Linkage patterns and travel or flushing times of lakes and 

| streams are required to properly account for the movement 

| of- seepage through the surface water system and to deter- 

I mine the time-concentration relationship in surface wa- 

ters. | 

: i 9.3 Error Codes 

i , The program performs several checks to prevent system 

errors (division by zero, etc.) and to insure against il- 

logical problem formulation. These errors are flagged in 

i the various subroutines by setting an error code and call- 

| ing the subroutine ERPROC. Error codes less than 99 are 

i considered nonfatal information errors and do not cause the 

program to abort. Error codes equal to or greater than 100 

i are fatal and cause processing to terminate. Array dumps 

can be requested upon program abort by selecting PRINT 

f #2. A definition of the error codes is listed below. 

Error Code Subroutine 
i Number Referenced Description Remedy 

1Q1 IADI Number of iterations needed - increase tolerance 

i : for convergence exceeds - increase number of 

Maximum number of itera- iterations 
tions per timestep ~ recalibrate model 

i 
i Golder Associates
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- 102 INPUT The end of data cards was - make sure data file 
. i encountered before all exists 

- paraneters initialized, as, - review input data set 
necessary parameters were for missing cards or 

- J never initialized data hlocks 

- 103 LEAK The head falls below the - review problem 
bottam of the aquifer formulation 

: F (negative head) - check pumpage rate 

| 104 INPUT The data block name used to - check input data set 
define a data set (MATERIAL, for misspelled data 

os HEAD, etc.) is not one of set keyword (only first 
. the six legal forms four letters are used) 

- 105 INPUT Input data does not result - make sure variable 

- i in selection of the correct M3 
. | single layer confined model 

(only used for Crandon 

i - simulation) 

106 HEDIN The data file that is sup- - check restart data file 
_ posed to contain head and for completeness 

> i particle information does - check for correct file | 
| : not contain enought infor- number 

7 mation for a restart or - check for existence of 
- y does not exist restart file 

- _ 107 GENERATE § More than 20,000 particles - review and redefine 
have been generated particle history 

° i 108 HEDIN Time unit mismatch between - check time units 
| | Simulation run and restart on input data and 

file restart file 

- i 109 HEDIN Length unit mismatch be- - check length units 

— tween simulation run and on input data and 
restart file restart file 

| A 110 HEDIN Grid spacing mismatch be- - check grid spacing 
o™ tween simulation run and on input data and 

| restart file restart file 

i Li HEDIN The restart file is empty - check JCL string for 
misspelled data name 

‘ | - check to make sure input 

: [ | data file exists 

i Golder Associates
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— 10.0 SUMMARY 

i The GROUNDWATER IMPACT SCREENING MODEL presented in 

; this report was developed by Golder Associates to aid in 

: ; the evaluation of alternative sites and facility layouts 

/ | for a proposed tailings disposal system at Exxon's Crandon, 

| Wisconsin project. The model uses a finite difference 

groundwater flow solution and simulates seepage transport 

| using the "random walk" algorithm because of its Simplicity 

.. and rapid solution. These features are necessary since 

: many analyses are required at the planning stages of site 

- fi evaluation. | 

f This model is presently being applied at Exxon's Cran- 

: don, Wisconsin project for determination of relative im- 

{ pacts of various siting alternatives and is functioning 

well. In this application, the change in groundwater sys- 

it tem gradients are simulated over the analysis period. This 

oN . allows the relative evaluation of the effects of pond seep- 

i . age on the groundwater system, including both the effect on 

- the groundwater gradients and the concentration distribu- 

' tion of pond seepage throughout the study area. 

5 JE OCTATES 

. . Edmund Baker, P.E. 
: i Cel 

f oe Collison, P.E. 

Associate 
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‘| 

EXXON-CRANDON’ PROVECT REPORT ' 9%62 EXAMPLE CASE 
days FEET t mi ‘ vi ® : od 

1000. 1000. ' an v a1 3€5- 18250000 3300. \ 
| 200.333'333333 140 123 
| 1825976 3 100 065 1oo1oibooois =}! 10! a 

1590. 1450. 9 106 , . ' 
+ TYPE 

030000C : 
000009000000000900h6666600 . 

0060000000006666666622600 
000000006666677776662260C0 
000066666888 88886622226000 

. M€66E1111111122226422226 ' 
666611111112222222222286 ‘ ‘ ‘ 
GUILLLLIL222222221112286 ‘ 

6111121122222221411222286 
6111122112222222222222286 , 
$1111221222222212222222266 \ 
61111222223223332222222226 
61111222222233312222222226 . 
61111222222133311222222226 ) 
61112222222133311522222226 . 
6121222111211111322 2222226 j ’ , : 
@122222122111113332222226 
6122212122111111322222225 : ' 
6612211221111112222222215 ‘ \ ts ‘ 
6LPEDALIINII2222220 01115, : ' : ‘ 

i 661116111622222221122115 
61161116222222222122115 . 

6666116122222222212215 
6616111222222211115 ! i ' ' 
661112111111 11115 : 
OOLIIVTIILIAINIG 
OLLILLITILIL116 : ‘ 
OLMMLDILLLIIL1IG ! 

SOLLLILILIILILG , 
GLALLALILLL1116 
OeLLLLLLIL116 
OMLILIITIIING 
SLLL111111666 
O1LL1141116 
oll1L111116 
bEEEIIIIIIED6 

S6111111166 
66611 1I116 

61666666 

666 
00000 

MATERTALS 
1 .370E*02 -700E-01 .2056+04 0.25 2006 206 O. 
2 23706+02 .054f+0 «2856404 0.25 2006 206 06 ’ 
3 .370£+02 .054E*0 42856404 0.25 2006 206 06 
4 2370E*02 6054600 62856904 0625 2006 206 06 
5S e100E-24 .540€-01 0.00 0006 006 0. 
6 o3T0E02 16008+25 «2B5E+04 0.00 000. 00. 06 
7 o370E*02 6790f-01 .2856+04 0.25 2006 206 %. 
8 .S70E*02 .059E*0 .285€+04 0.25 2006 206 O. 
9 .370E*02 .0700E+0 .285E+04 0.08 000. 0006 0006 

000000000000000000000000000 
THIC



IST SUT oe PRE TSS OE OEE TS TR OP LE kane CSET rere Renee Ane 00 STE EER Oa me Oe Me 
Ce ee eee ee ee ee 

' \ ' ' 
,o 0 , 0 ye a) , 0 0 0 

0 0 0 0 0 8 o 0 
0 0 0 0 6 9 0 0 
0 0 0 0 ' : \ 
0 0 , 0 0 0 0 9 0 

: 0 0 0 0 0 0 0 0 
0 0 0 5 6 0 0 0 

| ‘ 9 0 0 0 
| 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 6 0 
0 0 0 5 1 12 0 o 
0 0 0 0 , , 
0 0 _ 0 0 0 0 0 0 
9 0 9 0 0 0 18 7 : 
5 5 7 10 16 20 25 0 
0 0 0 0 , 

_0 0 0 0 0 0 "0 0 
0 50 50 45 46 34 25 20 

17 16 17 20 24 28 33 0 
0 0 0 0 
0 0 _ 0 0 0 55 $6 ST 

58 59 58 57 46 38 30 26 
25 24 25 27 31 36 39 ° 

0 0 0 0 
,0 0 55 0 9 3 60 63 
64 65 64 61 57 a4 35 32 
28 30 $2 35 39 42 46 0 

0 0 0 0 
0 57 59 60 63 64 6? m1 

713 77 78 79 78 53 38 35 
39 37 39 42 yy 48 52 35 

0 0 0 0 

9 5B 62 64 68 70 72 7 
80 87 95 98 a1 80 50 36 
36 40 50 55 55 54 58 60 

. 68 9 0 9 
0 63 » 65 68 70 7 77 82 

90 102 109 110 110 108 100 90 
100 108 109 198 a7 62 62 64 
70 0 0 0 

0 67 68 7 74 7 an 78 
81 110 120 124 125 130 138 160 
181 170 140 175 100 60 40 40 
63 0 0 0 

0 0 T2 74 76 79 85 m1 
100 125 140 140 140 157 162 170 
175 160 144 120 80 60 40 40 
65 67 0 0 
0 0 74 6 19 84 93 82 

110 140 160 168 165 163 158 159 
150 150 143 106 75 65 50 58 
78 82 0 0 . 

0 0 16 78 82 87 94 100 
122 1497 179 179 168 158 155 150 
1438 140 130 110 79 67 55 60 
80 94 0 0 

0 0 78 al 88 93 98 119 
fat 152 17s 180 169 158 153 aay 
140 132 126 W15 los a1 67 76 
90 130 0 0



ES EE IEE VE ee tC TER BERS ORM sy RR eee eee) eee Ree 
ae ema ae eee ae eee eee eee eS ee 

4 | 

| 
| 0 0 83 87 93 98 116 143 , 
| 164 175 iat 181 72 163 158 197 | 

140 133 123 112 98 93 98 115 | 
, 147 163 0 0 

0 0 87 93 98 114 140 160 
| 182 182 178 176 174 165 159 150 | 

’ at 133 122 113 110 109 120 134 ) 
160 187 205 0 

0 0 0 97 110 135 153 168 
175 174 17va 174 174 168 163 152 | 
143 135 125 115 115 122 129 138 | 
195 197 200 9 

a 0 0 100 121 142 165 170 | 
17h 172 173 ive 173 168 163 155 | 
147 135 123 112 120 125 150 140 | 
160 176 0 0 

0 0 0 0 123 142 164 165 | 
166 167 166 165 164 160 158 150 | 
143 134 120 110 125 128 133 137 | 
140 155 0 0 

0 0 0 0 124 139 152 158 , 
160 159 158 157 154 152 150 143 | 
137 127 MS 115 125 127 130 133 | 
138 146 0 0 i 

0 0 0 0 0 135 142 Saar | 
151 152 153 152 1497 145 143 (138 
130 122 115 11s 123 127 130 135 
137 0 0 0 

0 0 0 0 0 0 0 0 
142 143 144 143 142 140 136 130 
125 LUT 110 116 125 127 130 1353 

0 Q 0 0 
0 0 G 0 0 0 0 0 
9 138 138 136 135 130 126 120 

115 110 115 120 125 128 150 133 
0 9 0 0 : 
0 0 0 0 0 0 0 0 
0 0 130 127 125 123 120 11s 

107 11s 120 123 125 127 132 8 
0 0 0 0 
0 0 0 0 0 0 0 ° 
0 0 0 120 112 110 105 112 

118 124 123 125 127 131 133 6 
0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 110 114 116 120 122 

123 125 128 130 152 134 136 8 
0 0 0 0 
0 0 0 0 0 0 0 ® 
9 0 0 120 122 124 126 127 

128 129 130 152 134 136 137 o . 
0 0 9 0 
0 0 0 0 a) 0 0 0 
0 0 0 123 124 125 126 127 

128 129 13. 133 135 137 138 ° 
0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 125 126 127 128 129 

132 133 135 137 138 139 a o 
0 0 Q 0 

: 

| | 
: 

|



. : 2 eee i 

0 0 o-: 0 o "8 ° ° 
0 0 128 129 129 _ 430 132 133 | 134 135 136 138 “139 ia2 0 0 | 0 0 0 0 

| 0 0 0 0 0 ‘0 0 0 
0 0 , 9 130 ist, 132, 133 134 , 135 137 3B! 141 142 143 0 ° 
0 Q 0 0 

i 0 0 0 0 0 0 0 0 
0 3 0 132 133 134 135 137 

138 140 142 144 0 0 0 8 
0 0 0 0 
0 0 0 0 0 0 Q 0 
0 0 0 0 134 135 137 139 

tan 142 193 0 0 9 0 0 j 
0 0 0 0 
0 0 0 0 0 0 0 0 
c o 0 137 0 158 140 1492 

143 144 0 0 0 0 0 0 
0 0 0 0 
0 0 0 0 0 0 0 0 
a 0 an) _ 139 0, o.. 143 144 : 

145 146 197 148 149 0 0 0 
0 O° 0 0 
0 0 ‘9 9 6 0 0 0 
0 0 0 0 9 0 9 0 

147 148 149 150 151 152 153 0 
0 0 0 0 ; 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 148 150 151 152 153 0 0 
0 0 0 0 
0 c 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 150 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 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
c 0 0 0 

Leak 
1 5 85 (POND 2¢50 YEARS 

0.00 192.00 
10950. 1926 
10951. 9626 
18250. 9626 

999999. 962. 
108 78 109 78 110 78 107 79 108 79109 79 110 79 111 79 112 79 106 #0 
107 60 108 80 109 80 110 80 111 680 112 80113 80 118 60115 60105 a1 
106 81.107 8f 208 81 109 81 110 81 112 81292 81123 81 128 81 115 Bf 
116 81 105 82 106 82 107 82 108 82 109 82110 82 111 82112 82 113 B2 
114 82 115 82 116 82 105 83 106 #3 107 83 108 83 109 83 110 983111 83 
1120 83 113 83 114 63 115 83 116 63 106 84 107 84 108 84 109 64 110 88 
112) 84 112 84 115 84 11% 84 115 84 107 85 106 85 109 88 110 65 111 88 | 112 85 123 85 114 85 107 86 108 86 109 66 110 86 112 86 112 86 113 86 | 106 87.109 87.130 67 111 87 112 87 | 
NAAOONOMANAGAADOOOOA 

END ; 

| 

Pe ree See ee Ren, Ot NE ESR cata e Seapeuee YN | lel) NSD UMC A ei Peay STEREO CP Ae Ue ee to eS SOS, a te ag gs RRMA CM en vey ree Whee Ween eet SA ape AERO i an Seely tt ot pL Oe eg



. APPENDIX B 

4 Example Output



EPG hea a ee Pie et Ege Cee Te Ee ay Lae 2 ok Rey Ae nek at PES 6 RRB SENDS: CREE 6 OSES BERD Io SR EA? code IMIR: URAC tata 2 4 

* . 
. GOLDER ASSOCIATES GROUNDWATER COMPUTING SYSTEM e 

* * 
. EXXON MINERALS CRANDON PROJECT . * 
. j e 
. GROUNDWATER IMPACT SCREENING MODEL SJ 
. * 

e MODIFICATION 661 O35 DECEMBER 1981 . 

° . 

* RUN TIMES 12057 04Ge RUN DATES 81/12/07 * 
. * 

. PO m ame ROMO eRe mene mee HEH heehee se Ede HHEAEDDHPREDAEHEEOHE HORM HTT ERE RERE HED ORHR ERED 
. * 

* EXXON-CRANDON PROJECT REPORT 9e2 EXAMPLE CASE e 
. * 
deem e teen a eee aM ARR A OREO AEA RR ARR ASEREER ERE EEEREEERODEH AMEE REO ERODE EERE ED 

wo- UNITS --- 

TIME UNITS = DAYS LENGTH UNITS = FEET 

--~ PROBLEM OFFINITION --- . 

GRID SPACING IN X DIRECTION (FEET) OX = 1000.00 

GRIO SPACING IN Y DIRECTION (FEET) DY = 1000.00 
NUMBFR OF NODES IN X DIRECTION NX = 28 
NUMGLR OF NODES IN Y DIRECTION NY = a 
TIME STEP COAYS) TSTEP = 365.00 

MAXIMUM RUN TIME (DAYS) TIMMAX = 16250600 

PARTICLE VOLUNE (CUSFEET) PARTVL = 3300.0000 a 

SUBGRID SPACING IN X DIRECTION (FEET) OXPAR = ! 200. 

SUDGRID SPACING IN Y DIRECTION CFFET) DYPAR = 3336 
NUMRER OF NODES IN SURMGRID X DIRECTION NXPAR = 140 

NUMPER OF NODES IN SUBGRID Y DIRECTION NYPAR = 123 

PARTICLES ELIMINATED ON PRINT STEP KELIM = 0 

RANDOM NUMBER ISCED = 7823976 
MODEL TYPE 3: CONFINEO ONE LAYER MTYPE = 3 

MAXIMUM INTERATIONS PER TIME STEP MAKIT = 100 . 
ITERATION TOLFRANCE (FEET) TOL = le 

FREQUENCY OF OUTPUT (NO. OF TIMFSTEPS) OUTFRQ = 10 

PRINTOUT OPTIONS (SEE DETAILS ACLOWD NDATPR =0102000011 

RESTART CONDITION READ FROM FILE NUMBER INEDIN = 10 

RESTART CONOTITON WRITTEN TO FILE NUMBER THEDOT = Mw 

--- PRINTOUT OPTIONS --= SELECTED? ie 

DUMP HEAD» BOTTOM AND MATERTAL TYPE ARRAY NO ‘ 

OUMP HLAD ARRAY ON PROGRAM GENERATED ABORT yes 
PLOT HEAD MATRIXe 20 COLUMNS PER PAGE NO 
PLOT HEAD MATRIX» 1 INCH TO 2000 FELT SCALE YES 

PLOT CONCENTRATICN MATRIX» 2 INCH TO 2000 FEFT SCALE NO . 
PLOT SYMBOLIC ACTIVE ANG HOUNDARY PARTICLE SUMMARY NO 2 & 
PRINT DETAILED PARTICLE COUNT BY CELL no 
PRINT DETAILED GRADIENTS MY CFLL No 
PRINT TIFRATION INFORMATION FOR FINITE DIFFERENCE vES 
PRINT SYMFOLIC CONCENTRATION CONTOURS (SUBGRID) Yes 

see DEFAULT VALUES ee 

GROUNOWATER HEAD FLEVATION = 1590. FEET i = 

BASE OF AQUIFFR ELEVATION = 1450. FEET 

MATCPTAL TYPE = 9 

AOUTECR THICKNESS = 70.000 FET



f Sara: fice Qed at Fea Ce LETS BN amg 09 I e  N Plae oe a: Eee le Pe ee ER as eh VA ad ahs 

= = t ‘ Pais ee Bie ie reeenen pe ee Be ae Le PRE Red ot aL eR 

SBammmHe@H Uwe eee SF Ee He Ee FE 

eee MATERIAL TYPE MATRIX o-= 
, 
) 

CELL NUMBER IN X DIRECTION 
| 

| COLL NUMAER 1 2 . : 

) Y DIRECTION LrSeoHe7TKHFHLTAZS A SHTAFOL2S45678B 
5 | 

seeceeesess meee eee ne ene ene een een ee nee e cen n ne cena ene enenceee 
| 

: 
| 

al 79999999999 999999RIRIRIFIFDID 
| 

40 9999999999999 999FF6666E66IIIID 
| 

39 . 9999999999996 C6 66666622699999 
38 9999999FV66K66K6TTITIT660622699999 
37 9999666668 88H K8H4BB6H6222269999 

36 966662121121122222649222269999 
35 9666611111101 2222222222286999 

34 eoraritrrr1r1222222211122266999 
33 96111122112222222141122228699 
$2 g6@hti1rti2211222222222222228699 
31 9e6o11112212222222122222222669 

30 e9@11112222232233$22222222269 
29 , g96111122222223338122222222269 a . 

28 96111212222 2225331222222222269 ‘ 

27 g961t122222221333113222222269 
26 961212222122 22212232222222269 
25 99612222212211112133322222269 

i 

24 9961222122 2222222313222222259 . 

23 996e0t2202 1212 DERL222222222159 : 

22 9796TRT2L1121219a 1222222201223 1459 _ : 

21 399661L1L161116222222211221159 
20 9999611611162222222221221159 
19 9999666611612222222221221599 ' . 

18 999999661611 12222222113115999 i 4 

17 9999999666112 2ET21290291195999 
16 9399999999661} 1F11112111211116999 
1S 9999999FFPG6TLTLGILITIIDILEIID 
14 9999999RTIFG6TETELALPALVI11169999 
13 9999999996611 ETTALL111191169999 

12 99999999 9G6EVTEFL2ER1122169999 
M °99999999766RTETTTE1112119699999 
10 °9999999996TTRE71111111699999 

. 

9 599999999 9G6LTTLIVI111166699999 
8 99999999996TT1L12121169999999 
7 99999999RF9FTTLLDETLL116I99I9I9IID 

6 999999999FK6G6G6H6L1TLLL166699999 

5 994999999929IFCC6CTILFI1LL1669999 
4 99999999995999FG6G6LTL111169999 
3 #999999999999999616666669999 
2 999999995999IIIIG6EHIFTIAFIINIGD 
1 09999999999I99I9IIIIIIIIIIIGIID 

: ? 
w-- MATERIAL TYPE DEFINITION --- 

LONGITUDINAL TRANSVERSE 

PERMEABILITY RECHARGE OISPERSIVITY OISPERSIVITY 

NUMBER (FEET/DAYS) STORATIVITY (CUeFEET/DAYS) POROSITY (FEET) (FEET? ‘RETARDATION | 

1 «376902 oT0E-01 22964048 22506400 e200E003 #2006402 o100E402 i 

2 o37E*02 oS4E-01 229904 #250£900 22006403 «2006402 o100E +02 : 

3 «37E%02 sSAE-01 2296904 «250600 #2006403 «2006902 #1006401 | 

4 oSTE*02 o54E=01 2296908 2250600 o200E903 «2006402 e100E +01 | 

5 2106-24 2540-01 0. 0. Oe 0. o100E¢01 

6 oSTE%02 2100*26 0296904 0. Oe 0. e1L00E 01 

7 o37E602 + 70E-01 2296904 #250€¢00 #200E°03 22006 +02 o100E¢01 
8 e3TES02 0540-01 o29E004 «2506°00 2006908 o200E°02 el DOE +01 

9 o3S7E*02 o70C-01 o29E004 0. 06 0. eL00E%01



a Ne. ene a Sy eee. a te Se ae ote Oe TLD ce omar, Pee es (Seah is See TN By et a 3) ert ayy! Te era Tod ls Shei Ree oo RT tsi od Rae 4 Tie Den RSE ROSY TLE ae ieee pce og MNO Lp thos BMS Spo TSB f° DBE eee SRS USE ge aS i aa PRA! CA EO : 

) ‘ ! my " ' 
1 ‘ #:4 + y | ; 

ooo LEAKAGE HISTORIES --~ : : 

HISTORY NOo 1 NOo OF LEAKAGE CURVE POINTS = 5 NOs OF NODES = 85 

LEAKAGE CURVE 

TIME RATE 

(Days) (CUSFELET/DAYS) ‘ : 
0.00 192.00 

10950.00 192.00 

10951.00 962.00 ’ ' ’ 

18250200 362.00 : : ‘ 
999999200 962.00 ' 

NODAL COORDINATES OF LEAKAGE FROM SOURCE 1 

Nowy xa Y Xe ¥ Xe ¥ Xoo y Koy Xo Xo YY xo Y¥ xe Y Xe Xo Y 
108+ 78 1090 78 1108 78 107, 79 108, 79 109. 79 11059 79 llle 79 M12. 79 1069 80 107+ 80 108, 80 
109, 80 110+ 89 111s 50 1125 49 11355 80 1149 80 1159 60 105 81 1069 81 107¢ 81 1080 @1 1095 81 
1105 81 Lille 81 1126 21 Vile PL 1146 df 115s 81 1169 61 1059 82 1069 82 107- 82 108% 82 109» 82 
110+ 82 lllse 82 1120 2 Lh3e 82 1149 82 1159 82 1169 82 1059 83 1069 83 107, 63 1089 83 1099 83 
1106 63 Alle 83 Ll20 43 1130 B83 114— 83 115e 83 1169 83 106— 84 107, 84 106+ 84 1099 84 1105 84 
Lids 64 1l26 &4 L1lls 84 1149 84 1150 84 107. 85 108s 85 1096 85 110+ 85 Llle 85 112% &5 1135 65 
114s 85 107+ &6 1049 46 109+ 66 1105 86 lis 86 112s 86 113s 86 1085 87 1096 87 1106 87 llle 67 
V12s 87 

‘ 

ease INPUT COMPLETE s#08



s 
ees wes ee Be FEF ee eS eS ees SS ae 

\ 
| 

| | : . ! \ | 
ros , ‘ , wt moa 

| 
| 

| 
sr TAQUIFER THICKNESS (FEETI-<— = * 

ye 41 , | 3) 70.200 2 70.00 » 70.00 a) 70.00 Ss) 70.00 6) 70.00 ” 70.00 8) 70200 9) 70.00 
10) 70.00 Mw 79.00 12) 79.00 15) 70.00 14) 70200 15) 70.00 16) 70.00 17? 70.00 18) 70.00 
19) 70-00 20) 70000 21) 70-00 22) 70.00 23) 70.00 24) 70.00 25) 70600 26) 70.00 27) 70.00 
28) 70.00 

Y= 40 

a? 70.00 2) 70.00 3) 70.00 4) 70.00 5) 70.00 6) 70.00 ” 70.00 8) 70.00 9” 70.00 
10) 70.00 11) 70.00 12) 70.00 13), 70,00 14), 70.00 15) , 70.00 16) , 70.00 17) 70.00 18) 70.00 
19) 70.00 20) 5-00 2.) 6-00 22) 70-00 23) 70.00 24a) 70.00 25) 70.00 26) 70200 2m 70000 
28) 70200 

Y= 39 , . | 
‘By 70200 2) 70.00 3s) 70.00 4) 70.00 5S) 70.00 6) , 70.00 7 70.00 B) 70.00 9) 70.00 

10) 70200 il) 70-00 12) 70.00 is) 70.00 14) 70.00 15) , 70.00 16) ; 70.00 17) 70-00 18) 70.00 Q 
19) 70.00 20) 5.00 21) 7200 22) 12.00 23) 70.00 24) 70.00 25) 70.00 26) 70-00 27) 70200 
28) 70.00 

y= 38 . . 
> 70200 2) 70-00 »> 70200 4) 70200 Ss) 70.00 6) 70200 Ty 70.00 8) 70-00 9) 70.00 

10) 70.00 lp 70-00 12) 79200 13) 70.00 24) 70.00 15) 18.00 16) + 7.00 wy 5.00 18) 5.00 
19) 7.09 20) 19-00 21) 16600 22) 20.00 23) 25209 24) 70.00 25) 70.00 26) 70.00 27? 70.00 
28) 70200 

y= 3? 

wv? 70.00 o 70.00 3) 70.00 4) 70.00 » 70.00 6) 70.00 ” 70.00 8) 70.00 9” 70.00 
10) 50.00 ad 50.09 12) 45-200 rs) 49.00 14) 34.00 15). 25.00 16) 20.00 17) 17.00 18) 16200 
19) 17260 20) 20.00 2.) 24.00 22) 28.00 23) 33-00 24) 70.00 25) 70200 26) 70200 27 70.00 
2e) 70-00 . 

Y= 36 e ‘ 
a] 70.00 2) 70.00 3s» 70.00 4) 70.00 5) 70.00 6) 55.00 ? 56200 6) 57200 ” 58.00 

10) 59.00 ld 96.00 12) 57200 1s) 46000 14) 36.00 15) 30.00 16) 26600 47) 25400 18) 24200 
19) 25-00 20) 27.60 2 32.00 22) 36-00 23) 39.290 24) 70.00 25) 70.00 26) 70.00 27 70.00 
2e) 70.00 

y= 35 
1) 70.00 2) 70.00 3s) 55.00 4) 70.00 5) 70.00 6) 59.00 ” 60.00 8) 63.00 9) 64-00 

10) 65-00 11) 64.00 12) 616.00 1s) 57200 149) 44.00 15) 35.00 16) 32.00 wy 26-00 18) 30-00 
19) 32.00 20) $5200 21) 39.00 22) 42.00 23) 46200 24) 70.00 25) 70.00 26) 70200 27) 70200 
26) 70.00 

y= 34 

. 

| 

| 

| 
) 

|



: : 3 if Sh Tbe CaS re as a el 1 age Oi ies Nanay o of 

mE eS ee Ee ee Ee Ee we eS we ee eS Se 

1) 70.00 2) 57.00 3) 99000 4) 60600 Dd) 63200 6) = 6400 1) 67200 6) = 71.08 9) 73.00 
10) 77600 11) 76600 22> 79600 15) 78600 14) $3.00 15) 38.00 16) 35600 172 35.00 18) 37.00 
19) 39.00 209 = 42600 = 21) 044600 «22? 98400 25) 52000 24) = 5000 = 25) = 70000 8626) SS 70400 )§=02 7S 7000 

| 28) 70-90 
Y= 33 

| 1) 70600 2) 58600 3) 62200 4) 64.00 5) 68.00 6) 70.00 7) 72400 8) 77200 9) 80.00 
10) 87200 11) = 95400 12) 94000) 15) 90D’ «BG000 = 5) 50600) = 16) = 56000) = 17) = 36600) = 18) 4000 
19) 50.00 20) 55400 21) 535600 22) 54600 23) 55600 24) 60600 25) 68.00 26) 70000 27) 70.00 
28) 70.00 

ys $2 
1) 70600 2) 3.00 3) 65.00 4) 68.00 5) 70.00 6) 74.00 7) 77400 8) 82-00 9) 90.00 

10) 102.00 11) 199,00 22) 1210.00 15) 110600 14) 108.00 15) 100.00 169 90.00 17) 100.00 18) 108.00 
19) 109.00 20) 104.00 21) 87.00 22) 62600 23) 62600 24) 64600 252% 70600 26) 70.00 27) 70.00 
28) 70.00 

y= 31 
1) - 70-00 2) 67.00 3) 68.00 4) 71.00 5) 74.00 6) 77.00 7) 81600 8) 78400 9) 81200 

10) 110600 112) 120600 12) 124,00 13) 125490 24) 136.00 15) 138.00 16) 160.00 17) 181.00 18) 170.00 
19) 140660 20) 125400 21) 100.00 22)’ 60400 232 40600 24) 40600 25% 63400 26) 70600 27) 70400 | 
28) 70200 é | 

y= 30 
1) 70.00 2) 70.00 3) 72.00 4) 74.00 5) 76.00 6) 79.00 7) BS.00 8) 71.00 9) 100.00 

10) 125600 119° 140600 12) 140.00 257' 140600 14) ° 157.00 157° 162000 16) 170600 17) 175.00 18) 160.00 : 
19) 144.00 20) 120600 21) 80.00 22) 60600 23% 90400 24) 40.00 25)' 65400 26> 67.00 27) 70.00 | 
28) 70.00 ' ’ | 

Y= 29 
1) 70600 2) 70.00 3) 74.00 4) 76.00 5) 79.00 6) 84.00 7) 95400 8) 82.00 9) 110.00 ! 

10) 140.00 11) 160.09 12) 162.00 139° 165200 14) 163.00 15) 158.600 16) 159-00 17) 150.00 18) 150.00 
19) 143.00 20) 196400 21) 75.00 22) 65600 23) 50400 24) 58.00 252 784290 26) 82.00 27) 70.00 ? 
28) 70200 | 

Y= 28 
1) 70.00 2) 79.00 3) 7&.00 4) 78.00 5) 82200 6) 87.00 7) 94.00 a) 100.00 9) 122.00 | 

10) 147,00 11) 379.00 12) 179.00 15) 168200 14) 158.09 15) 155600 16) 150.00 17) 143.00 18) 140.00 | 
19) 130600 20) 110600 21) 79600 229° 67400 25) 55600 24) 60.00 25) 0.00 26) 94.60 279 70.00 | 
28) 70-00 | 

y= 27 : 

1) 70600 2) 70600 3) 78.09 4) 81.00 5) BE. 00 6) 93.00 7) 98.00 8) 119.00 9) 141.00 
10) 152.00 119 173.00 12) 169,60 13) 169600 19) 158400 15) 153.00 16) 147000 17) 140600 18) 132.00 
19) 126-00 20) 115-00 21) 103400 22) 61400 23> 67.00 249° 76.00 25) 90.00 26) 130.00 27) 70400 
28) 70.00 | 

Y= 26 
1) 70.00 2) 70.00 3) 3.00 4) 87.00 5) 93.00 6) 98.00 7) 116.00 8B) 143.00 9) 164.00 

10) 175.00 11) 181.00 12) 281600 13) 172600 14) 165600 15) 155600 16) 197600 17) 140600 18) 133.00 
19) 123600 20% 112600 21) 98600 22) 93400 23) 93.00 24) 115000 25) 147.00 26) 165200 27) 70.00 : 
28) 70-00 | 

y= 25 

1) 70.00 2) 70600 5) B7600 4) 93.00 5) 9.00 6) 114600 7) 140600 8) 160600 9) 182.00 
10) 182600 11) 176600 12) 176000 13) 1742600 14) 165.00 15) 159600 169 150600 17) 1414600 18) 133.00 
19) 122600 20) 123-00 21) 110.00 22) 109.00 23) 120600 24) 134.00 25) 160.00 26) 18%.00 27) 205.00 
28) 70.00 : 

y= 24 | 
1) 70.00 2) 70.00 3) 70400 4) 97600 5) 110400 6) 135600 7) 153200 8) 168400 9) 175.00 

10) 174600 119 174600 12) 174.00 13) 174.009 14) 168600 15) 163.00 16) 152.00 17) 143.00 18) 135.00 
19) 125600 20) 215600 21) 115600 22)- 122600 23) 129600 24) 136.00 25) 195.00 26) 197.00 27) 200.00 
28) 70.00 | 

ye 23 | 
1) 70-00 2) 70.00 3) 70.00 4) 100.00 5) 121.00 6) 142.00 7) 165.00 8) 170.00 9) 171.00 

10) 172.00 21) 175.00 12) 174400 15) 173600 14) 166600 15) 163.00 16) 155400 17) 147600 18) 1235.00 
19) 123.00 20) 112.00 217 120600 22) 125600 23) 130600 24) 190600 25) 160-00 26) 176.00 27) 70.00 
28) 70.00 a 

ve 22



ne ee ee ee ee eee eee ee occ Et a Te re Ee A ee ee Te eda WAT ee EME Be TRA PETE. Cec RR Oey |) CPR RaRAN Cr Mam Meee TRL cag SERS oRO| acre ett 

aminmRiee femme HE fF SB Se Se Se we eS eS ee Ce 

v” 70.00 2) 70.00 x 70,00 a) 70.00 Sd) 125.00 6) 142.00 72 164200 8) 165.00 9) 166.00 
10)? 167.00 11) Loo.00 12) 105.00 15) 164.00 14) 160.00 15) 138.00 16) 150.00 17>) 145.06 18) 134.00 
19) 120.00 20) 110.00 21) 125200 22) 128.00 23) 133.00 24) 137600 25> 140.00 26) 155.00 2) 70.00 

: ¥ a 70200 

1D 70200 2) 70400 3) 70.00 4) 70-90 5) 124.90 6) 139.00 Ty) 152.00 8) 158.00 9) 160.00 

10> 159.00 Ll) 158-00 12) 157-00 13) 154.00 14) 152-00 15) 150.00 16) 145400 17) 137.00 18) 127.00 

19>) 115.00 20) 115400 21) 125.290 22) 127-00 23) 130.00 24) 133.00 25) 138.00 26) 146200 27 70.00 

28) 70.00 

y= 20 
» 70.00 2) 70.00 3) 70.00 a) 70200 ) 70200 6) 135.200 T> 142600 8) 147200 9) 151-00 

10) 152.200 ee) 153.00 12) 152.00 ts) 147200 14) 145200 15) 143.00 16) 138.00 17) 130.00 18) 122.00 

19) 115.00 20) 115.00 21) 123.200 P2) 127.00 23) 130.00 24) 155.00 25) «137200 26) 70.00 27) 70.00 

28) 70.00 

y= 19 
+a) 70.00 2) 70-00 3x 70.00 4) 70.90 Ss) 70.00 6) 70.00 7” 79.00 8) 70.00 9) 142.00 

102 145600 1? 144.00 12) 143.00 13) 142.00 14) 140.00 15) 156.00 16) 130.00 17) 125-00 18) 117200 

19) 110.00 20) 116.00 221) 125-00 22) 127200 23), 159.00 24) 133-00 25), 70200 26) 70.00 27) 70.00 

28) 70.00 : : f 
Y= 18 a 

> 70200 2) 70.00 » 70.00 a) 70.00 Ss) 70.00 6) 70.00 ? 70.00 8) 70.00 9) 70.00 

10) 136.00 11) 158.00 12) 136.00 13) 135-00 14) 130.00 15) 126600 162 120400 17) 115200 18) 110-006 

19) 115.00 20) 120-00 21) 125-00 22), 128.00 23) 130.00 29) 133.00 25), 70.00 26) 70.00 27). 70.00 

28) 70.00 : 
ye 17 i 

> 70200 2) 70200 x 70.00 4) 70.00 Ss) 70.00 6) 70.00 7 70.00 8) 70.00 9” 70.00 

10) 70-00 11) 130.00 12) 127.00 13) 125.00 14) 123.00 15> 120.00 16) 113.00 17) 107.00 18) 113.60 

19) 120200 20) 123400 21) 125-00 22) 127.200 23) 1352-00 24) 70.00 25) 70.00 26) 70.90 27) 70.08 

. 28) 70.00 

y= 16 
> 70.00 2) 70400 3s) 70.00 4) 70.00 > 70-00 6) 70.00 ” 70.00 8) 70.00 ca} 70.00 

10) 70.00 1) 70.00 12) 120.00 13) 112.00 14) 110.00 15) 105.00 16) 112.00 17) 118200 18) 121.00 . 

19) 123.0C 20) 125.00 21) 127.60 22), 131.00 23) 153.00 24) 70.00 25) 70.00 26) 70.00 27) 70600 | 

28) 70.00 | 
y= 15 

> 70-00 2) 70.00 » 70.00 4) 70.00 5) 70.00 6) 70.00 ” 70.00 8) 70.60 9) 70200 

10) 70200 lp 79.00 12) 110.00 15> 114.00 14) 116.00 15) 120.00 16) 122.00 17) 125200 18) 125200 

19) 128.00 20) 130.00 21) 152-00 22) 134.00 23) 136400 ea 70.00 25) 70200 26) 70-00 27 70200 

28) 70.00 

y= 14 

> 70200 7) 70.00 x) 70.00 a) 70.00 s) 70.00 6) 70.00 ” 70.00 8) 70200 ” 70.00 

10) 70.00 ap 70.00 12) 120.00 1S) 122-00 14) 124,00 15) 126200 16) 127.00 17) 128200 18) 129200 

19) 130.00 20) 2152-00 21) 134.00 22) 136600 25) 137-00 24) 70.00 25) 70200 26) 70.00 27 70200 

28) 70200 
y= 13 : 

yd 70206 2) 70.00 3) 70.00 4) 70.00 5) 70.00 6) 70.00 ” 70.00 8) 70.00 3) 70.00 
10) 70.00 1) 70200 12) 123.00 13) 124.00 19) 125.00 15) 126.00 16> 127.00 17) 128.00 18) 129.00 
19) 131.00 20) 133-00 21) 135.00 22) 137.00 23) 138.00 24) 70.00 25) 70.00 26) 70.00 27 70.00 
28) 70.00 

y= 12 
» 70200 2) 70.00 3) 70.00 4) 70.00 5) 70-00 6) 70000 vB} 70200 8) 70200 ” 70200 

10) 70.00 vw) 79.00 12) 125.00 13) 126.00 19) 127290 15) 128.00 16) 129.00 17) 132.00 18) 133.00 
19) 135.00 20) 137.00 21) 138-00 22)* 139200 23) 70600 24) 70.00 25) 70.00 26) 70200 27) 70.86 
28) 70.00 

y= 
oe) 70.00 2) 70.00 3x 70.00 a) 70.00 5) 70.00 6) 70.00 ” 70.00 8) 70.00 ” 70.06 

10) 70.00 11) 128-00 12) 129.00 ay) 129.00 14) 130.00 15) 152.00 16) 133.200 17) 134.00 182 135,00 

19) 136400 20) 138.00 21) 139.00 22) 142.00 23) 70.00 29) 70.00 25) 70.00 26) 70-00 27 70.00 . 

28) 70.00 
| 

y= 10 

.



Gane ewe S se = BRmRieReHeHe He EK HB 

. | . | 
| 

‘ | 
‘ 1 hey At ' , ' a Yeroae Naha : 

. voy : : ype ra re ' 

_ ; cc : 

, | 
: D 70.00 2) 70.00 3»? 70.00 a) 70.00 5) 70.00 6) 70.00 ” 70.00 a) 70.00 ” 70-00 

| 10> - 70.00 ad 70.00 12) 130.00 13d) 1512-00 14) 132.00 15) 133.00 16) 134.00 17) 135.09 186) 137.00 | 

19) 13¢.00 20) 141.00 21) 142.00 22) 143.00 23) 70.00 24) 70.00 25) 70.00 26) 70.00 27) 710.00 

28) 70.00 

y= 9 ‘ 

1) 70.00 2) 70.00 3) 79.00 4) 70.00 5) 70.00 6) 70.00 7? 70.00 8) 70.00 9 70.00 

10) 70.00 11) 70.00 12) 132.00 ast 133.00 14) 134.00 15) 135.00 16) 137.00 17) 138.00 16) 140.00 | 

19) 142200 20) 144200 21) 70-00 22) 70200 23) 70.00 24) 70.00 25) 70.60 26) 70.00 27) 70.00 

28) 70.00 . 

Y= 3 é . 

Dd 70.00 2) 70.900 x» 79.00 ed 70.00, > 70.99 bd) 70.00 n 70.00 8) 70.00 2} 70.00 

10) 70.00 a. 70.00 1?) 79-00 ,13) 134.00 14) 136.00 ly) 137.00 , 16) 139.00 a7? 141.00 18) 1492-00 

19) 143.00 20) 70-00 2) 70200 22) 70.00 23) 70.00 24) 70.00 25) 70.00 26) 70.00 27 70.06 | 

28) 70.00 . | 

y= 7 i ‘ 
> 70.00 2) 70.00 3) 70.00 a? 70.00 5) 70.00 6) 70.00 1 70.00 8) 70.00 9) 70.08 

10) 70.00 11) 79.00 12) 137200 ,13) 70.00 ,14) 138.00 15) 1490.00 16) 142.00 17) 143.00 18) 144.00 

19) 70.00 20) 70-00 21) 70.00 22) 70.00 23) 70.00 24) 70.00 25) 70.00 26) 70.00 27) 70.00 

2e) 70.60 

y= 6 

1) 70.00 2) 70.00 »»> 70.00 4) 70.00 3 70.00 6) 70.00. 7 70.00 8) 70.00 9%? 70.00 

10) 70.00 1d 70.00 12) 139.00 13? 70.00 14) 70.00 15) 143.00 16) 1494.00 17? 145.00 18) 146.00 | 

19) 147.00 20) 148.00 2? 149.00 22) 70.00 23) 70.00 24) 70.00 25) 70.00 26) 70.00 27 70.00 : 

2e) 70.00 
Y= 95 

1»? 70.00 ae 70.00 3) 70.00 4) 70.00 Ss) 76.90 6) 70.00 7” 70.00 8) 70.00 9) 70.00 

10) 70.00 1) 70.00 12) 79.09 13) 70.00 14) 70.090 15) 70.00 16) 70.00 a7) 147.00 18) 148.00 

19) 149.00 20) 150.60 21) 151.0C 22) 152200 23) 153.09 24) 70.00 25) 70.09 26) 70.00 27) 70.00 

28) 70200 

y= 4 
| 

say 79200 2) 70-00 » 70200 a) 70.00 o> 70.00 6) 70.00 7” 70.00 6) 70.00 ” 70.00 

10) 70.00 1d 70.00 12) ™m,.00 13) 70.00 14) 70.00 15) 70.00 16) 70.00 7? 70.00 18) 148.00 | 

19) 150.00 20) 161.00 2) 152.00 22) 153.00 25% 70.00 24) 70.00 25) 70.00 26) 70.00 27) 70.08 

28) 70.00 

Ye 3 | 

D> 70-00 2) 70.00 3} 79.00 a) 70.00 Ss) 70.00 o? 70.00 7? 70.00 8) 70.00 9) 70.08 

10) 70.00 wd 70.60 12) 79.00 15) 70.00 ad 70.00 15) 70.00 16) 70.00 17) 70.00 18) 150.00 

19) 79.00 20) 70.00 21) 70.00 22) 70.00 233 70.00 2a) 70.00 25) 70.00 26) 70.00 27) 70.06 

28) 70.00 
| 

y= 2 | 

a) 70-00 2) 70.00 a 70.00 4) 70.00 5s) 70.00 6) 70.00 .n 70.09 8) 70.00 ”» 70.00 | 

10) 70.00 did 70.00 12) 70.00 13) 70.00 14) 70.00 15) 70.00 16) 70.00 17) 70-00 18) 70-08 

54) 70-00 20) 70.00 21) 70.00 22) 70.00 23) 70.00 24) 70.00 25) 70.00 26) 70.00 27 70200 

28) 70.00 
Y= 1 

re} 70.00 2) 70-00 3» 70200 4) 70.00 $) 70.00 6) 70-00 7? 70.00 8) 70000 9) 70200 | 

100 70.00 11) 70.00 12) 70.00 13) 70.00 14) 70200 19) 70.00 16) 70.00 17) 70.00 18) 70.00 

19) 70.00 20) 70.00 21) 70.00 20 70.00 23) 70.00 2a) 70.00 25) 70.00 26) 70.00 27) 70.00 

26) 70200 

7 | 

| 
7 

Fen NER ge a Yee ee te, RRS Cope fe EE ee ot Ee en ete Sn cit beer nh) ee HER be nee eo Ine Iie an epee) En Wee 2 ee Sap DN THERA MCE itis icity so en Org oa Sige eh we ety Y raees erie Mee ERS went oe kOe rad



ca oa PO PRR SOS ETRE Pra Oe EO OTE ae Tea A ARRE g oo p R S BISS OMRRE e aL BAe Bata oo UTE Se ts emt Se RRMA CORRE BAY a 

a eee eee eee eee eee ee 

ra a wen sa to 
| Lo ’ 
| \ ’ os ‘ ) : ro : 

| 
ws : , 

SIMULATION ENITIALIZED BY RESTART FILE EXXON=CRANDON CALIBeCALIBRATION DATAs. REVISED 10/8/81 (BRACKETTD 

RESTART CONDITIONS 
: 

TIME TO BEGIN SIMULATION = 0.000 GAYS j 
NUMBER OF PARTICLES = 0 
HEADS IN FEET AT TIME 0.000 DAYS : 

y= 1 
1) 1596-61 2) 1595.85 3) 1594.35 4) 1592612 5) 1569.19 6) 1585.63 7) 1581650 8) 1576691 ~9) 1572.00 

10) 1566695 11) 1561695 =12) 1557614, 13) 1552658 14) 1548.28 =15) 1544.26 16) 1540659 17) 1537625 = 18) 1536010 
19) 1535094 20) 1536063 21) 1537638 22) :153H022 «= -23) 1539059 =. 24) 1541025 (25) 1543099 26) 1546670 9-27) 1598678 
28) 1549.83 : 

3 y= 2 . 
1) 1596.26 2?) 1595.50 3) 1593.97 4) 1591671 5) 1588.73 6) 1585.09 7) 1580.86 BY 1576012 9) 1571.04 

10) 1565081 11) 1860666 =12) 1555479 15) 1551622 14) 1546690 15) 1542687 16) 1539602 17) 1534.00 18) 1554.00 
19) 1534.00 20) 1535.48 21) 1536619 22) 15364678 23) 1537662 24) 1539622 25) 1542095 26) 1546026 27) 1548.61 
28) 1549.82 

y= 3 

1) 1595658 2) 1594.40 3) 1593624 4) 1590.91 5) 1587.84 6) 1584.05 7) 1579061 8) 1574.59 9) 1569613 
10) 1563648 11) 1857698 12) 1553004 13) 1548650 14) 1544e15 15) 1540017 16) 1537657 17) 1535.00 16) 1535621 
19) 1534.00 20) 1534.00 21) 1534-600 22) 1534.00 23) 1534.00 24) 1534.00 25) 1541615 26) 1545669 27) 1548653 
28) 1549.91 

v= 4 

1) 1594659 2) 1593.78 3) 1592.17 4) 1589.76 5) 1566056 6) 1582658 7) 1577284 8) 1572639 9) 1566632 
10) 1559688 11) 1553.66 12) 1548.78 13) 1544.48 14) 1539693 15) 1535.00 162 1535400 17) 1535600 18) 1536658 
19) 1536053 20) 1536002 21) 1555636 22) 1554690 = 23) 1554059 24) 1534000 25) 1540688 26) 1545.73 27) 1548679 
28) 1550.26 

v= 5 

1) 1593.30 2) 1592047 3) 1590.80 4) 1588.29 5) 1584.95 6) 1580.75 7) 1575.68 8) 1569.71 9) 1562679 
10) 1554.97 12) 1546.89 12) 1542684 13) 1539.61 14) 1535600 15) 1535000 16) 1537640 17) 1538.42 18) 1538624 
19) 1537666 20) 1536.99 21) 1535628 22) 1534.67 23) 1534000 «24 1534.00 25) 1541653 26) 1546045 = 27 1549088 
28) 1551.04 

v= 6 = 

1) 1591074 2) 1590688 5) 1589016 4) 1586.57 5) 1983209 6) 1576.70 7) 1573433 8) 1566687 9) 1559006 
10) 1599620 11) 1535600 127 1535000 «= 13) 1555000 = 14) 1535000 15) 153869% «169 1540008 17) 1590019 18) 1539079 
19) 1538077 20) 1536089 21) 1534000 22) 1534000 23) 1834000 24) 1538052 25) 1545069 26) 1547.98 ° 27) 155007 
28) 1552622 - 

vz 7 7 

yee SSA Ese SEAM Ts se ke LE ee ret Bete te AL Ve Died SS pat all ed Saw LY tno). hort Sen a eeag hd REE CIN Ee A UE sere d= apre Se SN aoe a 2



OES EU PED CEATDA SSI 20] PRESS RES is EE RE RY eS AE Se (aug a See er eee 
a Ee SS eS eS ee ee ee ee ee ee 

| 
: 

1) 1569.94 2) 1569.06 3) 1587.30 4) 1584064 5) 1581.06 6) 1876052 7) 1570.96 8) 1564.28 9) 1556.30 
10) 15460667 11) 1535000 12) 1536.96 15) 155He21 142 1890.10 15) 1591015 16) 1541087 17) 1541097 = 18) 1541045 | 

| 19) 1540622 20) 1537672 212 1534.00 «= 22) 1585651 299 153737 299 1541628 28) 18A5.7S 26) 1549088 = =—27) 1982652 
| 28) 1553672 ; Comey 

y= 6 i 4 i ‘ F 

| 1) 1587692 2) 1587.03 3) 1585.23 4) 1582.52 5) 1578.87 6) 1574.25 7) 1568.62 8) 1561690 9) 1554.06 | 
10) 1545.09 11) 1555000 12) 153he13 1S) 1540086 «149 1542605 15) 1543409 16) 1543675 17) 154506 18) 1545052 
19) 1842013 209 1539060 217 1534600 22) 1535655 23) 153761 «=. 24) 1542639 259 1547626 26) 15514629 27) 1554010 : 
28) 1555653 

ye 9 3 

1) 1985.70 2) 1584.79 3) 1582.98 4) 1580.24 5) 1576656 6) 157191 7) 1566024 8) 1559.54 9) 1551.87 
10) 1543651 11) 1535000 12) 1539.71 13) 1541692 14) 15493662 15) 1544689 16) 1545668 17) 1595687 18) 1545534 
19) 1543086 20) 1540680 21) 1534.00 22) 1534600 23) 1534.00 24) 1542653 25) 1548654 26) 1553612 27) 1556015 ? 
28) 1557667 

v= 10 ‘ 

1) 1583628 2) 1582657 3) 1580.55 4) 1577.81 5) 1574613 6) 1569.48 7) 1563.80 8) 1557.06 9) 1549028 | 
10) 1540697 122 1535.00 12) 1590.25 13) 1542092 14) 1545603 15) 1546663 162 1547.66 17) 1548.08 18) 1547679 
19) 1546668 20) 1544.04 21) 154251] 22) 1558687, 23) 1534.00 24) 1543.28 . 25) 1550.34 26) 1555.38 27) 1558063 
28) 15606235 i i 

ye 11 i : | 
1) 1580.66 2) 1579.75 3) 1577094 4) 1575.21 5) 1571.57 6) 1566096 7) 1561633 8) 1554651 9) 1546012 | 

10) 1535600 11) 1535-00 12) 1540638 15) 1543682 14) 1546.40 15) 1548636 16) 1549471 17) 1550.47 18) 1550.57 
19) 1549.95 20) 1548.55 21) 1546428 22) 1542638 239 1534.00 24) 1545.56, 25) 1553.07 26) 1558634 27) 1561066 | 

: 28) 1563628 i | 
v= 12 : | 

1) 1577685 2) 1576694 3) 1575614 4) 1572644 5) 1568-86 6) 1564658 7) 1558.94 8) 1552043 9) 1544.57 
10) 153500 11? 1536664 12) 1541681 13) 1545602 14) 1547.81 15) 1550008 16) 1551680 17) 1552696 18) 1553052 
19) 1553650 20) 1552686 21) 1551666 22) 1549691 23) 1548642 «24 1550.00 25) 1557.12 = 26) 1562014 = 27): 1565031 
28) 1566089 

v= 13 
1) 1574.85 2) 1575.98 3) 1572013 4) 1569.46 5) 1505.95 6) 1561.64 7) 1556.54 B) 1556.60 9) 1543.64 

10) 1535600 11) 1535.00 12) 1547.36 13) 1546.01 14) 1599.16 15) 1551479 16) 1553.99 17) 1555446 =: 18) 1556653 
19) 1557010 | 20) 1557623 22) 1557606 22): :1556.8$ 23) 1557619 =. 24) 1554000 = 25) 1562018 =. 26) 15664670 «=. 27) 1569049 
28) 1570.83 | 

y= 14 
1) 1571665 2) 1570472 3) 1568.89 4) 1566620 5) 1562674 6) 1558.60 7) 1553687 8) 1548.69 9) 1543-28 

10) 1538602 211) 1535600 12) 1542.85 13) 1546689 124) 1550690 15) 1553.42 16) 1555.92 17) 1557695 18) 1559.52 
19) 1560666 20) 1561696 21) 1562.06 22) 1562669 23) 1563665 24) 1565-00 25) 1568479 26) 1571290 9-27) :1574,00 
28) 1575-06 

v= 15 
1) 1568628 2) 1567631 3) 1565040 4) 1562.63 5) 1859.12 6) 1555.04 7) 1550.54 8) 1545.93 9) 1541065 3 

10) 1537669 11) 1555.00 12) 1595.18 15) 1547.62 149 1551048 15) 1554688 16) 1557681 17) 1560-28 18) 1562032 
19) 1563698 20) 1565633 21) 1566651 22) 1567669 = 23) 1569412 = 24) 1571400 25) 1575400 26) 1576699 27) 1578047 
2e) 1579-26 

v= 16 7 

1) 1564679 2) 1563.74 3) 1561066 4) 1558.68 5) 1554.98 6) 1550079 7) 1546024 8) 1541672 9) 1538.62 | 
10) 1535600 11) 1535600 12) 1543662 13) 1548613 14) 1552637 15) 1556014 167 1559656 17) 1562647 18) 1564094 
19) 1567604 20) 1568682 21) 1570040 22) 1571094 23) 1573.58 24) 1575.59 253 1580.00 26) 1584.48 27) 1582.54 | 
28) 1583013 | 

ys 17 
1) 1561626 2) 1560.07 5) 1557674 4) 1554.36 5) 1550022 6) 1545682 7) 1540679 8) 1535-00 | 9) 1535.00 

10) 1535e00 11) 1539e33 12) 1545089 137 1548659 24) 1553.15 15) 1557636 16) 1561409 17) 1564639 18) 1567034 
19) 1569e86 «209: 1571099 «=. 21) 157Seb7 «=. ZD_-1575e56 «257 1577017 «=. 24) 1578099 = «=—25 9 1579024 «= 2) 1585628 = 27) 1885099 
28) 1586.50 | 

yz 18 
1) 1557682 2) 1556.46 3) 15955075 4) 1549671 5) 1544.60 6) 1540.38 7) 1535-00 8) 1535.00 9) 1535.92 

10) 1535600 11) 1558664 12) 1543651 13) 1548058 149 1553.64 15) 1558057 16) 1562.59 17) 1566.31 18) 1569651 : 
19) 1572035 202 1574.80 21) 1576692 22) 1578.76 «239 1580043 24) 1582002 289 1562.02 26) 1587.29 27) 1588.52 
28) 1589027 | 

ye 19 |



Prt ae te. 2 er hheheh thes) Be nia)» snrdemeall —uneneee |  iu—~ehebwm=—~n| - j.. (> --i=ai-————, 
Poon eet ere ee Tea: Oe Or EU PipgamacpescenereeresremeranmrintOre RIEL Reread AREER AL 5 eee DOME 

nmeRmReeE He eee ewe eS eS eee eee Se ee 

. ; 

1) 1884.62 2) 1553410 3) 1550.00 4) 1545.02 5) 1557200 6) 1535.00 7) 1835.00 8) 1535.00 9) 1537.57 | 

10) 1537072 119 1537600 129 1542025 13) 1948607 149 1554.02 15) 15596490 16) 1964.07 17) 1568610 = 18) 1571655 

19) 1574055 20) 1577026 219 1579055 22) 1581086 25) 1883019 «249 18H4OS «=—.25 9 1586662 «= 26 1586.95 = BT) 1598645 : 

26) 1591669 ‘ : 
| y= 20 
: 1) 1551.85 2) 1550.25 3) 1547.00 4) 1542026 5) 1537.09 6) 1538.60 7) 1538.85 8) 1537200 9) 1538.97 

| 10) 1540067 11) 15414608 12) 1540690 13) 1846695 14) 1554446 = «15 1560666 = 16) 1565669 =—«17) :15694AB = 18) 1573689 

19) 1576063 20) 1579241 219 1591678 22) 1585072 23) 15856490 24) 1586696 25) 1588454 26) 1589-60 27) 1590602 | 

28) 1594.26 ; 
y= 21 

1) 1549460 2) 1847.87 3) 1544.41 4) 1539200 5) 1536.00 6) 1541.08 7) 1542610 8) 1541667 9) 1540.60 

10) 1544021 12) 19454691 12) 1546619 13) 1585000 = 14) 1555478 15) 1562659 16) 1567666 = «179 1571486 = 18) 1575.41 

19) 1578051 20) J5AL)32 - 21) 15H8Se7L 22) 1585456 239 15R7610 «24 1588639 25) 158964G =. 26 1590615 =. 27) 15906018 

28) 1595.75 
Y= 22 

1) 1547.99 2) 1546413 3) 1542.66 4) 1539600 5) 1542606 6) 1544.46 7) 1596001 8) 1546077 9) 1547.47 

10) 1549664 11) 155t652 12) 1555017 13) 1555638 199 1560665 15) 1565675 16) 1570614 = 179 1574400 = 18) 1577637 

19) 1580.33 20) 1582699 217 1585634 22) 1587-06 25) 1584.92 24) 1589044 25) 1590015 26) 1590654 27) 1590684 

28) 1596610 
y= 23 

1) 1547613 2) 1544.90 3) 1540.00 4) 1540.90 5) 1549.86 6) 1547677 7) 1549674 8) 1551625 9) 1552074 

10) 1554.63.11) 18564665 12) 1558.82.13). 1864097 14) 1565614 15) 1569205 16) 1572676 =—:17) 1576420 = 18) 1579629 

19) 1582609 20) 1584-657 21) 15AGe TL | «229 1588429 2S) 1589292 =. 24) 1590018 =. 25 1590660 =. 26) 1590676 =. 27 -1590676 

28) 1595037 
ve 24 

‘ 

1) 1547641 2) 1945.25 3) 1540.00 4) 1544.66 5) 1548.20 6) 1551.02 7) 1553.18 8) 1555011 9) 1556.98 

10) 1558090 11) 1560697 12) 1563623 15) 1565682 14) 1568.85 15) 1572008 16) 1575626 17) 1578634 =) 1581-20 

19) 1583.76 20) 1586602 21) 1597.90 22) 1589430 23) 1590620 24) 1590664 25) 1590672 26) 1590665 27) 1590.65 
26) 1593254 

Y= 25 | 

1) 1946676 2) 1947652 3) 1545.00 4) 1548.52 5) 1551044 6) 1554.03 7) 1556636 8) 1558647 9) 1560654 

10) 1562654 119 1504663 | 12) 156be%6 18) 1569629 14) 1571694 15) 1574679 16) 1577664 17) 15806491 =: 8) 1563.00 
19) 1585.30 20) 1587653 | 21) 158B697 22) 1590618 25) 1590678 = 24) 1590.88 25) 1590-56 26) 1590410 = 27) 1590.00 
28) 1590.61 

Y= 26 
. 

1) 1550.26 2) 1550.90 3) 1550.01 4) 1552.06 5) 1554.50 6) 1556680 7) 1559.06 B) 1561426 9) 1563.38 
10) 1565649 129 1567667 12) 1569286 = 1S) 1572012 14) 1574658 15) 1577019 = 169 1579480 =—179 1582633 18) 1584667 

19) 1586675 20) 15KH652 21) 1589640 22) 1590067 =. 252 1591625 24) 1590046 «25 1590607 26) 1588480 §=—2 7) 1587200 
28) 1588.55 

Y= 27 < | 

1) 1550.91 2) 1550.00 3) 1552628 4) 1554.50 5) 1596.87 6) 1559016 7) 1561.35 8) 1563.59 9) 1565-78 
10) 1567093 ALD 157001 «12? 1572627 = 139 157494 = 14) 2576679 «= 15) 15794627 «16 ASB8l)e71 17) 1584605 16) 1586016 
19) 1588.04 20) 1589658 219 1590679 22) 1591055 23) 1591072 24) 1591.02 25) 1589.58 26) 1587.50 27) 1585.00 
28) 1586034 

Y= 28 

1) 1551.56 2) 1551.00 3) 1553.53 4) 1555.94 5) 1558.39 6) 1560079 7) 1563012 8) 1565635 9) 1567674 
10) 1570600 11) 1572615 12) 157415 15) 1576629 14) 157R062 = 5) 1582000 16) 1583632 17) 15854498 18) 158704 
19) 1589011 20) 1590694 21) 1591647 22) 1592017 23) 1592013 = 24) 1590094 25) 1588680 26) 1586633 27) 1883200 
28) 1589.57 

| 

Y= 29 
: 

1) 1551008 2) 1551.00 3) 1553.70 4) 1556.36 5) 1559-00 6) 1561.58 7) 1564.07 8) 1566.39 9) 1569.07 
10) 15716354 11) 1575040 12) 1575497 13) 1577666 14) 1580.01 15) 1582034 16) 1584-62 17) 1586666 18) 1588649 
19) 1590.00 20) 1591616 21) 1592012 22) 1592666 = 237 1542054 24) 1590060 = 25) 1587484 26) 15BSet 27) 1582000 
28) 1583.27 | 

y= 30 . | 

1) 1549077 2) 1550.00 3) 1552474 4) 1555.73 5) 1558.63 6) 1561643 7) 1564612 8) 1566.67 9) 1569.56 
10) 1571693 12) 1574-06 12) 15764618 23) 15764648 182 1580.94 15) 1583629 16) 1585.58 17) 1587662 18) 1589.28 

19) 1590069 20) 159teB8t 229 1592658 22) 1592092 239 1592637 = 24D 1590029 =H 1586654 26) 1583628 =—27) 1580000 

28) 1882015 | 
y= 32



mRHmRe we ee wee En ee we He EF He FS EF 
{ , 

: | | 

| . | | ? | 
| | 

| 1) 1547.13 2) 1545.00 3) 1550.34 4) 1554.06 5) 1557.24 6) 1560628 Td 1563624 8) 1566406 9) 1569.03 . | 
10) 1571474 11) 1574602 127.1576033 13) 1576074 14) 1581625 15) 1583074 16) 1586017 17) 1586628 18) 1589.94 
19) 1591628 20) 1592.32 21) 1552688 22) 1592.87 23) 1591.87 24) 1589.12 25) 1584.82 26) 1580600 27) 1580.00 
28) 1582.06 : 

y= $2 ; 
1) 1595.53 2) 1544200 5) 1548622 4) 1551661 5) 1554.78 6) 1558.08 7) 1561635 8) 1564.49 9) 1567657 

10) 1570652 11) 1575414 12) 1575668 15) 1578629 14) 1500600 15) 1500600 16) 1500.00 17) 1500.00 18) 1590.58 
19) 1591092 20) 1592679 21) 1595006 «= 22) 1592655 25) 159064667 «242 1587666 25) 1583692 «= 26) 1520200 827) 1581069 
28) 1582.95 : 

y= 35 i a f ‘ ' 
1) 1594.54 2) 1545.00 3) 1545.52 4) 1597298 5) 1550686 6) 1554.58 7) 1558.37 8) 1561-93 9) 1565025 

10) 1568.44 11) 1571657 12) LD7T4e17 = 15) 1577000 = 14) 1578694 =) 1582695 16) 1586019 «179 1589206 18) 1591.09 
19) 1592652 20) 1593.25 21) 1595422 22) 1592615 23) 1589682 «=24) 1586657 «259 1582650 26) 1580.00 27) 1582.71 
26) 1583.99 

y= 34 

1) 1543640 2) 1542.00 3) 1541636 4) 1542642 5) 1544.68 6) 1549.61 7) 1554.25 8) 1558.19 9) 1561669 
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24a IFLAG = 9 

> 245 TF CNDATPR(S)6GEe1DCALL OUTPUT CTIME SNUMTT9E sEMAXD e | 

246 TF CNOATPR (4D .GE oD ICALL OUT2K (Le TIME SNUMIT 9E yEMAXD Bion : 
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Bred . 

be WRITE (692015) TUNITSLUNIT 
4 

69 2015 FORMAT(/17X%e"--- UNITS ---"// 
: OO —— —————— 

70 1 SXo"TIME UNITS = “yA4e5Xe "LENGTH UNITS = "eAS/) 

» ua : 
® 

1? REAL (591020) DXeD¥ NX oNYeTSTEP eTIMMAX SPARTVL 

13 1020 FORMATC2F10.0e2110935F 10-0) 

> 7a IF(COF(S) et. 0) GOTO 900 
e 

m» WRITE(6 92029) LUNITaDXgLUNIT + OV oNXoNVoTUNET oTSTEPOTUNIT? a 

Ie * TIMMAX sLUNITsPARTVL 
ao 

4 v7 2020 FORMAT(/19X9"--- PROBLEM DEFINITION ---"// D Be tee 

76 © 5X eGRID SPACING IN X CIRECTION (AG oe") % 91SX9%OX =P oF 10027 g : 

79 * 5XeGRID SPACING IN Y DIRECTION C*eA4et DP oLSXe*DY =P eF 1 002/ —_——___—- 

> 80 * SXe*NUMBER OF NODES IN X GIRECTION*s19X9*NX =%e110/ 2 

Hd *® 5X —*NUMBER OF NOCES IN Y DIRECTION 9 19X9* NV =%o 1107 

#2 # SX *TIME STEP CP pAY et D Ma SOXEPTSTEP =P 9F 10027 

» a! © Se PMAXIMUM RUN TIME CAG 9) Mo 25K 9° TIMMAX =P 9F 10027 2 

na © SX e*PARTICLE VOLUME (CUstyA4 eth y20Ky"FARTVL =% oF 1004) 

nS READ (5 91021) 0XPAR sUYPARgNXPAR oNYPAR @KELIM . 

> At 1021 FORMATC2FLIO60¢2T10012) 
® 

a WRITE (692021 LUNTT 9 UXPAR LUNI T of YPAR gNXPAR gNYPAR 
ne 2021 FORMAT(/ 

> ay © Se SUPGRID SPACING IN X DIRECTION (%eAGetD%¥9Xe 9 OXPAR =" oF 10007 e 

20 # Sk e*SUBGRID SPACING IN Y DIRECTION C%ohay td 9 o9Xe*QYPAR =" 9F 10007 

a1 «© 5Xy*NUMBER OF VODES IN SUBGRIO X CIRECTIONT SBXe*NXPAR =" yl 0/ - eT 

; 2 # SX, *NUMGER OF NODES IN SUBGRIO Y OIRECTION*s8Xe*NYPAR =%s 110) >= s 

95 IF(KELIM*LE.0) GO TO 70 
94 WRITE (692022) KELIM 

e 

as Go TO 75 
» 96 70 wRITE(692023) KELIM 

® 

97 2023 FORMAT(SXs PARTICLES ELIYINATED ON PRINT STEP%yl2Xe*KELIM ="eI1O/) 

? 98 2022 FORMAT(SXy*PARTICLES ELIMINATED ON TIME STEP oI 5Xe*KELIM =" eT 10/9 r) 

99 75 READ (Se 1025) ISFEDeMTYPEs MAXI Te TOL pOUTFRUe(NDATPRUL) o1=19 1009 

100 1 IMEDINe LHENOT 

191 1025 FORMATCSIL0eF10-091110e101192110) 
8 Leo 

192 IFCEOF (5) oNE. 99 GOTO 900 = Hing : 

103 IF(MTYPE «EG. 0-.OR- MTYPE .EG. 1) GOTO 920 
toe : 

eo 104 WRITE (6 9c025) ISCEDeMTOEMTYPE) oMTYPE yMAXIT@LUNIT TOL SOUTFROe :. - 

105 1 (NDATPACTD LER gL 0) ¢ENEDINGTHEDOT 
: 

106 2925 FORMAT ( 
' 

® 197 © Sk e*RANDOM NUMBER*, S3Xe*TSFED =e yflO/ 
e 

108 © SKe*MODEL TYPE 2 See TXo*MTYPE =P ol 10/ 

109 2 Sky "MAXTMUM INTERATIONS PER TIME STEP o1SXo*MAXTT =" eT O/ 

e 110 © SK eM TTERATION TOLEXANCE Chobe dF e22xetTOL 2% oF 10607 e 

iit © Ske *FROQUENCY OF OUTPUT (NO. OF TIMESTEPS)%e/Xe*OUTFRG =*o110/ Sciniciicecteniaicia 

112 * Ske*PRINTOUT OPTIONS (SEE DETAILS ACLOWD* eIXe*NDATPR = ol O11 

’ 113 * Ske @RESTART CONOTTION READ FROM FILE NUMBER* vOXe* IHCOIN =*e 1107 Do a, Boy 

114 * SxX_*RESTART CONOTITON WRITTEN TO FILE NUMBER IHCOOT =%yTL0/) 

o 
e 
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SUGROUTINE INPUT Ta/175  OPT=0 FIN 5.09508 BI/12/07+ 12015058 PAGE 3 egy | 
@ metre 

V15 WRITE (692200) 
. 

een te een 

, re 2200 FORMAT(/EX9*--- PRINTOUT OPTIONS ---%9350X9 "SELECTED?" e 

vi? 00 150 MPROPT=1010 

ie NANSC(NPROPT)="NO & 

» 119 IF CNDATPRONPROPT)6GE el) NANSUNPROPTI=*YES® 
e 

120 130 CONTINUE 

2% WRITE C6 e2210) CNANSCNPROPT) eNPROPT=1L010) 

a 122 2210 FORMAT(S 
e.. | 

12:5: *5X—e9DUMP HEAD» KOTTOM AND MATERTAL TYPE ARRAY VebXe AS 
bs 

124 *5X,°DUMP HEAD ARKAY GN PROGRAM GENERATED ABORT YebXe AS ° : ee tt . 

125 *5Ke"PLOT HEAD MATPIX»s 20 COLUMNS PER PAGE "OX AS 9 lal 

leo Sx etPLOT HEAD MATRIXy 1 INCH TO 2000 FEET SCALE TeX e AS rwre—7_—_—_—_——— 

le? ©5Xe"*PLOT CONCENTRATION MATRIX» 1 INCH TO 2000 FEET SCALE* 6X0 AS 

> woe eoXe "PLOT SYMEOLIC ACTIVE AND GOUNDARY PARTICLE SUMMARY %e6X—A/ e 

129 *SXe*PRINT DETAILED PARTICLE COUNT 3Y CELL TeOXe AS 

150 *5X—e"PRINT CFETAILED GRADIENTS BY CELL e6Xe AS 

> rst *OXe* PRINT LTCRATION INFORMATION FOR FINITE OIFFERENCE *SEXd AS e@ 

132 *SXetPRINT SYMPOLIC CONCENTRATION CONTOURS (SUBGRIO) OXeAS) Bilrcemererapamured 

135. c 
wey * 

1s4 c READ OCEFAULT VALUCS 
. 3 we Mende wr 

135 c ‘ 
Sen cea REE 

: 136 WRITE (692026) 
ee 

9 1s? 2026 FORMAT(//5X9"--- DEFAULT VALUES oonn) 
e ¢ 

156 READ (591027) HEAD CL oT oHOTCL ol oMATLELe LP oTHICKEL old 

43% 1027 FORYATC2F1O+0eT10eF 1065) 

» 140 IFCEOF(5)-NE.0) GOTO 900 
e 

14) WRITE (602027) HEADCL og LP QLUNIT GOT CL o1) LUNI ToMATLO Lol)» 

142 e THICK(1e1) eL UNIT . 

> 14s 2027 FORMAT(S/ 
e@ 

144 * 5x e "GROUNDWATER HEAD ELEVATION =" oF LOe Oe XeA4/ ‘ 

145 . Sxe*BASE OF AQUIFER ELEVATION SP oF LOeDelXeAa/ 

> 146 © Ske*4ATERTAL TYPE =*sT10/ e@ 

147 ™ Si e*AQUIFER THICKNESS S* oF lL Oe Sol XoA9d 

148 Cc 
m: ee ace 

149 c ‘ 9 fey. | 

150 c FILL IN DEFAULT VALUES IN ARRAYS 
: 

19h Cc 
mei & ork = 

152 DO 1d T=leNXx 

> 13 DO 10 J=leNy 
e 

194 00 8 L=leNL 
155 HEADCT + JI=HEADC1 91) 

» 156 GOTCLe J? =80TE1 eI) 
e 

157 MATLOUTo JD=MATL O19 1D 

158 THICK CL J) =THICK CL 9 DD 
e a Ge 

= 159 8 CONTINUE 
= ‘ 

160 10 CONTINUE 
i 

161 15 CONTINUE 
; 

2 162 c - e 

es c READ INPUT BLOCKS : . 

164 c 

® 105 30 CONTINUE 
@ 

low READ (592035) OBLOCK 
e 167 2033 FORMAT(A4) 

e 

168 LFCEOF (5) eNC60) GOTO 900 
169 c SEARCH FOR PROPER BLOCK 

coe a 

j 170 IF(DBLOCK e€056 "HEAD"? GOTO 45 
@ tat aie Sh : 

i. IF(DBLOCK .£G. "BOTT"? GOTO 160 i ae | 

1 

z ; 

| 3 
e | 
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a 

QM wt ok 

112 LFCCRLOCK «Ca. "MATE"? GOTO S00 : _—_ 

> £38. TFCOPLOCK ef Oe "LEAK"? GOTO 250 
@ 

174 IFCOELOCK e£9. "TYPE"? GOTO 200 

15 IFCDALOCK .£0. "THIC™) GCTO 400 
» 176 IFCOBLOCK .fG. “FNO ") GOTO 400 

e 

LIT Cc UNKMQYN SLOCK NAME 

178 ERRCON = 104 

a 179 GoTo 916 
i 

1890 é 
9 © 

81 (none n nnn n nn nn nn nnn nnn ne nn nnn nnn nn nnn nner n enn n ne HR wha ” 

162 Cc 
Z . 

143 c 
2 

184 c READ INITIAL HEAD VALUES 

148 c 

» lhe 45 CONTINUE 
e 

KT WRITE (692034) 

> 1h 2034 FORMATC//9X_"%--= INITIAL HEAD VALUES ---"/) 
@ 

rag c 
1 -—-- + . 

10 L30 
tome, wd 

. wh TRCMTYPE oNC. 1) GOTO 47 g rears eS 

192 READ(Se1056) LAYER 
| 

les 1056 FORMAT(AS) 
meena 

, 194 ITF(LAYER e€Q6 "UPPER") L=1 
@ - 

185 TFCLAYER .£0. “LOWER™) L=2 : 
196 IF(L eNEs 0) GOTO 47 

2 LOT ¢€ UNKNOWN LAYER 
e 

158 ERRCOOD = 165 

199 GOTO 910 

200 47 CONTINUE 

® eo IFCL e€G. 0) L=MTYPF <1 
® 

2927 IF A(MTYPE «£G6 1) WRITE (602056) LAYER 

> 2cs 2036 FORMATO/S5X 9% --= MeASo™ LAYER --="/) 
e 

zoe c 
ee 

20s JENY 
- ° 

i 20h S50 CONTINUE 
3 ae ma 

207 IF(JsLT.1) GO TO 60 
26 REAGCS 41035) CPTEMPCID 9 T= 9 NX) coomeckiod 

. 209 1035 FORMATCHFI0O.O) 
e 

210 IFCEOF (>) oNE. 0% GOTO 900 

au NO od L=1lyNX 
‘ 

2 212 TF CPTEMP CT) »NC20) HEADCT eJ=PTEMPOL) 
e 

21s 95 CONTINUE 
ate WRITL(G 42085) CMEADCIT 9d) o TEED NX) ements a 

215 2035 FORMATOC5SX915FB.29/) 
e.- . , : . 

216 c 
eo 

217 JeJ-l 
1a oy 

218 co 10 50 
ee 

* 219 60 CONTINUE ® 

220 GO TO 30 : : 

221 100 CONTINUE 
| 

® 222 c 
e | 

ees c READ BOTTOM VALUES 
, 

224 Cc 

® 225 160 CONTINUE Oe 

226 WRITE (602060) 
Se - 

) 227 2060 FORMAT(//5X9"%=-= BOTTOM ELEVATIONS ---"/) go 

228 c i : | 

o 
e : 

x j : 

; cali ee ne EOE OE EO ree eecte nes. On oe cr ee | 
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, 
Qe tae ora rem RS 

229 L=0 
> “50 IFCMTYPE eNE. 1) GOTO 162 

e 

Pa READ (591056) LAYER 
232 TFCLAYER 60. "UPPER? L = 1 

| 

? ess LFCLAYER e£36 “LOWER™) L = ? 
e : 

os IF(L eNEe 0) GOTO 162 
235 ERRCOD = 195 

e 256 GoTo 210 
a. 

237 162 CONTINUE 
ue *e | 

ese IF(L e£Q6 0) L = MTYPE -2 
weg cn co hes gs | 

239 IFOMTYPE o£0. 1) WRITE (602036) LAYER 
> °° . | 

240 J=NY 

eV 

aan 165 CONTINUE 
: 

’ 242 IF(JeLT.1) GOT 170 
® | 

245 READCS¢1009) CFTEMP CTD sT=LyNx? 
| 

244 1065 FORMAT(CBFIO.0) . 

245 IF CEOF (9) eNF 20) GOTO 900 
| 

> 246 DO 167 T=beNx 
e , _ 

2ar TF (PTEMPCTDeNE SOD BOTT 9) =PTEMPUTD 
et | 

248 167 CONTINUE 
: teach 5 ice ia 3 

249 WRITEC6s2005) CHOTCE Tedd oI T= 19NX? 
aE me = | 

250 2965 FORMAT (SY 91 SFAL2I/) 
eee 

51 JeJ-1 
: | 

» 252 GOTO 165 
4 

253 170 CONTINUE 
254 soto 30 

| 

. 25 c 
® 

26 c READ MATERTAL TYPE MATRIX : 

ay e 

> 258 200 CONTINUE 
® | 

ps9 WRITE (692075) 
> a) 2075 FORMAT(S/95Xe%--— MATERIAL TYPE MATRIX ---"// e | 

261 AZSXeMCELL NUMPFR IN KX NIRECTIONT/ 
F 

2b2 DIK e*CELL NUYSER MeOH a PTO LIX FQN = Serre ane aT | 

‘ 2658 SIxe?Y DIRECTIONS TXer(* 125456 7THVTONFLT2S4S6T BY © a= : : | 

264 MIKE LL OMH 9D BAVSD EMM OITD 
ay a | 

265 c 
weeseene: uae | 

Mn L=0 
6 DoT IF(MTYPE eNEe 19 GOTS 205 

®e 

2668 READ (501056) LAYER 

? 269 IFCLAYER of06 “UPPER™) Ld : 2 

270 IF (LAYER eG. “LOWER™) L=2 
271 IF(L NE. 09 GOTO 265 
272 ERRCOD = 195 

2 a 

273 GOTO 910 
* BS, 8 

274 205 CONTINUE 
Bk ow | 

e 275 IF(L o€9- G) L=MTYPE=1 
eu | 

276 LFCMTYPE o€Qe 1) WRITE (622036) LAYER 
| 

277 J=NY . 
+ 

278 210 CONTINUE 
| 

, 219 IFCJeLT.1) GOTO 220 
e ; 

2h0 READ(S, 1060) CITEMP CED gL =LyNX? 

2 aan 10860 FORMATCBOLL) 
e | 

242 IFCEOF(5) «NE» 0) GOTO 900 
| 

ens DO 215 I=19Nx 
ae 

, 24 IFCITEMPCD) oNEs OD MATLOT od D=CTTEMPCT)D DO meta el: | 

a 265 215 CONTINUE 
Hy 

a 
2 
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» 
arenas sce maton 

286 WRITE (692080) JoCMATLOTD oJ) gL T= eNx? ee 

eu7 2080 FORMATC4XsT2e14Xe2612) 
, ake Jtdel 

9 

200 GOTO 210 
290 220 CONTINUE 

, 201 GOTO 30 
° 

292 c 
a 225 c READ LEAKAGE HISTORIFS 

a: 

294 c 
i ad 

295 250 CONTINUE 
a me 

296 WRITE (692089) 5 ) . . 

297 2085 FORMAT(//5X_"=-= LEAKAGE HISTCRICS ---"/) : PO — 

298 c 
209 NLEAK = 1 

, 300 c 
® 

sou c START LEAKAGE HISTORY LOOP 
S02 € 

> 503 255 CONTINUE 
e seemecmncna 

304 READ (591090) NUMPNLPTONLEAK) #NNOUESCNLEAK) - 

395 IF(LOF (5) eNE. 0) SOTO 200 
gocentphes see 

506 1990 FORMATCSIIG) 
. . 

5oT IF(NUM «LE. 92) GOTO 270 
aa aaERRREREEREI 

> 508 NN = NNOLES(NLEAKD 
e 

309 WRITE( 692090) NUMPNLPTINLEAK) @NNGUESCNLEAK D 
310 2990 FORMATU//oSXs"HISTORY NO" oI Sy SXe"NOe OF LEAKAGE CURVE POINTS ="9 

Su 1 T595Xe"NOw OF NODES ="9I5e/) e 

, 512 c 
Sis NLP=ALPTUNLEAKD 

> 514 READ (591692) CTMCNLEAK 9 IR) @RATECNLEAK TRIG TR=L9NLPD e 

315 1092 FORMAT(2F10.9) 
316 LFCEOF (5) ¢NE*99GO TO 900 

> SAT c 
e 

sia WRITE (602092) TUNTToLUNI Ty TUNIT » CTMONLEAK 9 TR) @RATECNLEAK 9 IRD 9 
419 . TR=19NLPD = oe 

, $20 2092 FORMATCLOXe "LEAKAGE CURVE™/5X e340" 710K M TIMED LEX a MRATENS e:: oo 

$21 1 Qe TEMA DTA LOX eM ECUS Me AVe PSM oAGe MDOS 

$22 2 (OK oF LDS 2 LIXeF 10629) aa 

> 323 c 
e 

S24 READ (591995) CNODCSCNLEAK e Tol) ¢NODESCNLEAK 9192) oL=L9NND 
$25 1095 FGRYATC2014) 

2 326 IF (EOF (5) eNE. 09 GCTO 900 e 

32? WRITE (6 e2095)NUMs (NODE SCNLEAK s To) pNODESCNLEAK 9 To 2) 9 =2 end 

528 2095 FORMAT(AIXe "NODAL COORDINATES OF LEAKAGE FROM SOURCE* ®IS// 

$29 * 5Xkel2e" Ko ¥ 7 
9 — 

330 . CoG LACT Set ato hSe SKI) - Sey 

su c CHECK FOR VALID LEAKAGE HISTORY ie Z 

582 DO 260 NLK=16eNLP 
a . 

© 335 IFCNLK*EQ619G0 TO 260 
° 

334 MLK = NLK-1 
. 

> 355 TE CTY ONLEAK 9 ULK) oGToTMENLEAK @MLKIIGO TO 260 e 

336 WRITE (692096) 
$37 2096 FORMATCISXs"*FATAL FRROR LEAKAGE CURVE 
S36 1 TIME AXIS ERROR*#"/) 

® 539 c 7 eT 
3an 260 CONTINUF 

~ . : 

sa c 
542 c 

do. 4d . 

e 
e 
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ae 
@ age qgauempreminaume- 4. 

ses NLEAK = NLEAK ¢ 1 

- 

> saa GOTO 255 

@ 

345 c 

| $46 c ENO INPUT, LOOP 
| 

| 

| 

407 c 

| 

? san 270 CONTINUE 
° | 

zaa NLEAK = NLEAK - 1 
| 

e $40 GOTO 30 
. | 

sor © 
e : | 

382 c READ MATERIAL TYPE DEFINITION 
Bee © - 

358 c 
> he a 

So4 200 CONTINUE 
ii niin | 

os WRITE Cos 23500) LUNTT ys TUNIT@LUNIT eTUNITLUNIT sLUNIT 

> 356 2300 FORMATOS/9X 9 %--- MATERTAL TYPE DEFINITION ---"/7/ 
9 

557 * TTX, *LONGITUDINAL TRANSVERSE? 

| 

fun #19 Ke PERMEABILITY 620K — RECHARGE "ol BXe 3 
: 

> 309 © "DISPERSIVITY OTSPERSIVITY®/ 
e : 

569 * 9X%,*NUMBER Cheha h/Po AAG STORATIVITY (CUs*» 
_ _ _. 

Sol # AGS ASOD POROSITY CAG MDM ye LOX EPs 
- 

. 562 + Aaet) RETARDATION*/) 
i @ x egies 8 diel 

S63 Cc 

wa 2 3 

t64 NMAT = 1 

rrr 

» 365 310 CONTINUE 

e 

ton READ(5e1510) ;UM eK ONMAT) @SONYAT) RE CUMAT) pPORCNMAT) VOLINMAT IG 

£67 . DT ONMATI ART 

» Suk 1S10 FORMAT(T1I0g7E1062) 

e 

69 IFCEOF (5) eNE. 99 COTO 900 
| 

$70 IF (NUM .fQ. 9) GOTO 350 
. 

| 

srt Cc 

; 

a 372 IFORTeL E2000) RT=1-0 

® 

373 c 
> S14 WRITE (6¢2510) NUM SK ONMAT) @SONMAT? @RECNMAT) @PORCNMAT D9DLONMATD 9 

e@ « 

375 1 CTONMATI ORT 

37h 2310 FORMAT(SX eT 109 3C5X 96 10622 9204 Xo 1003) sOKSEL Oe Se OXVE 10-5) si 
SS RENE . 

sur c 
' z. . | 

’ 578 ACNMATD = 060 
° | 

419 LF(POR(NMAT) oGTo 0) ACNMATD = KONMATDATSTEPS(PORCNMAT DORTD 
ae _ | 

Sho c 

’ SAL NMAT = NMAT ¢ 1 

@ 

3a? GOTO 310 
£63 c 

; | 

: Sha 350 CONTINUF 
® : 

365 NMAT = NMAT - 1 

3he Goro 30 
ooo 

367 c 
- é ! 3 | 

388 c READ IN THICKNESS ARRAY 
Prose. j . 

$69 c 

Al | 

* 390 400 CONTINUE 
° : 

391 @RITECS +2410) LUNTT 
¢ 

> 542 DAL0 FORMAT(//5Xe%==-AGUIFER THICKNESS (*yAGe")=-=") 
e 

593 C 
394 J=NY 

£95 405 CONTINUE 
| 

e 196 IF (JeLE202GO TO 450 

e 

397 READ (591420) (CPTEMPCT) oL=LoNX? 

ee 

j 398 1820 FORMATCBF10.0) 
a: 

399 IF(EOF (5) ¢NE609GO TO 900 
4 

a 
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