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CONVERSION FACTORS, VERTICAL DATUM, ABBREVIATIONS AND ACRONYMS

Multiply By To obtain
Length
foot (ft) 0.3048 meter (m)
Area
square feet (ft?) 0.09290 square meter (m?)
Volume
cubic foot (ft3) 0.028317 cubic meter
Flow rate
foot per day (ft/d) 0.3048 meter per day (m/d)
Hydraulic conductivity
foot per day (ft/d) 0.3048 meter per day (m/d)
Hydraulic gradient
feet per foot (ft/ft) 1.0 meters per meter (m/m)

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:
°C=(°F-32)/1.8.

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)--a geodetic
datum derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called
Sea Level Datum of 1929.

Acronyms and Additional Abbreviations

d = day
ET = evapotranspiration
USGS = U.S. Geological Survey
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PREFACE

This report presents a computer program for simulating the interaction between lakes
and asurficial aquifer in the U.S. Geological Survey (USGS) ground-water models,
MODFLOW and MOC3D. The performance of this computer program has been tested
in models of hypothetical ground-water flow systems; however, future applications of
the programs could reveal errors that were not detected in the test simulations. Users
are reguested to notify the USGSif errors are found in the report or in the computer
program. Correspondence regarding the report or program should be sent to:

U.S. Geological Survey
224 West Central Parkway, Suite 1006
Altamonte Springs, Florida 32714

Although this program has been used by the USGS, no warranty, expressed or
implied, is made by the USGS or the United States Government asto the accuracy and
functioning of the program and related program material. Nor shall the fact of
distribution constitute any such warranty, and no responsibility is assumed by the
USGS in connection therewith.

The computer program documented in this report is part of the MODFLOW-96 and
MODFL OW-2000 ground-water flow models and the MOC3D solute-transport model.
MODFL OW-96, MODFL OW-2000, MOC3D, and other ground-water programs are
available from the USGS at the following World Wide Web addresses:

http://water.usgs.gov/software/

http://water.usgs.gov/nrp/gwsoftware/

or by anonymous ftp file transfer from directory /pub/software/ground_water/modflow
at Internet address. water.usgs.gov
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Documentation of a Computer Program to Simulate
Lake-Aquifer Interaction Using the MODFLOW
Ground-Water Flow Model and the MOC3D

Solute-Transport Model

By Michael L. Merritt and Leonard F. Konikow

Abstract

Heads and flow patternsin surficia agquifers
can be strongly influenced by the presence of
stationary surface-water bodies (lakes) that arein
direct contact, vertically and laterally, with the aqui-
fer. Conversdly, lake stages can be significantly
affected by the volume of water that seeps through
the lakebed that separates the lake from the aquifer.
For these reasons, a set of computer subroutines
called the L ake Package (LAK3) was developed to
represent lake/aguifer interaction in numerical smu-
lations using the U.S. Geological Survey three-
dimensional, finite-difference, modular ground-
water flow model MODFLOW and the U.S.
Geologica Survey three-dimensional method-of-
characteristics solute-transport model MOC3D.

In the Lake Package described in this report,
alakeisrepresented as a volume of space within
the model grid which consists of inactive cells
extending downward from the upper surface of the
grid. Active model grid cells bordering this space,
representing the adjacent aguifer, exchange water
with the |ake at a rate determined by the relative
heads and by conductances that are based on grid
cell dimensions, hydraulic conductivities of the
aquifer material, and user-specified leakance
distributions that represent the resistance to flow
through the material of the lakebed. Parts of the
lake may become “dry” as upper layers of the

approximation has been encoded to simulate the
rewetting of a lake that becomes completely dry.

The variations of lake stages are determined
by independent water budgets computed for each
lake in the model grid. This lake budget process
makes the package a simulator of the response of
lake stage to hydraulic stresses applied to the aqui-
fer. Implementation of a lake water budget requires
input of parameters including those representing
the rate of lake atmospheric recharge and evapora-
tion, overland runoff, and the rate of any direct
withdrawal from, or augmentation of, the lake
volume. The lake/aquifer interaction may be simu-
lated in both transient and steady-state flow condi-
tions, and the user may specify that lake stages be
computed explicitly, semi-implicitly, or fully-
implicitly in transient simulations.

The lakes, and all sources of water entering
the lakes, may have solute concentrations associ-
ated with them for use in solute-transport simula-
tions using MOC3D. The Stream Package of
MODFLOW-2000 and MOC3D represents stream
connections to lakes, either as inflows or outflows.
Because lakes with irregular bathymetry can exist
as separate pools of water at lower stages, that
coalesce to become a single body of water at higher
stages, logic was added to the Lake Package to
allow the representation of this process as a user
option. If this option is selected, a system of linked

model are dewatered, with a concomitant reduc- pools (sublakes) is identified in each time step and
tion in lake surface area, and may subsequently stages are equalized based on current relative

rewet when aquifer heads rise. An empirical

sublake surface areas.

Abstract 1



INTRODUCTION

In recent years, the simulative capabilities of
ground-water flow models have been enhanced by
the development of increasingly sophisticated meth-
ods of representing the effects of external hydraulic
influences on heads and flow patterns in ground-water
systems. Heads in surficial aquifers, in particular, can
be strongly affected by the hydraulic influence of
bodies of surface water and by exchanges of water
volumes with the overlying atmosphere. One particu-
lar example isthe influence of stationary bodies of
surface water, such as lakes, that are in direct contact,
vertically and laterally, with the surficia aquifer.

The magnitudes of significant terms (sources and
sinks) in the water budgets of Iakes commonly differ
from corresponding terms of water budgets of adjacent
surficial aquifers, so that varying hydrologic condi-
tions can cause either the lake or the aquifer to affect
the head in the other water body. In regions with many
lakes or with economically important lakes, it is help-
ful to have an avail able technique to describe the
hydraulic interaction between alake and the surround-
ing aquifer so that the effect of changesin either water
body on conditions in the other can be estimated by
resource managers.

M ethods of representing the hydraulic effect of
lakes in ground-water flow models have been avail-
able for many years. The many versions of the U.S.
Geologica Survey (USGS) saturated ground-water
flow model MODFLOW (McDonald and Harbaugh,
1988; Harbaugh and McDonald, 1996a,b; Harbaugh
and others, 2000) and its precursors have included a

of leakage through the lakebed is small enough that
reservoir (lake) stage variations are independent of
lakebed leakage or that the specified variation of reser-
voir (lake) stage accounts for the effect of lakebed
leakage. Both the River and Reservoir Packages
assume that the surface-water body overlies the upper
layer of the model grid. This representation implies
that the aquifer is thick compared to the wetted depth
of the reservoir and that the amount of horizontal lake-
bed seepage and the corresponding effects on the flow
system in the aquifer surrounding the lake are negligi-
ble or unimportant to simulation objectives. This
representation can be a good approximation in some
applications and has the advantage that it does not
require that cells within the model grid be identified as
representing the space occupied by the lake (lake-
volume grid cells).

Another approach to the simulation of lakes that
does not require the use of any modular package is
simply to represent parts of the model grid as having the
hydraulic characteristics of a lake by specifying a high
hydraulic conductivity for lake-volume grid cells, the
“high K” technique. A value of 1.0 for the storage
coefficient is specified for the surficial lake layer, and a
value equal to the compressibility of water is assigned to
underlying lake layers. The lake stage is computed for
lake-volume grid cells with the same equations used to
compute aquifer heads. Because the hydraulic conduc-
tivity is high, little or no spatial variation in head (stage)
will occur in the lake-volume grid cells. This technique,
coupled with a cell rewetting approximation method,
was used with good results to represent wetlands in a
simulation of flow in a surficial aquifer using a three-

“River” Package that could be generalized to represerflimensional flow and transport model (Merritt, 1997).

a lake as a constant-head source or sink of fixed ared/he technique was also used in a lake simulation using
extent overlying the aquifer. The implicit assumption MODFLOW (Lee, 1996), a wetlands/aquifer simulation
of this procedure is that the river or lake stage does nétsing MODFLOW (Swain and others, 1996), and in a
vary as a result of leakage through the lakebed or aslake simulation using an analytic element model (Hunt
result of other stresses. The River Package concept and Krohelski, 1996).

was extended in the development of the Reservoir

Package for use with MODFLOW by Fenske and

The principal difficulty in using the “high K”
technique is that stream-lake connections are difficult

others (1996). The Reservoir Package allows the stade represent accurately. Also, the representation of

of the overlying reservoir to vary linearly between

lakebed leakance requires some effort, and questions

user-specified limits during a stress period, and also of solution stability need to be resolved. Generally,
allows the extent of the reservoir to vary based on a the “high K” technique is most useful for simple
comparison of stage with a user-specified land-surfacapplication problems. As the application becomes
elevation distribution. Implicit in this approach is the more complex, it becomes easier to use a generic lake
assumption that variations in reservoir (lake) stage capackage, perhaps coupled with a generic stream pack-
be entered into the simulation as a prior specificationage, that is designed to handle many aspects of the
by the model user. This implies either that the volumeapplication problem.

2 Documentation of a Computer Program to Simulate Lake-Aquifer Interaction Using the MODFLOW Ground-Water Flow Model
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A different approach to lake/aquifer interaction
was developed by Cheng and Anderson (1993).
Their Lake Package was also developed for use with
MODFLOW and served as the prototype for the Lake
Package described herein. The Lake Package presented
in this report represents alake as a volume of space
within the model grid composed of inactive cells
extending downward from the upper surface of the
grid. Active model grid cells bordering this space,
representing the adjacent aquifer, exchange water with
the lake at arate determined by the relative heads and
by conductancesthat are based on grid cell dimensions,
hydraulic conductivities of the aquifer material, and
user-specified leakance distributions that represent the
resistance to flow presented by the material of the lake-
bed. This approach to the representation of lakebed
seepage is arefinement of the method devel oped by
Cheng and Anderson (1993), based on the explicit
specification of the lakebed top and bottom elevations
and lakebed hydraulic conductivity. Cheng and Ander-
son’s (1993) approach, however, did not take into

USGS Lake Package to allow the representation of this
process. In each time step, linked sublakes are identified
and stages are equalized based on current relative
sublake surface areas.

A steady-state option was added to the package
that provides for using Newton’s method (Press and
others, 1989) to compute equilibrium stages in each
lake in each MODFLOW iteration in a manner similar
to that described by Council (1998). In transient simu-
lations, lake stages may be computed explicitly, semi-
implicitly, or fully-implicitly. Though the explicit solu-
tion seems to be the most computationally efficient
for many applications, some investigators (Nair and
Wilsnack, 1998) found that an implicit solution
prevents time-wise oscillatory behavior when the aqui-
fer material surrounding the lake is highly permeable,
as in the Biscayne aquifer of southern Florida.

The Lake Package was written to be used in
conjunction with solute-transport calculations performed
using MOC3D (Konikow and others, 1996). MOC3D is

account the resistance to flow within the aquifer, whictot distributed by the USGS as an independent package.
can be substantial in magnitude compared to the resifather, a separate version of MODFLOW adapted to
tance of the lakebed when the lakebed is thin or abseriflk with and use the MOC3D package has been made
In the USGS Lake Package described in this report, available by the USGS. When the Lake Package is used

parts of the lake may become “dry” as upper |ayers oﬂNith MOC3D, a solute concentration is aSSigned to each

the model dewater (with a concomitant reduction in

lake. In addition, sources of water added to the lake also

lake surface area) and subsequently rewet. In additiodre assigned concentrations, and a solute budgeting pro-

an empirical approximation has been added to the

cess is performed in each time step to update the lake

USGS Lake Package logic to permit the entire volumé&oncentrations.

of a lake to become completely dry and subsequently

rewet.

Simulated lake stages vary in a manner deter-

The lake/aquifer interaction package described
herein is the product of a cooperative effort of the
USGS, the St. Johns River Water Management District,

mined by independent water budgets computed for eaeind the Southwest Florida Water Management District.
lake in the model grid, a technique described by SacksThe two latter agencies are responsible for water

and others (1992). This lake budget process is crucial imanagement in central and northeastern Florida, a
making the model serve as a simulator of the response kdirstic region of many large and small lakes with vary-
lake stage to hydraulic stresses applied to the aquifer, ing recharge and drainage characteristics and regular
capability desired by resource managers. Accurately and irregular bathymetries. Stresses on the surficial

calculating a lake water budget requires the input of

parameters describing the rate of lake atmospheric

aquifer and the consequent effect on lake stages are an
important economic concern because many of these

recharge and evaporation, the overland runoff rate aftelakes are used for recreational purposes with homes
precipitation, and the rate of any direct withdrawal fromconstructed nearby. Because of the wide variety of
or augmentation of, the lake volume. The Stream Packhydrologic conditions occurring in the local area, the

age of MODFLOW identifies stream connections to

Lake Package was developed and tested to have a

lakes, either as inflows or outflows, and this informationconsiderable degree of generality and flexibility. The
is transmitted to the Lake Package. Because lakes witlyeneralized treatment of lake/aquifer interaction in the
irregular bathymetry can exist as separate pools of wateake Package suggests that it may be applicable, as
at lower stages, which then coalesce to become a singfgart of MODFLOW or MOC3D, in a wide range of
body of water at higher stages, logic was added to the environments within the United States and elsewhere.

Introduction 3



This report documents (1) the basic concepts of
the lakelaquifer interaction package; (2) the results of
four test simulations; (3) the data input instructions
needed to use the package; and (4) the input data sets
used for the four test simulations and selected parts of
the printed results. It is assumed that the reader is
familiar with the MODFLOW model and nomencla-
ture, and with MOC3D concepts if solute transport is
to be simulated.
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MATHEMATICAL FORMULATION

Quantifying the hydraulic relation between a
lake and the adjacent surficial aquifer requires formu-
lation of a method of estimating the amount of water
exchanged between the two water bodies by seepage
through the materials that separate them. The formula-

tion described herein, an application of Darcy’s Law,
is based on a comparison of the head in the aquifer

with the stage of the lake. In transient simulations
using the Lake Package, the stage of the lake is

If the lake dries appreciably, then the surface
area may decrease, substantially affecting other
processes controlling the lake water budget; conse-
qguently, model computations must account for changes
in the surface area of the lake. In some cases, the
drying of a lake having irregular bathymetry may
result in its division into two or more bodies, each
having a separate water budget and stage; a rise in
stage may lead to the coalescence of lakes into a single
large lake having a single budget and stage. When the
Lake Package is used in conjunction with MOC3D in
solute-transport calculations, solute concentrations and
fluxes associated with water volumes and fluxes must
be estimated or calculated. The mathematical solution
and programming procedures formulated to deal with
these problems and related issues are described in the
following sections of this report.

Seepage Between Lake and Aquifer

The direction and magnitude of seepage
between a lake and the adjacent aquifer system
depends on the relation between the lake stage and
the hydraulic head in the ground-water system, both
of which can vary substantially in time and space.
Seepage from a lake into the surficial aquifer that
surrounds it, where the lake acts as a source of
recharge to the aquifer, occurs when and where the
lake stage is higher than the altitude of the water table
in the adjacent part of the aquifer. Typical situations in
which substantial recharge to the aquifer occurs are
those where a lake receives surface inflows in excess
of outflows, perhaps from a stream discharging into
the lake, or where the water level in the aquifer is
drawn down by pumpage from wells. Seepage from
the surficial aquifer into a lake usually occurs where
the water-table altitude is normally higher than that of

adjusted at the end of each time step by performing ahe lake. Such cases are found in regions with karstic

separate water budget for the lake. This procedure

topography where lakes commonly have no substantial

requires that all other components of the lake water surficial inflows or outflows. In these environments,
budget, such as rainfall recharge, evaporation, over- the rate of evaporation from the open lake surface is
land runoff, surface-water inflows and outflows, and greater than ground-water evapotranspiration, so more
direct withdrawals from the lake or augmentation of water is removed per unit area from the lake than from
the lake volume by anthropogenic means, be known dhe surficial aquifer. Because less water per unit
estimated. In particular, streamflow entering or leav- volume is stored in the aquifer than in the lake, periods

ing the lakes must be known or estimated. When
MODFLOW is used for steady-state calculations,

water fluxes to and from the lake must be known or

estimated in performing the Newton’s Method
calculations for equilibrium lake stages.

of rainfall cause the water table to rise higher than the
lake stage, thus increasing the rate of seepage from the
aquifer into the lake. In this manner, the lake can act as
a hydraulic sink for the ground-water system. In still
other hydrologic environments, a lake can represent a

4 Documentation of a Computer Program to Simulate Lake-Aquifer Interaction Using the MODFLOW Ground-Water Flow Model
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mixed or “flow-through” condition where, in some horizontal movement of water from above or next to
areas of the lakebed, seepage is into the lake and in the lakebed toward a position in the aquifer (or vice
other areas, seepage is out of the lake. versa) is considered to occur through two, probably
For all of these conceptual cases, quantificationquite distinct, materials: (1) the lakebed, which could
of the rate of seepage between the lake and the aquifeensist of a few inches to several or tens of feet of

is by an application of Darcy’s Law: relatively impermeable sediments; and (2) the aquifer
h—h material, which could exhibit a wide range of perme-
- K12 bility in different aquifers. It is most convenient to be
g=K , (1) apility q .

Al able to formulate a conductance that accounts for the
where - particular permeability characteristics of each medium.
q is the specific discharge (seepage rate) (L/T); Using a common cross-sectional arkathe conduc-

K is the hydraulic conductivity (L/T) of _ tance of the lakebed is expressedis K,A/b, where
materials between the lake and a location , : -
within the aquifer below the water table; Ky is the hydraulic conductivity of the lakebed mate-
hy is the stage of the lake (L); rial, andb is the lakebed thickness (fig. 1a). The
hy is the aquifer head (L); conductance of the aquifer segment is expressed as
Al is the distance (L) between the points at c, = Koy VAL, whereK is the aquifer hydraulic con-
which hy andh, are measured; and ductivity, andAl is the length of the travel path in the
L and T denote length and time units. aquifer to the point where the aquifer hégds mea-

As written, the seepage rate in equation 1 is positivel ured. The equivalent conductanceyf the entire path

signed when seepage is from the lake into the aquife etween the points in_the lake and aquifer where the
(hy > hy). heads are measured is found by treating the conduc-

tances of the lakebed and aquifer as if they were in

In numerical models, it is convenient to further series (McDonald and Harbaugh, 1988):
guantify the transfer of fluid as a volumetric flux

Q (L3/T). This is usually done by integrating the 1_1.1 or 3)
specific discharge over some cross section of area C ¢ C
A (L?) in a plane perpendicular to the direction of flow:
c= A : 4
_ o KA _ b Al
Q=0gA= —A-I—(hl—ha) =c(h=h,) . ) K, K,
The quantityc = KA/Al is termed the conduc- In the numerical modeling conted, is half the

tance (12/T). Expressed per unit area, the quarkitl  grid cell dimension in the appropriate coordinate direc-
is referred to as a leakance-#J. In numerical models, tion (fig. 1b, the distance between the edge of the aquifer
A'is usually the cross-sectional area of a grid-cell facegrid cell that is the interface with the lakebed and the

in one of the horizontal (X-Y) or vertical (X-Z or Y-Z) aquifer grid cell centerj is the cross-sectional area of
coordinate planes (fig. 1). In the USGS Lake Packageahe grid cell in a plane perpendicular to the travel
conductances are computed for horizontal lake/aquifedistancel, andK is the aquifer hydraulic conductivity

cell interface§ based on parameter input before in the direction of\l (either horizontalK}, or vertical,
MODFLOW time steps are performed. Conductancesk). The procedure described above and automated in
per unit thickness for vertical interfaces are also the Lake Package provides a mathematically correct

computed at this stage, and are later multiplied by theestimate of the conductance of flow between the lake

current wetted thicknesses of the aquifer cells adjacenind the aquifer, the accuracy of which is primarily

to the lake as part of the computation of seepage ratefmited by the accuracy with which the parameters in the

during simulation time steps. formula can be quantified from field data. Either of the
In the Lake Package, either the lake or aquifer terms in the denominator of the right side of equation 4

occupies the entire volume of a grid cell, and they do may or may not dominate quantitatively, depending on

not overlap within a grid cell. The lakebed is defined the properties of the natural system being investigated.

by its assigned leakance value and is not specified toFor instance, if the hydraulic conductivity of a 1-foot (ft)

have an explicit dimension within the model grid. In  thick lakebed were 0.1 foot per day (ft/d), and the

the conceptualization of the Lake Package, vertical othydraulic conductivity of a 100-ft section of aquifer
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Figure 1. Concepts used in estimating seepage flux between the lake and some point in the surficial aquifer.
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(Al' = 100 ft) were 10 ft/d, the two termsin the denomi-
nator of equation 4 would be the same. If the lakebed
were only 0.1 ft thick and had a hydraulic conductivity
of 1 ft/d, the aquifer term would dominate the resulting
conductance value. If the aquifer hydraulic conductivity
were 1,000 ft/d, the lakebed term would dominate the
resulting conductance value.

The implementation of the technique described
aboveis straightforward in MODFLOW when the
option of rewetting dry cellsisimplemented. However,
when this option is not implemented, some vertica
leakance information is not saved, so the model user
must use the lakebed |eakance specification to represent
the combined leakance of the lakebed and the aquifer.

In computing vertical seepage between the lake
and an underlying aguifer grid cell using equation 2, the
head in the aguifer below the lake cell is assumed never
to fall below the lake bottom €elevation, or below the
bottom elevation of the layer in which the lake cell
occurs. If the head does fall lower than this elevation,
then the aguifer between the lake bottom and the water
table would be unsaturated. Assuming the aquifer head
isno lower than the elevation of the lake bottom means
that downward seepage will be limited to that which
would result if the head difference were that between the
lake stage and the top of the underlying aquifer (lake
bottom). This assumption, applied cellwise, issimilar to
one adopted in analogous circumstances in the River,
Stream, and Reservoir Packages devel oped for use with
MODFLOW. The reader isreferred to the discussion of
McDonald and Harbaugh (1988, p. 6-6 to 6-8).

Seepage rates computed for each interface
between alake cell and a horizontally or verticaly
adjacent aquifer cell by the Lake Package implementa-
tion of equations 1 and 2 are added to the appropriate
elements in the RHS (right-hand side residual) and
HCOF (coefficient) matrices (McDonald and
Harbaugh, 1988) as follows:

RHS;ji = RHSj — cphy ™1 for aquifer headtty) (58)
above lake bottomh{,y)

in this vertical column

RHS;j = RHSjj —Cmy(hy 1 —hyp) for hy below hy,  (5b)
horizontal interface

RHSjk: RHajkiO for habelow th'[’ (5¢)
vertical interface

HCOFIjk: HCOFIjk_Cm for ha abovehbot (5d)

HCOFijk = HCOFijk +0 for ha below tht (5e)

where
ijk designates the particular matrix term,
m denotes a particular cell interface,
Cry, is the conductance across that interface, and
n-1 denotes the previous time step.

The HCOF and RHS matrices are used in the
MODFLOW solution for new aquifer heads for the
current time step. This procedure constitutes the link
between the Lake Package and the MODFL OW solu-
tion for aquifer head values. The cell-by-cell seepage
rates are integrated over the time step to calculate seep-
age volumes for the time step. These integrated cell-
by-cell seepage volumes are then summed to obtain a
total seepage volume for the lake, which is then used
for computing the new |ake stage.

Lake Water Budget

The interaction between the lake and the surficia
aquifer isrepresented in this Lake Package, asin the
L ake Package of Cheng and Anderson (1993), by updat-
ing at the end of each time step awater budget for the
lake that isindependent of the ground-water budget
represented by the solution for heads in the aquifer.
Implicit in the calculation of alake water budget isthe
recomputation of current values of lake volume and
stage. The lake stageis crucial in making the estimates
of ground-water seepage to and from the lake that are
used by MODFLOW. Lake volumeisused for MOC3D
calculations where alakeis a source or sink of solute.

The reliance upon an independent water budget
for the lake is an approach previously used by Sacks
and others (1992). The implementation of a separate
water budget for the lake that accounts for seepage
losses to and seepage gains from the aquifer provides
the capability to use the model to make a separate esti-
mate of the stage of the lake and its relation to the
water table. Updating alake water budget also requires
that estimates be made of gains and losses of water
from the lake other than by seepage, such as (1) gains
from rainfall, overland runoff, and inflowing streams,
(2) losses to evaporation and outflowing streams, and
(3) anthropogenic gains and losses. Examples of the
latter include withdrawals for water supply or augmen-
tation with water from another source.

The water budget procedure incorporated in the
Lake Package isimplied by the equation used to update
the lake stage. The explicit form of thisequationis:

Mathematical Formulation 7



p—e+rnf-w-sp+Qy—Q,

Ag ’

h'=h' " +at ©)

where

h,n and h|n'l are the lake stages (L) from the present

and previous time steps;
At is the time step length (T);
pis therate of precipitation (L3/T) on the lake
during the time step;
eis therate of evaporation (L3/T) from the lake
surface during the time step;
rnf is the rate of surface runoff to the lake (L3/T)
during the time step;

w is the rate of water withdrawal from the lake
(L3/T) during the time step (anegative value is
used to specify arate of augmentation);

Qg is therate of inflow from streams (L3/T) during
the time step;
Qg is therate of outflow to streams (L3/T) during
the time step;
Agis the surface area of the lake (L?) at the
beginning of the time step; and

spis the net rate of seepage between the lake and the
aquifer (L3/T) during the time step (a positive
value indicates seepage from the lake into the
aguifer), and is computed as the sum of
individual seepagetermsfor al M lake/aquifer
cell interfaces:

M

P =3 Cm(M =Ny
m

where
hgm is the head in the aquifer cell across the mih
interface; and
Crq iS the conductance across the mi interface.

Source and sink volumes are obtained by inte-
grating computed or user-specified rates over the
length of the time step (multiplying the rates denoted
in equation 6 by At). As presented in equation 6, the
calculation of an updated value for |ake stage at the
end of atime step is explicit in that this calculated
stage (h}) remains afixed, or explicitly determined,
parameter during the following MODFLOW time step
inwhichit isused to calcul ate seepage fluxes between
the lake and aquifer and a new set of aquifer head
values. The explicit calculation of lake stage is one of
the options available to the user. A limitation imposed
by this procedure is that |ake stage should not change

rapidly with respect to the time step length during a
stress period; otherwise, alake stage computed at the
end of a previous time step will not be a good estima-
tor of the lake stage used to compute seepage ratesin
the current time step.

A related problem concerns solution stability. In
some simulations where time step length increasesin
successive time steps (TSMULT > 1in MODFLOW
BAS package), the computed lake stage begins to
oscillate with time, and the magnitude of the oscilla
tions grows in successive time steps. Ultimately, a set
of conditionsis created that prevents the MODFLOW
solution for aquifer heads from converging. When this
situation occurs in explicit calculations, it indicates a
need to prevent the time step length from increasing
beyond some limit that must be determined by trial and
error and that depends on the parameters that charac-
terize the specific application problem. Otherwise, the
seepage fluxes computed in the large time steps
become large with respect to the lake volumes, and
errors in the computed lake stage values tend to propa
gate and grow in successive time steps.

Stability problemsin lake/aguifer simulations
can also be the result of specifying inappropriate
parameter values for use with the wet-dry option of
MODFL OW. Though the cause of this difficulty lies
outside the scope of the discussion of the lake package,
such problems occur with sufficient frequency in
lake/aguifer simulations to justify areference to them.

An aternative to the explicit computation of
lake stage at the end of each time step isto consider hy,
the estimate of 1ake stage used for seepage calculations
during the nth time step, to be a combination of the
stage from the previous time step (h n-1) and the
unknown stage to be computed at the end of the
present time step (h"), that is:

h = (1-8)h" " +en’, (7)

where 0 is a user-specified weighting factor,
0<b<l

The formulation shown above is the semi-
implicit formulation. If 8 = 0, this formulation reverts
to the explicit case described earlier. If 0 =1, the stage
from the previous time step is ignored—this is the

fully-implicit case. In each MODFLOW iteration for a
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computation of aquifer heads, the seepage fluxes
across cell interfaces are computed by avariation of
equation 2:

Q=c(h-h,) . ®

The compilation of termsin the RHS and HCOF matrlc?
sisisdone asin equation 5, except that hy replac&h|

In the calculation for new lake stage (eg. 6), the
computed value of seepage between the lake and the
aquifer (sp) isreplaced by animplicit formulation that
depends partly on the new lake stage being computed:

M

h'—h'"" = At

p—e+rnf-w+Qg —Qso—zcm(ﬁl—
m

stage. After enough MODFL OW iterations have been
performed for the aquifer heads to convergeto a
solution, the lake stage (h, ) is recomputed one more
time for each lake using equation 10.

Implicit and semi-implicit methods are not
implemented in the Lake Package when MODFLOW
isrun in steady-state mode. Experience with stability
issuesin using the Lake Package is somewhat limited.
Asmoreislearned about stability problems, further
refinements to the USGS L ake Package may be made.
When applying the L ake Package in transient computa-
tionsinvolving lakes interfacing with surficial aquifers

of relatively low permeability, the
explicit solution method (8 =0)

ham) has proven to be computationally

efficient and stable when thetime

As

where the summation is of the individual cell-face seepage terms over the

entire lake/aquifer interface (M cell-face interfaces).

When the definition of hy is inserted into equar
tion 9, arearrangement of terms yleldsthe expression
used to calculate the new lake stage (h, ) at the end of
the nth time step:

M

1 O

p—e+rnf— w+QSI QSo % m am (1—9)h|n ZCmD
m 4

, 9 .
® step length was limited to afew

days. In these cases, the semi-
implicit and fully-implicit solu-
tions (0 < B < 1) have provided
similar results, but have required
more iterations and tighter convergence criteria, and
occasionally smaller time step lengths, to remain stable
and to keep small the percent discrepanciesin the
MODFLOW solution for heads in the aquifer.

Investigators
simulating the
interaction of lakes
with aquifers of
high permeability,

A
n_ s
h =

such as the surfi-

1+9—Atzc

When 8 =0 (explicit case), this formula reduces to equation 6.

As currently encoded, equation 10 is used at the
end of each iteration within aMODFLOW time step
(solution for aquifer head values) to provide an approx-
imate value of current lake stage (h |n). Inthefollowing
iteration, this approximate value of h |n isused in equa-
tion 7 to compute the value of hy used in the seepage
calculations. Intheflrst iteration, the value of h| is
set equal to h, Lin eguation 7, so that the first
iteration actually performs an explicit solution for lake

(10 cial dissolved
carbonates of
southern Florida,
have found an
implicit solution
approach to be
useful as a means

of achieving a stable solution. In these hydrologic

environments, large volumes of water can be
exchanged between alake and aquifer in a short time.

Nair and Wilsnack (1998) found that this situation

caused timewise oscillatory behavior, leading to lack

of convergence of quarry (lake) stagesin their ssimula-
tion. Although the lake package employed, described

by Council (1998), provides for the division of a

MODFLOW time step into substeps for lake-stage
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calculations, Nair and Wilsnack (1998) preferred to Another consequence of drying all lake-volume
encode a fully-implicit solution method, which they grid cells within a vertical column is that lake recharge
claimed resulted in “better convergence of quarry  and evaporation fluxes will not be applied to the
stages” even without subdividing the MODFLOW  surface area of that column of cells. This means that
time step of 1 day. the column with the newly dry lake cells should be
treated as a column of aquifer cells extending to land
surface and should receive the amount of recharge and

Drying and Rewetting of Sections of a Lake lose the volume of evapotranspiration at the rates that
are specified for the aquifer.
Because the elevation of the bottom of a lake is Therefore, when the Lake Package is used as part

spatially variable and rises to an elevation equivalentof @ MODFLOW simulation, LAK3ST, a module of the

to the lake stage at the shoreline, lowering the lake Lake Package, is called before and after each use of the
stage can potentially dry sections of the lake having computational modules of the Recharge and Evapo-
higher bottom elevations. Some lakes have irregular ranspiration Packages. LAK3ST checks each column
bathymetry and also can vary widely in typical stages?f grid cells for overlying lake volume inactive cells,

a combination that leads to periodic drying of substar£N€cks whether any are partly saturated, and then makes
tial parts of the lake area. Therefore, the Lake Packag%‘)pmp”ate temporary changes to the IBOUND matrix
was coded to represent the drying and rewetting of 0 ensure that at_mospherlc recha}rge to th_e aqwfer_and
sections of a lake and the consequent effects on inte£Vapotransporation from the aquifer are simulated in the

: : . .._appropriate columns of grid cells. After the calls to any
changes of water with the underlying or adjacent aqun‘el‘g.lf the computational modules of the Recharge and

The lake is considered to be embedded in the Evapotranspiration Packages, a second call to LAK3ST
model grid as a volume of inactive cells (zero IBOUNDresets the IBOUND array to its former values.
matrix values in input to MODFLOW BAS Package) in When the lake stage rises, previously dry
upper layers of the model grid that are specified by thesections of the lake (entire columns of lake-volume
user to be either unconfined (LAYCON = 1) or convertcells void of water) may become part of the lake again
ible (LAYCON = 3). Therefore, in each vertical column when the rising lake stage exceeds the elevation of the
of the model where upper grid cells are inactive cells bottom of the lowest lake-volume cell in the column.
representing the presence of a lake, the elevation of tHeake recharge and evaporation, not aquifer recharge
bottom of the lowest lake inactive cell is the user-speciand evapotranspiration, are once again applied to the
fied bottom elevation of the model layer in which that vertical column, and the surface area of the column is
cell occurs (BOT matrix in input to MODFLOW BCF  used once again in lake stage calculations.

Package). If the lake stage is lowered below that eleva- ~ The Lake Package can also represent the rewet-
tion, all lake volume cells in that vertical column ting of a lake after total drying (all lake volume cells
become dry. void of water). After total drying, no lake stage is

defined, so the lake water budget cannot be updated.

Inthe Lake Package, when all the lake volume therefore, an empirical method was needed to deter-
cells in a vertical column become dry, the calculated ine when rewetting of the lake should occur and to
surface area of the lake is reduced by the surface aregimate the stage in the previously dry lake. After
of the column. The discrete nature of the model grid geyeral methods were tested, a relatively simple
implies that this will be a stepwise representation of gnethod was adopted for use with the Lake Package.
process that occurs more gradationally in nature. To implement this method, the lowest elevation
Therefore, the effect of gridding on the computation ofyf the lakebed (defined by the specification of inactive
lake stage (using equation 6 or 10) could be a disconfike-volume grid cells) is saved when the input param-
nuity in the trend of lake stage. This effect can be  eters for the Lake Package are defined (minimum
mitigated by refining the lateral and/or vertical discretvalue of BOT for a lake cell). In time steps after the
ization of the grid mesh as much as is feasible. The |ake dries, heads in aquifer grid cells beneath the deep-
Lake Package computes and lists stage-volume rela-est part of the lake are averaged and compared with the
tions for each lake based on the grid discretization lowest elevation of the lakebed. If the average head is
specified by the user. above the lowest elevation, a new stage equal to the
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average head is defined for the lake. Lake budget
calculations then resume as before. Because no
ground-water fluxes into the lake were defined as part
of the solution for aquifer heads, it would be inconsis-
tent to change the aquifer water budget to account for
water estimated to be part of awetted lake volume by
this rewetting approximation. In subsequent time steps,
because the lake contains water, and alake water
budget can be updated, ground-water fluxesinto the
lake are rigorously defined and accounted for as part
of the lake and ground-water budgets.

A possible drawback to this rewetting method is
that it may not account for the effect of the lakebed in
hydraulically retarding inflow from the aquifer during
the physical rewetting process. In addition, stream
inflows or inflows by artificia augmentation may occur
during the current time step. To account for the latter
possihility, thetotal volume of inflow from these sources
isdivided by the surface area overlying the deepest part
of the lake (the area of grid cellsto which the lowest
bottom elevation is assigned); the result is assigned to
the lake as awetted stage. This procedure canresultin a

The USGS Stream and Lake Packages are coded
to identify streamflows at the end of the lowest reaches
of stream segments that become lake inflows and to
identify lake outflows that become inflows to the
uppermost reaches of stream segments. The rate of
lake outflow to a strean),) can be computed by the
USGS Stream Package (D.E. Prudic and L.F. Konikow,
written commun., 2000) in several ways, one of which
is a form of the Manning equation:
1
2

3
Qg = %w@Dgs (11)

(8
where
C is a constant that determines the unitQgf
(1.486 for cubic feet per second);
nis Manning’s roughness coefficient (generally in
the range of 0.01 to 0.05 for open channels);
W is the width of the stream in feet;
D is the depth of the stream in feet; and
Sis the slope of the channel (ft/ft).

At the head of the stream where the stream emerges

“perched” lake underlain by an unsaturated zone withif"@m the lakeD is computed by the USGS Stream
the aquifer. However, as noted previously, the lakebed Package as the difference between the lake stage and

seepage computation method contains a provision for the top of the streambed. The latter is a standard input

the situation in which the aquifer head is below the
bottom of a wetted (hon-dry) lake.

to the Stream Package.

Other methods of computing the rate of lake
outflow to a stream are available in the current USGS

An appropriate user control over the time stép  gyream Package (D.E. Prudic and L.F. Konikow, writ-
length during the simulated rewetting event is consid-ta commun., 2000). These include the eight-point

ered advisable. If the time step length is reasonably cross-section method, which is based on a method of

small, the initial rewetted volume, estimated empiri-

estimating flow in a channel with varying properties,

cally without the rigorous control of a water-budgetingas for example, a stream channel bordered by a
process, will be small and will not introduce error into geasonal floodplain (Chow, 1959, p. 138-142).

the subsequent water-budgeting process.

Stream-Lake Interconnections

Steady-State Simulation

In the original version of the Lake Package
(Cheng and Anderson, 1993), the initial specified

Volumes of water gained from inflowing streamsvalue of lake stage remained invariant in a steady-state

or lost to outflowing streams may be a substantial, if simulation of aquifer head values with MODFLOW.
not dominant, part of the lake water budget. Atthe A steady-state simulation in which the lake stage
same time, streams may contribute appreciably to thevaried interactively with the heads in the aquifer was
aquifer water budget by seepage through the stream-achieved by making a transient run of MODFLOW
beds. The mutual interrelation between stream, lake, with time-invariant parameter and stress specifications.
and aquifer was recognized by Cheng and Anderson The run was allowed to converge to a steady-state
(1993), who added coding to the then-current versioncondition where the converged lake stage represented
of the USGS Stream Package (Prudic, 1989) to inter-an equilibrium between gains and losses of water from
face with the Lake Package by providing calculated the lake by seepage and other sources and sinks of
values of stream inflow and outflow volumes. water for the lake.

Mathematical Formulation 11



Nevertheless, it was recognized

that to have lake stages converge interac- At M
tively to values representing an equilib- f(h) = A p—e+rnf-w+Qg—Qg (h)) —zcm(hI —ham)} . (13)
rium between the lake water budget and S m

steady-state heads in the aquifer in one

MODFLOW time step (essentialy a .
“steady-state” solution for both aquifer At the zero values dfh; ), the inflows to and outflows from the

heads and lake stages together) would Ia}ke will be |n balance, thgt is, th_g Iake.stage'will be in gquilibrium

provide additional ease of use and savediven prevailing hydrologic conditions, including heads in the sur-
rounding aquifer. Assuming that precipitatiqge) &nd evaporatiore|

go not change as a result of a change in lake surface area caused by a

change in lake stage, then only stream outf@y(h, ) and the sum of

the seepage terneg,(h| - hyy,) have a functional dependencelpn

herefore, the derivative éfh, ) with respect td is:

computational time. Therefore, the
USGS Lake Package has been given th
capability. The technique used is one in
which, in each iteration of the MOD-
FLOW steady-state solution for heads i’
the aquifer, a value of stage is computed
for each lake that represents a balance M

between seepage fluxes and other f'(h) = %{—%Q%(hl)—zcm} : (14
sources and sinks for the lake. The math- S [ m

ematical technique used is Newton’s

method, or the Newton-Raphsonmethod g form of the derivative @y, (hy) depends on the type of func-

(Press and others, 1989, p. 254); previ- tjona| dependence. One way of computing lake-to-stream discharge rates
ous use of the method for the conver- w0 sGS Stream Package (D.E. Prudic and L.F. Konikow, written
gence of lake stages ina MODFLOW ., n | 2000) is by using the Manning formula (eq. 11). In this case,

steady-state simulation was described e gerivative required by equation 14 is:
by Council (1998).

Newton’s method is an iterative

technique for obtaining a zero of a 21 h
functionf(x) with a continuous deriv- iQ (h) = d QWEZ-[h _h ]D382 _ §Qso( 1) _ §Q_so (15)
ativef'(X). The form of the equation dh, “ " " dh gt b0 3h-h, 3D’

used for then+ 1M iteration is:

f(Xn)

= where
X1 =%y (2 . . - .
n D in equations 11 and 15 is written as the difference between lake stage
where (hy) and the streambed elevatidwp), D = h; - hy, and other terms
are as previously defined.
f(x) andf '(x) are evaluated at the P y _
previous estimate,,. When other methods are used to compute lake-to-stream discharge rates,

the derivative is approximated from the slope of the stage-discharge

Newton’s method converges rapidly if : .
relation for values of lake stage close to the simulated value.

the initial estimatexg is close to the
solution value. The method may diverge In the previous equation development, precipitation and evapora-
or converge to a wrong answer if the tion rates were assumed to be independent of lake stage. This assump-
initial estimate is substantially different tion is likely to hold true if the initial estimate of lake stage is close to
from the solution value. the equilibrium lake stage computed by Newton’s method. In the USGS
In the application of Newton’s ~ Lake Package, precipitation and evaporation rates depend on the lake

method to the problem of computing Stage to the extent that both vary with changes in lake surface area,
equilibrium lake stages, the function forwhich can change when the lake stage rises above or falls below the top
which a zero is to be found is the of a layer of grid cells that defines the bottom of a shallower part of the
explicit form of the stage correction lake. Because the relation of surface area (and, hence, precipitation and
(eq. 9), expressed as a function of lake€vaporation) to lake stage is a step function in simulations with the Lake
stage K)): Package (that is, the derivative is zero for all values of lake stage except
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at the discrete values for which the surface area less than that in the ground water, then seepage losses
changes, where the derivative is undefined), this func- will dilute the solute in the ground water and reduce its
tional relation is not suitable for inclusion in the solu- concentration. On the other hand, where a lake is gain-
tion for equilibrium lake stage (egs. 12-14). The ing water from the aquifer because of ground-water
consequences for convergence of lake stagesas part of ~ discharge, the solute concentration in the lake will be
aMODFLOW steady-state solution in the case where affected by the rate and solute content of the ground-
successive | ake-stage estimates are on oppositesidesof ~ water inflow. For example, if a ground-water contami-
the boundary between two model layers have not been nant plume discharges into a lake, the lake will become
investigated in detail. The user of the Lake Packagefor ~ contaminated (though most likely at much lower con-

steady-state simulations can avoid this situation by centration levels than within the ground-water system).

using discretion in specifying initial heads for lakes If this lake discharges into a stream, traces of the con-

and the aquifer and the vertical discretization. taminants may be transported over long distances in
To deal with the problem of possible solution relatively short time periods.

divergence in using Newton’s method in conjunction When a solute-transport package is included in

with the MODFLOW steady-state solution, a provisionthe MODFLOW simulation (Ftype "CONC" exists in
has been made for the user to enter maximum and the MODFLOW name file), the model will compute
minimum stage values for each lake. If the stage the concentration of a solute at every node within the
computed by Newton’s method falls outside the boundgansport domain (which can encompass all or part of
specified for a lake, the current stage for that lake is the MODFLOW grid). If the ground-water model
re-initialized to be the average of the maximum and includes the simulation of solute transport, the lake
minimum values. In some problems, this can lead to gackage includes the capability to account for the
recurring loop, but the lake package will terminate  exchange of solute between the lake and the aquifer, as
after 10 repetitions for a lake. well as the flux of water. If a fluid flux exists between
The user is also required to set a convergence the lake and the aquifer in a model cell where concen-
criteria for the equilibrium lake-stage calculation usingtration is calculated, then the solute flux between the
Newton’s Method. In lake/aquifer systems where a  |lake and the aquifer can also be computed. Just as lake
good hydraulic connection exists between the lake anstage and volume can change over time by accounting
a relatively permeable aquifer, a small number shouldfor all gains and losses of fluid, the solute concentra-
be used for the convergence criterion because small tion in the lake after a given time increment can be
changes in lake stage can result in substantial water computed by accounting for all solute inflows and
exchanges. The appropriate number (possibly less thautflows. The solute concentration also depends on the
0.001 ft) must be determined by trial and error. type of mixing that occurs between the inflows and the
Another restriction on the use of the Lake Pack-water in the lake at the start of a time increment.
age in steady-state MODFLOW simulations is that the In general, the volume of water in a lake is large

coalescence or separation of lakes (to be described ind@ative to the flux through the lake, and circulation
subsequent section) cannot be simulated. This need ngtq flow-through times in a lake are faster than in a
be limiting to the model user. If an initial steady-state ground-water system. Therefore, it is assumed that
simulation shows that lake stage converges to a valugomplete mixing of all water in a lake occurs during a
above or below the elevation at which pools coalesceijme step for the ground-water model. By assuming
the lake geometry can be redefined in the input to the(1) complete and instantaneous mixing within the lake
Lake Package to specify the appropriate lake divisionggjume of all inflows to a lake, (2) that the time scale
of changes in the ground-water system is substantially
longer than the time scale of changes in surface water,
and (3) that there are no reactions in the lake that affect
If the lake package is active and solute transporsolute concentration, a simple mixing equation can be
in the aquifer is being simulated, then solute transfer used to calculate the solute concentration in the lake.
between the aquifer and the lakes must be evaluated.This model does not account for flow dynamics within
Seepage losses from lakes into an adjacent aquifer wil lake, nor does it simulate spatial variations in water
affect the solute concentration in the ground-water  quality in a lake. Thus, if a lake is so large or deep that
system. For example, if the concentration in the lake it remains unmixed or stratified for long periods of

Solute Concentration

Mathematical Formulation 13



time, or for any other reason, the time for complete
mixing of water within the lake is much greater than
the length of the time step used in the model, then the
use of this model may not be appropriate.

Given that the above three assumptions are
reasonable, conservation of mass requires that the sum
of all solute mass entering the lake minus the sum of
al solute mass leaving the lake must equal the change
in solute mass stored in the lake during any given time
increment. For a solute, this simple mass-balance
statement may be expressed as:

TQIAYC -3 QuAYC, = VIC-V e (16)

where
C is the solute concentration, M/L3;

Qistherate of fluid flow, L3/T;

At is the length of the nth time increment used to
solve the solute-transport equation; the subscript
o refersto flow out of the lake; the subscript
i refersto flow into the lake; and the subscript
| refersto the lake.

Note that each Q At term equals avolume. For
clarity, however, equation 16 iswritten explicitly in
terms of flow rates instead of fluid volumes because
the length of the transport time increment may be less
than the length of the time step used to solve the flow
eguation. For this same reason we also assume that the

lake volume calculated for the flow time step, V,n ,

applies over al transport time increments used during
that particular flow time step.

To calculate the new solute concentration in a
lake at the end of atime increment, we rearrange

eguation 16 to solve for C,n ,yieding:

o= 5 Q(AYC -5 QuA0C, +Vi el
|~ Vn .
[

(17)

Expanding termsto account for all individual elements
of inflow and outflow yields:

where
si refersto streamflow into the lake from each
tributary stream (indexed by K);
so refersto streamflow out of the reach
(all streamsleaving alake would
have the same concentration);
spi refersto the flux from the aquifer into the
lake across each of M lake/aquifer
cell interfaces;
spo refers to the flux from the laketo the aquifer
across each of M lake/aquifer cell
interfaces;
rnf refers to overland runoff directly into
the lake;
p refersto precipitation directly onto the lake;
erefersto evaporation directly out of the
lake; and
w refersto withdrawals directly out of the
lake or augmentation directly into
the lake.

If w representswithdrawal, the concentration in the
withdrawn water is equal to the concentration in the lake

(thatis, C,= C |n) . If w represents augmentation, C,,
must be specified by the user. Where the lakeislosing
water to the aquifer, the solute concentration in the
ground-water rechargeis equal to the concentrationin the
lake. Where the lake is gaining water from ground-water
discharge, the solute concentration (Cspi ) isequal to the

concentration in the aquifer at that specific node of the
transport subgrid. If alake is connected to a stream, then
the USGS Stream Package (D.E. Prudic and L.F. Koni-
kow, written commun., 2000) must be activein the
MODFLOW simulation. ThetermsQg, Cg, and Qg, are

all calculated by the Stream Package and transferred to
the Lake Package. The term Cgj iscaculated by the Lake
Package (Cgy= C |n).

Note that for simplicity, it is assumed that the
evaporative flux directly out of alake contains no solute
(that is, C¢ = 0.0) and that evaporation consequently

[NTRIB M M 0
0 n-1_.n-1
(a) O z (Qsi Csi)k_ z Qsocso + QpCp_Qece+ Qr nfCr nf_Qwa + z (Qspi Cspi)m_ z (Qspocspo) m%'- \ CI
ch- Uk=1 m m 0
| =

v

., (18)
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increases the solute concentration in the water |eft
in the lake. Under this assumption, equation 18
reduces to:

lakes, each having distinct water budgets, stages, and
volumes of water associated with various sources and
sinks. When the stage rises sufficiently that both lakes

[NTRIB M M 0 Lo
n-1_n-
(At)H z (Qsi Csi)k_ z QsoCso* QpCp +QrntCrnt=QuCu * z (Qspi Cspi)m_ z (Qspocspo) mH+ Vi G
o= Ok=1 m m
| =

. (19)

v/

If alake dries completely, however, no residual
solute remainsin the lake grid cells. Thisis consistent
with the assumption that the drying was caused prima-
rily by drainage and outflow, rather than by evapora-
tion. Therefore, the solute-transport model does not
include a mechanism to represent precipitation of salts
as water evaporates and solubility limits are exceeded.

Because the solute-transport equation can be
solved only within a subgrid of the primary MOD-
FLOW grid (or domain), alake cell could be located
adjacent to an active grid cell where the aquifer con-
centration is unknown and undefined. If this occurs,
then for parts of alake that lie outside the transport
subgrid, we assume that there is no change in concen-
tration in the lake caused by the influx of ground water.

That is, for such cellsit is assumed that (Cspi = C|n).

If the lake islosing water at such alocation, the lossis
accounted for in the lake budget, but the solute con-
centration in the seepage loss will have no influence
on concentration in ground water and will not be
accounted for in the ground-water solute budget. Thus,
where alake lies outside the transport subgrid, we can
still account for changes in solute concentration in the
lake caused by simple dilution (or mixing) effects
related to stream inflow, precipitation, evaporation, and
runoff. Obvioudly, if this condition is occurring in an
areathat iscritical to the analysis, the transport subgrid
should be expanded to encompass the entire lake area
of interest.

Coalescence and Separation of Lakes

In aprevious section, it was noted that irregular
lake bathymetry, coupled with substantia variationsin
lake stage, can lead to the drying of sections of alake
and to the subsequent rewetting of those sections.

A related problem occurs when the drying section
entirely separates two pools that were originally part of
asinglelake (fig. 2). Until the stagerisesagain to a
sufficient elevation, the two pools will act as separate

coalesce into asingle pool, asingle stage, water bud-
get, and set of volume fluxes will again characterize
the system. As an example, Lake Brooklyn in north-
central Florida (Merritt, 2000) may divide by gradual
stagesinto 10 or more pools and later merge to become
asingle body of water once again as the stage
increases.

The problem that presentsitself in terms of
representing lakes in a ground-water flow model is how
to treat such a system of lakes in a consistent manner in
calculations that involve substantia fluctuationsin the
ground-water table. The solution developed for inclu-
sionin the USGS L ake Package requires the model user
to provide time-invariant definitions of the lake geome-
try and the system of water-budget accounting. The user
identifies in advance all important individual pools that
can result from the lowest expected stage that could
occur in the natural lake system or in scenarios posed for
modeling. The individual pools, or “sublakes,” are then
represented as independent lakes in the input data speci-
fications for the lake simulation. The user also specifies
a heirarchy of lake systems, defined as sets of center
lakes and surrounding, possibly connected, sublakes.
The sublake of a center lake can also be specified to be a
center lake of another lake system in a subsequent speci-
fication. Associated with each possible connection in a
lake system is a sill elevation, defined as the elevation at
which the center lake and the sublake are connected and
have a common stage and water budget. Sill elevation is
usually the elevation of the intervening land surface
(when dry, fig. 2b), or shallow lake bottom (when wet,
fig. 2a), between the two lakes.

Starting with the center lake of the first specified
lake system, the lake and sublake stages and sill eleva-
tions are examined to determine the set of sublakes that
are currently connected. If a connected sublake is a
center lake in a subsequent lake system specification,
the stages and sill elevations of the sublakes of that
lake system are also examined and the sublakes possi-
bly added to the current connected lake system.
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A. BEFORE DRYING: One lake, one stage and one water budget.

\v4 Lake Surface

Lake BO“O(“

Lake Surface

Lake Bottom

B. AFTER DRYING: Two lakes with distinct stages and water budgets.

Figure 2. The drying of a lake and its separation into two lakes with distinct stages and water budgets.

When the complete connected |ake system is deter-
mined, the solution to a system of simultaneous
eguationsis applied to equalize stagesin all of the
connected lakes. In these equations, individual lake
stages are weighted according to their current surface
area. Thefirst equation of the set of simultaneous
equations, representing the principal of mass conser-
vation, equates the change in volume (A1Ah) result-
ing from the stage correction to the main center lake
(Ah) to the negative sum of the changesin volume of
the remaining lakes (AjAh;) in the system of n
connected lakes:

n
i=2

where
A; isthe current surface area of lakei.

The remaining n-1 equations state that all connected
|akes have the same stage:
h=hC+ah, =h%+ah  (1<j< 21
= 1= | jsn), (21)
where

h is the corrected stage common to all the
lakes, and
hjo is the simulated stage in lake | before the
correction Ahj is applied.

The solution is a series of n equations (i = 1,...,n)
of the form:
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n

0 0
Y Alhy=h)
Ah, = =27 - . 22)
SA

j=1
The Ah; values are used to compute interchange
volumes and the common stage h.

In some trial simulations using this method, the
stages of one or more smaller lakes determined to be
part of the connected | ake system received corrections
that lowered their stages below their respective sill
elevations. The scenario considered to be physically
more redlistic is that the smaller lakes with sill eleva
tions that were intermediate between their simulated
independent stages and the common stage computed
by equation 22 would spill into the connected lake
system until the stage of the smaller 1ake dropped to
the sill elevation, at which time, the interchange of
water would cease and the stage of the smaller lake
would remain fixed at the sill elevation. Mathemati-
cally, this scenario places a constraint on the possible
range of variation of the stage of some of the lakesin
a connected lake system, and the solution developed
above needed to be modified to take these constraints
into account.

A logical check performed after equalizing the
stages of a connected lake system determinesif the
stages of any sublakes have been drawn down below
their sill elevations. If so, and these sublakes are
denoted by indicesj;+ 1 to n, then the system of simul-
taneous equations (egs. 20 and 21) isreplaced by the
following system of equations:

Im n
_ '
Adhy=—3 Adh— 3 Aho-hTH, (23

i=2 =+l

where

hsi isthe sill elevation for lake i, and:

= 0 0 ..
h=h +ah =h"+Ah  (1<jsjy) . (9

The solution to this set of j,,, equationsis a set of
jmequations (i = 1,...,j,y) of the form:

I 0 0 i 0

U

2 AMERO= 5 AT
I=L1# 1=l t

Ah. = m

~ . (25)
A

=1

The stages of lakes denoted by indicesj;+1ton
are set equal to their sill elevations h;. After equations
22 or 25 have been applied to equalize the stages
within a connected lake system, the logic proceeds
down the list of specified lake systems of center |akes
and sublakes. If a center lakeisfound that has not been
defined as part of a previous connected lake system,
the steps above are repeated in an effort to define
another connected | ake system and to equalize stages.

The logic proceedsin this way until the list of lake
systems is exhausted.

The process of lake coalescence and stage equal -
ization can be visualized with the help of anillustration
(fig. 3). Figure 3a shows three sublakes, labeled 1, 2,
and 3, of different surface area. Sublake 2 is considered
to be the center lake and has the largest surface area.
Sublake 1 has the smallest surface area. The sublakes
are divided by land areas of low elevation, labeled A
and B. Sublakes 1 and 2 are connected if the stage of
each exceeds the elevation of land area A. Sublakes 2
and 3 are connected if their stages exceed the elevation
of land area B. In figure 3a, al lake stages are below
the elevations of land areas A and B (referred to previ-
ously as “sill elevations”). Therefore, the three lakes
are separate and have independent water budgets and
distinct stages that reflect local hydrologic conditions.

In figure 3b, the stages of the three sublakes
have increased as a result of ground-water seepage
influx, atmospheric recharge, anthropogenic augmen-
tation, or some combination of those factors. Still
treated as independent lakes by the logic of the Lake
Package, the sublake stages exceed the “sill eleva-
tions” of the land areas A and B that divide them. The
stage of the smallest sublake (1) is the highest of the
three because, if all hydraulic properties and processes
affect the sublakes equally and seepage inflow is
considered to be proportional to the circumference of
the lake, the stage of the sublake with the smallest
surface area will increase the most. Because sublake
stages exceed the respective sill elevations, equation
22 is applied three times to compute the stage correc-
tions to give the sublakes a common stage, which is
illustrated by figure 3c.
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Figure 3. The process of sublake coalescence and stage equalization, as simulated by the Lake Package.
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In figure 3d, the three sublake stages have
increased because of inflows, as before, but the stage
increases are not as great asin the case shown in figure
3b. Because the stages of sublakes 1 and 3 exceed the
respective sill elevations, all three sublakes are consid-
ered connected, but when the stages are equalized
using equation 22, the common stage falls below sill
elevation A. To obtain amore realistic result (fig. 3e),
the stage of lake 1 is set at its sill elevation (A) and
sublakes 2 and 3 have their stages equalized by equa-
tion 25, which takesinto account the limited volume of
water contributed by sublake 1.

The model user should note that, although the
logic described above has been tested and modified to
be as robust as possible, nature can present awide vari-
ety of unexpected scenarios that may defeat even the
best-designed logical system. Thisisespecially truefor
a system of logic designed to deal with the complex
problem of coalescing and separating lakes. The model
user should be prepared to modify and generalize the
way the application problem is presented for modeling
purposes to make the solution work with maximum
effectiveness.

The situation in which a center lakeis drawn
down below the sill elevation of alarge sublake by the
equalization procedure has been investigated by the
first author. This situation can occur when a center lake
of a system of disconnected sublakesis simulated as
receiving large surface-water inflows. Eventually, the
stage of the center |ake exceedsthe sill elevation of one
or more sublakes. Equalization of the stages may lead
to the unrealistic result of the center lake being lowered
below the sill elevation of the sublakes. A few time
steps later, as the center lake continuesto fill, the situa-
tion may recur. Eventually, the sublakes are filled and
all lakes remain connected.

Unfortunately, because there may be many
sublakes with differing sill elevations, the task of
formulating alogical approach with sufficient general-
ity to deal with all possible aspects of this situation has
proved daunting. However, the |ake coalescence logic
has been formulated to ensure that the overall volume
of water in the lake system is conserved, so there will
be no error in the cumulative water budget, even when
computed stages of the center lake oscillate in time.
Possibly, this condition could be avoided by reposing
the problem, perhaps by redefining the connected
sublake network. Such aredefinition would involve
primarily the appropriate selection of which sublake
should be considered the center lake of the network.

As previously noted, the lake coal escense and
division procedure cannot be used when MODFLOW
is used in steady-state mode (one time step). However,
preliminary runs can indicate the degree of subdivision
that will occur at the approximate steady-state |ake
stage, and afinal steady-state solution can be made
with the correct subdivision specified as the lake-
geometry definition.

Assumptions and Limitations

Many of the assumptions and limitations inher-
ent in the design and implementation of the Lake Pack-
age have been discussed in previous sections of this
report. Following isasummary of major consider-
ations for the model user.

* Itis assumed that the position and spatial extent of the lake
volume is defined by the specification of a volume of
inactive cells within a three-dimensional model grid.
Because the model grid is used to define the lake vol-
ume, the lateral and vertical grid dimensions must be
appropriately chosen so that the spatial extent and
bathymetry of the lake are defined with the necessary
accuracy. In some cases this may require a finer hori-
zontal discretization in the vicinity of the lake and a
finer vertical discretization than would be necessary to
simulate heads in the aquifer.

 Layers containing lakes must be specified as either uncon-
fined or convertible (LAYCON = 1 or 3), so that top and
bottom elevations of layers can be conveniently
defined.

» IBOUND matrix entries corresponding to grid cells that are
identified as part of a lake should be set equal to zero.

* When the option of rewetting dry cells is not implemented,
the model user must use the lakebed leakance specifica-
tion to represent the combined leakance of the lakebed
and the aquifer in the vertical direction.

« If the head in the aquifer drops below the bottom of a lake
still containing water, the seepage rate from the lake is
limited to that which would occur if the aquifer head
were the same as the elevation of the bottom of the lake.

* In using the explicit method of updating lake stages, the
time step length should be small enough that lake stages
from the previous time step provide good estimates of
lakebed seepage in the current time step.

« In using the explicit method of updating lake stages, there
will be a limitation on time step size that must be
observed to prevent timewise oscillations in lake stage.
The size of this limit depends on the parameters of the
application problem.
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+ Compared to the explicit method of updating lake stage, librium under time-invariant conditions. This problem
the semi-implicit and fully-implicit methods require  is solved using MODFLOW in transient and steady-
more iterations, more run time, and tighter conver-  state modes. A special case of thistest simulation illus-
gence criteria to minimize the percent discrepancy in trates the operation of the Lake Package as the lake
the aquifer water budget. . N and aquifer undergo a substantial degree of drying that

* Lake-aquifer simulations may experience stability prob- cayses desaturation of Iake volume nodes and aquifer
lems if inappropriate parameter values are specified imodes, As part of this special case, the entire lake dries
the input data for the setup of the wet-dry option. before the process is reversed and rewetting occurs.

« During a computational time period in which a dry lake The second test simulation (app. 3) illustrates the oper-
rewets, the use of relatively small time steps will help ation of the Lake Package when two |akes have, and
to avoid substantial inaccuracies in the lake and aquifeére interconnected by, inflowing and outflowing
water budgets. . streams. Thetthird test simulation (app. 4) illustrates

* The method for rewetting a dry lake does not take into the operation of the Lake Package in simulating the
account the possible retarding effect of the lakebed. separation and coalescence of a group of |akes sepa-

« Only the explicit method of updating lake stage can be rated by land areas of low elevation, or, lternatively, a
used when the sze Package Iis used as part of a |ake with several deep poolsseparaied’by areas of !
MODFLOW steady-state simulation. . . . .

» The method used for computing lake stages as part of ashallo;v -_tl)lottom ele\r/1atlond T_he f'?al It;ft STuIattl)og
MODFLOW steady-state solution can fail if the initial (app. 5) illustratest e up atl_ng oralakeso ut_e uaget
estimate is substantially different from the solution asthe Lake PaCl_(age IS used in conjunction with
value, so the user should choose an initial value that iV OC3D. Test simulations 1, 3, and 4 were performed
as close as possible to the anticipated solution value.USing MODFLOW96. Test simulation 2 was

« The method used for computing lake stages as part of aPerformed using MODFL OW2000 so that it would be
MODFLOW steady-state solution works better if the POSSibleto link with the new USGS Stream Package
initial estimate and solution value are not on opposite(D-E. Prudic and L.F. Konikow, written commun.,
sides of a layer boundary where a change in the lake 2000), available only in MODFL OWZ2000.
surface area occurs.

* When the Lake Package is used as part of a MODFLOWTest Simulation 1: Lake-Aquifer Equilibrium
steady-state solution, the option for simulating coalescsimulation
ing and dividing lakes will not work, and its use should
not be attempted. Test simulation 1 (app 2) represents alake

« The Lake Package is not suitable for simulating tilted aquBurrounded by asurficial aquifer. In atransient
fer systems having a tilted grid because the package MODFLOW simulation, the heads and |ake stage are
assumes that lake stage is uniform across the entire sattowed to respond interactively to time-invariant
face area of the lake. conditions until an equilibrium interactive stateis

* The logic for simulating coalescing and dividing lakes is reached. The same conditions are specified for a
an attempt to generalize a set of conditions that can \ODFLOW steady-state simulation in one computa-
manifest a wide variety of characteristics. The user ional time step. In both simulations, the initial condi-
should be prepared to critically evaluate model resultsti ons for head in the aquifer and the stage of the lake

repose the problem, and simulate it in alternative ways e . .
if initial attempts do not work well. are artificially set at values appreciably different from

« If the Lake Package is used in conjunction with a MOC3Dthe equilibrium values to more clearly illusirate the

solute-transport simulation, the user should check thatOnvergence p.rocess. o ]
it is reasonable to assume complete mixing in the lake The aquifer segment is discretized laterally and
within the length of the time step in the model. symmetrically into 17 rows and 17 columns, as shown

in figure 4a. The aquifer is discretized verticaly into 5
layersthat adjoin each other vertically (fig. 4b). The

TEST SIMULATIONS top layer issurficial (LAY CON = 1, as shown in the

Four test simulations were run to develop exam-
plesthat illustrate various features of the Lake Package.
The general instructions for setting up and inputting
datato run the L ake Package are presented in appen-
dix 1. Thefirst test simulation (app. 2) illustrates the
interaction of alake and aquifer as each reaches equi-

input datafor the Block-Centered Flow Packagein
app. 2). In the transient simulation, the top layer is
assigned a storage coefficient equal to the estimated
specific yield of 0.20. The storage coefficient specifi-
cation is omitted in the steady-state simulation. Layers
2 through 5 are considered convertible (LAY CON = 3)
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13,000 FEET

< 13,000 FEET >

A. Plan view -- Shaded area is the surface extent of lake cells in layer 1. Interior grid
dimensions are 500 and 1,000 ft. Border row/column cells are 250 ft. thick. A and B
denote the locations of hypothetical observation wells.

LAYER

3 50 FEET

B. Cross-sectional view -- Shaded area is the cross section of the lake. Although a
nominal 10 ft. thickness is shown for layer 1, the upper surface of layer 1 is not actually
specified, and lake stages and aquifer water-table altitudes may rise higher than the
nominal surface shown above.

Figure 4. The lateral and vertical grid discretization for test simulation 1.

Test Simulations

21



between confined and unconfined states; in the tran-
sient ssimulation, layers 2 through 5 are assigned
primary storage coefficients of 0.0003 (confined) and
secondary storage coefficients of 0.20 (if they convert
to unconfined). The Lake Package requires that layers
2 and 3 be considered convertible so that top and
bottom elevations will be specified in the input to the
Block-Centered Flow Package. In test simulation 1,
layers 2 through 5 are each considered to be 10 ft
thick. Theinput logic of MODFL OW does not require
atop elevation to be specified for layer 1. Formally,
there is no upper limit on computed heads or |ake
stagesin layer 1. The assigned bottom elevations for
layers 1 through 5 in the smulation are 107, 97, 87, 77,
and 67 ft, respectively. A uniform and horizontally
isotropic hydraulic conductivity of 30 ft/d is assigned
to all layers of the model grid, and representsflow ina
semi-permeable surficial aquifer composed of silty
sands. The vertical hydraulic conductivity isaso

30 ft/d, resulting in a vertical leakance value of 3d-1
between each successive pair of layers and assuming a
nominal thickness of 10 ft for layer 1.

The grid cellsthat correspond to the lake
volume must be assigned a zero inactive cell code
(IBOUND =0) intheinput to the Basic Package (app. 2).
It is aso necessary to specify awet-dry value of zero
for these cellsin input to the Block-Centered Flow
Package if the wetting capability of MODFLOW is
enabled. The lake volume cells are shown as shaded
areas in the planar and cross-sectional view of the
model grid in figures 4aand 4b. These same cells are
assigned an identification number of 1 (to associate
them with lake “number 17) in the matrices in the
input to the Lake Package (app. 2).

Further input to the Lake Package designates

that a lakebed leakance of 0.1 be assigned to all
lake/aquifer cell interfaces in each layer, and that

from the water table under the dry lakebed is at the
maximum rate if the water table is not deeper than 3 ft
below the lakebed). Away from the lake, the ET
surface is an implicit representation of land surface,
since the latter is normally equal to or slightly above
the ET surface. The extinction depth is specified to be
15 ft, and the maximum potential evapotranspiration
rate is specified to be 0.0141 ft/d.

The initial head in each model layer is set equal to
115 ft by the Basic Package. The Flow and Head
Boundary Package (Leake and Lilly, 1997) is used to set
boundary conditions (160 ft on the western boundary,
140 ft on the eastern boundary, and varying linearly
between these values along the northern and southern
boundaries), which are specified as constant in time.

A list of selected sections of output from the tran-
sient run of test simulation 1 follows the listing of input
in appendix 2. This application of the Lake Package
used 24,602 elements of the “X array.” Following a list
of lakebed leakance values is a list of cell interfaces
between the aquifer and the lake volume that are identi-
fied by the Lake Package based on the input data. In this
list, there may be two or more cell interfaces associated
with each aquifer grid cell, depending on the lake geom-
etry. Together with the cell location are a code (ITYPE)
that identifies the plane in which the cell interface lies,
and the assigned lakebed leakance value. (ITYPE = 0
for a cell interface in a horizontal plane across which
vertical flow between adjacent model layers occurs,
ITYPE = 1 or 2, respectively, for a lateral-flow cell
interface in a vertical plane in tlkery coordinate
directions, respectively.) The subsequent list of “inter-
face conductances for lakes” associates conductance
values (in the last column) with each of the lake/aquifer
cell interfaces. The two previous columns are the
conductances associated with the lakebed and the aqui-

110 ft be the initial lake stage. The last input line to thder, respectively. If the “wet-dry” option were not used
Lake Package specifies recharge and evaporation rat88VTFLG = 0), only the lakebed leakance would be

for the lake of 0.0116 ft/d (the average rainfall rate)

listed, and its value would be considered to include the

and 0.0103 ft/d, respectively. Recharge to the aquiferaquifer leakance. When the conductances are in the
which is specified by the input to the Recharge Pack-lateral direction (column 5, ITYPE = 1 or 2), they are
age (app. 2), also is equal to the average rainfall rate ekpressed as values per unit thickness. Vertical conduc-
0.0116 ft/d. The Evapotranspiration Package (app. 2)tances (column 5, ITYPE = 0) are for the entire
specifies the “evapotranspiration surface,” the eleva- lake/aquifer cell interface. Following the conductance

tion in the aquifer below which evapotranspiration

table is a table presenting the stage-volume relation for

(ET) is assumed to decline linearly. This elevation is the lake as represented in the model grid.

represented as sloping from 160 ft in the west to 140 ft

The results of the transient run are shown in

in the east, except in the lake area, where the elevatidiyure 5 and in additional output included in appendix
is specified as 3 ft below the lakebed (this means thaR following the stage-volume table. Both water-table
in the possible case of lake drying, land-surface ET altitudes and the lake stage converge asymptotically to
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Figure 5. Selected heads in the aquifer and the lake stage computed by test simulation 1 -
transient run to equilibrium. Locations of points A and B are shown in figure 4.

equilibrium values (fig. 5). The water-table altitudes Semi-implicit and fully implicit lake stage
approximately converge in about 1,000 days and the calculations

|lake stage in about 2,000 days of simulation time. The When a semi-implicit calculation for lake stages
list of selected model output showsresultsfortimestep  \yas specified in the Lake Package input (THETA =
10 &fter about 175 days (d) and at the end of the run 0.50 on the second line of input shown in app. 2), the

(after 5,000 d). The hydrologic budget summary forthe  gjmylated lake stage differed from that simulated by
lake at time step 10 shows that only inflow tothelake  the explicit method (THETA = 0.0) by 0.01 ft, and the
occurs through the lakebed. The stage is still quitelow  cymulative percent discrepancy was 0.02 percent, an
(113.6 ft). The MODFLOW volumetric budget for the  acceptable value. Time step 10 took 12 iterations to
aquifer also shows zero cumulative lake seepage under  converge. When lake stage was calculated fully implic-
the “IN" heading (into the aquifer from the lake), and itly (THETA = 1.0), the simulated lake stage differed
over 2x10 cubic feet (8) under the “OUT” heading  from that simulated by the explicit method by 0.03 ft
(out of the aquifer into the lake). The percent discrep-and the cumulative percent discrepancy was 0.03

ancy is small, a desirable result indicating a good solysercent, still an acceptable value. Time step 10 took 26
tion in which the various water fluxes balance each jterations to converge.

other. The MODFLOW solution using the SIP solver

required 8 iterations to converge in time step 10. Steady-state solution

The hydrologic budget summary for the lake at The transient MODFLOW run (explicit case)
the end of the transient run shows that both inflows toyas converted to a steady-state run by making minor
the lake and outflows from the lake occur through thechanges to the input data sets for the Basic Package
lakebed; the lake outflows exceed the lake inflows by(BAs), the Block-Centered Flow Package (BCF), and
almost 50 percent for the final 113.7-day time step. the Lake Package (LAK), appendix 2, as follows.
The volumetric budget for the aquifer (rates for the 1. The last record of the input to the BAS was modified
time step) shows the same ratio of inflowing (to the to make PERLEN = 1.0 and NSTP = 1 (stress
aquifer) and outflowing (from the aquifer) lake seepage period length a nominal 1 day and 1 time step in
rates for the time step. The cumulative percent discrep-  the stress period).
ancy in the MODFLOW solution is small, indicating a 2. The first entry on the first line of input to the BCF
good balance of computed water fluxes. The lake stage was changed from 0 to 1 (steady-state input flag)

has increased to over 148 ft. An examination of addi- and all lines of input for “storage coefficient,”
tional output indicates that inflows to the lake from the “primary storage coefficient,” and “secondary
aquifer occur in columns 8 and 9 of the grid, and storage coefficient” were deleted.

outflows from the lake to the aquifer occur in columns3. The second and third lines of input to the LAK were
10, 11, and 12, which is consistent with the model modified as shown in appendix 2. The two new
design that specifies boundary head values that slope parameters added to the list on the second line
downward toward the east. are the maximum number of iterations (50) of the
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Newton’s method solution for equilibrium lake purpose of this exercise by enhancing the simu-

stage in each MODFLOW iteration and the lated drying of the aquifer. A record with three
convergence criterion (0.001 ft). The two new fields was added at the end of the input data set
parameters added to the list on the third line for the EVT to indicate that a new value for the
(100.0 and 170.0 ft) are the minimum and maximum ET rate was to be read for the second
maximum allowable values for lake stage. stress period. Then a value of 0.0141 ft/d, the
Selected sections of the output from this run are previous maximum ET rate, was entered on an
included in appendix 2. The Newton’s method solu- additional line.
tion for lake stage convergence required two iterationg_ The last two records of the input data set for the RCH
at the start of the 472 MODFLOW iterations, but Only were repeated for a second stress period with a
required one iteration near the end. The SOIUtion fOI’ recharge rate Speciﬁed to be the same (00116 ft/d)
lake stage converged to a listed value of 148.28 ft, as for the transient and steady-state equilibrium
about 0.01 ft different from the listed Stage value from runs described previous|y_ The recharge rate for
the transient run, an acceptable result. (The actual stress period 1 was changed from 0.0116 ft/d to
difference was 0.0030 ft.) The percent discrepancy in 0.0 to represent drying conditions.

the MODFLOW solution was small. Specifications of
THETA = 0.50 and 1.00 had no effect on computed
results, which was to be expected as implicit solution
weighting factors have significance only in transient

4. The input data set for the LAK was modified as shown
in appendix 2. One change was the first entry in
the third record (initial lake stage). The value was
changed from 110 ft to 140 ft to enhance and

calculations. better illustrate the results of the simulation. Two

. . more records were added at the end of the input
Drying and rewetting data set for a second stress period with environ-

As a final test of the transient model based on mental parameters having the same values as for

the simple case of a single lake without stream the transient and steady-state equilibrium runs
connections, the lake was allowed to dry under ideal- described previously. In the record for the first
ized and extreme simulated drought conditions before stress period, the lake recharge (rainfall) rate was
the conditions specified for the previous transient and changed to O ft/d, and the evaporation rate was
steady-state simulations were reestablished. Thiswas ~ quadrupled to 0.0412 ft/d. This rate is not realistic
done by specifying two 5,000-d stress periods instead but serves the purpose of this exercise by causing
of one, the first representing a drying scenario, andthe  the simulated lake to go dry.
second a return to previous environmental conditions. In addition to these changes, the number of

This goal was accomplished by making minor changegecords in the output control (OC) input data set are
to the transient-run input data sets (app. 2) for the  doubled to provide for twice the number of time steps
Basic Package (BAS), the Evapotranspiration Packaggs required for the transient equilibrium run described
(EVT), the Recharge Package (RCH), and the Lake previously. The sequence of drying and rewetting is
Package (LAK), as follows. shown in figure 6, and abbreviated output for various
1. The fourth field of the first record of input to the  time steps is shown in appendix 2. In time step 30, the
BAS, specifying the number of stress periods, drying is well underway but the stage (124.77 ft) is still
was changed from 1 to 2. The last record of inputibove the bottom of the uppermost layer of grid cells
was repeated for a second stress period. In addfig. 6). The surface area of the lake is listed as
tion, the initial heads in the aquifer, first five of 6,250,000 square feet%)‘t which is the combined area
the last six lines, were changed from 115 ftto of the twenty-five 500-ft x 500-ft lake cells as indi-
145 ft to enhance and better illustrate the resultgated by the input to the Lake Package for layer 1.
of the simulation. In time step 70, drying has progressed to the point that
2. The value for maximum ET rate (0.0141 ft/d) usedthe lake surface (at 102.61 ft) is between the top and
previously in the transient and steady-state equbottom of layer 2. The lake surface area is now listed
librium runs was increased to 0.0412 ft/d in theto be 2,250,000 ?t which is the combined area of the
first stress period. This value is larger than nine 500-ft x 500-ft lake cells shown in the input to the
would be reasonable in nature, but serves the Lake Package for layer 2. In time step 76, the stage
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Figure 6. Selected heads in the aquifer and the lake stage computed by test simulation 1 -
drying and rewetting case. Locations of points A and B are shown in figure 4.

goes below 97 ft (the bottom of layer 2) and the Lake
Package recognizes that the lake has gone dry. In time
steps 77-100, the lake remains dry, the last computed
value for stage remains unchanged, and the surface
areaislisted as zero. All atmospheric and other fluxes
to and from the lake are listed as zero.

When atmospheric recharge to the lake and
aquifer beginin stress period 2, and lake evaporation is
reduced to 25 percent of the value for the first stress
period, heads in the aquifer beneath the lake recover
quickly, as shown in figure 6 and by comparing values
listed for step 2, period 2, with values listed previously
for step 70, period 1 (app. 2). In time step 2, stress
period 2, the logical test for rewetting alake is satis-
fied, and the lake is assigned a stage of 103.77 ft.
Aquifer heads and the lake stage continue to recover
quickly, and by the end of the second stress period,
time step 100, the lake stage has converged to the
value, 148.29 ft, previously computed in the transient
and steady-state equilibrium simulations.

Test Simulation 2: Stream-Lake
Interconnections

In test smulation 2 (app. 3), a stream passes
through two lakes (fig. 7). Thus, both lakes have
inflowing and outflowing streams, and the outflowing
stream for the upper lake istheinflowing stream for the
lower lake. Thistest simulation specifies |ake and aqui-
fer characteristics and stresses similar to those of test
simulation 1, which makes possible an eva uation of
the influence of inflowing and outflowing streams on
lake stages, given the described aquifer conditions.
Results provide a striking contrast with the results

of conditions specified in test simulation 1, where an
isolated |ake interacted solely with the surrounding
aquifer. Thetest simulation isfirst performed using
transient calculations, and is then performed again
using steady-state calculations. Lake stage was
computed explicitly (THETA = 0.0).

Asshown in the input data for the Basic, Block-
Centered Flow, and Discretization Packages (app. 3),
the grid of test simulation 1 has been enlarged with the
addition of 10 additional rows. The coding of the matrix
input to these three packages and the Lake Package
(app. 3) shows that there are now two lakesidentical in
dimension and configuration to the single lake of test
simulation 1 and separated by 5 rows representing an
intervening distance of 5,000 ft (fig. 7). The two lakes
are given identification numbers 1 and 2 in theinput to
the Lake Package (app. 3). Aquifer hydraulic conduc-
tivity, leakance, and storage coefficients are as for test
simulation 1. The hydraulic conductivity of the lakebed
(0.10ft/d) isthe same asin test simulation 1. Theinitia
agquifer headis115ftinall layersand theinitial stagesin
the upper and lower lakes are each 130 ft. Recharge,
evaporation, and evapotranspiration (ET) coefficients
are the same asfor test simulation 1, athough the ET
surface has been expanded and revised to show the pres-
ence of two lakes (app. 3). Boundary head values are as
intest smulation 1, and are input using the Flow and
Head Boundary Package (FHB).

As shown by the input data (app. 3) to the
Stream Package (D.E. Prudic and L.F. Konikow, written
commun., 2000), an arbitrary inflow amount of
6.9 x 10° t3/d is assigned to the uppermost reach in
the system (reach 1 of stream segment 1). The length
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Figure 7. Relation of streams and lakes to the model grid used for test simulation 2.
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of each individual reach is obtained from the dimen-
sions of the model grid (fig. 7). Most reaches are speci-
fied to be 1,000 ft in length and all are at least 500 ft in
length. Stream segment 1 has 8 reaches and flows into
lake 1. The elevation of the top of the streambed drops
from 124 to 117 ft between the centers of the upper and
lower reaches. (The specified streambed elevations are
for the upstream and downstream ends of the segment.)
Stream segment 2 has 6 reaches and flows out of lake 1
and into lake 2. The elevation of the top of the stre-
ambed at the reach centersdropsfrom 114.5to 111 ftin
the segment. Stream segment 3 flows out of lake 2 and
has 8 reaches. The top of the streambed at the reach
centers drops from 109 to 103 ft in the segment. The
streambed is assumed to be 0.5 ft thick everywhere,
and arbitrary uniform values are assigned for stre-
ambed hydraulic conductivity (0.5 ft/d), stream width
(5 ft), and roughness coefficient (0.05). Stream stageis

In this test simulation, the time step length did
not exceed 12 d. This restriction was made necessary
by the tendency of flows in the stream/lake system to
become unstable and oscillate in successive time steps
when the time-step length became greater than about
20 d. The tendency for oscillatory behavior is likely
related to the relative rapidity of streamflow in relation
to ground-water flow and the resulting large surface-
water fluxes that are computed. When time steps are
large, minor approximation errors can produce large
errors in the surface-water terms that are part of the
water budgets for the lakes.

The steady-state run was prepared using the
same techniques described for test simulation 1. In
addition, initial stages in the upper and lower lakes
were specified to be 120 ft and 115 ft, respectively.
Minimum and maximum allowable stage ranges were
specified as 97 ft (the lake bottom) and 130 ft, respec-

calculated by Manning’s formula (ICALC = 1) and not tively. The solution for each lake stage in each
prespecified. The streambed hydraulic conductivity MODFLOW iteration was expected to satisfy a closure
value is Sufﬁcient|y h|gh to allow small exchanges of criterion of 0.001 ft in no more than 50 iterations.

water with the surficial aquifer. In this example, it is

Results (app. 2) show that MODFLOW required

assumed that there is no precipitation on the stream 30 iterations to achieve a steady-state solution, far less
surface, evaporation from the stream surface, or overthan the 472 required in test simulation 1. In early iter-

land runoff to the stream.

Because of the stream connections, lake stages
remain well below the stage computed for the isolated
lake in test simulation 1. By time step 200, at the end o
the 1,500-d simulation, aquifer heads in the interior park, oo
of the grid have greatly increased except in the immed
ate vicinity of the lakes, as shown in selected pages of

ations, the steady-state solution for equilibrium lake
stage took as many as 17 iterations, far more than the
maximum of 2 iterations per time step required in test
imulation 1.

The test problem was rerun with the width of the
} m segments increased to 7 ft. However, the
Iéteady—state MODFLOW run could not be made to
converge, even by the use of initial values close to the

the output file for the simulation. With an outflow eleva‘known solution. The exact cause of the instabilities

tion to a stream segment of 114.85 ft, the stage of lake,l, ot determined. Further work is needed to develop
c_onve}rges to ﬁllﬁ'l ft, and ;,\I”tE azstream outflow elevza'techniques for obtaining stable steady-state solutions
tion of 109.4 ft, the stage of lake 2 converges t0 113.2 ffy, oy |arge surface-water fluxes characterize a stream-

These stages are 25-30 ft below the equilibrium stage

the isolated lake of test simulation 1.

The hydrologic budget for the lake shows that,

ﬂ;ke system. When the stream segments widths were

specified to be 6.5 ft, convergence of the solution was
achieved in 75 MODFLOW iterations, in each of

while the inflow to the upper stream segment remains Which as many as 21 iterations were required for
fixed as a model parameter, ground-water and surfaceconvergence of lake stages to equilibrium.

water inflows to each lake are balanced by water that
discharges to its downstream stream segment. As a
result, the stream system, as described in the input to t

simulation 2, acts as a highly effective drain for the
lake/aquifer system. The depth of flow in stream

Test Simulation 3: Sublake Separation and

%%alescence

The hypothetical lake of test simulation 3

segment 2 is about 2.5 ft and the depth of flow in strearfapp. 4) has four pools sufficiently deep that they do
segment 3 generally is about 2.5-3 ft. The volume of not dry in the simulated drying scenario. The pools are
water leaking from the aquifer to the stream generally iseparated by shallow areas that do become dry during

about 2 to 3 percent of the flow of each reach.

the simulated drying scenario, but are inundated during
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simulated periods of normal recharge and drying.

A situation isthus posed for analysis using the Lake
Package in which asingle lake (fig. 8) dries and sepa-
rates into several isolated pools, each having its own
stage and water budget, during periods of extended
drying with little recharge. Then, during periods of
normal recharge and drying, the pools coalesce back into
asinglelake having asingle stage and water budget.

It was noted previously that the L ake Package
can represent this situation if the potentially separate
pools are treated consistently as separate lakes. Speci-
fications are entered as part of the input data to indi-
cate that groups of these pools (sublakes) coalesceinto
asingle lake when the stages of one or more exceed

ered a center lake and the others as potentially
connected sublakes. The specifications are heirarchical
in that a sublake of one specification can be a center
lake for a subsequent specification of a set of lakes.
The program logic considers all sets of center lakes
and sublakes in each time step to develop the largest
possible set of connected sublakes. Then, stages of all
the sublakes in the identified connected lake system
are equalized, subject to the restriction that no sublake
can be drawn down below its sill elevation.

The first line of the Lake Package input specifies
that there are four lakes in the simulation. The matrix
input of the Basic, Block-Centered Flow, and Lake
Packages (app. 4) show the grid cells occupied by the

specified “sill elevations.” These specifications entail sublakes, with the Lake Package input identifying the
the identification of sets of lakes where one is considindividual sublakes by number. The lakes are

SUBLAK
2

BLAKE SUBLAKE SUBLAKE

4
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Shaded areas depict sublakes or pools. Numbers in shaded blocks
indicate simulated depth of sublake in that column of grid cells.

Figure 8. Model grid representing a lake that is subdivided into separate pools as the
stage decreases and is connected by shallow areas when the stage increases in test

simulation 3.
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described as occurring in the uppermost two layers of
the five-layer grid. The grid of test ssmulation 1 has
been enlarged laterally by the addition of five columns
to accommodate the four-lake system (app. 4, input for
the BCF package), although the overall dimension
remains the same. Lines near the end of the Lake Pack-
age input that appear before the specification of
recharge and evapotranspiration rates specify that there
are two connected |ake systems and specify the
sublakes and their sill elevations. The first specifica
tion identifies sublake 1 as a center lake and sublakes
2 and 3 as potentially connected to sublake 1 at sill
elevations of 112 and 110 ft, respectively. The next
specification identifies sublake 3 as a center lake and
sublake 4 as potentially connected to sublake 3 at a
sill elevation of 108 ft. At each time step, the program
logic attempts to identify the largest possible set of
connected sublakes, possibly all four sublakes.
Aquifer hydraulic conductivity, leakance, hydrau-
lic conductivity of the lakebed, and storage coefficients
arethe same asfor test smulation 1 (app. 4, input data
for the Block-Centered Flow and Lake Packages),
although the grid has changed. The initial head in the
aquifer and initial 1ake stage are 115 ft (app. 4, input
datafor the Basic and Lake Packages). Boundary head
values are specified by the Flow and Head Boundary
Package (app. 4) to dope linearly from 160 ft on the
western boundary to 140 ft on the eastern boundary, as
in al previoustest simulations, and do not vary with
time. In thefirst of two 400-day stress periods, which
isthe drying period, aquifer and lake recharge are
zero, but the lake evaporation rate is high (0.0412 ft/d)
(app. 4, input data for the L ake and Recharge Pack-
ages). The specified rate of maximum potentia aquifer
ET for thefirst stress period also is high (0.0412 ft/d).
Thisrate is the same as for the drying/rewetting
scenario of test simulation 1. The ET surface has been
expanded and revised to show the presence of the four-
lake system (app. 4, input data for the Evapotranspira-
tion Package). In the second of the two stress periods,
representing normal recharge and drying conditions,
aquifer and lake recharge rates are 0.0116 ft/d, and the
lake evaporation rate is 0.0103 ft/d. The specified rate
of maximum potential ET for the aquifer is 0.0141 ft/d.
The sublakes are connected in the beginning of
the test simulation. The output from time step 15
(simulation time 66 d) (app. 4, selected pages from
printed results) shows that slightly different stages,
ranging from 112.39 to 112.46 ft, are computed for
the four sublakes by individual sublake water-budget

equations, and the stages are then equalized to 112.40 ft

after the program logic determines that al four sublakes

are connected. The output lists the volume corrections
associated with the slight stage corrections. These

values are listed again as “connected lake influxes” in
the lake budget summary. By time step 20 (simulation
time 95 d), the stages in sublakes 1 and 2 have dropped
below the sill elevation of 112 ft. Lakes 1, 3, and 4 are
still connected and their stages are equalized at 111.36
ft. The stage in lake 2 is computed by the normal
water-budget procedure to be 111.41 ft. By time step
30, only sublakes 3 and 4 are connected, at a stage of
109.34 ft. In time step 40, the water-budget stage
(before equalization with other connected lakes) of
smaller sublake 4 is still above the sill elevation, but
the stage adjustment lowers the stage below the sill
elevation, which is considered to be physically unreal-
istic. A program check activates an additional logical
process to set the stage of sublake 4 at 108 ft and to
put the remaining excess water in sublake 3, raising
the stage of sublake 3 slightly by 0.01 ft to 107.08 ft.
All of the stage adjustments described thus far and in
the following paragraphs preserve the overall volume
of water in the lakes. By time step 50 (simulation time
400 d), none of the sublakes are connected, and each
has a stage and water budget independent of the others.

After normal recharge and drying rates are
reestablished in stress period 2, aquifer heads and
sublake stages begin to rise. By time step 25 (simula-
tion time 529 d), the water-budget stage of sublake 3
has reached 110.15 ft, above the sill elevation of 110 ft,
although the water-budget stage of the larger sublake 1
is only 102.96 ft. Sublake 3 is connected to sublake 4,
which has a water-budget stage of 110.53 ft, because
the intervening sill elevation is only 108 ft. The stage
equalization process recomputes a common stage
below 110 ft, because of the greater surface area of
sublake 1. However, such a stage reduction for
sublakes 3 and 4 is considered unrealistic because it
should not be possible to lower the stages of sublake 3
or sublake 4, which connects to sublake 1 through
sublake 3, below the sill elevation of 110 ft. The logic
checks in the Lake Package detect these inconsisten-
cies, and the stages of lakes 3 and 4 are set at the
sublake 3 sill elevation of 110 ft. The stage of sublake 1
is then recomputed to be 103.35 ft, only slightly
greater than that computed by its independent water-
budget equation.
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In time step 30 (simulation time 569 d), the
stages of al three sublakes are computed by their inde-
pendent water budgets to be above the respective sill
elevationsfor each sublake (112 ft for sublake 2, 110 ft
for sublake 3, and 108 ft for sublake 4), and the stage
of center lake is computed to be 108.33 ft. But, the
egualization calculation lowers the three sublakes
below the 110-ft sill elevation. Therefore, the stages of
sublakes 2, 3, and 4 are set at the appropriate sill
elevations (112 ft and 110 ft). The corrected stage of
center lake is then computed to be 108.83 ft.

By time step 40 (smulation time 667 d), the
four computed water-budget stages range from 114.03
to 114.62 ft, al sublakes are connected, and the equal -
ized stage is 114.24 ft. The MODFLOW cumulative-
volume water budget for the aquifer at the end of time
step 40 estimates the percent discrepancy to be zero to
two decimal places, indicating a good bal ance among
computed influxes and effluxes. Beneath the sublakes,
aguifer heads are above 113 ft and range substantially
higher elsewhere.

Test Simulation 4: Simulation of Solute
Concentrations

Thistest case is designed to illustrate the solute-
transport capabilities of the Lake Package (app. 5).
Thetest caseisinspired by a sewage plumein asand
and gravel aquifer in Cape Cod, Massachusetts, as
documented by LeBlanc (1984). At the Cape Cod site,
effluent from a sewage treatment plant was the source
of aplume of contaminated water. One edge of the
plume appeared to intersect and (or) pass under part of
Ashumet Pond. Thetest caseisahighly smplified and
idealized abstraction of the field conditions at the

Table 1. Parameters and properties used in test
simulation 4

[ft/d, foot per day; ft, foot; d, day; pug/L, micrograms per liter]

Parameter/property Value
Horizontal hydraulic conductivity 250 ft/d
Vertical hydraulic conductivity 125 ft/d
Thickness 120 ft
Porosity 0.30
L akebed |eakance 10.0d1
Recharge rate 4.79x 10-3ft/d
Longitudinal dispersivity 20.0 ft
Horizontal transverse dispersivity 207t
Vertical transverse dispersivity 0.2 ft
Diffusion coefficient 0.0 ft2/d
Initial concentration 0.0 pg/L
Source concentration 500 pg/L

Cape Cod site. Although parameter values and bound-
ary conditions were selected on the basis of reported
field conditions, this example analysis is not intended
to yield an accurate simulation of the actual flow field
or observed plume in Cape Cod.

In the test case, the aquifer is moderately perme-
able and is assumed to have homogeneous properties
and uniform thickness (table 1). The boundary condi-
tions, which areillustrated in figure 9, were designed
to produce flow that is generally from north to south.

| haEEss

EXPLANATION

INACTIVE CELLS
CONSTANT HEAD (C’=0.0)
CONSTANT HEAD (C’=500)

LAKE 1 (h=45.4 ft)

OO0O@EON

LAKE 2 (h=36.8 ft)

Figure 9. Boundary conditions and areal grid for test
simulation 4.
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Constant-head conditions were specified along the
northern and southern edges of the model domain, and
no-flow boundaries set along the east and west edges.
Constant-head elevations were specified as 50.0 ft
along the north boundary, except at the nodes repre-
senting the inflow from the sewage treatment effluent
where the fixed heads were 50.15 ft in the two middle
nodes and 50.10 in the two outer nodes. The constant-
head elevations were set at 28.0 ft along the southern
boundary. Two lakes are located within the model
domain, athough the lakes are not connected to each
other or to any streams. Uniform recharge is applied to
the top model layer. It is assumed that the average flow
field could be adequately represented by a steady-state
head distribution.

Because boron-concentration datawere available
for both the plume and the sewage effluent, boron
was selected as the analog for the Cape Cod test case.
For thistest simulation, it was assumed that boronis a
nonreactive constituent. It was further assumed that
molecular diffusion is negligiblein contributing to
solute spreading at the field scale. As aresult, hydro-
dynamic dispersion could be related solely to mechani-
cal dispersion, which is computed in MOC3D as a

A. LAYER 1

function of the specified dispersivity of the medium
and the velocity of theflow field. Initial concentrations
of boron in the aguifer and in the lakes were assumed
to be zero, whereas the concentration in the sewage
effluent was assumed to be 500 pg/L at al times. The
solute-transport model was run for a stress period of
25 years.

For the numerical model, the aquifer was
discretized into 8 layers (each 15 ft thick), 36 rows
(at equal spacing of 405.7 ft), and 23 columns (at equal
spacing of 403.7 ft). The constant-head boundaries
were placed in al 8 layers at the map locations shown
in figure 9. The contaminant source, however, was
introduced only into the upper two model layers (that is,
inatotal of 8 cellsatogether). Thelakeswere assumed
to penetrate only the first model layer. Selected parts
of theinput data files are shown in appendix 5; the
complete set of input data fileswill be available for
downloading over the internet at the same site where
the codeis available.

Selected output for this test problem isaso
shown in appendix 5. The strongly implicit procedure
was used to solve the flow equation. A total of 752
iterations were required to converge to a solution.

B. LAYER 2
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Figure 10. Calculated steady-state heads in (A) layer 1 and (B) layer 2.
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The simulation required 36 min 23 sec of central
processing unit (CPU) time on a Silicon Graphics
Unix workstation. The calculated steady-state head
distributionsin layers 1 and 2 are shown in figure 10.
The headsin layers 3 through 8 are almost identical to
the heads shown for layer 2 (fig. 10b). As expected,
the flow is generally from north to south, and the
impact of the lakes on the flow field is substantial. In
layer 1 (fig. 10a), the position of the lake corresponds
with inactive aquifer cells; in layer 2, the good hydrau-
lic connection with the lakebed resultsin nearly aflat
horizontal hydraulic gradient in head under the lake.
The northern part of the lake gains water through
ground-water discharge to the lake, whereas the south-
ern part of the lake loses water through ground-water
recharge to the aquifer. Aslisted in the main MOD-
FLOW output file (app. 5), the model calculated the
steady-state stage in lake 1 to equal 45.4 ft and in lake
2 to egual 36.8 ft. Because of recharge over the entire
surface, thereis aslight vertically downward flow in
most areas. Overall, the heads show agood qualitative
agreement with the observed water-table map for the
area of the sewage plume on Cape Cod (LeBlanc,
1984, p. 8). Lake 1 in the model isthe analogue for
Ashumet Pond.

The MOC3D solute-transport model required
1,128 time increments to solve the transport equation
for a 25-year stress period. The solution used the
implicit dispersion solver, 27 particles per cell, and
avalue of CELDIS = 0.75. The calculated boron
concentration in lake 1 during the 25-year simulation
period is shown in figure 11. (This plot was con-
structed from the output file from the GAGE

package—testcase.gsl in this case—after converting

the output units of time in days to time in years.)

The leading edge of the plume reaches the upstream
edge of lake 1 after about 4 years, at which time, the
concentration in the lake begins to increase rapidly.
After about 23 years, the part of the plume close to the
source and near the lake has stabilized and the concen-
tration in the lake reaches an equilibrium concentration
of about 31ug/L.

As the lake concentration increases, the lake acts
as a source of contamination to the aquifer in the areas
where the aquifer is gaining water (or being recharged)
by seepage losses out of the lake. Although the lake
substantially dilutes the contaminants entering from
the aquifer, in effect, the lake provides a short circuit
for the transmission of low levels of the contaminant.
This is evident in figure 12, which shows the computed
solute distributions in layers 1, 3, and 5 after 25 years.
The low-concentration part of the plume emanating
from the downgradient side of lake 1 has advanced
farther, and is wider, than the main plume that
emanated directly from the source at the northern edge
of the model. A comparison of concentration levels at
different depths in the system indicates that in the
southern half of the area, concentrations generally
increase with depth. In contrast, in the northern half of
the area, but downgradient from the source, the highest
concentrations occur in layer 3. These various patterns
result from the dilution effect of recharge of uncontam-
inated water at the water table coupled with the conse-
guent downward component of flow, which causes the
solute to sink slowly as it migrates to the south.
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Figure 11. Plot showing calculated boron concentration in lake 1 for 25-year simulation period.
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Figure 12. Maps showing calculated
boron concentration (in pg/L) in
(A) layer 1, (B) layer 3, and (C) layer
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The length of the transport timeincrement in this
exampleisabout 8.1 days. It is assumed that complete
mixing occurs within the lake in thistime or less. But
evenif it took two to threetimeslonger for lake water to
effectively mix completely, it probably would not
induce any meaningful errorsin the solution. If this
were the case, the increase in lake concentration at the
southern side of the lake (farthest from the inflow seep-
age area) might lag that shown in fig. 11 by an equiva-
lent period of time (shifting the curve to the right by an
amount that isinsignificant relative to the 25-year time
scale). Similarly, theinflow of contaminants from the
lake to the aquifer near the downgradient side of the
lake may lag by afew weeks relative to what was
computed here, which also would have an insignificant
effect on the position of the plume shown in fig. 12.

Calculating the lake concentration directly
would not have been possible if the lakesin this
system had been represented using other available
MODFLOW packages or options, such as general -
head boundaries or constant-head boundaries. Simi-
larly, it would not have been possible to simulate the
impact of the time-varying solute concentration in the
lake on the downgradient ground-water system. This
test case demonstrates that these effects can be impor-
tant. The inclusion in the Lake Package of the ability
to calculate lake concentrations will enhance its appli-
cability to a broader range of field problems.

IMPLEMENTATION OF THE LAKE-AQUIFER
INTERACTION PACKAGE IN THE GROUND-
WATER FLOW MODEL

The Lake-Aquifer Interaction Package (LAK3),
aso referred to simply as the Lake Package, is
designed for incorporation into the USGS three-
dimensional finite-difference modular ground-water
flow model (M ODFL OW), which was documented by
McDonald and Harbaugh (1988). LAK3 was specifi-
cally designed for incorporation into MODFL OW-96
(Harbaugh and McDonald, 1996a,b) but has also been
revised for use with MODFL OW-2000 (Harbaugh and
others, 2000). LAK1 isthe designation of the Lake
Package developed by Cheng and Anderson (1993),
and LAK?2 is used to designate the L ake Package
prepared by the first author for the earlier (1988)
version of MODFLOW. The version of the Lake Pack-
age reported by Council (1998) also received the
LAK?2 designation.

LAK3 consists mainly of six FORTRAN subrou-
tines (modules) that are called by the MAIN program
of MODFLOW: LAK3AL, LAK3RP, LAK3AD,
LAKS3ST, LAK3FM, and LAK3BD. Thefirst three
characters identify the modules as being part of the
L ake Package; the next character identifies the version
number of the module, and the last two characters iden-
tify the type of procedures performed by the module
according to conventions used in common with other
MODFLOW packages. The division of procedures
among the various modulesis also consistent with other
MODFLOW packages. LAK3AL allocates memory to
arrays used by the rest of the package; LAK3RP reads
input data and prepares coefficient arraysfor usein
computations; LAK3AD advances the lake budget to
the next time step; LAK3ST setsthe IBOUND array for
recharge and ET calculations; LAK3FM formulatesthe
aquifer leakage terms added to the ground-water solu-
tion matrices; and LAK3BD computes the water budget
for each lake. Subsequent sections provide expanded
descriptions of these six modules. In addition, aseventh
module (LSN3RP) is called internally within the
LAK3RP module (MODFLOW-96) or from MAIN
(MODFLOW-2000) to retrieve stream/lake interface
parameters. Revisionsto the MAIN program include
adding the alphacode LAK in position 22 of the CUNIT
data statement. Using the aphacode LAK in the first
field of alinein theinput list of input file unit designa
tionstells the model that the Lake Package will be used
in the current MODFLOW run.

In many potential applications of MODFLOW
and the Lake Package, cells that are either part of the
aquifer or those designated as lake volume cells could
become dry as a result of applied stresses that would
lower the water table or lake stage. Module LAK3ST
was developed to scan vertical columns of grid cellsto
determine whether lake volume grid cells were present
in the vertical columns, and if so, whether these cells
were dry. Theresult, in the case of recharge and ET
applied to the uppermost wetted cell in agrid column,
was to determine whether or not aquifer recharge and
ET fluxes should be applied in agiven vertical column
of grid cells. Depending on results of the scan, entries
in the IBOUND array of MODFLOW were tempo-
rarily modified (given negative values) so that aquifer
recharge and ET would be applied to the correct verti-
cal columns of the model grid. A subsequent call to
LAKSST resets the IBOUND array elements to their
previous values. LAK3ST iscalled before and after
MODFLOW callsto RCH5FM, RCH5BD, EVT6FM,
and EVT6EBD.
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The ET Package was modified as part of arecent :]
USGS study using the L ake Package (Merritt, 2000) to ENTER LAKSAL

apply ET fluxes to the uppermost wetted cell (option

NEVTOP = 3) and renamed EV T6. (The capability to !

Print message identifying

choose the uppermost wetted cell for recharge was this package
availablein previous versions of the Recharge Pack-

age). The present Lake Package is fully compatible ¥

with both EVT6 and the previously available ET / Read values /
package (EVT5), and with any choice of avalue for of NLAKES
NEVTOP acceptabl e to the package used, as the argu- and ILKCB

ment lists are the same. However, the appropriate
module names have to be used in the call statementsin A

the MAIN package_ Read values of THETA
and, if steady-state, values
of NSSITR and SSCNCR

Module LAK3AL

\ /
Allocate space

A generalized flow chart for module LAK3AL is for arrays
shown in figure 13. Operations are carried out in the
following order.

\

1. Print message identifying the package. thggxgifz?gsi aséz"l:‘ged
2. Read the number of lakes (NLAKES) and the cell-
by-cell storageflag (ILK CB). Read the degree of \
implicitness (THETA) and, if aMODFLOW (RETURN )

steady-state solution is specified (ISS > 0), the

maximum number of iterations and convergence

criterion for lake stage computation by Newton's Figure 13. Generalized flow chart of the module
method. LAK3AL.

3. Allocate storage for the arrays (table 2) used by the
Lake Package for aquifer head/lake stage simula-

tion with MODFLOW. Other arrays used for 3. Read array for each layer showing location of lakes
solute transport simulation with MOC3D are in that layer of the grid. Read array for each layer
listed separately in a subsequent section. specifying lakebed leakances for each grid cell in

4. Calculate and print the amount of space used by the layer.

LAKS. 4. Search lake location matrix, column by column, to

5. Return. identify aquifer cells that border lake volume
grid cells. For each lake/aquifer interface, store
cell location, interface orientation, the associated
lake identification number, and the lakebed lea-
kance. Set LKNODE equal to the number of
interfaces detected and print table of interface
information. (LKNODE should be less than the

o default value of MXLKND, which is two times
1. Read initial lake stages. If steady-state run, alsoread  NODES, where NODES is the total number of

Module LAK3RP

A generalized flow chart for module LAK3RP is
shown in figure 14. Operations are carried out in the
following order.

maximum and minimum allowable lake stages. cells in the MODFLOW grid. If the number of

2. If MOC3D is to be used for solute transport calcu- interfaces detected exceeds MXLKND, the
lations, read initial solute concentrations for all MODFLOW run terminates with an error
lakes. message.)

Implementation of the Lake-Aquifer Interaction Package in the Ground-Water Flow Model 35



Table 2. Arrays used by the Lake Package for aquifer head/lake stage simulation

[Dimensions: MXLKND, maximum allowable number of lake/aquifer cell interfaces; NLAKES, number of lakes; NSS, number of stream
segments; NODES, total number of cells in model grid; NCOL, NROW, and NLAY, the number of columns, rows, and layers, respectively,
in the MODFLOW grid; NCLS, number of connected lake systems, ICMAX, maximum number of sublakes in a connected-lake system]

36

Location
Variable name (Dimensions) in Definition

X-Array
BEDLAK(MXLKND) LCCOND Lakebed leakances at lake/aquifer cell faces
CNDFCT(MXLKND) LCCNDF Lake/aquifer conductances or unit depth conductances across |ake/aquifer cell faces
ILAKE(5,MXLKND) ICLAKE Grid location, orientation, and lake ID of lake/aquifer cell interface
STAGES(NLAKES) LCSTAG  Lakeinitia stages
PRCPLK(NLAKES) LCLKPR  Lake precipitation rates
EVAPLK(NLAKES) LCLKEV Lake evaporation rates
WTHDRW(NLAKES) LCWTDR Lake artificial withdrawal rates
RNF(NLAKES) LCRNF Overland runoff rates for lakes
ITRB(NLAKES,NSS) INTRB ID’s of stream segments flowing into lakes
IDIV(NLAKES,NSS) INDV ID’s of stream segments flowing out of lakes
STGOLD(NLAKES) ISTGLD Lake stages at the end of the previous time step
STGNEW(NLAKES) ISTGNW Lake stages computed in the current time step
ICS(NLAKES) IICS Number of sublakes in each multiple-sublake system
ISUB(NLAKES,NLAKES) 1ISUB Lake ID’s of sublakes in multiple-sublake systems
SILLVT(NLAKES,NLAKES) ISILL Sill elevations between sublakes in multiple-lake systems
MSUB(NLAKES,NLAKES) IMSUB Identifiers of lakes in connected set
MSUB1(NLAKES) IMSUB1 Number of connected lake sets determined by lake package
LKARR(NODES) IBNLK Location of lakes in grid
LKARR1(NROW,NCOL,NLAY) IBNLK Location of lakes in grid
BDLKNC(NODES) ILKBL Lakebed leakance values
BDLKN1(NROW,NCOL,NLAY) ILKBL Lakebed leakance values
EVAP(NLAKES) LKACC1 Evaporation flux for each lake during the current time step
PRECIP(NLAKES) LKACC2 Recharge flux for each lake during the current time step
SEEP(NLAKES) LKACC3 Ground-water seepage flux for each lake during the current time step
SURFA(NLAKES) LKACC4 Current surface area for each lake
SURFIN(NLAKES) LKACC5 Sum of stream inflows for each lake during the current time step
SURFOT(NLAKES) LKACC6 Sum of stream outflows for each lake during the current time step
VOL(NLAKES) LKACC7 Current total volume of each lake
GWIN(NLAKES) LKACC8 Ground-water seepage influx to each lake during the current time step
GWOUT(NLAKES) LKACC9 Ground-water seepage efflux from each lake during the current time step
DELH(NLAKES) LKACC10 Computed lake stage change for each lake during the current time step
TDELH(NLAKES) LKACC11 Cumulative lake stage change for each lake from the beginning of the run
NCNT(NLAKES) LKNCNT  Temporary array of counters used in connected-lake logic
KSUB(NLAKES) LKKSUB  Temporary array of lake numbers used in connected-lake logic
STGADJ(NLAKES) LKSADJ Stage adjustments for connected lakes
FLXINL(NLAKES) LKFLXI Connected-lake interchange fluxes
NCNST(NLAKES) LKNCNS Temporary array of counters used in connected-lake logic
SVT(NLAKES) LKSVT Temporary array of sill elevations used in connected-lake logic
JCLS(NCLS,ICMX) LKJCLS Temporary array of counters used in connected-lake logic
LDRY(NODES) LKDRY Indices of lake cells that are dry in the current time step
BOTTMS(NLAKES) IBTMS Bottom elevations of lakes
BGAREA(NLAKES) IAREN Surface areas of lakes in uppermost layer
NCNCVR(NLAKES) LKNCN Counters used to indicate convergence of lake stages in steady-state simulation
DSRFOT(NLAKES) LKDSR Sums of stage-flow derivatives used in steady-state solution for lake stages
SSMN(NLAKES) LKSSMN Minimum lake stages allowed in steady-state solution
SSMX(NLAKES) LKSSMX  Maximum lake stages allowed in steady-state solution
SUMCNN(NLAKES) LKCNN Sums of conductances used in lake seepage calculations
SUMCHN(NLAKES) LKCHN Sums of conductances times heads used in lake seepage calculations
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' ENTER LAKSRP'

\

Read initial lake stages, STAGES. If steady-state,
read maximum and minimum allowable stages
\

If MOC3D is used for solute transport,
read initial lake solute concentrations
\

Read array of lake ID numbers,

LKARR, one 2-D matrix for each layer
\

Read array of lakebed leakances,
BDLKNC, one 2-D matrix for each layer
\

Search array of lake ID numbers to
identify lake/aquifer cell interfaces
\

/ Compute and list cell-interface conductance values /
\

Prepare and print table of
stage-volume relations for all lakes
\

If streams are in the MODFLOW run, extract stream-lake
interconnection data from Stream Package input
\

Read NSLMS. If NSLMS > 0, read multiple-lake
coalescence/separation parameters

Print message

stating that <0
RETURN values from
previous stress

period will be used

>0

Read NLAKES records of new precipitation,
evaporation, overland runoff, and
augmentation data. Print values

\

' RETURN '

Figure 14. Generalized flow chart of the module LAK3RP.
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5. Compute lake/aquifer cell-interface conductances

(CNDFCT) based on lakebed leakances and the
aguifer hydraulic conductivity. Valuesfor latera
cell-interface conductances (across vertical
interfaces) are computed as unit depth quanti-
ties. Vauesfor vertical cell-interface conduc-
tances are absolute quantities. Both lateral cell-
interface conductance/depth values and vertical
cell-interface conductances are computed by
determining the conductance of fluid movement
through a distance of half agrid cell of aquifer
materia (either CNDFC2 or CVWD/2), com-
puting the lakebed conductance (CNDFC1)
based on the input |eakance values, and com-
bining the two values harmonically. If the
“wet-dry” option of MODFLOW is not used
(IWTFLG = 0), vertical cell-interface conduc-
tances are based solely on the specified input

withdrawal rates will be used in the current stress
period. If ITMP1 is greater than zero, new values
for lake recharge, evaporation, overland runoff,
and withdrawal rates will be read for use in the
current stress period. Print table of values input
in this step.

10. Return.

Module LSN3RP

A generalized flow chart for module LSN3RP is
shown in figure 15. Operations are carried out in the
following order.

1. Loop through array of stream segments used by the
Stream Package. If the stream segment flows
into a lake (the value of IOTSG associated with
the stream segment < 0), save segment numberin

lakebed leakance values (CNDFCT = CNDFC1). array ITRB used by the Lake Package. If stream

If lateral anisotropy exists, aquifer material

segment originates in a lake (the value of IDI-

conductances in the lateral column direction are VAR associated with the stream segment < 0),

multiplied by the specified factor (TRPY). For

save segment number in array IDIV used by the

each lake, the lowest elevation of the lake bottom Lake Package.

is detected and saved in the array BOTTMS.
A table of cell-interface conductances is printed

6. Prepare tables of stage/volume relations for all

lakes, and print in a format that is readily con-
ducive to graphical display. Each table has 15C
values that range from the bottom of the lake tc
an arbitrary elevation above the bottom of the
uppermost model layer.

. If streams are in the MODFLOW run, call module

LSN3RP to extract stream-lake interconnectior
data from input to the Stream Package. Inflow-
ing and outflowing stream segment numbers ar
stored in arrays ITRB and IDIV, respectively,
and the maximum numbers of inflowing and
outflowing streams for all the lakes are stored a:
variables NTRB and NDV, respectively.

8. Read NSLMS, the number of multiple-lake systems

If NSLMS is greater than zero, read NSLMS
pairs of records, the first of which identifies
lakes as sublakes of multiple-sublake systems
that can coalesce into a connected lake or divid
into separate lakes. The second record of eact
pair gives the sill elevations at which the center
lake and the sublakes are connected. Print a tak
of input specifications.

9. Check the value of ITMPL. If it is less than or equa

to zero, previously specified values of lake
recharge, evaporation, overland runoff, and

ENTER LSN3RP

Y

»
|

If stream segment
flows into a lake
(IOTSG < 0), save
segment number in
array ITRB used by
Lake Package. If
number of such inflow
segments for a lake
exceeds the previous
maximum value
(NTRB), reset NTRB

Y

If stream segment originates
in a lake (IDIVAR < 0), save
segment number in array
IDIV used by Lake Package.
If number of such outflow
segments for a lake exceeds
the previous maximum value
(NDV), reset NDV

For each stream segment

A 4

RETURN

Figure 15. Generalized flow chart of
the module LSN3RP.
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2. Compute the maximum number of streamsinflowing ~ Module LAK3ST
into any lakeand storeasvariable NTRB used by Module LAK3ST is called once before each of the

the L ake Package. Compute the maximum num-  \1opE| OW callsto RCH5FM, EVT6FEM, RCH5BD, and
ber of streams originatinginany lakeandstoreas g/ 16D with the parameter NFLG set equal to 0. The

variable NDV used by the Lake Package. module is called again after each of those MODFLOW
3. Return. callswith the parameter NFLG set equal to 1. A general-
ized flow chart for module LAK3ST is shown in figure
Module LAK3AD 17. Operations are carried out in the following order.

1. Loop through the array of lake/aquifer cell interfaces.
For interfaces in the vertical direction only
(ITYPE=0), if NFLG =0, set theIBOUND value
of the overlying lake cell equal to -7, but only if
the lake stageis sufficiently high that the cell con-
tains water. If the overlying cell does not contain

A generalized flow chart for module LAK3AD is
shown in figure 16. Operations are carried out in the
following order.

1. If thisisthefirst time step of the simulation, set the
values of the array STGOLD equal to the values

of the array STAGES that contains the initial water, the IBOUND value is set equal to 0 (actu-
stages of all lakes in the simulation. aly, the value should already be 0). If NFLG =1,

2. If thisis not the first time step of the first stress the IBOUND value of the overlying lake cell is
period, reset thevaluesof STGOLD tothevalues reset to O.

of STGNEW, values of lake stage that werecom- 2. Return.
puted in the just-completed previous time step.
3. If solute transport is being simulated with MOC3D,  Module LAK3FM

initialize matrix of cell-by-cell flow terms, . .
IFIl(I)BI,Zto zerol.x y W A generalized flow chart for module LAK3FM is

shown in figure 18. Operations are carried out in
4. Rewrn. the following order.

1. Sum stream inflows into each
lake and stream outflows
from each lake. If the
MODFLOW solution is
steady-state, sum the

stream outflow/stage deriv-
ative values computed by

Is this the
first time step?
the Stream Package.

Set lake stage for previous Set lake stages to initial values 2. If the MODFLOW solutionis
time step, STGOLD, equal STGOLD = STGNEW = STAGES

to newly computed stages, transient, skip to step '3. |f
STGNEW theMODFLOW solutionis

steady-state, thenperforma
maximum of NSSITR iter-
ations of the Newton’s
method solution for equi-
librium lake stages, or until
v the solution converges
— (maximum lake stage
o natze oo oot <SSCNCR). In each New-
FLOBjj =0 ton’s method iteration,
\4 compute and sum seepage
@ rates (FLOBOT) for all
lake/aquifer cell interfaces,
compute and sum recharge
Figure 16. Generalized flow chart of the module LAK3AD. and evaporation fluxes for

Is solute transport
being simulated?

A
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For each lake/aquifer cell interface

Enter LAK3ST

»-
!

Y

Y

no Is this a vertical

< interface,
ITYPE =07?

Set IBOUND
value to - 7 for
lake cell above

Does lake
cell above Set IBOUND
contain water? value=0
for lake cell above
\

RETURN

Figure 17. Generalized flow chart of the module LAK3ST.

the lake surface, and then apply the Newton’s
method formula to update the equilibrium
stage estimate for each lake.

3. Compute and sum seepage rates (FLOBOT) for al

40

lake/aquifer cell interfaces, while incremen-
tally adjusting the MODFLOW solution matri-
ces RHS and HCOF for the cell seepage rates
and summing recharge and evaporation fluxes
for the lake surface. The calculation of cell
face seepage is slightly different for lateral
interfaces than for vertical interfaces because
the conductance values stored for lateral inter:
faces are for a unit thickness and must be
adjusted for the saturated thicknesses of the
surficial or convertible (LAYCON =1 or 3)

grid cells. For a vertical interface, the values
used to increment the RHS matrix element and
whether or not the HCOF matrix element is
incremented depend on whether the aquifer
head is above or below the bottom of the lake
cell. Values of sums for evaporation (EVAP),
precipitation (PRECIP), and lake surface area
(SURFA) are incremented only for vertical
interfaces and when the overlying lake volume
cell is at least partly saturated.

4. Apply the water-budget equation to recompute

the stage (STGNEW) of each lake. The
recomputed stage is used only if the cell
seepage estimates are partly implicit and the

MODFLOW solution is transient and

5. Return.

Sum stream
outflow versus stage
derivatives for
each lake

Module LAK3BD

Perform Newton’s
method solution for
lake stages:

1. Compute and sum
seepage rates for

all lake/aquifer cell
interfaces.

2. Cumulate recharge
and evaporation
fluxes.

3. Apply the Newton’s
method equation
to each lake.

requires more than one iteration.

A generalized flow chart for module
LAK3BD is shown in figure 19. Because of the
complexity of the logic for analyzing multiple-lake
systems for connectedness, an additional flow chart
is included (fig. 20) to present these procedures in
greater detail than can be shown in figure 19.

Enter LAK3FM

\

Sum stream inflows and
outflows for each lake.

Is MODFLOW
solution steady-state?

Compute and sum seepage
rates for all lake/aquifer
cell interfaces while
incrementally adjusting
MODFLOW solution matrices,
RHS and HCOF. Then
cumulate recharge and
evaporation fluxes for the
lake surfaces.

#

Apply the water-budget
equation to recompute
the stage (STGNEW) of
each lake.

\

RETURN

Figure 18. Generalized flow chart of the module LAK3FM.
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ENTER LAK3BD

Sum stream inflows and outflows for each lake

v

Compute and sum seepage rates for all lake/aquifer cell interfaces while accumulating
values in water-budget summation terms GWIN, GWOUT, RATOUT, and RATIN.
Sum recharge and evaporation fluxes for the lake surface

"~ Y

Was the lake no

dry in the previous
time step?

Compute the average
head in the aquifer beneath
the lake (AVHD). Is AVHD

yes

Apply the water-budget equation

> lake bottom
elevation? Set lake stage for a final estimate of the stage of
A = AVHD each lake. Correct the estimate of
the volume of each lake
Q
3 Y
= \
o
3
5 Check to see if the lake has
L= Compute sum of stream yes become dry. If so, write message
inflows and augmentation
volumes TSTVOL. Is
TSTVOL >07? —
Divide TSTVOL
by bottom area,
BOTARE, and >
set late stage
equal to the result
< <
\

Is NCLS,
the number of
connected lake
systems, > 0?

Perform logical steps to
identify connected lake sets
and equalize stages.
(See figure 20 for more detail.)

\

Determine which, if any, lake cells have become dry, and print their grid indices

Y

If Gage Package is active, print specified data

Y

If print flags are active, print lake water-budget data

Y

If option flags are active, store cell-by-cell flow information related to lakes

Figure 19. Generalized flow chart of the module LAK3BD.
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Operations are carried out in the following order.

1. Sum stream inflows into each lake and stream out-

flows from each lake. Individual streamflow
quantities were previously computed and stored
by the Stream Package of MODFLOW.

2. A final set of calculations to determine the rates of

seepage (FLOBOT) through the lake/aquifer
cell interfaces is performed. The calculations
for lateral and vertical interfaces are similar to
those described in module LAK3FM. Recharge
(PRECIP) and evaporation (EVAP) fluxes for
each lake are summed for vertical interfacesand
when the overlying lake volume cell is at least
partly saturated, as are lake surface areas
(SURFA) and volumes (VOL). Values are inte-
grated over the time step before summation.

3. After each calculation of avalue of seepage through

alake/aguifer cell interface, values are accumu-
lated in the water-budget summation terms.
Depending on a user input specification, all
seepage terms are printed or stored in cell-by-
cell flow terms. All seepage inflowsto lakesfor
each lake (GWIN) and for all lakes (RATOUT)
are summed. All seepage outflows from lakes
for each lake (GWOUT) and for all lakes
(RATIN) are summed. Individual |ake seepage
sums are to be used for printouts of individual
lake budgets, and totals for all lakes are to be
used for printouts and analysis of the aquifer
water budget.

4. If the volume of water in alake from the previous

time step is positive (lake is not dry), the water-
budget equationisused for afinal estimate of the
stage and volume of each lake. Thisstep isomit-
ted in MODFLOW steady-state runs. A check is
performed to determinewhether the new volume
of the lake isless than zero (if the lake has
become dry).

5. If the lake volume from the previous time step was

less than zero (the lake was dry), the average
head in aquifer grid cells beneath the deepest
part of the lake is computed and compared with
the bottom elevation of the lake. If the average
head value exceeds the bottom elevation of the
lake, reset the lake stage to the average head
value. Thisrewetsthe previoudly dry lake. If the
lake remains dry, sum stream inflows and artifi-
cia augmentation inflows. If this sumis posi-
tive, divide by the bottom surface area and set
the rewetted |ake stage equal to the result.

6. If multiple-sublake systems are specified in the sim-

ulation (NCLS > 0), the list of multiple-sublake
systems is processed to determine sets of con-
nected | akes. After the current stages of sublakes
of acenter lake are checked against sill eleva-
tionsto determine whether they are connected to
the center lake, center lakes of other sublake sys-
tems are checked to determine if they are con-
nected sublakes of the original system. If they
are connected sublakes, sublakes of the other
systems are checked to determineif they arealso
part of the connected system. When the compl ete
set of connected sublakes is determined, stages
are equalized in all sublakes of the connected
system based on current lake surface areas.

A subsequent check determines whether any
sublakes have been lowered below their sill ele-
vations by this procedure. If so, those sublake
stages are fixed at the appropriate sill elevation
and the equalization procedure is performed
again, subject to the constraints on the volume of
water contributed by lakes with stages set equal
to their sill elevations. All lakes previoudly iden-
tified as part of connected lake systems are
excluded from further consideration as the logic
proceedsin theloop to subsequent specifications
of center lake/sublake systems. Time-step and
cumul ative stage changes are recomputed for all
lakes that are part of connected |ake systems.

A check on the sum of connected lake inter-
change volumesiis performed. The procedures
for analyzing multiple-lake systemsfor connected-
ness are presented in figure 20.

7. A check ismade for |ake volume cells that have

become dry. The total number of such cellsand
their grid indices are printed.

8. If the Gage Package is being used and solute

transport is not being computed, ASCII-format-
ted records of the current simulation time and
the newly computed |ake stage and volume are
written to the chosen file.

9. If print flags have the right values, L ake Package

summary tableswith time-step information, lake
budget information, new stages, stage changes,
lake volumes, and surface areas are printed.

10. If option flags have the right values, seepage rates

and fluxes are entered into cell-by-cell flow
storage locations.

11. Return.
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INTEGRATION WITH SOLUTE-TRANSPORT
PACKAGE

The solute-transport package of MODFLOW
(Konikow and others, 1996; Kipp and others, 1998) has
been modified to ensure compatibility with the Lake
Package, which is documented in this report, and with
the Stream Package (D.E. Prudic and L.F. Konikow,
written commun., 2000). The new code allows the
model to calculate the concentration of a single solute
in alake or series of lakes based on a mass-balance
approach that accounts for al inflows and outflows of
both water and solute. Thus,
the model alows solute to

From main
MODFLOW be routed through a stream
routine network that may connect to
Y alake and accounts for

Solve flow equation
for time step -

inputs from (and seepage losses to) heterogeneous
ground-water systems, in which the solute concentra-
tion may vary greatly in space and time.

The major steps in the calculation procedure of
the integrated package areillustrated in figure 21.
Solute concentrationsin lakes are determined by
calculations in four separate modules (subroutines).
Several important steps, however, have been inte-
grated directly into the L ake Package subroutines,
which have been programmed to recognize whether
or not solute transport is being simulated simulta-
neously with use of the Lake Package. Thus, alloca-
tion of space for variable arrays used in calculating
lake solute concentrations are made in the LAK3AL
subroutine and required input data are read by the
LAK3AL and LAK3RP subroutines. For the benefit
of those users who may want to examine or modify

the Fortran source code, the
new variablesintroduced to

(MODFLOW)

\

the code to enable calculation
of lake concentrations are
defined in table 3, which aso

Calculate stream budget
for flow time step
(Subroutine STRM3BD)

Update solute concentration
in isolated and headwater lakes
(Subroutine CILK3BD)

shows the dimensions of
arrays and their location

\ \

within the main X-array of
MODFLOW.

Formulate solute source-

Route solute through

sink terms at stream nodes;
preliminary downstream

routing of solute (based on

known lake concentrations
(subroutine CSTR3FM)

\

Formulate solute source-
sink terms at lake nodes; use
known lake concentrations
(subroutine CLAK3FM)

\

Solve solute-transport
equation for next
transport time increment

stream network; update

concentration in streams

and interconnected lakes
(Subroutines CSTR3BD & CLAK3BD)

\

Compute solute budgets
for streams and lakes;
update solute source terms
for transport equation
(Subroutines CSTR3BD & CLAK3BD)

(MOC3D)

4

end

Final
output;

Flow
time step
completed?

Total
simulation time
completed?

To obtain asolution to
the ground-water solute-trans-
port equation where alakeis
losing water to the aquifer, itis
aso necessary to use the lake
packageto define Cjj |,
where Cj; | isthe concentra-

tion in afluid sourceto cell
j»i,K (see Konikow and others,
1996, eg. 55). Therefore, equa:
tion 19 is solved at the begin-
ning of each time increment
used to solve the transport
equation, but after asolution to
the ground-water flow equa
tion has been obtained. This
allowsusto define the value of
Cj,ik agridlocationswhere
the seepage flux across a
lake/aquifer cell interfaceis
into the aquifer, asrequired

Figure 21. Flow chart illustrating major calculation steps in integrated lake, stream,
and solute-transport packages, starting with solution to flow equation by MODFLOW

solver package.

to solve the solute-transport
equation for the next time
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Table 3. List of new Lake Package variables related to solute concentration

[Dimensions: NLAKES, number of lakes; NSOL, number of solute species; NCOL, NROW, and NLAY, the number of columns, rows, and layers,
respectively, in the MODFLOW grid; and LKNODE, the number of interfaces between lake cells and active aquifer cells]

Location
Array name (Dimensions) in Definition
X-Array
CLAKE(NLAKES,NSOL) LSLAKE Concentration in lake (initial values specified in input data; updated in code)
CPPT(NLAKES,NSOL) LSPPT Solute concentration in precipitation on each lake (input data)
CAUG(NLAKES,NSOL) LSAUG Concentration in specified augmentation to alake (a negative withdrawal) (input data)
CRUNF(NLAKES,NSOL) LSRNF Concentration in overland runoff into lake (input data)
CGWL(NSOL) LSCGWL Concentration in fluid flux between ground water and lake (intermediate variable used during
summation cal cul ations)
CSLAKE(NLAKES,NSOL) LSSLAK Solute mass in lake during time increment based on concentration at end of previoustime incre-
ment
CSWIN(NLAKES,NSOL) LSSWIN Total solute mass entering lake in streamflow from tributary streams
CSWOUT(NLAKES,NSOL) LSSWOT Total solute mass out of alakeinto streams draining lake
SOLPPT(NLAKES,NSOL) LSSPPT Solute mass entering lake in precipitation
CWDRAW(NLAKESNSOL) LSCDRW Solute mass entering or leaving alake in specified withdrawals
CSRUN(NLAKES,NSOL) LSSRUN Solute mass entering lake in overland runoff
CGWIN(NLAKES,NSOL) LSGWIN Solute mass entering lake from ground-water discharge
CGWOUT(NLAKESNSOL) LSGWOT Solute mass leaving lake in seepage loss to ground water
VOL(NLAKES) LKACC7  Volume of water in each lake
VOLOLD(NLAKES) LSOVOL Volume of water in lake at end of previous time step
LKDONE(NLAKES) LSDONE Flag indicating that concentrations have been updated for this lake (if LKDONE>0)
KLK(NLAKES) LSKLK Flag indicating that lake has tributary inflow (if KLK>0)
CLKSUM(NSOL) LSLKSM Summation term for solute mass in lakes that comprise a multiple lake system
FLOB(LKNODE) LSFLOB Flux between lake and aquifer by cell (L3/T)
RATECO(LKNODE,NSOL) LSRTCO Solute mass flux between aquifer cell and lake cell during previous transport time increment
ALKIN(NSOL) LSALKI Cumulative solute mass into aquifer by seepage out of al lakes within transport
subgrid during one time increment
ALKOUT(NSOL) LSALKO Cumulative solute mass out of aquifer by seepage into all lakes within transport
subgrid during one time increment
IGENLK(NCOL,NROW,NLAY) LSIGLK Flag indicating whether alake node is gaining or losing water to alake; affects

particle movement routinein MOC3D

increment, asCj j |« = Cln_l. This means that ground-

water recharge from alake during a transport time
increment carries with it the solute concentration in the
lake at the start of that time increment. Similarly, in
solving equation 19 at the start of atransport time incre-
ment, it is also assumed that the concentration in water
entering the lake from the ground-water system, Cg,

equals the concentration in the aquifer at that cell at the
end of the previous transport time increment.

To solve the ground-water solute-transport equa-
tion accurately, it is common for transport time incre-
ments to be smaller than thelength of the time step used
to solve the ground-water flow equation. In such cases,

the fluid fluxes between the lake and the aquifer calcu-
lated for the flow time step are applied (at the same rate)
to every transport time increment during that flow time
step, but the concentrationsin the lake and in the aquifer
are updated more frequently.

In the mass-balance calculations for the solute-
transport model, for alake/aquifer interface across
which thelake is gaining water from the aquifer during
agiven time increment, the solute mass flux between
the aquifer and the lake is assumed to equal the flow
rate times the average concentration at the aquifer
node between the start and end of the time increment;

. -1
thatis, m=q(A)[(C]'} , +C/; /2
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If the sol ute-transport equationissolved usingone  the SRCFLO and SRCSOL arrays, respectively, for use
of the particle tracking a gorithms (F-type MOC or later in solving the transport equation. Where the lake
MOCIMP in the transport namefile), then specid atten-  is gaining water from the aquifer (a fluid sink in terms
tion must be given to the specification of fluid sourcesor  of aquifer flux), the fluid flux to the lake is added to
sinks as either “strong” or “weak.” This information is any other sink terms for that cell.
specified in Data Set 13 of the input data file for
MOC3D (Kipp and others, 1998, or Konikow and
others, 1$()9EF3)). As discussed, a “strong” source (or sink)'vIOOIUIe CILK3SBD
cell is one in which all flow leaving (or entering) the cell This subroutine is called after the solute-trans-
is associated with the specified flux boundary conditionport equation has been solved for a transport time
and there is no cell-to-cell flow into a strong source celincrement. The purpose of this subroutine is to calcu-
(or out of a strong sink cell). These conditions affect theate solute budget terms for all lakes for the present
particle movement and the particle regeneration-removalansport time increment. Because solute has not yet
schemes inherent in the MOC3D transport model. been routed through the stream network, the lake
Although some trial and error adjustments may be  solute budgets cannot be completed for any lake that
required, in many cases, it would be a reasonable first has inflow from a stream. Therefore, the solute budgets
approximation to assume that all lake cells represent can be completed and the solute concentrations
strong fluid sources or sinks. This would require settingupdated for only lakes that are isolated or lakes that are
IGENPT =1 at all nodes corresponding to lake cells. headwater lakes (that is, they have stream outflows,

The lake package includes a number of output  but not stream inflows).
control parameters. These control the frequency and After computations for all individual lakes are
type of output written to the MODFLOW listing file or  finished, the subroutine checks to see if any of the
to separate output files. These parameters also controllakes for which new solute concentrations were calcu-
the frequency of writing output related to the solute  |ated are part of a set of connected lakes. If they are,
calculations. Output related to solute transport, howevethen a new uniform average concentration for all lakes
is written to the MOC3D listing file (FTYPE = CLST). in the lake set is calculated on the basis of complete
Solute output from the lake package is also constraineghixing of water and solute in all lakes that compose a
by the MOC3D output control parameter NPNTCL,  |ake set.
which is a flag for frequency of printing concentration The updated concentrations in headwater lakes
data. Also, if the Gage Package is implemented simultare then passed to the Stream Package to allow the
neously with solute transport and the Lake Package, theuting of solute through the stream network.
solute concentration at the location of the “gage” will be
recorded (in addition to other parameters) at the end of
every transport time increment. Module CLAK3BD

In a stream network, a lake can serve as the
Module CLAK3EM source of inflow to a stream segment or as the receiver
of ouflow from a stream segment. As the Stream Pack-
The purpose of this subroutine is to formulate theage progresses in routing solute downstream, it deter-
solute source/sink terms for the solution to the solute-mines whether the solute concentration in a lake that
transport equation. The code checks all lake cells, an@rovides inflow to a stream has been updated. If not,
wherever the lake/aquifer interaction induces flow intothe reason is that the lake also had streamflow entering
the aquifer, the solute mass flux for that cell of the it. However, by the time such a lake is evaluated by the
transport subgrid is stored. The source concentration Stream Package, the computation of stream inflow
assumed to be the concentration in the lake at the endvould have already been completed because the lake
of the previous time flow time step (or at the start of receives inflow from streams higher in the network.
the present time step). The fluid flux is determined At this point, subroutine CLAK3BD is called to
from the implicitly calculated heads and the updated complete the solute budget terms for the lake that has
lake stages for the end of the present flow time step. not yet been updated. The purpose of subroutine
The fluid and solute mass fluxes into the aquifer for th&€€LAK3BD is thus to update the concentration in such
next transport time increment are then accumulated ira lake for the present transport time increment.
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As before in subroutine CILK3BD, this routine
aso checksto seeif thelakeis part of a set of
connected lakes. If so, then a new uniform average
concentration for all lakesin that lake set is calculated
on the basis of complete mixing of water and solutein
al lakes that compose a lake set.

After the updating of the concentration in this
lake or lake set is completed, the routing of solute
through the stream network can continue.

Module CLAK3AD

After the solute routing through the stream
network has been completed, and the concentrationsin
al lakes have been updated, subroutine CLAK3AD is
called to advance the calculations to the next transport
time increment. To accomplish this, the solute budgets
for al lakes are computed and updated. The lake
solute budgets and concentrations are then available
for output, if indicated. If the Gage Package is active,
then lake concentrations are written to the appropriate
separate output file for each lake where a gaging
station is located.

This subroutine also updates the solute source
term for lake/aguifer interface cells where the aquifer
is gaining water from the lake. The SRCSOL array is
updated to account for the new lake concentration.
The fluid flow terms for both sources and sinks are
not updated until a new flow time step is completed
(because that is when ground-water heads are
recalculated).

SUMMARY

The Lake Package documented in this report
enhances the capabilities of MODFLOW, the U.S.

Geological Survey’s three-dimensional, finite-differ-
ence, modular, ground-water model. This package
allows for development of more realistic simulations

of aquifers that interact with lakes than could be
implemented previously.

The Lake Package computes water fluxes

Survey's Stream Package, so that a complex stream-lake
system can be accurately represented.

The surface area of a lake may expand or
contract, depending on changes in stage and the speci-
fied lake geometry. At one extreme, with declining
lake stages, lakes may dry up partially or completely,
and may subsequently rewet if conditions change over
time. With rising lake stages, adjacent lakes may
coalesce to form a larger lake having a uniform water
level over the joint area. With falling lake stages, and
depending on the bathymetry of the lake bottom, a
large lake may divide into separate sublakes, each
having a distinct water level.

If MODFLOW is implemented with the
MOC3D package activated to simulate solute transport
in the aquifer, then the new Lake Package will also
compute a solute budget for the lakes. Just as both
specified and calculated fluid fluxes provide the basis
for the water budget and calculations of stage changes
over time, tracking all solute fluxes into and out of a
lake allows for the calculation of changes in solute
concentration in the lake. Also, where a lake is
recharging the aquifer, the solute in the recharge water
may create a solute “plume” in the aquifer. At present,
the model assumes that the solute is nonreactive.

Four test cases were documented to demonstrate
the accuracy of the lake calculations and to illustrate
the range of conditions for which the package is appli-
cable. The Lake Package is applicable to a wide range
of hydrogeological problems involving lake/aquifer
systems.
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APPENDIX 1: DATA INPUT INSTRUCTIONS FOR LAKE PACKAGE

MODFLOW Name File

The simulation of the interaction of lakes with the aquifer is activated by including arecord in the MOD-
FLOW name file using the file type (Ftype) “LAK” to indicate that such calculations are to be made in the model
and to specify the related input data file. The user can optionally specify that lake stages are to be written using the
Gage Package by including a record in the MODFLOW name file using the file type (Ftype) “GAGE” that specifies
the selected input data file identifying the lakes.

Lake Package Input Data

Input for the Lake Package is read from the unit specified in the MODFLOW name file. The input consists
of nine separate data sets, each consisting of one or more records, as described in detail below. These data are use
to specify information about the physical geometry of the lakes, hydraulic properties of the lakebeds, and the degree
of hydraulic stress originating from atmospheric and anthropogenic sources, as well as specifying certain output
control parameters. Spatial and temporal units of input data specifications should be consistent with other data input
for the MODFLOW run.

In the following section, parameters are indicated as being optional by their enclosure in brackets. All input
variables are read using free formats, unless specifically indicated otherwise. In free format, variables are separated
by one or more spaces, or by a comma and, optionally, one or more spaces. It is important to note that, in free for-
mat, blank spaces are not read as zeroes and a blank field cannot be used to set a parameter value to zero.

For Each Simulation:

These data are read by module LAK3AL.
Record 1. Dataa  NLAKES ILKCB
NLAKES  Number of separate lakes.
ILKCB Whether or not to write cell-by-cell flows (yesif ILKCB> 0, no otherwise). If ILKCB< 0 and
ICBCFL is not equal to O, the cell-by-cell flows will be printed in the standard output file.

Notes:

1. Sublakes of multiple-lake systems are considered separate lakes for input purposes. The variable NLAKES is
used, with certain internal assumptions and approximations, to dimension arrays for the simulation.

2. If data are being read using the fixed format mode, then each field should be entered using 110 format.
3. ICBCFL is specified in the input to the Output Control Package of MODFLOW.
Record 2. Dataa  THETA {NSSITR SSCNCR}

THETA Explicit (THETA = 0.0), semi-implicit (0.0 < THETA < 1.0), or implicit (THETA = 1.0) solution
for lake stages.

52 Documentation of a Computer Program to Simulate Lake-Aquifer Interaction Using the MODFLOW Ground-Water Flow Model
and the MOC3D Solute-Transport Model



NSSITR Maximum number of iterations for Newton’s method solution for equilibrium lake stages in each
MODFLOW iteration for steady-state aquifer head solution. Only read if ISS (option flag input to
BCF Package of MODFLOW indicating steady-state solution) is not zero.

SSCNCR Convergence criterion for equilibrium lake stage solution by Newton’s method. Only read if ISS
is not zero.

Notes

1. NSSITR and SSCNCR are not needed for a transient solution (ISS = 0) and should be omitted when the solu-
tion is transient.

2. If data are being read using the fixed format mode, then the data should be entered using format
(F10.4,110,F10.4).

3. THETA should be set equal to zero if a steady-state solution is to be performed.

For the First Stress Period Only:
These data are read by module LAK3RP.

Record 3. Data: STAGES {SSMN SSMX} {CLAKE(1).......... CLAKE(NSOL)}

STAGES The initial stage of each lake at the beginning of the run.

SSMN Minimum stage allowed for each lake in steady-state solution.
SSMX Maximum stage allowed for each lake in steady-state solution.
CLAKE The initial concentrations in each lake at the beginning of the model run. Values are entered for

NSOL constituents. The value of NSOL is passed from MOC3D. CLAKE values are ignored if
entered in MODFLOW runs.

Notes

1. This data set should consist of one line for each lake, where line 1 includes data for lake 1nancllides
data for laken. There must be exactly NLAKES lines of data.

2. SSMN and SSMX are not needed for a transient run and must be omitted when the solution is transient.
3. CLAKE is an optional parameter, and is only read if solute transport is being simulated. In that case, if more
than one solute is being simulated, then there should be a string of NSOL values of CLAKE (where NSOL is the

number of solutes) on one line. The default value of NSOL is NSOL = 1.

4. If data are being read using the fixed format mode, then each field should be entered using F10.4 format.
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For Each Stress Period:
These data are read by module LAK3RP.
Record 4. Data: ITMP ITMP1 LWRT
ITMP > 0, read lake definition data (records 5-7, and, optionally, records 8 and 9);
=0, no lake calculations this stress period;
< 0, use lake definition data from last stress period.
ITMP1 > 0 or =0, read new recharge, evaporation, runoff, and withdrawal datafor each lake, and
associated concentrations if needed for MOC3D runs;
< 0, use recharge, evaporation, runoff, and withdrawal data, and concentrations, if needed, from last
stress period.
LWRT > 0, suppresses printout from the lake package.

Notes:

1. ICBCFL < 0 or = 0 also suppresses printout from the lake package. ICBCFL is specified in the input to the
Output Control Package of MODFLOW.

2. If data are being read using the fixed format mode, then each field should be entered using 110 format.
3. Lake definition data are restricted to cells for which IBOUND and WETDRY values have been set to zero.

If ITMP > 0:
Record 5. Data: LKARR(NCOL,NROW)

A NCOL by NROW array is read for each layer in the grid by MODFLOW module U2DINT.

LKARR A vaueisread in for every grid cell. If LKARR(I,J,K) =0, the grid cell is not alake volume cell.
If LKARR(I,J,K) > 0, its value is the identification number of the lake occupying the grid cell.
LKARR(I,J,K) must not exceed the value NLAKES. If it does, or if LKARR(I,J,K) <0,
LKARR(I,JK) is set to zero.

Notes:

1. Lake cells cannot be overlain by non-lake cellsin ahigher layer.

Record 6. Dataa BDLKNC(NCOL,NROW)

A NCOL by NROW array isread for each layer in the grid by MODFLOW module U2DREL.

BDLKNC A vaueisreadinfor every grid cell. The valueis the lakebed |eakance that will be assigned to
lake/aquifer interfaces that occur in the corresponding grid cell.
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Notes:

1. If thewet-dry option flag (IWTFLG) is not active (cells cannot rewet if they become dry), then the BDLKNC
values are assumed to represent the combined leakances of the lakebed material and the aquifer material between
the lake and the centers of the underlying grid cells, i. e., the vertical conductance values (CV) will not be used in
the computation of conductances across lake/aquifer boundary facesin the vertical direction.

2. IBOUND in the input to the Basic Package of MODFLOW and, if the IWTFLG option isactive, WETDRY in
the input to the BCF or other flow package of MODFLOW, should be set to zero for every cell for which LKARR
is not equal to zero.

If ITMP > 0:
Record 7. Dataz NSLMS

NSLMS The number of sublake systemsif coalescing/dividing lakes are to be ssimulated (only in transient
runs). Enter 0 if no sublake systems are to be simulated.

Notes:
1. If data are being read using the fixed format mode, then NSLM S should be entered using format 5.

If ITMP > 0 and NSLMS > 0:
Record 8a. Dataa IC  ISUB(1) ISUB(2) ...cc.c.c.. ISUB(IC)

Record 8b. Datar  SILLVT(2) ..ooe.n. SILLVT(IC)

IC The number of sublakes, including the center lake, in the sublake system being described in this
record.

ISUB The identification numbers of the sublakes in the sublake system being described in this record.
The center lake number islisted first.

SILLVT Sill elevation that determines whether the center lake is connected with a given sublake. One value
isentered in this record for each sublake in the order the sublakes are listed in the previous record.

Notes:

1. A pair of records (records 8a and 8b) is read for each multiple-lake system, i.e.,, NSLMS pairs of records. How-
ever, IC = 0 will terminate the input.

2. If data are being read using the fixed format mode, then each field of Record 8a should be entered using 15 for-
mat and each field of Record 8b should be entered using F10.4 format.

If ITMP1>0or=0.
Record 9a. Dataa PRCPLK EVAPLK RNF  WTHDRW

PRCPLK Therate of precipitation per unit area at the surface of alake (L/T).
EVAPLK The rate of evaporation per unit areafrom the surface of alake (L/T).
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RNF Overland runoff from an adjacent watershed entering the lake. If RNF > 0, it is specified directly as

avolumetric rate, or flux (L¥/T). If RNF < 0, its absolute value is used as a dimensionless
multiplier applied to the product of the lake precipitation rate per unit area (PRCPLK) and the
surface area of the lake at its full stage (occupying all layer 1 lake cells).

WTHDRW  The volumetric rate, or flux (L3/T), of water removal from alake by means other than rainfall,
evaporation, surface outflow, or ground-water seepage. A negative value indicates augmentation.
Normally, thiswould be used to specify the rate of artificial withdrawal from alake for human
water use, or if negative, artificial augmentation of alake volume for esthetic or recreationa
purposes.

Notes:

1. When RNF is entered as adimensionless multiplier (RNF < 0), it is considered to be the product of two propor-
tionality factors. Thefirst isthe ratio of the area of the basin contributing runoff to the surface area of the lake
whenitisat full stage. The second isthe fraction of the current rainfall rate that becomes runoff to the lake. This
procedure provides a means for the automated computation of runoff rate from awatershed to alake as afunction
of varying rainfal rate. For example, if the basin areais 10 times greater than the surface area of the lake, and

20 percent of the precipitation on the basin becomes overland runoff directly into the lake, then set RNF = -2.0.

If solute transport is also being simulated (Ftype “CONC” exists), then for each solute the following data are read:

Record 9b. Data:  CPPT(NSOL) CRNF(NSOL)  {CAUG(NSOL)}

CPPT The concentration of solute in precipitation onto the lake surface.
CRNF The concentration of solute in overland runoff directly into the lake.
CAUG The concentration of solute in water used to augment the lake volume.
Notes

1. At least one of the above records will be read for each lake; i.e., NLAKES records, or sets of records, will be
read. If MODFLOW is being run, only the first record is read. If MOC3D is being run, a set of two or more
records will be read for each lake (see note 2).

2. If record 9b is included because solute transport is being simulated, then 9b should consist of one record (line)
for each solute; each record must contain two or three values; and there must be as many records as the number of
solutes being simulated (NSOL). The order of records must be that all necessary lines for 9b are listed for a given
lake before line 9a for the next lake. For example, if the Lake Package is representing three lakes and the solute
transport package is representing two solutes, then the order of data for Record 9 would be 9a, 9b, 9b, 9a, 9b, 9b,
9a, 9b, and 9b.

3. CAUG is an optional parameter, and is only read if the value of WTHDRW in 9a is negative (no value should
be specified for CAUG if WTHDRW in 9a is positive, indicating withdrawal of water from the lake).

4. ltis implicitly assumed that no solute is present in water evaporated from the lake surface.

5. If data are being read using the fixed format mode, then each field should be entered using F10.4 format.
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Gaging (Monitoring) Station File (GAGE)

L akes can be designated as having gaging stations located on them. For each such designated lake, the time
and stage of that lake (and if solute transport is being simulated, the concentration of each solute) after each time
step (and each transport time increment) will be written to a separate output file to facilitate graphical postprocess-
ing of the calculated data. The input file for specifying gaging station locationsisread if the file type (Ftype)
“GAGE?” is included in the MODFLOW name file.

For each simulation, if GAGE Package is used:

Record 1: Data NUMGAGE
NUMGAGE Number of gaging stations

For each gaging station:

Record 2: Data LAKE UNIT

LAKE Negative value of the lake number of the lake where the gage is located.
UNIT Unit number for output file.
Notes:

1. The user should specify aunique unit number for each gaging station and match those unit numbersto DATA
filetypes and file namesin the MODFLOW name file (Harbaugh and McDonald, 1996b).

2. The Gage Package can also be used in conjunction with the Stream Package to specify the location of agaging
station on astream. Therefore, to guarantee that the code can distingui sh between input for |akes and that for stream
locations, lake numbers are specified as their negative value.

3. Data Set 2 must include exactly NUMGAGE lines (or records) of data. If NUMGAGE > 1, it is permissible to
interleaf in Data Set 2 records for stream gaging stations (according to the format specified in the documentation
for the Stream Package) with records for gages on lakes (according to the format described above). Data lines
(records) within Data Set 2 can be listed in any arbitrary order.
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APPENDIX 2

INPUT DATA SETS AND PRINTED RESULTS FOR TEST SIMULATION 1

This simulation demonstrates the capability of MODFL OW with the lake package to portray convergenceto

an equilibrium state in which the water budget of alake isin balance with that of an aquifer having aregional
hydraulic gradient. The first set of input data sets shown below are for atransient run to equilibrium. Additional

input data setsfor the L ake Package and partial output data sets are shown for a steady-state simulation and for the

case where an equilibrium ssmulation is preceded by complete drying of the lake.

Listing of Input Data Sets for Test Simulation 1 - Transient Case

The input data set names and the unit numbers that they are associated with are identified in the namefile,

the name of which is entered from the consol e at execution time. The following namefile data set was used for Test
Simulation 1. The three entries on each line are an a pha character identification of the MODFL OW package, the
logical unit number for the corresponding input data set, and the input data set name, and are separated by spaces.

BAS
BCF
EVT
RCH
SI P
FHB
LAK
oC

LIST 6

5
10
11
12
13
21
16
17

uni t 6dn. 96
uni t 5dn
uni t 10dn
uni t 11dn
uni t12b
uni t 13a
uni t 21dn
uni t 16dn
uni t17d1

GAGE 33 uni t 33dn
DATA 37

dauni t 37

T

1

1 Ftype (that is, the type of file)
2 Unit number (arbitrarily selected)

2

3

Y Y N A A

Designates main output file for MODFLOW
Basic input data for MODFLOW

Input for Block-Centered Flow Package

Input for Evapotranspiration Package

Input for Recharge Package

Input parameters for strongly-implicit procedure
Input data for Flow and Head Boundary Package

Input data for Lake Package

Output control data specifications
Specifications for output gage locations
Output unit for GAGE data

3 File name (name chosen to reflect contents of file)
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Listing of Input Data for Basic Package

Input for the Basic Package (BAS) follows the column headings below. The input consists of 102 records

(lines). Input for the package is read from the FORTRAN unit number specified in the MAIN program.

Col um Nunbers

12345678901234567890123456789012345678901234567890123456789012345678901234567890

; begin BAS Input

Shows convergence to equilibriumin transient node.

; second comment line

I TMUNI

NPER

NROW NCOL

NLAY

17

17

; options line (blank)
; IAPART, ISTRT

0
5

; IBOUND, 1st layer

3

1(2413)
-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1

1
1
1
1
1

1
1
1
1
1

1 0 0 0 0 O
1 0 0 0 0 O
1 0 0 0 0 O
1 0 0 0 0 O
1 0 0 0 0 O

1
1
1
1
1

1
1
1
1
1

-1-2-2-17-17-12-12-2-12-1-1-1-1-1-1-1-1

; IBOUND, 2nd layer

1(2413)
-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1

1
1
1

1
1
1

1 0 0 O
1 0 0 O
1 0 0 O

1
1
1

1
1
1

-1-2-2-17-17-2-12-2-12-1-1-1-1-1-1-1-1

; IBOUND, 3rd layer

1(2413)
-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1
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-7-2-2-17-17-2-12-2-12-1-1-1-1-1-1-1-1

: IBOUND, 4th layer

1( 241 3)
-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1

-1-2-2-17-17-12-12-2-12-1-1-1-1-1-1-1-1

: IBOUND, 5th layer

1( 241 3)
-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1

-1-2-2-17-17-12-2-2-12-1-1-1-1-1-1-1-1

-999.

ayer 1
ayer 2
ayer 3
ayer 4
ayer 5

; PERLEN, NSTRTSMULT

115
115
115.
115
115

100 1.02

5000.
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Listing of Input Data for Block-Centered Flow Package

Input for the Block-Centered Flow Package (BCF) follows the column headings below. The input consists
of 128 records (lines). Input for the package is read from FORTRAN unit number 10, as specified in the namefile.

Ool um Nunbers

2 3 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890
0 0 0.0 1 1.0 1 0 ; BCFinput
13333 ; LAYCON
0 1.0 ; TRPY
10 1. 0( 7F10. 0) ; DELR
250. 1000. 1000. 1000. 1000. 1000. 500.
500. 500. 500. 500. 1000. 1000. 1000.
1000. 1000. 250.
10 1. 0( 7F10. 0) ; DELC
250. 1000. 1000. 1000. 1000. 1000. 500.
500. 500. 500. 500. 1000. 1000. 1000.
1000. 1000. 250.
0 0.20 ; storage coefficient, layer 1
0 30. ; hydraulic conductivity, layer 1
0 107. ; bottom elevation, layer 1
0 3. ; vertical leakance, layers 1 and 2
10 -0.2(24F3.0) ; wet-dry, layer 1
0O 0o 0O 0OOO OO O OOOTO0OTUOTUOTU OO
011111 11111111110
6011111 11111111110
01 1111111111111 10
01 1111111111111 10
011111 11111111110
01 1111 0 0 O0OO0OO011 1110
01 1111 0 0 O0OO0OO0O011 1110
01 1111 0 0O0O0O0OO0OT1 111 10
01 1111 0 0O0O0O0OO0OT11 11 10
01 1111 0 0 O0O0OO01 11110
011111 11111111110
6011111 11111111110
01 1111111111111 10
01 1111111111111 10
011111 11111111110
0O 0o 0O0OOO OO O OO O0OTO0OTUO0OTUO0OTUO0OTO
0 0. 0003 ; primary storage coefficient, layer 2
0 30. ; hydraulic conductivity, layer 2
0 97. ; bottom elevation, layer 2
0 3. ; vertical leakance, layers2 and 3
0 0.2 ; secondary storage coefficient, layer 2
0 107. ; top elevation, layer 2
10 -0.2(24F3.0) ; wet-dry, layer 2
0O 0 0OOOO OO O OOOTO0OTUOTU OTUOTO
011111 11111111110
011111 11111111110
011111 11111111110
01 1111111111111 10
01 1111111111111 10
01 1111111111111 10
01 11111 0 0O011 111110
01 11111 0 0O011 111110
01 11111 0O0O0111 1 11 10
01 1111111111111 10
01 1111111111111 10
011111 11111111110
011111 11111111110
01 1111111111111 10
01 1111111111111 10
0O 0 0OOOO OO OO OOTOTUOTU OTUOTO
0 0. 0003 ; primary storage coefficient, layer 3
0 30. ; hydraulic conductivity, layer 3
0 87. ; bottom elevation, layer 3
0 3. ; vertical leakance, layers 3 and 4
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N

; secondary storage coefficient, layer 3

; top elevation, layer 3
; wet-dry, layer 3

[ejeojojojojojojojojojojojololofola]

8

OrddrdddddAdAd A A A A A O
Ordddddddd A A A A A A 1O
O-rddddddddAdA A A A A—A—1O
OrddrdddddAdAd A A A AAdO
O-rdddddddd A A A A AAdO
OrddrdddddAdAd A A A AAdO
O-rddddddddAdAA A A A—AdO
MU/Olllllllllllllllo

o™
_MA.rOlllllllllllllllo
N
~O0O-dddddddA A A A AAAAO

- N

)
QOO0 drdddddd A A A AAAAAO
'

O-rddddddddddA A A A—A 1O

Orddrddddd A A A A A A A O

ooo

A O d A A A A A A A A A AAAAAO

OddddddddAdA A A A A—A—1O

[ejolojojojojojojojojojojojojooNo]

™
o
o
o

o

; primary storage coefficient, layer 4
; hydraulic conductivity, layer 4
; bottom elevation, layer 4

o~
™~

‘o

; vertical leakance, layers4 and 5

; secondary storage coefficient, layer 4

; top elevation, layer 4
; wet-dry, layer 4
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; primary storage coefficient, layer 5
; hydraulic conductivity, layer 5
; bottom elevation, layer 5
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; secondary storage coefficient, layer 5

; top elevation, layer 5
; wet-dry, layer 5
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Listing of Input Data for Evapotranspiration Package

Input for the Evapotranspiration Package (EVT) follows the column headings below. The input consists of
22 records (lines). Input for the package is read from FORTRAN unit number 11, as specified in the namefile.

Col um Nunbers
1 2 3 4 5 6 7 8 9 10 11

12345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890

3 0 ; EVT input - NEVTOR, IEVTCB
1 1 1 0 ; input options INSURF,INEVTR,INEXDRINIEVT
11 1.0(19F6. 1) 8 ; ET surface

160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 105.0 105.0 105.0 105.0 105.0 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 105.0 95.0 95.0 95.0 105.0 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 105.0 95.0 95.0 95.0 105.0 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 105.0 95.0 95.0 95.0 105.0 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 105.0 105.0 105.0 105.0 105.0 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0

0 0.0141 ; maximum ET rate

0 15. ; extinction depth

Listing of Input Data for Recharge Package

Input for the Recharge Package (RCH) follows the column headings below. The input consists of 3 records
(lines). Input for the package is read from FORTRAN unit number 12, as specified in the namefile.

Col um Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

3 0 ; RCH input - NRCHOPIRCHCB
1 0 ; input options INRECH,INIRCH
0 0. 0116 ; rechargerate

Listing of Input Data for Strongly-Implicit Procedure Package

Input for the Strongly-Implicit Procedure Package (SIP) follows the column headings below. The input con-
sists of 2 records (lines). Input for the package is read from FORTRAN unit number 13, as specified in the name-
file.

Col umm Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

500 5 ; SIPinput - MXITER,NPARM
0.0 0. 0001 1 0.0 1 ; SIP parameter specifications
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Listing of Input Data for the Flow and Head Boundary Package
Input for the Flow and Head Boundary Package (FHB) follows the column headings below. The input con-

sists of 324 records (lines). Input for the package is read from FORTRAN unit number 21, as specified in the

namefile. The fourth column is not used by MODFLOW but may be used by MOC3D.

Col um Nunbers
4 5

1 2 3 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

1
21
0.0
21
1

1

1

1

=oF
hrWNRO OO

320

1
1
1
1
1

1

0

160
160
160
160

(162 records have been onmitted assigning
to 160 and 140 feet,

RPRPRFRROOIOITOTOT

(142 records have been omitted assigning specified heads across the northern and southern
boundaries in all

gororol

14
15
16
17
1
1
1
1

respectively.)
17

17
17
17
2
3
4
5

140
140
140
140
150
150
150
150

160
160
160
160

heads i

140.
140.
140.
140.
158.
157.
155.
154.

0

00
00
00
00

n all

00
00
00
00
85
31
77
23

| ayers on the west and east

0 0 ; FHB input
; simulation times for input

; boundary head values

layers by linear interpolation between 160 and 140 feet.)
17

17
17
17

13 140 145. 77
14 144 144. 23
15 140 142. 69
16 140 141. 15

Listing of Input Data for the Lake Package
Input for the Lake Package (LAK) follows the column headings below. The input consists of 50 records

(lines). Input for the package is read from FORTRAN unit number 16, as specified in the namefile.

3

Col um Nunbers
4 5

6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

1 2

1 0
0.00
110.0

1 0

6 1

()]
OOO0OO0 OO0OO0O00O0O0O0OO0OO0OO0OO0OOOOO0OO0O

OOO0O0 OO0OO0O00O0O0O0OO0O0OO0OO0OOOOO0OO0O
[eleolololiolololololololololololololololole]
[elejolo) JolojolololololololololololololoNa) ]

[eleolololiolololololololololololololololole)]

OOO0OO0 OO0OO0O00O0O0O0OO0OO0OO0OO0OOOOO0OO0O

[EEY
OCOO0O0OTO0OO0O0O0O0OORrRRPRFRPFRPRPFRPROOOOOO

N
~
w

N
~
OOOO;OOOOOOI—‘I—‘I—‘I—‘I—‘OOOOOO_

~

N—r
[eleojole] OO0 O0O0OORRPRRPFRPFPOOOOOO

[eleolole] OO0 O0O0OORRPRRPRPFRPROOOOOO o

[eoeoleole) COO0OOCOORRPRPRPPRPROOOOCOO

[eleolololiolololololololololololololololole)]

OOO0O0 OO0OO0O00O0O0O0OO0OO0OO0OOOOOO0OO0O

[eleolololiolololololololololololololololole]

[eleolololiolololololololololololololololole)]

OOO0O0O OO0OO000O0O0O0OO0OO0OO0OOOOOO0OO0O

[eleolololiolololololololololololololololole)]

; LAK input - NLAKES,ILKCB
; THETA

;initial stage

; input/output options

; lake position array, layer 1

; lake position array, layer 2
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0O 0o 0O0OOO OO O OO OTUO0OTUO0OTUO0OTOU OO

0O 0 0OOOO OO O OOOTUOTU OO OTUOTO

0O 0 0OOOO OO O OOOTOTUO OO OTUOTUO

0 0 0O0OOOO1 1 1 0O0O0OO0OO0O0TO

0O 0 0O0O0OO O 1 220 0 0 0 0 000

0O 0 0O0O0OO O 1 220 0 0 0 0 000

0O 0o 0O 0OOO OO O O0OOO0OTUO0OTUO0OTUO0OTOU OO

0O 0 0OOOO OO OO O OOUOTU OTUOTO

0O 0 0OOOO OO O OO OTO0OTUOTU OTUO0OTO

0O 0o 0O 0OOO OO O OO O0OTUO0OTUO0OTUO0OTUO0OTO

0O 0o 0O 0OOO OO O O0OOO0OTUO0OTUO0OTUOTU OO

0O 0 0O0OOO OO OO OOTO0OTUOTU OTUOTUO

0O 0o 0O0OOO OO O OO O0OTO0OTUO0OTUO0OTUO0OTO
0 0 ; lake position array, layer 3
0 0 ; lake position array, layer 4
0 0 ; lake position array, layer 5
0 0.10 ; lakebed leakance array, layer 1
0 0.10 ; lakebed leakance array, layer 2
0 0.10 ; lakebed leakance array, layer 3
0 0.10 ; lakebed leakance array, layer 4
0 0.10 ; lakebed leakance array, layer 5
0 ; number of coalescing lake systems

0. 0116 0. 0103 0.0 0.0 ; recharge, ET,runoff withdrawal rates

Listing of Input Data for the Output-Control Package

Input for the Output-Control Package (OC) follows the column headings below. The input consists of
241 records (lines). Input for the package is read from FORTRAN unit number 17, as specified in the namefile.

Col um Nunbers
1 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

-14 9 18 19 ; formatting and file unit options
0 0 0 1 1 ; output options, time step 1
0 0 0 0 ; head-drawdown print/file options, time step 1
0 0 0 1 2 ; time step 2
0 0 0 0
0 0 0 1 3 ;timestep 3
0 0 0 0
0 0 0 1 4 ; time step 4
0 0 0 0
0 0 0 1 5 ;timestep 5
0 0 0 0
0 0 0 1 6 ;timestep 6
0 0 0 0
0 0 0 1 7 ;timestep 7
0 0 0 0
0 0 0 1 8 ;timestep 8
0 0 0 0
0 0 0 1 9 ;timestep 9
0 0 0 0
1 1 1 1 10 ; time step 10
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
1 0 0 0

(The previous 24 lines are repeated 9 nore tines.)
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Listing of Input Data for the Gage Package

Input for the Gage Package (GAGE) follows the column headings below. The input consists of 2 records

(lines). Input for the package is read from FORTRAN unit number 33, as specified in the namefile.

Col um Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

1 ; number of gages
-1 37 ; lake or stream segment number and output unit number

Selected Pages from Printed Resultsfor Test Smulation 1 - Transient Case
(Title lines and begi nning of input data)

1 MODFLOW
U S. GEOLOG CAL SURVEY MODULAR FI NI TE- DI FFERENCE GROUND- WATER FLOW MODEL

Hypot heti cal sinulator of |ake and surficial aquifer interaction. -------------
Shows convergence to equilibriumin transi ent node.
5 LAYERS 17 RONS 17 COLUWNS
1 STRESS PERI OD(S) | N SI MULATI ON
MODEL TIME UNIT IS DAYS

(Qutput from LAK3AL nodul e of Lake Package)

LAK3 -- LAKE PACKACE, VERSION 3, 6/28/99 INPUT READ FROM UNI T 16
SPACE ALLOCATI ON FCR 2890 GRID CELL FACES ADJACENT TO LAKES

MAXI MUM NUMBER OF LAKES IS 1 FOR THI S SI MULATI ON

CELL- BY- CELL SEEPAGES WLL NOT BE PRI NTED OR SAVED

THETA = .00 METHOD FOR UPDATI NG LAKE STAGES | N | TERATI ONS OF THE SCLUTI ON FOR AQUI FER

HEADS.
0.0 IS EXPLICIT, 0.5 1S CENTERED, AND 1.0 IS FULLY I MPLICIT.
24602 ELEMENTS I N X ARRAY ARE USED BY THE LAKE PACKAGE
(Qutput from LAK3RP nodul e of Lake Package)
I NI TIAL LAKE STAGE: LAKE STAGE
1 110. 000

LAKE | D ARRAY FOR LAYER 1
READING ON UNIT 16 W TH FORMAT: (24l 3)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 o o o o o o o o o o o o o o o o o
2 o o o o o o o o o o o o o o o o o
3 o o o o o o o o o o o o o o o o o
4 o o o o o o o o o o o o o o o o o
5 o o o o o o o o o o o o o o o o o
6 o o o o o o o o o o o o o o o o o
7 0o o0 O O o o0 1 1 1 1 1 0 0 o0 0o 0 O
8 o 0 O O O o0 1 1 1 1 1 0 0 O O o0 O
9 0o o0 O O o o0 1 1 1 1 1 0 0 o0 0o 0 O
10 o 0 O O O o0 1 1 1 1 1 0 0 O O o0 O
11 0o o0 O O o o0 1 1 1 1 1 0 0 0O o0 0 O
12 o o o o o o o o o o o o o o o o o
13 o o o o o o o o o o o o o o o o o
14 o o o o o o o o o o o o o o o o o
15 o o o o o o o o o o o o o o o o o
16 o o o o o o o o o o o o o o o o o
17 o o o o o o o o o o o o o o o o o

LAKE I D ARRAY FOR LAYER 2
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READING ON UNIT 16 W TH FORMAT: (24l 3)

1 o o o o o o o o o o o o o o o o o
2 o o o o o o o o o o o o o o o o o
3 o o o o o o o o o o o o o o o o o
4 o o o o o o o o o o o o o o o o o
5 o o o o o o o o o o o o o o o o o
6 o o o o o o o o o o o o o o o o o
7 o o o o o o o o o o o o o o o o o
8 0O 0 O O o o o 1 1 1 0o 0 o0 o o o0 o
9 0O o0 O O o o o 1 1 1 0o 0 o0 o o0 o0 o
10 0O o0 O O o o o 1 1 1 0o 0 o0 o o0 o0 o
11 o o o o o o o o o o o o o o o o o
12 o o o o o o o o o o o o o o o o o
13 o o o o o o o o o o o o o o o o o
14 o o o o o o o o o o o o o o o o o
15 o o o o o o o o o o o o o o o o o
16 o o o o o o o o o o o o o o o o o
17 o o o o o o o o o o o o o o o o o

LAKE | D ARRAY = 0 FOR LAYER 3

LAKE | D ARRAY = 0 FOR LAYER 4

LAKE | D ARRAY = 0 FOR LAYER 5
LAKEBED LEAKANCE ARRAY = . 1000000 FOR LAYER 1
LAKEBED LEAKANCE ARRAY = . 1000000 FOR LAYER 2
LAKEBED LEAKANCE ARRAY = . 1000000 FOR LAYER 3
LAKEBED LEAKANCE ARRAY = . 1000000 FOR LAYER 4
LAKEBED LEAKANCE ARRAY = . 1000000 FOR LAYER 5

(Qutput from LAK3RP - List of Cell Interfaces Determnmined by Code)

LOCATI ONS, LAKE #, | NTERFACE TYPE FOR GRI D CELLS ADJACENT TO LAKES

LAYER # ROW # COLUMWN # LAKE # | NTERFACE TYPE LAKEBED LEAKANCE

1 7 6 1 1 . 10000
1 8 6 1 1 . 10000
1 9 6 1 1 . 10000
1 10 6 1 1 . 10000
1 11 6 1 1 . 10000
1 6 7 1 2 . 10000
2 7 7 1 0 . 10000
2 8 7 1 0 . 10000
2 8 7 1 1 . 10000
2 9 7 1 0 . 10000
2 9 7 1 1 . 10000
2 10 7 1 0 . 10000
2 10 7 1 1 . 10000
2 11 7 1 0 . 10000
1 12 7 1 2 . 10000
1 6 8 1 2 . 10000
2 7 8 1 0 . 10000
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(Qutput from LAK3RP - List of Cell

P RPPRPPRPFPEPNNNNNNNNNNNNNEPRPRPNNMNNOOONNEPRERPNMNNOOONNPEPRPNNOOWWDN

10
11

O © O © O O OO 0000 0

PRRPRPRPRPRRPRRPRPRPRRPRPRPRRPRRPREPRPRRPRRPREPRPRPRREPRPRPRRPRRPREPRPRRPRREPREPRPRRPRREPREPRRERSR

NUMBER OF LAKE- AQUI FER CELL | NTERFACES =

PRPPRPPPNOPRPOPRPORPOONNNOOOONONDNNOOOONONNDNOOOON

57

. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000

I nterface Conductance Val ues)

C | NTERFACE CONDUCTANCES FOR LAKES
L o
A L L T (I'F TYPE = 1 OR 2, CONDUCTANCES ARE PER UNI T THI CKNESS.)
Y R UAY
E O MK P LAKEBED CONDUCTANCES
R W N E E DELTA'Y DELTA X LEAKANCE LAKEBED AQUI FER COVBI NED
1 7 6 1 1 5. 00E+02 1.00E+03 1.00E-01 5.00E+01 3.00E+01 1.88E+01
1 8 6 1 1 5. 00E+02 1.00E+03 1.00E-01 5.00E+01 3.00E+01 1.88E+01
1 9 6 1 1 5. 00E+02 1.00E+03 1.00E-01 5.00E+01 3.00E+01 1.88E+01
110 6 1 1 5. 00E+02 1.00E+03 1.00E-01 5.00E+01 3.00E+01 1.88E+01
111 6 1 1 5. 00E+02 1.00E+03 1.00E-01 5.00E+01 3.00E+01 1.88E+01
1 6 7 1 2 1. 00E+03 5. 00E+02 1.00E-01 5.00E+01 3.00E+01 1.88E+01
2 7 7 1 0 5. 00E+02 5. 00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
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2 8 7 1 0 5. 00E+02 5.00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
2 8 7 1 1 5. 00E+02 5.00E+02 1.00E-01 5.00E+01 6.00E+01 2.73E+01
2 9 7 1 0 5. 00E+02 5. 00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
2 9 7 1 1 5. 00E+02 5. 00E+02 1.00E-01 5.00E+01 6.00E+01 2.73E+01
210 7 1 O 5. 00E+02 5.00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
210 7 1 1 5. 00E+02 5.00E+02 1.00E-01 5.00E+01 6.00E+01 2.73E+01
211 7 1 O 5. 00E+02 5. 00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
112 7 1 2 1. 00E+03 5.00E+02 1.00E-01 5.00E+01 3.00E+01 1.88E+01
1 6 8 1 2 1. 00E+03 5. 00E+02 1.00E-01 5.00E+01 3.00E+01 1.88E+01
2 7 8 1 0 5. 00E+02 5.00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
2 7 8 1 2 5. 00E+02 5. 00E+02 1.00E-01 5.00E+01 6.00E+01 2.73E+01
3 8 8 1 0 5. 00E+02 5. 00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
3 9 8 1 0 5. 00E+02 5.00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
310 8 1 O 5. 00E+02 5.00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
211 8 1 O 5. 00E+02 5. 00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
211 8 1 2 5. 00E+02 5. 00E+02 1.00E-01 5.00E+01 6.00E+01 2.73E+01
112 8 1 2 1. 00E+03 5. 00E+02 1.00E-01 5.00E+01 3.00E+01 1.88E+01
1 6 9 1 2 1. 00E+03 5. 00E+02 1.00E-01 5.00E+01 3.00E+01 1.88E+01
2 7 9 1 0 5. 00E+02 5. 00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
2 7 9 1 2 5. 00E+02 5. 00E+02 1.00E-01 5.00E+01 6.00E+01 2.73E+01
3 8 9 1 0 5. 00E+02 5.00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
3 9 9 1 0 5. 00E+02 5.00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
310 9 1 O 5. 00E+02 5. 00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
211 9 1 O 5. 00E+02 5. 00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
211 9 1 2 5. 00E+02 5.00E+02 1.00E-01 5.00E+01 6.00E+01 2.73E+01
112 9 1 2 1. 00E+03 5. 00E+02 1.00E-01 5.00E+01 3.00E+01 1.88E+01
1 610 1 2 1. 00E+03 5.00E+02 1.00E-01 5.00E+01 3.00E+01 1.88E+01
2 710 1 O 5. 00E+02 5.00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
2 710 1 2 5. 00E+02 5.00E+02 1.00E-01 5.00E+01 6.00E+01 2.73E+01
3 810 1 O 5. 00E+02 5. 00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
3 910 1 O 5. 00E+02 5.00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
31010 1 O 5. 00E+02 5.00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
21110 1 O 5. 00E+02 5.00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
21110 1 2 5. 00E+02 5.00E+02 1.00E-01 5.00E+01 6.00E+01 2.73E+01
11210 1 2 1. 00E+03 5.00E+02 1.00E-01 5.00E+01 3.00E+01 1.88E+01
1 611 1 2 1. 00E+03 5. 00E+02 1.00E-01 5.00E+01 3.00E+01 1.88E+01
2 711 1 O 5. 00E+02 5.00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
2 811 1 O 5. 00E+02 5.00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
2 811 1 1 5. 00E+02 5. 00E+02 1.00E-01 5.00E+01 6.00E+01 2.73E+01
2 911 1 O 5. 00E+02 5.00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
2 911 1 1 5. 00E+02 5.00E+02 1.00E-01 5.00E+01 6.00E+01 2.73E+01
21011 1 O 5. 00E+02 5.00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
21011 1 1 5. 00E+02 5.00E+02 1.00E-01 5.00E+01 6.00E+01 2.73E+01
21111 1 O 5. 00E+02 5.00E+02 1.00E-01 2.50E+04 7.50E+05 2.46E+04
11211 1 2 1. 00E+03 5. 00E+02 1.00E-01 5.00E+01 3.00E+01 1.88E+01
1 712 1 1 5. 00E+02 1.00E+03 1.00E-01 5.00E+01 3.00E+01 1.88E+01
1 812 1 1 5. 00E+02 1.00E+03 1.00E-01 5.00E+01 3.00E+01 1.88E+01
1 912 1 1 5. 00E+02 1.00E+03 1.00E-01 5.00E+01 3.00E+01 1.88E+01
11012 1 1 5. 00E+02 1.00E+03 1.00E-01 5.00E+01 3.00E+01 1.88E+01
11112 1 1 5. 00E+02 1.00E+03 1.00E-01 5.00E+01 3.00E+01 1.88E+01
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(Qut put from LAK3RP - Conputed stage/vol unme rel ation)

STAGE/ VOLUVE RELATI ON FOR LAKE 1

STAGE

97.
97.
97.
97.
97.
98.
98.
98.
98.
98.
99.
99.
99.
99.
99.
100.

(110 simlar lines omtted)

122.
122.
122.
122.
122.
123.
123.
123.
123.
123.
124.
124.
124.
124.
124.
125.
125.
125.
125.
125.
126.
126.
126.
126.
126.

0000
2000
4000
6000
8000
0000
2000
4000
6000
8000
0000
2000
4000
6000
8000
0000

1996
3996
5996
7996
9996
1996
3996
5996
7996
9996
1996
3996
5996
7996
9996
1996
3996
5996
7996
9996
1996
3996
5995
7995
9995

VOLUME
0. 000E+00

OO0 0000 DdDDWWNMNDNRER OS>

P PR RPRRPRRPRRPRPRRPRPRPRRPRPRREPRRRPEPRRERLPRLSPR

. 500E+05
. O00OE+05
. 350E+06
. 800E+06
. 250E+06
. 7T00E+06
. 150E+06
. 600E+06
. 050E+06
. 500E+06
. 950E+06
. 400E+06
. 850E+06
. 300E+06
. 7T50E+06

. 175E+08
. 187E+08
. 200E+08
. 212E+08
. 225E+08
. 237E+08
. 250E+08
. 262E+08
. 275E+08
. 287E+08
. 300E+08
. 312E+08
. 325E+08
. 337E+08
. 350E+08
. 362E+08
. 375E+08
. 387E+08
. 400E+08
. 412E+08
. 425E+08
. 437E+08
. 450E+08
. 462E+08
. 475E+08
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(Remai ni ng Qut put from LAK3RP)

NUMBER OF CONNECTED LAKE SYSTEMS IN SIMULATION IS O

LAKE PRECI P EVAP RUNCFF W THDRAW  BOTTOM AREA

1 .0116 . 0103 0. 000OE+00 0. 000E+00 9. 700E+01 6. 250E+06
(Qutput for tine step 10)

8 | TERATIONS FOR TIME STEP 10 IN STRESS PERIOD 1
MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE  HEAD CHANGE HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW CCOL

1.591 . 8838 . 3710 .5573E-01 . 7130E- 02
( 1, 14, 4) ( 5, 11, 3) ( 5 8 4) ( 4, 11, 4) ( 5, 10, 4
-.6893E-03 -.2124E-03 -. 7416E- 04

(2, 7, 3)( 5 8 3)( 4 9 3

TOTAL BUDGET PRI NTQUT FLAG = 1

1]
[En

HEAD/ DRAWDOMN PRI NTQUT FLAG
CELL- BY- CELL FLOW TERM FLAG

1]
[En

QUTPUT FLAGS FOR EACH LAYER:
HEAD DRAWODOMN HEAD DRAVDOWN
LAYER PRINTOUT PRI NTOUT SAVE SAVE

0 LAKE CELLS ARE DRY.

PERI CD 1 TI ME STEP 10 TI ME STEP LENGTH 1.9138E+01
PERI OD TI ME 1. 7535E+02 TOTAL SI MULATION TI ME 1. 7535E+02

(Qutput for tinme step 10 - Water budget for |ake)

HYDROLOG C BUDCET SUMVARI ES FOR SI MULATED LAKES

LAKE STAGE PRECI P EVAP RUNOFF
1 113.60 .13875E+07 .12320E+07 . 00000

GROUND WATER SURFACE WATER
LAKE I NFLOW QUTFLOW I NFLOW OQUTFLOW
1 .28758E+07 .00000 . 00000 . 00000
WATER CONNECTED LAKE  UPDATED TI ME- STEP STAGE CHANGE
LAKE USE I NFLUX VOLUME SURFACE AREA Tl ME STEP CUMJLATI VE
1 . 00000 . 00000 . 63765E+08 . 62500E+07 . 48502 3.6023
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(Qutput for time step 10 - Tabl e of aquifer heads in |ayer 5)

HEAD I N LAYER 5 AT END OF TIME STEP 10 IN STRESS PERIOD 1

1 2 3 4 5 6 7 8 9 10
1 160.0 159.1 157.5 155.9 154.4 152.8 151.6 150.8 150.0 149.2
2 160.0 157.0 153.0 150.0 147.8 146.2 145.1 144.5 143.8 143.1
3 160.0 154.6 147.1 141.8 138.7 137.0 136.1 135.7 135.3 134.9
4 160.0 153.0 143.2 135.9 132.0 130.2 129.5 129.1 128.9 128.8
5 160.0 152.3 141.1 132.9 128.5 126.3 125.4 125.0 124.8 124.8
6 160.0 152.0 140.3 131.6 126.7 123.5 121.0 120.3 120.1 120.2
7 160.0 151.9 140.0 131.1 125.9 121.1 113.6 113.4 113.3 113.4
8 160.0 151.9 139.9 131.0 125.6 120.4 113.4 113.1 113.1 113.1
9 160.0 151.9 139.9 130.9 125.5 120.2 113.3 113.1 113.1 113.1
10 160.0 151.9 139.9 131.0 125.6 120.4 113.4 113.1 113.1 113.1
11 160.0 151.9 140.0 131.1 125.9 121.1 113.6 113.4 113.3 113.4
12 160.0 152.0 140.3 131.6 126.7 123.5 121.0 120.3 120.1 120.2
13 160.0 152.3 141.1 132.9 128.5 126.3 125.4 125.0 124.8 124.8
14 160.0 153.0 143.2 135.9 132.0 130.2 129.5 129.1 128.9 128.8
15 160.0 154.6 147.1 141.8 138.7 137.0 136.1 135.7 135.3 134.9
16 160.0 157.0 153.0 150.0 147.8 146.2 145.1 144.5 143.8 143.1
17 160.0 159.1 157.5 155.9 154.4 152.8 151.6 150.8 150.0 149.2
1
HEAD I N LAYER 5 AT END OF TIME STEP 10 IN STRESS PERIOD 1
11 12 13 14 15 16 17

1 148.4 147.2 145.6 144.1 142.5 140.9 140.0

2 142.5 141.6 140.4 139.4 139.0 139.2 140.0

3 134.5 134.1 133.6 133.7 134.8 137.4 140.0

4 128.7 128.8 129.1 130.1 132.4 136.4 140.0

5 125.0 125.6 126.7 128.4 131.3 136.0 140.0

6 120.9 123.1 125.3 127.5 130.9 135.9 140.0

7 113.6 120.8 124.5 127.2 130.7 135.8 140.0

8 113.3 120.1 124.3 127.1 130.7 135.8 140.0

9 113.3 119.9 124.2 127.1 130.7 135.8 140.0
10 113.3 120.1 124.3 127.1 130.7 135.8 140.0
11 113.6 120.8 124.5 127.2 130.7 135.8 140.0
12 120.9 123.1 125.3 127.5 130.9 135.9 140.0
13 125.0 125.6 126.7 128.4 131.3 136.0 140.0
14 128.7 128.8 129.1 130.1 132.4 136.4 140.0
15 134.5 134.1 133.6 133.7 134.8 137.4 140.0
16 142.5 141.6 140.4 139.4 139.0 139.2 140.0
17 148.4 147.2 145.6 144.1 142.5 140.9 140.0
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(Qutput for time step 10 - Water budget for aquifer show ng | ake seepage)

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TIME STEP 10 IN STRESS PERIOD 1

CUMULATI VE VOLUMES L**3 RATES FOR THI' S Tl ME STEP L**3/ T
I N: I'N:
STORAGE = 33100. 9000 STORACGE = . 0000
CONSTANT HEAD = 353151900. 0000 CONSTANT HEAD = 949361. 6000
ET = . 0000 ET = . 0000
RECHARCE = 305103300. 0000 RECHARCE = 1740000. 0000
SPECI FI ED FLONS = . 0000 SPECI FI ED FLOWS = . 0000
LAKE SEEPAGE = . 0000 LAKE SEEPAGE = . 0000
TOTAL IN = 658288300. 0000 TOTAL IN = 2689362. 0000
QUT: QOUT:
STORACE = 598187800. 0000 STORACE = 2038967. 0000
CONSTANT HEAD = . 0000 CONSTANT HEAD = . 0000
ET = 39010640. 0000 ET = 500132. 4000
RECHARGE = . 0000 RECHARGE = . 0000
SPECI FI ED FLONS = . 0000 SPECI FI ED FLONS = . 0000
LAKE SEEPAGE = 21090200. 0000 LAKE SEEPACE = 150266. 0000
TOTAL QUT = 658288600. 0000 TOTAL QUT = 2689365. 0000
IN - OQUT = -320. 0000 IN- OQUT = - 3. 5000
PERCENT DI SCREPANCY = .00 PERCENT DI SCREPANCY = .00

(Qutput for time step 10 - Time sunmary)

TI ME SUMVARY AT END OF TIME STEP 10 IN STRESS PERIOD 1

SECONDS M NUTES HOURS DAYS YEARS

TI ME STEP LENGTH 1. 65352E+06 27559. 459. 31 19. 138 5. 23969E- 02
STRESS PERI CD Tl ME 1. 51500E+07 2. 52499E+05 4208. 3 175. 35 . 48007
TOTAL TI ME 1.51500E+07 2.52499E+05 4208.3 175. 35 . 48007

(Qutput for tinme step 100)
4 | TERATI ONS FOR TI ME STEP 100 IN STRESS PERIOD 1
MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE HEAD CHANGE HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, RON COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL
. 8170E- 03 . 2127E- 03 . 1263E- 03 . 6686E- 04
( 3, 9 9 ( 5 6 8 ( 5 8 6) ( 3, 10, 13)

1
[EnY

HEAD/ DRAWDOMN PRI NTQUT FLAG
CELL- BY-CELL FLOW TERM FLAG

TOTAL BUDGET PRI NTQUT FLAG = 1

1
[EnY
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OQUTPUT FLAGS FOR EACH LAYER
HEAD DRAWOOMN HEAD DRAVDOWN
LAYER PRINTOUT PRI NTOUT SAVE SAVE

0 LAKE CELLS ARE DRY.

PERI CD 1 TIME STEP 100 TI ME STEP LENGTH 1. 1374E+02
PERI CD TI ME 5. 0000E+03 TOTAL SI MULATION TI ME 5. 0000E+03

(Qutput for time step 100 - Water budget for | ake)

HYDROLOG C BUDGET SUMVARI ES FCOR SI MULATED LAKES

LAKE STAGE PRECI P EVAP RUNOFF
1 148.29 .82461E+07 .73220E+07 .00000

GROUND WATER SURFACE WATER
LAKE I NFLOW OQUTFLOW I NFLOW OQUTFLOW
1 .19181E+07 .28415E+07 . 00000 . 00000
WATER CONNECTED LAKE  UPDATED TI ME- STEP STAGE CHANGE
LAKE USE I NFLUX VOLUME SURFACE AREA Tl ME STEP CUMJLATI VE
1 . 00000 . 00000 . 28055E+09 . 62500E+07 -.13733E-03 38. 287

(Qutput for time step 100 - Table of aquifer heads in |ayer 5)

HEAD IN LAYER 5 AT END OF TIME STEP100 IN STRESS PERIOD 1

1 2 3 4 5 6 7 8
1 160.0 159.1 157.5 155.9 154.4 152.8 151.6 150.8 150
2 160.0 158.7 156.9 155.2 153.5 151.9 150.7 149.9 149
3 160.0 158.4 156.3 154.5 152.8 151.2 150.0 149.2 148
4 160.0 158.3 156.1 154.2 152.4 150.8 149.6 148.8 148
5 160.0 158.2 156.0 154.0 152.2 150.5 149.4 148.6 147
6 160.0 158.2 155.9 153.9 152.1 150.3 149.1 148.5 148
7 160.0 158.2 155.9 153.9 152.0 150.1 148.4 148.3 148
8 160.0 158.2 155.9 153.8 151.9 150.0 148.3 148.3 148
9 160.0 158.2 155.8 153.8 151.9 150.0 148.3 148.3 148
10 160.0 158.2 155.9 153.8 151.9 150.0 148.3 148.3 148
11 160.0 158.2 155.9 153.9 152.0 150.1 148.4 148.3 148
12 160.0 158.2 155.9 153.9 152.1 150.3 149.1 148.5 148
13 160.0 158.2 156.0 154.0 152.2 150.5 149.4 148.6 147
14 160.0 158.3 156.1 154.2 152.4 150.8 149.6 148.8 148
15 160.0 158.4 156.3 154.5 152.8 151.2 150.0 149.2 148
16 160.0 158.7 156.9 155.2 153.5 151.9 150.7 149.9 149
17 160.0 159.1 157.5 155.9 154.4 152.8 151.6 150.8 150

OFRP PP OOCWWWWWOORr ~FO

NDAOWNOIUOWWWWWAONWOERANDN
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HEAD IN LAYER 5 AT END OF TIME STEP100 IN STRESS PERIOD 1

11 12
1 148.4 147.2
2 147.6 146.4
3 146.9 145.7
4 146.5 145.4
5 146.5 145.3
6 146.8 145.5
7 148.2 145.9
8 148.2 146.0
9 148.2 146.0
10 148.2 146.0
11 148.2 145.9
12 146.8 145.5
13 146.5 145.3
14 146.5 145.4
15 146.9 145.7
16 147.6 146.4
17 148.4 147.2

(Qutput for time step 100 -

13 14
145.6 144.1
144.8 143.3
144.1 142.7
143.8 142.4
143.7 142.3
143.8 142.2
143.9 142.3
143.9 142.3
143.9 142.3
143.9 142.3
143.9 142.3
143.8 142.2
143.7 142.3
143.8 142.4
144.1 142.7
144.8 143.3
145.6 144.1

141.
141.
141.
141.
141.
141.
141.
141.
141.
141.
141.
141.
141.
141.
141.
142.

QO WRFROOOODODOOOORFr WOowu

Wat er budget

16 17
140.9 140.0
140.5 140.0
140.2 140.0
140.1 140.0
140.1 140.0
140.1 140.0
140.1 140.0
140.1 140.0
140.1 140.0
140.1 140.0
140.1 140.0
140.1 140.0
140.1 140.0
140.1 140.0
140.2 140.0
140.5 140.0
140.9 140.0

for aquifer

showi ng | ake seepage)

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TI ME STEP100 I N STRESS PERIOD 1

CUMULATI VE VCOLUVMES

I N:
STORAGE
CONSTANT HEAD
ET

RECHARGE =
SPECI FI ED FLONS =

LAKE SEEPAGE

TOTAL I N

QUT:
STORAGE
CONSTANT HEAD
ET

=1

RECHARCE =
SPECI FI ED FLONS =

LAKE SEEPAGE
TOTAL QUT
IN - OUT

PERCENT DI SCREPANCY

76

=1

L**3

33131.
1290829000.
. 0000
8700039000.
. 0000

79640080.

0070540000.

1011716000.
38468440
8742021000.
. 0000

. 0000

278344400

0070550000.

- 7168.

and the MOC3D Solute-Transport Model

2700
0000

0000

0000

0000

0000

0000

0000

0000

0000

0000

.00

I'N:
STORACE
CONSTANT HEAD
ET
RECHARGE
SPECI FI ED FLONS
LAKE SEEPAGE

TOTAL I N

QUT:
STORAGE
CONSTANT HEAD
ET
RECHARGE
SPECI FI ED FLOWS
LAKE SEEPACGE

TOTAL QUT
IN - OoUT

PERCENT DI SCREPANCY

RATES FOR THI S TI ME STEP

L**3/T

5. 6178E-02

166880.
. 0000
1740000.
. 0000

24982.

1931864.

23.
9491.
1905485.
. 0000

. 0000

16863.

1931864.

8000

0000

8800

0000

8247
0120
0000

9500

0000

. 1250

.00
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(Qutput for time step 100 - Tinme sunmary)

TI ME SUMVARY AT END OF TI ME STEP100 I N STRESS PERIOD 1

SECONDS M NUTES HOURS DAYS YEARS
TI ME STEP LENGTH 9. 82708E+06 1. 63785E+05 2729.7 113. 74 . 31140
STRESS PERI CD Tl ME 4. 32002E+08 7. 20003E+06 1.20001E+05 5000.0 13. 689
TOTAL TI ME 4. 32002E+08 7. 20003E+06 1.20001E+05 5000.0 13. 689

Listing of Input Data Setsfor Test Simulation 1 - Seady-State Case
Listing of Input Data for the Lake Package

Input for the Lake Package (L AK) follows the column headings below. The input consists of 50 records
(lines). Input for the package is read from FORTRAN unit number 16, as specified in the namefile.

Col um Nunbers
4 5

1 2 3 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890
1 0 ; LAK input - NLAKES,ILKCB
0. 00 50 0.001 ; THETA,NSSITR,SSCNCR
110.0 100.0 170.0 ; initial, minimum, maximum stages
1 0 0 ; input/output options
16 1(2413) 3 ; lake position array, layer 1
0O 0o 0O 0O0OO OO O OO O0OTO0OTUO0OTUO0OTO0OSTO
0O 0 0O0OOO OO O OOOTOTUOTU OTGOTUO
0O 0 0OOOO OO OO OOOTUOTUOTGOTO
0O 0o 0O 0OOO OO O OO O0OTO0OTUO0OTUO0OTUO0OSTO
0O 0 0O0OOO OO OO OOTUOTUO OO OTGOTUO
0O 0o 0O 0OOO OO O OO O0OTO0OTUO0OTO0OTU OO
0O 0000 O0O121 11110000000
0 000 O O 1 1 111 0O0O0O0O0TO0
0O 0000 O0O121 11110000000
0 0000 O1 1 1 1 1 0O0O0O0O0TO0
0 0000 O 1 1 1 11 0O0O0O0O0TO0
0O 0 0OOOO OO OO OOOTUOTUOTGOTO
0O 0o 0O 0OOO OO O OO O0OTO0OTUO0OTUO0OTO0OSTO
0O 0 0OOOO OO OO OOOTUOTUOTGOTO
0O 0o 0O 0OOO OO O OO O0OO0OUO0OTO0OTO0OSTO
0O 0 0O0OOO OO O OO OOTUOTUOTGOTO
0O 0o 0O0OOO OO OO OOTO0OTUOTUOTUOSTOo
16 1(2413) 3 ; lake position array, layer 2
0O 0 0OOOO OO O OOOTUO0OTUO OO OTGOTUO
0O 0o 0O0O0OO OO O OO O0OTO0OUO0OTUO0OTO0OTO
0O 0 0O0OOO OO O OO OTO0OTUOTUOTGO0OTUO
0O 0o 0O 0O0OO OO O OO O0OTO0OTUO0OTUO0OTO0OSTO
0O 0 0O0OOO OO O OOOTUO0OTUO OO OTUOTUO
0O 0o 0O 0O0OO OO O OO O0OTO0OTUO0OTUO0OTO0OSTO
0O 0 0O0OOO OO O OOOTUOTU OO OTUOTO
0O 0 0O0O0OO O 1 220 0 0 0 0 00
0 0 0O0OOOO1 11 0O0O0OO0TO0TO0OTUO
0O 0 0O0O0OO O 1 220 0 0 0 0 000
0O 0o 0O0OOO OO O OO O0OTO0OTUO0OTUO0OTO0OSTO
0O 0 0O0OOO OO O OOOTUOTUO OO OTGOTUO
0O 0o 0O0OOO OO O OO O0OTO0OTUO0OTUO0OTO0OSTO
0O 0 0O0OOO OO OO OOTOTUOTU OTGOTO
0O 0 0O 0OOO OO 0 O O O0OO0OOTO0OTUO0OTFO
0O 0o 0O0OOO OO O OO O0OO0OTUO0OTO0OTUO0OSTO
0O 0 0O0OOO OO OO OOTO0OTUOTU OTUOTO
0 0 ; lake position array, layer 3
0 0 ; lake position array, layer 4
0 0 ; lake position array, layer 5
0 0.10 ; lakebed leakance array, layer 1
0 0.10 ; lakebed leakance array, layer 2
0 0.10 ; lakebed leakance array, layer 3
0 0.10 ; lakebed leakance array, layer 4
0 0.10 ; lakebed leakance array, layer 5
0 ; number of coalescing lake systems
0. 0116 0. 0103 0.0 0.0 ; recharge, ET,runoff withdrawal rates
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Selected Pages from Printed Resultsfor Test Simulation 1 - Seady-State Case

Seady-Sate Simulation
(Title lines and begi nning of input data)

INI TI AL LAKE STAGE: LAKE STAGE SS MN SS MAX

1 110. 000 100. 000 170. 000

(Lake ID and | eakance arrays omtted - they are the sane as for the transient run)
(I nterface and conductance tables onitted - they are the sane as for the transient run)

NUMBER OF CONNECTED LAKE SYSTEMS IN SIMJLATION IS O

LAKE PRECI P EVAP RUNCFF W THDRAW  BOTTOM AREA
1 . 0116 . 0103 0. 0O00E+00 0. OO0OE+00 9. 700E+01 6. 250E+06
ALL LAKES CONVERGED TO STEADY- STATE AFTER 2 | TERATI ONS
AVERAGE SEED = .00000194
M Nl MUM SEED = .00000137

5 | TERATI ON PARAMETERS CALCULATED FROM AVERACE SEED:

. O0OO0O00E+00 .962690E+00 .998608E+00 .999948E+00 .999998E+00
ALL LAKES CONVERGED TO STEADY- STATE AFTER 2 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 2 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 2 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 2 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 2 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 2 | TERATI ONS
(459 sinilar records onmtted - no nore than one | ake iteration after 281 MODFLOW i terations)
ALL LAKES CONVERGED TO STEADY- STATE AFTER 1 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 1 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 1 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 1 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 1 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 1 | TERATI ONS

472 | TERATIONS FOR TIME STEP 1 IN STRESS PER CD 1

MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE HEAD CHANGE HEAD CHANGE HEAD CHANGE  HEAD CHANGE

LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL

78

30. 76 17.73 14. 37
1, 2, 2) ( 1, 3, 3) ( 5 14, 3)
1. 055 . 8803 1.145
1, 13, 3) ( 5 6, 8 ( 1, 6, 9)
. 8307 . 5908 . 7517
2, 11, 7) ( 5 9, 9) ( 5 10, 8)
. 5684 .5713 . 5453
2, 7, 7) ( 5 10, 8) ( 3, 8,
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10) (

27. 25
1, 8,
. 9846
5 6,
. 5902
3, 8,
. 8003
3, 10,

4)
10)
10)

8)

(
(
(
(

7.574
5, 12,
. 6372
2, 8,
. 8456
3, 10,
. 5541
2, 8,

6)
11)
8)

11)



(174 sinilar lines onitted)

. 1458E- 03 . 1548E- 03 . 1326E- 03 . 2007E- 03 . 1304E- 03

( 2, 7, 7)( 5 10, 8 ( 3, 8 10) ( 3, 10, 8) ( 3, 8, 10)
. 1792E- 03 . 1277E- 03 . 1648E- 03 . 1292E- 03 . 1813E- 03

( 2, 7, 7)( 5 9 9 ( 5 10, 8 ( 2, 9, 11) ( 2, 11, 9)
. 1158E- 03 . 1116E- 03 . 1116E- 03 . 1615E- 03 . 1204E- 03

( 2, 7, 7)( 5 10, 8 ( 3, 8 10) ( 3, 10, 8) ( 3, 8, 10)
. 1511E- 03 . 9660E- 04

(2, 7, 7 ( 5 9, 9
(Lake budget data)
0 LAKE CELLS ARE DRY.

PERI CD 1 TI ME STEP 1 TI ME STEP LENGTH 1. 0000E+00
PERI CD TI ME 1. 0000E+00 TOTAL SI MULATION TI ME 1. 0000E+00

HYDROLOG C BUDCET SUMVARI ES FOR SI MULATED LAKES

LAKE STAGE PRECI P EVAP RUNOFF

1 148.28 72500. 64375. 00000

GROUND WATER SURFACE WATER

LAKE I NFLOW OQUTFLOW I NFLOW OQUTFLOW

1 16884. 24955. . 00000 . 00000

WATER CONNECTED LAKE  UPDATED TI ME- STEP STAGE CHANGE

LAKE USE I NFLUX VOLUME SURFACE AREA Tl ME STEP CUMJLATI VE

1 . 00000 . 00000 . 28052E+09 . 62500E+07 . 00000 38. 284
1

HEAD IN LAYER 5 AT END OF TIME STEP 1 IN STRESS PERIOD 1
1 2 3 4 5 6 7 8 9 10

1 160.0 158.9 157.3 155.8 154.2 152.7 151.5 150.8 150.0 149.2

2 160.0 158.6 156.7 155.1 153.4 151.9 150.7 149.9 149.1 148.4

3 160.0 158.4 156.3 154.5 152.8 151.1 150.0 149.2 148.4 147.6

4 160.0 158.3 156.1 154.2 152.4 150.8 149.6 148.8 148.1 147.3

5 160.0 158.2 155.9 154.0 152.2 150.5 149.4 148.6 147.9 147.2

6 160.0 158.2 155.9 153.9 152.1 150.3 149.1 148.5 148.0 147.5

7 160.0 158.2 155.9 153.8 152.0 150.1 148.4 148.3 148.3 148.3

8 160.0 158.2 155.8 153.8 151.9 150.0 148.3 148.3 148.3 148.3

9 160.0 158.2 155.8 153.8 151.9 150.0 148.3 148.3 148.3 148.3

10 160.0 158.2 155.8 153.8 151.9 150.0 148.3 148.3 148.3 148.3

11 160.0 158.2 155.9 153.8 152.0 150.1 148.4 148.3 148.3 148.3

12 160.0 158.2 155.9 153.9 152.1 150.3 149.1 148.5 148.0 147.5

13 160.0 158.2 155.9 154.0 152.2 150.5 149.4 148.6 147.9 147.2

14 160.0 158.3 156.1 154.2 152.4 150.8 149.6 148.8 148.1 147.3

15 160.0 158.4 156.3 154.5 152.8 151.1 150.0 149.2 148.4 147.6

16 160.0 158.6 156.7 155.1 153.4 151.9 150.7 149.9 149.1 148.4

17 160.0 158.9 157.3 155.8 154.2 152.7 151.5 150.8 150.0 149.2
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HEAD IN LAYER 5 AT END OF TIME STEP 1 IN STRESS PERIOD 1

L**3/T

166883.
. 0000
1740000.
. 0000

24954,

1931838.

9490.
1905448.
. 0000

. 0000

16884.

1931823.

14.

1000

0000

6300

0000

4130

0000

4900

0000

5000

.00

2. 73785E- 03
2. 73785E- 03

11 12 13 14 15 16 17
1 148.5 147.3 145.8 144.2 142.7 141.1 140.0
2 147.6 146.4 144.9 143.4 141.9 140.6 140.0
3 146.9 145.7 144.2 142.7 141.4 140.3 140.0
4 146.5 145.4 143.8 142.4 141.1 140.2 140.0
5 146.5 145.3 143.7 142.3 141.0 140.1 140.0
6 146.8 145.5 143.8 142.2 141.0 140.1 140.0
7 148.2 145.9 143.9 142.3 141.0 140.1 140.0
8 148.2 146.0 143.9 142.3 141.0 140.1 140.0
9 148.2 146.0 143.9 142.3 141.0 140.1 140.0
10 148.2 146.0 143.9 142.3 141.0 140.1 140.0
11 148.2 145.9 143.9 142.3 141.0 140.1 140.0
12 146.8 145.5 143.8 142.2 141.0 140.1 140.0
13 146.5 145.3 143.7 142.3 141.0 140.1 140.0
14 146.5 145.4 143.8 142.4 141.1 140.2 140.0
15 146.9 145.7 144.2 142.7 141.4 140.3 140.0
16 147.6 146.4 144.9 143.4 141.9 140.6 140.0
17 148.5 147.3 145.8 144.2 142.7 141.1 140.0
1
VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 1
CUMULATI VE VOLUNVES L**3 RATES FOR THI S Tl ME STEP
I N: I' N
CONSTANT HEAD = 166883. 1000 CONSTANT HEAD =
ET = . 0000 ET =
RECHARGE = 1740000. 0000 RECHARGE =
SPECI FI ED FLONS = . 0000 SPECI FI ED FLOWS =
LAKE SEEPAGE = 24954, 6300 LAKE SEEPACE =
TOTAL IN = 1931838. 0000 TOTAL IN =
QUT: QUT:
CONSTANT HEAD = 9490. 4130 CONSTANT HEAD =
ET = 1905448. 0000 ET =
RECHARGE = . 0000 RECHARGE =
SPECI FI ED FLONS = . 0000 SPECI FI ED FLONS =
LAKE SEEPAGE = 16884. 4900 LAKE SEEPACE =
TOTAL QUT = 1931823. 0000 TOTAL OQUT =
IN - QUT = 14. 5000 IN - QUT =
PERCENT DI SCREPANCY = .00 PERCENT DI SCREPANCY =
TI ME SUMVARY AT END OF TIME STEP 1 IN STRESS PERI OD
SECONDS M NUTES HOURS DAYS
TI ME STEP LENGTH 86400. 1440.0 24. 000 1. 0000
STRESS PERI OD TI ME 86400. 1440.0 24. 000 1. 0000
TOTAL TI ME 86400. 1440.0 24. 000 1. 0000
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Listing of Input Data Sets for Test Simulation 1 - Drying-Rewetting Case

Listing of Input Data for the Lake Package

Input for the Lake Package (LAK) follows the column headings below. The input consists of 52 records
(lines). Input for the package is read from FORTRAN unit number 16, as specified in the namefile.

Col umm Nunbers
1 2 3 4 5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

1 0 ; LAK input - NLAKES,ILKCB
0. 00 ; THETA
140.0 ; initial stage
1 0 0 ; input/output options, stress period 1
16 1(2413) 3 ; lake position array, layer 1
0O 0o 0O0OOO OO O OO OTO0OTUO0OTUO0ODTUO0OTO
0O 0 0OOOO OO OO OOTO0OTUOTU OTUOTO
0O 0o 0O0OOO OO O OO OTO0OTUO0OTOUO0OTUO0OTO
0O 0 0OOOO OO O OOOTUOTUO OO OTUOTUO
0O 0 0O0OOO OO OO OOTUO0OTUO OO OTUOTUO
0O 0o 0O0OOO OO O OO OTO0OTUO0OTUO0OTUOSTO
0O 0000 O1212 111100 00000
0 0o 00 0O1 1 11100 00000
0O 0000 O121 11110000000
0O 0000 O12 11110000000
0 0o 000O1 1 11100 0000
0O 0 0O0OOO OO OOOOTUOU OO OTUOTO
0O 0o 0O0OOO OO O OO O0OTO0OTUO0OTUO0OTUO0OTO
0O 0 0OOOO OO OO OOOTUOTU OTU OTO
0O 0o 0O 0OOO OO O OO OTO0OTUO0OTUO0OTU OO
0O 0o 0O 0OOO OO O OO OTUO0OTUO0OTUO0OTOU OO
0O 0 0O0OOO OO OO OOTUOTUO OO OTUO0OTO
16 1(2413) 3 ; lake position array, layer 2
0O 0 0OOOO OO OO OOTO0OTUO OO OTUOTUO
0O 0o 0O0OOO OO O OOOTUO0OTUO0OTUOTU OO
0O 0 0OOOO OO OO OOTOTUO OO OTUOTUO
0O 0 0OOOO OO OO OOTUO0OTU OO OTUO0OTO
0O 0o 0O0OOO OO O O0OOO0OTUO0OTUO OO OO OO
0O 0 0O0OOO OO OO OOTUOTUO OO OTUOTUO
0O 0o 0O0OOO OO O O0OOO0OTO0OTUO0OTOUO0OTU OO
0O 0000 OO 1 1212 000 0 0 00
0O 0o 0O0O0OOO 1 212 000 0 0 00
0O 0o 0O0O0OO O 1 220 0 0 0 0 000
0O 0 0O0OOO OO O OO OTO0OTUOTU OTUOTO
0O 0o 0O 0OOO OO O OO OTO0OTUO0OTUO0OTU OO
0O 0 0OOOO OO O OOOTUOTU OO OTUO0OTUO
0O 0o 0O0O0OO OO O OOOTUO0OTUO OO OTUOSTO
0O 0o 0O0OOO OO O OOOTO0OTUO0OTO0OTU OO
0O 0 0O0OOO OO O OOO0OTUO0OTUO OO OTUO0OTO
0O 0 0OOO OO OO OO O O0OO0OO0ODO0TDO
0 0 ; lake position array, layer 3
0 0 ; lake position array, layer 4
0 0 ; lake position array, layer 5
0 0.10 ; lakebed leakance array, layer 1
0 0.10 ; lakebed leakance array, layer 2
0 0.10 ; lakebed leakance array, layer 3
0 0.10 ; lakebed leakance array, layer 4
0 0.10 ; lakebed leakance array, layer 5
0 ; number of coalescing lake systems
0. 0000 0. 0412 0.0 0.0 ; recharge,ET,runoff ,withdrawal rates,period 1
-1 0 0 ; input/output options, stress period 2
0. 0116 0. 0103 0.0 0.0 ; recharge,ET,runoff ,withdrawal rates,period 2
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Selected Pages from Printed Resultsfor Test Simulation 1 - Drying-Rewetting Case
(Period 1, tine step 30 - early in drying period, all |ake cells still contain water)
7 | TERATIONS FOR TIME STEP 30 IN STRESS PERIOD 1
MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE  HEAD CHANGE  HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW CCOL

-.4701 -. 1470 -. 6899E-01 -.1345E-01 -. 2106E-02
( 3 9 9 ( 5 6, 8 ( 5 12, 9) ( 4, 11, 12) ( 5, 12, 7)
. 2704E- 03 . 5349E- 04

( 1, 7, 6 ( 5 8 5

0 LAKE CELLS ARE DRY.
PERI OD 1 TIME STEP 30 TIME STEP LENGTH 2. 8438E+01
PER OD TIME 6.4965E+02 TOTAL SI MULATION TIME 6. 4965E+02

HYDROLOG C BUDCET SUMVARI ES FOR SI MULATED LAKES

LAKE STAGE PRECI P EVAP RUNOFF

1 122.17 .00000 . 73228E+07 . 00000

GROUND WATER SURFACE WATER

LAKE I NFLOW OQUTFLOW I NFLOW OQUTFLOW

1 .41411E+07 .00000 . 00000 . 00000

WATER CONNECTED LAKE  UPDATED TI ME- STEP STAGE CHANGE

LAKE USE I NFLUX VOLUME SURFACE AREA Tl ME STEP CUMJLATI VE

1 . 00000 . 00000 . 11730E+09 . 62500E+07 -.50906 -17.831
1

1 2 3 4 5 6 7 8 9 10
1 160.0 158.9 157.3 155.8 154.2 152.7 151.5 150.8 150.0 149.2
2 160.0 154.3 150.6 148.3 146.5 144.8 143.6 142.8 142.0 141.2
3 160.0 152.3 146.9 144.1 142.0 140.2 138.9 138.1 137.3 136.5
4 160.0 151.7 145.7 142.5 140.2 138.2 136.8 135.9 135.1 134.4
5 160.0 151.5 145.3 141.9 139.2 136.4 134.5 133.4 132.6 132.0
6 160.0 151.4 145.1 141.4 138.0 133.8 130.4 129.1 128.4 128.1
7 160.0 151.4 145.0 141.2 137.2 131.3 123.2 122.9 122.9 122.9
8 160.0 151.4 145.0 141.1 136.8 130.5 122.9 122.7 122.7 122.7
9 160.0 151.4 145.0 141.1 136.7 130.3 122.9 122.7 122.7 122.7
10 160.0 151.4 145.0 141.1 136.8 130.5 122.9 122.7 122.7 122.7
11 160.0 151.4 145.0 141.2 137.2 131.3 123.2 122.9 122.9 122.9
12 160.0 151.4 145.1 141.4 138.0 133.8 130.4 129.1 128.4 128.1
13 160.0 151.5 145.3 141.9 139.2 136.4 134.5 133.4 132.6 132.0
14 160.0 151.7 145.7 142.5 140.2 138.2 136.8 135.9 135.1 134.4
15 160.0 152.3 146.9 144.1 142.0 140.2 138.9 138.1 137.3 136.5
16 160.0 154.3 150.6 148.3 146.5 144.8 143.6 142.8 142.0 141.2
17 160.0 158.9 157.3 155.8 154.2 152.7 151.5 150.8 150.0 149.2
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HEAD IN LAYER 5 AT END OF TIME STEP 30 IN STRESS PERIOD 1

11 12 13 14 15 16 17
1 148.5 147.3 145.8 144.2 142.7 141.1 140.0
2 140.4 189.2 137.7 136.2 135.2 135.7 140.0
3 135.7 134.6 133.1 131.8 131.4 133.5 140.0
4 133.7 132.7 131.5 130.4 130.2 132.8 140.0
5 131.6 131.2 130.6 129.8 129.8 132.7 140.0
6 128.2 129.1 129.6 129.5 129.6 132.6 140.0
7 123.0 127.2 128.9 129.3 129.6 132.6 140.0
8 122.8 126.7 128.7 129.2 129.6 132.6 140.0
9 122.8 126.5 128.6 129.2 129.6 132.6 140.0
10 122.8 126.7 128.7 129.2 129.6 132.6 140.0
11 123.0 127.2 128.9 129.3 129.6 132.6 140.0
12 128.2 129.1 129.6 129.5 129.6 132.6 140.0
13 131.6 131.2 130.6 129.8 129.8 132.7 140.0
14 133.7 132.7 131.5 130.4 130.2 132.8 140.0
15 135.7 134.6 133.1 131.8 131.4 133.5 140.0
16 140.4 189.2 137.7 136.2 135.2 135.7 140.0
17 148.5 147.3 145.8 144.2 142.7 141.1 140.0

(Period 1, tine step 70 - lake cells in layer 1 are dry)
14 | TERATIONS FOR TIME STEP 70 IN STRESS PERICD 1
MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE HEAD CHANGE HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL

-2.084 -. 4908 -. 3403 -.3947E-01  -.8158E-01

( 3, 9, 9 ( 4 9 11) ( 2, 9, 7)( 4, 8 11) ( 2, 11, 11)
-.2963E-01  -.1132E-01 .2173E-02  -.3151E-02  -.2217E-03

( 2, 8 7)( 4 7, 7)( 3 12, 8 ( 2, 9, 7 ( 5 6 8
-.1292E-02  -.2815E-03  -.4937E-03  -.5458E-04

( 28 7 ( 5 7, 7)( 2 7, 7)( 4 9, 6
SECTI ONS OF THE LAKE BOTTOM HAVE BECOME DRY. THE DRY SECTI ONS
LI E ABOVE THE FOLLON NG 16 AQUI FER CELLS (LAYER ROW COLUWN):
( 2, 7,7 ( 2 8 7 ( 2 9 7 ( 2 10, 7) ( 2 11, 7)
( 2, 7, 8 ( 2 11, 8 ( 2 7, 9 ( 2 11, 9 ( 2, 7, 10)
( 2, 11, 100 ( 2, 7, 11) ( 2, 8, 11) ( 2, 9, 11) ( 2, 10, 11)
( 2, 11, 11) (

PERI OD 1 TIME STEP 70 TIME STEP LENGTH 6. 2792E+01

PERI OD TIME 2. 4017E+03 TOTAL S| MULATION TIME 2. 4017E+03

HYDROLOG C BUDCET SUMVARI ES FOR SI MULATED LAKES

LAKE STAGE PRECI P EVAP RUNOFF

1 102.61 .00000 . 58208E+07 . 00000

GROUND WATER SURFACE WATER

LAKE I NFLOW OQUTFLOW I NFLOW OQUTFLOW

1 .17359E+07 .00000 . 00000 . 00000

WATER CONNECTED LAKE  UPDATED TI ME- STEP STAGE CHANGE

LAKE USE I NFLUX VOLUME SURFACE AREA Tl ME STEP CUMJLATI VE

1 . 00000 . 00000 . 12613E+08 . 22500E+07 -1. 8155 -37.394

1
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HEAD IN LAYER 5 AT END OF TIME STEP 70 IN STRESS PERIOD 1

1 2 3 4 5 6 7 8 9 10
1 160.0 158.9 157.3 155.8 154.2 152.7 151.5 150.8 150.0 149.2
2 160.0 154.3 150.6 148.3 146.4 144.7 143.4 142.6 141.8 141.0
3 160.0 152.2 146.9 143.9 141.6 139.5 138.1 137.2 136.4 135.6
4 160.0 151.6 145.5 142.0 139.1 136.2 134.2 133.1 132.2 131.4
5 160.0 151.4 144.9 140.8 136.6 132.2 129.3 127.8 126.7 126.1
6 160.0 151.2 144.5 139.5 133.9 127.3 122.3 119.8 118.4 118.1
7 160.0 151.2 144.3 138.8 132.3 123.7 111.2 107.2 106.1 106.2
8 160.0 151.2 144.2 138.5 131.6 122.0 107.9 104.6 104.5 104.5
9 160.0 151.2 144.1 138.4 131.4 121.5 107.1 104.5 104.4 104.4
10 160.0 151.2 144.2 138.5 131.6 122.0 107.9 104.6 104.5 104.5
11 160.0 151.2 144.3 138.8 132.3 123.7 111.2 107.2 106.1 106.2
12 160.0 151.2 144.5 139.5 133.9 127.3 122.3 119.8 118.4 118.1
13 160.0 151.4 144.9 140.8 136.6 132.2 129.3 127.8 126.7 126.1
14 160.0 151.6 145.5 142.0 139.1 136.2 134.2 133.1 132.2 131.4
15 160.0 152.2 146.9 143.9 141.6 139.5 138.1 137.2 136.4 135.6
16 160.0 154.3 150.6 148.3 146.4 144.7 143.4 142.6 141.8 141.0
17 160.0 158.9 157.3 155.8 154.2 152.7 151.5 150.8 150.0 149.2

HEAD IN LAYER 5 AT END OF TIME STEP 70 I N STRESS PERIOD 1

11 12 13 14 15 16 17
1 148.5 147.3 145.8 144.2 142.7 141.1 140.0
2 140.2 139.0 137.5 136.1 135.1 135.7 140.0
3 134.9 1383.9 132.7 131.6 131.3 133.4 140.0
4 130.9 130.4 130.1 129.8 130.0 132.8 140.0
5 126.0 126.4 127.4 128.4 129.3 132.6 140.0
6 118.9 121.4 124.6 127.0 128.9 132.4 140.0
7 108.3 117.6 123.0 126.3 128.7 132.4 140.0
8 105.5 115.9 122.2 126.0 128.6 132.4 140.0
9 104.9 115.4 122.0 125.9 128.6 132.4 140.0
10 105.5 115.9 122.2 126.0 128.6 132.4 140.0
11 108.3 117.6 123.0 126.3 128.7 132.4 140.0
12 118.9 121.4 124.6 127.0 128.9 132.4 140.0
13 126.0 126.4 127.4 128.4 129.3 132.6 140.0
14 130.9 130.4 130.1 129.8 130.0 132.8 140.0
15 134.9 183.9 132.7 131.6 131.3 133.4 140.0
16 140.2 139.0 137.5 136.1 135.1 135.7 140.0
17 148.5 147.3 145.8 144.2 142.7 141.1 140.0

(Period 1, tine step 76 - |ake goes dry)
10 | TERATIONS FOR TIME STEP 76 IN STRESS PERICD 1
MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE  HEAD CHANGE HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL

-. 7090 -.1726 -. 1550 -.3713E-01  -.4401E-01
( 3, 9, 9 ( 4 9 11) ( 2, 11, 7) ( 4, 10, 12) ( 2, 11, 7)

-.9137E-02  -.1972E-02 . 6732E- 03 . 3563E- 03 . 4822E- 04
( 2, 7, 7)( 5 7, 8 ( 3, 12, 9) ( 5 12, 10) ( 2, 6, 7)
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SECTI ONS OF THE LAKE BOTTOM HAVE BECOME DRY. THE DRY SECTI ONS
LI E ABOVE THE FOLLOW NG 25 AQUI FER CELLS ( LAYER, ROW COLUWN) :

( 2, 7, 7 ( 2 8 7 ( 2 9 7 ( 2 10, 7 ( 2 11, 7)
( 2, 7, 8 ( 3 8 8 ( 3 9 8 ( 3 10, 8 ( 2 11, 8)
( 2, 7, 9 ( 3 8 9 ( 3 9 9 ( 3 10, 9 ( 2 11, 9
( 2, 7,100 ( 3, 8 10) ( 3, 9, 10) ( 3, 10, 10) ( 2, 11, 10)
( 2, 7, 11) ( 2, 8 11) ( 2, 9, 11) ( 2, 10, 11) ( 2, 11, 11)
PERI OD 1 TIME STEP 76 TIME STEP LENGTH 7. 0714E+01
PERI OD TIME 2.8057E+03 TOTAL SI MULATION TIME 2. 8057E+03
HYDROLOG C BUDGET SUMMARI ES FOR SI MULATED LAKES
LAKE STAGE PRECI P EVAP RUNOFF
1 96.44 .00000 . 65552E+07 . 00000
GROUND WATER SURFACE WATER
LAKE | NFLOW OUTFLOW | NFLOW OUTFLOW
1 .50630E+07 .00000 . 00000 . 00000
WATER  CONNECTED LAKE  UPDATED TI ME- STEP STAGE CHANGE
LAKE USE | NFLUX VOLUME  SURFACE AREA TIME STEP CUMILATI VE
1 .00000 . 00000 -.12506E+07  .22500E+07 -. 66309 -43. 556

(Period 1, tine step 77 - |lake remains dry, stage set at |ake bottom altitude)
14 | TERATIONS FOR TIME STEP 77 IN STRESS PERICD 1
MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE  HEAD CHANGE  HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW CCOL

-3.311 -. 6755 -. 7784 -.1022 -. 2501

( 3, 9 9 ( 5 8 100 ( 3, 10, 9) ( 4, 8, 11) ( 3, 10, 10)

-.3939E-01  -.1033E-01 . 2828E- 02 . 3859E- 02 . 3465E- 03

( 3,10, 10) ( 5 9, 10) ( 2, 9, 6) ( 2, 8 7) ( 4 10, &)
. 1018E- 02 . 2560E- 03 . 2969E- 03 . 3105E- 04

(2, 7, 7 4 7, 8 ( 2, 7 717)( 4 6, 9

SECTI ONS OF THE LAKE BOTTOM HAVE BECOME DRY. THE DRY SECTI ONS
LI E ABOVE THE FOLLOW NG 25 AQUI FER CELLS (LAYER, ROW COLUW) :

( 2, 7, 7) (2 8 7 ( 2 9 7 ( 2 10 7 ( 2 11, 7)
( 2, 7, 8 ( 3 8 8 ( 3 9 8 ( 3 10, 8 ( 2 11, 8)
( 2, 7, 9 ( 3 8 9 ( 3 9 9 ( 3 10, 9 ( 2 11, 9
( 2, 7,100 ( 38 8 100 ( 3, 9, 10) ( 3, 10, 10) ( 2, 11, 10)
( 2, 7, 11) ( 2, 8 11) ( 2, 9, 11) ( 2, 10, 11) ( 2, 11, 11)
PERI OD 1 TIME STEP 77 TIME STEP LENGTH 7. 2129E+01
PERI OD TIME 2. 8779E+03 TOTAL SI MULATION TIME 2. 8779E+03

HYDROLOG C BUDCET SUMVARI ES FOR SI MULATED LAKES

LAKE STAGE PRECI P EVAP RUNCFF
1 96.44 . 00000 . 00000 . 00000
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GROUND WATER SURFACE WATER

LAKE I NFLOW OQUTFLOW I NFLOW OQUTFLOW
1 .00000 . 00000 . 00000 . 00000
WATER CONNECTED LAKE  UPDATED TI ME- STEP STAGE CHANGE
LAKE USE I NFLUX VOLUME SURFACE AREA Tl ME STEP CUMJLATI VE
1 . 00000 . 00000 . 00000 . 00000 -. 66309 -43. 556

(Period 2, tine step 2 - |ake rewets from ground-water seepage)
18 | TERATI ONS FOR Tl ME STEP 2 IN STRESS PERIOD 2
MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE  HEAD CHANGE  HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL

2.194 2.143 4. 150 . 4381 3.423
( 3,10, 8 ( 3, 8 10) ( 3, 9, 8 ( 4, 7, 11) ( 3, 10, 8)
-. 7305 -. 2272 - . 2616E- 01 . 1076 - . 7365E- 02
( 3,11, 9 ( 3, 10, 9) ( 4, 12, 9 ( 3, 9, 8 ( 4, 8 11)
-.4435E-01  -.7903E-02  -.1246E-01  -.5120E-03  -.3862E-02
( 3, 10, 10) ( 5 9, 10) ( 3, 10, 9) ( 5 8 11) ( 3, 10, 10)
-.1883E-02  -.8944E-03  -.8789E- 04
( 3,10, 9 ( 5 9, 9 ( 5 8 10)

AQUI FER HEAD UNDERNEATH BOTTOM CF LAKE IS H GHER THAN LAKE BOTTOM ELEVATI ON

LAKE 1 HAS REWET. SET STAGE OF LAKE TO 103.77 FT

SECTI ONS OF THE LAKE BOTTOM HAVE BECOME DRY. THE DRY SECTI ONS
LI E ABOVE THE FOLLON NG 16 AQUI FER CELLS (LAYER ROW COLUWN):

( 2, 7, 7) (2, 8 7 ( 2 9 7 ( 2 10, 7 ( 2 11, 7)
( 2, 7, 8 ( 2 11, 8 ( 2, 7, 9 ( 2 11, 9 ( 2, 7, 10)
( 2,11, 100 ( 2, 7, 11) ( 2, 8 11) ( 2, 9, 11) ( 2, 10, 11)
( 2, 11, 11) (

PERI CD 2 TI ME STEP 2 TI ME STEP LENGTH 1. 6334E+01
PERI CD TI ME 3. 2348E+01 TOTAL SI MULATION TI ME 5. 0324E+03

HYDROLOG C BUDCET SUMVARI ES FOR SI MULATED LAKES

LAKE STAGE PRECI P EVAP RUNOFF

1 103.77 .00000 . 00000 . 00000

GROUND WATER SURFACE WATER

LAKE I NFLOW OQUTFLOW I NFLOW QUTFLOW

1 .00000 . 00000 . 00000 . 00000

WATER CONNECTED LAKE  UPDATED TI ME- STEP STAGE CHANGE

LAKE USE I NFLUX VOLUME SURFACE AREA Tl ME STEP CUMJLATI VE

1 . 00000 . 00000 . 15224E+08 . 22500E+07 -. 66309 -43. 556
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(Period 2, tine step 100 - | ake stage has converged to equilibrium all |ake cells contain

wat er)
2 | TERATI ONS FOR TI ME STEP 100 I N STRESS PERIOD 2
MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE HEAD CHANGE  HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL

-. 1602E- 03 . 3897E- 04
( 2,11, 7) ( 2, 11, 13)

0 LAKE CELLS ARE DRY.

PERI CD 2 TIME STEP 100 TI ME STEP LENGTH 1. 1374E+02
PERI CD TI ME 5. 0000E+03 TOTAL SI MULATION TI ME 1. 0000E+04

HYDROLOG C BUDCET SUMVARI ES FOR SI MULATED LAKES

LAKE STAGE PRECI P EVAP RUNOFF
1 148.29 .82461E+07 .73220E+07 .00000

GROUND WATER SURFACE WATER

LAKE I NFLOW OQUTFLOW I NFLOW OQUTFLOW

1 .19187E+07 .28406E+07 . 00000 . 00000

WATER CONNECTED LAKE  UPDATED TI ME- STEP STAGE CHANGE

LAKE USE I NFLUX VOLUME SURFACE AREA Tl ME STEP CUMJLATI VE

1 . 00000 . 00000 . 28054E+09 . 62500E+07 -. 15259E- 03 8. 2868
1

HEAD IN LAYER 5 AT END OF TIME STEP100 I N STRESS PERIOD 2
1 2 3 4 5 6 7 8 9 10

1 160.0 158.9 157.3 155.8 154.2 152.7 151.5 150.8 150.0 149.2

2 160.0 158.6 156.7 155.1 153.4 151.9 150.7 149.9 149.1 148.4

3 160.0 158.4 156.3 154.5 152.8 151.1 150.0 149.2 148.4 147.6

4 160.0 158.3 156.1 154.2 152.4 150.8 149.6 148.8 148.1 147.3

5 160.0 158.2 155.9 154.0 152.2 150.5 149.4 148.6 147.9 147.2

6 160.0 158.2 155.9 153.9 152.1 150.3 149.1 148.5 148.0 147.5

7 160.0 158.2 155.9 153.8 152.0 150.1 148.4 148.3 148.3 148.3

8 160.0 158.2 155.8 153.8 151.9 150.0 148.3 148.3 148.3 148.3

9 160.0 158.2 155.8 153.8 151.9 150.0 148.3 148.3 148.3 148.3

10 160.0 158.2 155.8 153.8 151.9 150.0 148.3 148.3 148.3 148.3

11 160.0 158.2 155.9 153.8 152.0 150.1 148.4 148.3 148.3 148.3

12 160.0 158.2 155.9 153.9 152.1 150.3 149.1 148.5 148.0 147.5

13 160.0 158.2 155.9 154.0 152.2 150.5 149.4 148.6 147.9 147.2

14 160.0 158.3 156.1 154.2 152.4 150.8 149.6 148.8 148.1 147.3

15 160.0 158.4 156.3 154.5 152.8 151.1 150.0 149.2 148.4 147.6

16 160.0 158.6 156.7 155.1 153.4 151.9 150.7 149.9 149.1 148.4

17 160.0 158.9 157.3 155.8 154.2 152.7 151.5 150.8 150.0 149.2
1
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HEAD IN LAYER 5 AT END OF TIME STEP100 I N STRESS PERIOD 2

11 12 13 14 15 16 17
1 148.5 147.3 145.8 144.2 142.7 141.1 140.0
2 147.6 146.4 144.9 143.4 141.9 140.6 140.0
3 146.9 145.7 144.2 142.7 141.4 140.3 140.0
4 146.5 145.4 143.8 142.4 141.1 140.2 140.0
5 146.5 145.3 143.7 142.3 141.0 140.1 140.0
6 146.9 145.5 143.8 142.2 141.0 140.1 140.0
7 148.2 145.9 143.9 142.3 141.0 140.1 140.0
8 148.2 146.0 143.9 142.3 141.0 140.1 140.0
9 148.2 146.0 143.9 142.3 141.0 140.1 140.0
10 148.2 146.0 143.9 142.3 141.0 140.1 140.0
11 148.2 145.9 143.9 142.3 141.0 140.1 140.0
12 146.9 145.5 143.8 142.2 141.0 140.1 140.0
13 146.5 145.3 143.7 142.3 141.0 140.1 140.0
14 146.5 145.4 143.8 142.4 141.1 140.2 140.0
15 146.9 145.7 144.2 142.7 141.4 140.3 140.0
16 147.6 146.4 144.9 143.4 141.9 140.6 140.0
17 148.5 147.3 145.8 144.2 142.7 141.1 140.0
1
VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TI ME STEP100 I N STRESS PERIOD 2
CUMULATI VE VOLUVES L**3 RATES FOR THI S TI ME STEP L**3/ T
I'N I'N
STORAGE = 336612000. 0000 STORACE = . 1864
CONSTANT HEAD = 7795152000. 0000 CONSTANT HEAD = 166881. 0000
ET = . 0000 ET = . 0000
RECHARGE = 8705571000. 0000 RECHARCE = 1740000. 0000
SPECI FI ED FLONS = . 0000 SPECI FI ED FLOWs = . 0000
LAKE SEEPAGE = 82209530. 0000 LAKE SEEPAGE = 24975. 0200
TOTAL I N = 16919540000. 0000 TOTAL IN = 1931856. 0000
QUT: QUT:
STORAGE = 442690000. 0000 STORACE = 5.9153
CONSTANT HEAD = 40544060. 0000 CONSTANT HEAD = 9490. 9420
ET = 15726370000. 0000 ET = 1905483. 0000
RECHARGE = . 0000 RECHARCE = . 0000
SPECI FI ED FLOAS = . 0000 SPECI FI ED FLOWs = . 0000
LAKE SEEPAGE = 709938900. 0000 LAKE SEEPACE = 16869. 5300
TOTAL OQUT = 16919550000. 0000 TOTAL OUT = 1931849. 0000
IN - QUT = -2048. 0000 IN- OQUT = 7.0000
PERCENT DI SCREPANCY = .00 PERCENT DI SCREPANCY = .00
TI ME SUWARY AT END OF TI ME STEP100 IN STRESS PERIOD 2
SECONDS M NUTES HOURS DAYS YEARS
TI ME STEP LENGTH 9. 82708E+06 1. 63785E+05 2729.7 113. 74 . 31140
STRESS PERI OD TI ME 4. 32002E+08 7. 20003E+06 1. 20001E+05 5000.0 13. 689
TOTAL TI ME 8. 64004E+08 1. 44001E+07 2.40001E+05 10000. 27.379
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APPENDIX 3

INPUT DATA SETS AND PRINTED RESULTS FOR TEST SIMULATION 2

This ssimulation demonstrates the capability of MODFL OW with the Lake Package to portray convergence
to an equilibrium state in a scenario that includes two lakes with inflowing and outflowing streams, one of which
connectsthetwo lakes. The simulation was performed with transient and steady-state calculations. Theinput items
shown below are for the transient calculations. Because the revised Stream Package (SFR1) is only available for
MODFL OW2000, the following input items are coded for MODFL OW?2000. Conversion to the input items for
steady-state calculationsis as indicated for the input items in Appendix 1. Selected sections of output data are
shown for both simulations.

Listing of Input Items for Test Simulation 2

The input item names and the unit numbers that they are associated with are identified in the namefile, the
name of which is entered from the console at execution time. The following namefile data set was used for Test
Simulation 2. The three entries on each line are an apha character identification of the MODFLOW package, the
logical unit number for the corresponding input item, and the input item name, and are separated by spaces.

LIST 6 |2a2k.| st
BAS6 5 | 2a2k. ba6
BCF6 10 | 2a2k. bc6
EVT 11 | 2. evt
RCH 12 | 2.rch
SIP 13 12.sip

Designates main output file for MODFLOW
Basic input datafor MODFLOW
Input for Block-Centered Flow Package

Input for Evapotranspiration Package
Input for Recharge Package

Input parameters for strongly-implicit procedure

SFR 14 [ 2.sfr Input data for Stream Package
FHB 21 12.fhb Input data for Flow and Head Boundary Package
LAK 16 |2a.lak Input data for Lake Package

oC 17 | 2a. oc
DS 15 | 2a2k.dis

o

3

Output control data specifications
Input for Discretization Package

et

1 Ftype (that is, the type of file)
2 Unit number (arbitrarily selected)
3 File name (name chosen to reflect contents of file)
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Listing of Input Data for Basic Package

Input for the MODFLOW?2000 Basic Package (BAS6) follows the column headings below. The input con-
sists of 149 records (lines). Input for the package is read from the FORTRAN unit number specified in the MAIN

program.

Col um Nunbers

12345678901234567890123456789012345678901234567890123456789012345678901234567890

; begin BAS Input

# Shows convergence to equilibriumin transient node.

; second comment line

# Tests interaction of two | akes and three streans

; optionsline

NO OPTI ONS
| NTERNAL

1

3 I BOUND | ayer

1 (201 4)

-1

-7 -2 -2 -2 -2 -1 -1 -1 -1 -1 -1

-1

-1 -1 -1

-1

-2 -2 -2 -2 -1 -1 -1 -1 -1

| BOUND | ayer

-1 -2 -1 -1 -1 -1 -1
3

| NTERNAL

2

1 (2014)

-1

-7.-2 -2 -2 -2 -1 -1 -1 -1 -1 -1

-1

-1 -1 -1

-1
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-1 -1 -1 -1 -1 -1 -1 -1 -1

| BOUND | ayer

-1 -1 -1 -1 -1 -1 -1
3

| NTERNAL

3

1 (2014)

-1

-7 -7 -2 -2 -2 -1 -1 -1 -1 -1 -1

-1

-1 -1 -1

-1

-1 -1 -1 -1 -1 -1 -1 -1 -1

| BOUND | ayer

-1 -2 -1 -1 -1 -1 -1
3

| NTERNAL

4

1 (201 4)

-1

-7.-2 -2 -2 -2 -1 -1 -1 -1 -1 -1

-1

-1 -1 -1

-1
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-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-2 -1 -2 -2 -2 -1 -2 -1 -2 -1 -2 -1 -1 -1 -1 -1 -1

| NTERNAL 1 (2014) 3 | BOUND | ayer 5
-2.-1. -2 -2 -2 -1 -2 -1 -2 -1 -2 -1 -1 -1 -1 -1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -1
-72.-1. -2 -2 -2 -1 -2 -1 -2 -1 -2 -1 -1 -1 -1 -1 -1
-999. 00 HNOFLO

CONSTANT 1. 150000E+02 Initial Head | ayer 1

CONSTANT 1. 150000E+02 Initial Head | ayer 2

CONSTANT 1. 150000E+02 Initial Head | ayer 3

CONSTANT 1. 150000E+02 Initial Head | ayer 4

CONSTANT 1. 150000E+02 Initial Head | ayer 5

Listing of Input Data for Block-Centered Flow Package

Input for the MODFL OW2000 Block-Centered Flow Package (BCF6) follows the column headings below.
Theinput consists of 161 records (lines). Input for the package is read from FORTRAN unit number 10, as speci-
fied in the namefile.

Col um Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

0 0.00E+00 1 1.00E+00 1 0 ;options
13333 ; LAYCON
CONSTANT 1. 000000E+00 TRPY
CONSTANT 2. 000000E-01 SF1 | ayer 1
CONSTANT 3. 000000E+01 HY | ayer 1
CONSTANT 3. 000000E+00 VCONT | ayer 1
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1

0 WETDRY | ayer

-2. 000000E- 01 (20F4.0)
0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0

0.01.01.01.01.01.01.01.01.01.01.01.01.0110110100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.0110110100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.0110110100.0
0.01.01.01.01.01.00.00.00.00.00.01.01.01.01.01.00.0
0.01.01.01.01.01.00.00.00.0000.01.01.01.010100.0
0.01.01.01.01.01.00.00.00.0000.01.01.01.010100.0
0.01.01.01.01.01.00.00.00.00.00.01.01.01.01.01.00.0
0.01.01.01.01.01.00.00.00.00.00.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01011L0110100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.0110110100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.011L0110100.0
0.01.01.01.01.01.00.00.00.0000.01.01.01.010100.0
0.01.01.01.01.01.00.00.00.0000.01.01.01.010100.0
0.01.01.01.01.01.00.00.00.00.00.01.01.01.01.01.00.0
0.01.01.01.01.01.00.00.00.00.00.01.01.01.01.01.00.0
0.01.01.01.01.01.00.00.00.0000.01.0101.0110100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.010110110100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.0110110100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.0100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0

| NTERNAL

2

3. 000000E-04 SF1 | ayer

CONSTANT

HY | ayer 2

3. 000000E+00 VCONT | ayer
2. 000000E-01 SF2 | ayer

-2. 000000E- 01 ( 20F4. 0)
0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0

0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.00.00.00.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.00.00.00.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.00.00.00.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.00.00.00.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.00.00.00.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.00.00.00.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0

3. 000000E+01

CONSTANT

2

CONSTANT

2
0 WETDRY | ayer

CONSTANT

2

| NTERNAL
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0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.0101.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0

3

3. 000000E-04 SF1 | ayer

CONSTANT

HY | ayer 3

3. 000000E+00 VCONT | ayer
2. 000000E-01 SF2 | ayer

-2. 000000E- 01 (20F4.0)
0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0

0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.0100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.0101.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0

3. 000000E+01

CONSTANT

3

CONSTANT

3
0 WETDRY | ayer

CONSTANT

3

| NTERNAL

4

3. 000000E-04 SF1 | ayer

CONSTANT

HY | ayer 4

3. 000000E+00 VCONT | ayer
2. 000000E-01 SF2 | ayer

-2. 000000E- 01 ( 20F4. 0)
0.00.00.00.00.00.00.00.0000.00.00.00.00.00.00.00.0

0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0

3. 000000E+01

CONSTANT

4

CONSTANT

4
0 WETDRY | ayer

CONSTANT

4

| NTERNAL
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0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.0101.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.0100.0
0.01.01.01.01.01.01.01.01.01.01.01.0101.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.0101.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.0101.01.01.01.01.01.01.01.01.01.010100.0
0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0

5

3. 000000E-04 SF1 | ayer

CONSTANT

HY | ayer 5

2. 000000E-01 SF2 | ayer

-2. 000000E- 01 (20F4.0)
0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0

0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0

0.01.01.0101.01.01.01.01.01.01.01.01.01.010100.0

3. 000000E+01

CONSTANT

5
0 WETDRY | ayer

CONSTANT

5

| NTERNAL

0.01.01.01.01.01.01.01.01.01.01.01.01.01.010100.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.0101.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.010101.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.0101.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.0101.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.010101.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.0101.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.00.0
0.0 0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0
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Listing of Input Data for Discretization Package

Input for the MODFL OW2000 Discretization Package (DI1S) follows the column headings bel ow. The input
consists of 16 records (lines). Input for the package is read from FORTRAN unit number 15, as specified in the
namefile.

Col um Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

5 27 17 1 4 0 NLAY, NROW NCOL, NPER, | TMUNI , LENUN
0000O
| NTERNAL 1. 000000E+00 ( 10F8. 0) 0 DELR
2.5E+02 1. 0E+03 1. 0E+03 1.0E+03 1.0E+03 1.0E+03 5. 0E+02 5. 0E+02 5. OE+02 5. OE+02
5. 0E+02 1.0E+03 1.0E+03 1.0E+03 1.0E+03 1.0E+03 2.5E+02
| NTERNAL 1. 000000E+00 ( 10F8. 0) 0 DELC
2.5E+02 1. 0E+03 1. 0E+03 1.0E+03 1. 0E+03 1.0E+03 5. OE+02 5. OE+02 5. OE+02 5. OE+02
5. 0E+02 1. 0E+03 1. 0E+03 1.0E+03 1.0E+03 1.0E+03 5. OE+02 5. OE+02 5. OE+02 5. OE+02
5. 0E+02 1. 0E+03 1. 0E+03 1.0E+03 1.0E+03 1.0E+03 2.5E+02

CONSTANT 2. 000000E+02 TOP of system
CONSTANT 1. 070000E+02 Layer BOTM | ayer 1
CONSTANT 9. 700000E+01 Layer BOTM | ayer 2
CONSTANT 8. 700000E+01 Layer BOTM | ayer 3
CONSTANT 7. 700000E+01 Layer BOTM | ayer 4
CONSTANT 6. 700000E+01 Layer BOTM | ayer 5
1. 500E+03 200 1.005E+00 TR PERLEN, NSTP, TSMULT, Ss/tr

Listing of Input Data for Evapotranspiration Package

Input for the Evapotranspiration Package (EVT) follows the column headings below. The input consists of
32 records (lines). Input for the package is read from FORTRAN unit number 11, as specified in the namefile.

Col um Nunbers
1 2 3 4 5 6 7 8 9 10 11
12345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890

1 0 : EVT input - NEVTOR, IEVTCB
1 1 1 0 ; input options INSURF,INEVTR INEXDPINIEVT
11 1. 0( 19F6. 1) 8 : ET surface
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 105.0 105.0 105.0 105.0 105.0 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 105.0 95.0 95.0 95.0 105.0 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 105.0 95.0 95.0 95.0 105.0 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 105.0 95.0 95.0 95.0 105.0 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 105.0 105.0 105.0 105.0 105.0 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 105.0 105.0 105.0 105.0 105.0 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 105.0 95.0 95.0 95.0 105.0 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 105.0 95.0 85.0 95.0 105.0 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 105.0 95.0 95.0 95.0 105.0 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 105.0 105.0 105.0 105.0 105.0 147.3 145.7 144.1 142.6 141.0 140.0
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160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.3 152.7 151.6 150.8 150.0 149.2 148.4 147.3 145.7 144.1 142.6 141.0 140.0

0 0. 0141 ; maximum ET rate

0 15. ; extinction depth

Listing of Input Data for Recharge Package

Input for the Recharge Package (RCH) follows the column headings below. The input consists of 3 records
(lines). Input for the package isread from FORTRAN unit number 12, as specified in the namefile.

Col um Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

3 0 ; RCH input - NRCHOPIRCHCB
1 0 ; input options INRECH,INIRCH
0 0. 0116 ; rechargerate

Listing of Input Data for Strongly-Implicit Procedure Package

Input for the Strongly-Implicit Procedure Package (SIP) follows the column headings below. The input con-
sists of 2 records (lines). Input for the package is read from FORTRAN unit number 13, as specified in the name-
file.

Col um Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

500 5 ; SIPinput - MXITER,NPARM
0.0 0. 0001 1 0.0 1 ; SIP parameter specifications

Listing of Input Data for the Flow and Head Boundary Package

Input for the Flow and Head Boundary Package (FHB) follows the column headings below. The input con-
sists of 424 records (lines). Input for the package is read from FORTRAN unit number 21, as specified in the
namefile. The fourth data column is not used by MODFLOW but may be used by MOC3D.

Col um Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

1 0 420 0 0 0 0 ; FHB input

21 1.0 1 ; simulation times for input

0.0

21 1.0 1 ; boundary head values
1 1 1 64 160. 00
1 2 1 64 160. 00
1 3 1 64 160. 00
1 4 1 64 160. 00

(262 records have been omtted assigning heads in all layers on the west and east boundaries

to 160 and 140 feet, respectively.)
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5 24 17 64 140. 00
5 25 17 64 140. 00
5 26 17 64 140. 00
5 27 17 64 140. 00
1 1 2 64 158. 85
1 1 3 64 157. 31
1 1 4 64 155. 77
1 1 5 64 154. 23

(142 records have
boundaries in all

been om tted assigning specified heads across the northern and southern
layers by linear interpolation between 160 and 140 feet.)

5 17 13 64 145. 77
5 17 14 64 144. 23
5 17 15 64 142. 69
5 17 16 64 141.15

Listing of Input Data for the Stream Package

Input for the Streamflow Routing Package (SFR) is entered in free format. Thereisno provision for input in
fixed-field format. The input consists of 33 records (lines). Input for the package is read from FORTRAN unit
number 14, as specified in the namefile.

Col umm Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

22,3,0,0,128390.4,.0001,-1,0 ; SFR options
1,2,5,1,1, 1000. ; segment and reach identification and reach length
1,3,5,1,2,1000.

1,4,5,1, 3,1000.

1,4,6,1, 4, 1000.

1,4,7,1,5,500.

1,4,8,1,6, 750.

1,5,8,1,7,1000.

1,6,8,1, 8, 1000.

1,12,9, 2,1, 1000.

1,13,9,2,2,1000

1, 14,9, 2, 3, 559.

1, 14,10, 2, 4, 559.

1, 15,10, 2, 5, 1000.
1, 16, 10, 2, 6, 1000.
1, 22, 10, 3, 1, 1000.
1, 23,10, 3, 2, 750

1, 23, 11, 3, 3, 500.

1, 23, 12, 3, 4, 1000.
1, 23, 13, 3, 5, 1000.
1, 23, 14, 3, 6, 1000.
1, 23,15, 3, 7, 1000.
1, 23, 16, 3, 8, 1000.

3,0,0 ; stream data read and print flags

1 1 -1 0 691200. O. 0. 0. 0. 05 ; flow and environmental data for segment 1
0.50,0.5,124.5, 5. ; upstream stream channel information for segment 1
0.50,0.5,116. 5, 5. ; downstream stream channel information for segment 1
2 1 -2 -1 0. O. 0. 0. 0. 05 ;flow and environmental data for segment 2
0.50,0.5,114. 85, 5. ; upstream stream channel information for segment 2
0.50,0.5, 110. 65, 5. ; downstream stream channel information for segment 2
3 1 0 -2 0. O. 0. 0. 0. 05 ;flow and environmental datafor segment 3

0. 50, 0.5, 109. 4286, 5. ; upstream stream channel information for segment 3
0.50, 0.5, 102.5714, 5. ; downstream stream channel information for segment 3
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Listing of Input Data for the Lake Package

Input for the Lake Package (LAK) follows the column headings below. The input consists of 72 records

(lines). Input for the package is read from FORTRAN unit number 16, as specified in the namefile.

Col umm Nunbers

12345678901234567890123456789012345678901234567890123456789012345678901234567890

; LAK input - NLAKES,ILKCB

; THETA

2
0.00
130.0

;initial stage, lake 1
; initial stage, lake 2

130.0

; input/output options

0 0

1
16

; lake position array, layer 1

3

1(2413)
0 00 0O0OOUO OO OTU OO O0OUOTO0UOTO OO0 O

o oo

[eNeNe)

o oo

o oo

[eNeNe)

o oo

[eNeNe)

o oo

o oo

[eNeNe)

o oo

[eNeNe)

o oo

[eNeNe)

[eNeNe)

o oo

[eNeNe)

o o

o o

o o

o o

o o

o o

o o

o o

o o

o o

o o

[eNe)

o o

o o

o o

o o

[eNe)

o oo

[eNeNe)

o oo

o oo

[eNeNe)

o oo

—

[eNeNe)

o oo

[eNeNe)

[eNeNe)

o oo

[eNeNe)

o o

o o

o o

o o

o o

o o

—

[eNe)

o o

[eNe)

o o

o o

o o

o oo

[eNeNe)

o oo

o oo

[eNeNe)

o oo

[eNeNe)

o oo

o oo

[eNeNe)

o oo

[eNeNe)

o oo

[eNeNe)

[eNeNe)

o oo

[eNeNe)

o o

o o

o o

o o

[eNe)

o o

o o

o o

o o

o o

o o

o o

o o

o o

o o

o o

o o

o oo

[eNeNe)

o oo

o oo

[eNeNe)

o oo

AN N N

AN N N

N NN

AN N N

N N N

[eNeNe)

o oo

[eNeNe)

[eNeNe)

o oo

[eNeNe)

o o

o o

o o

o o

o o

o o

[QUN ]

N N

AN N

[QVU ]

N N

[eNe)

o o

o o

o o

o o

o o

o oo

[eNeNe)

o oo

o oo

[eNeNe)

o oo

[eNeNe)

o oo

o oo

[eNeNe)

o oo

[eNeNe)

o oo

[eNeNe)

[eNeNe)

o oo

[eNeNe)

o oo

[eNeNe)

o oo

o oo

[eNeNe)

o oo

[eNeNe)

o oo

o oo

[eNeNe)

o oo

[eNeNe)

o oo

[eNeNe)

[eNeNe)

o oo

[eNeNe)

; lake position array, layer 2

3

1(2413)
0 00 0O0OOOTO OTU OO OO OTO0UOO OO0 O

16

o oo

[eNeNe)

o oo

o oo

[eNeNe)

o oo

[eNeNe)

o oo

o oo

[eNeNe)

o oo

[eNeNe)

o oo

[eNeNe)

[eNeNe)

o oo

[eNeNe)

o o

o o

o o

o o

o o

o o

[eNe)

o o

o o

o o

o o

o o

o o

[eNe)

o o

o o

o o

o oo

[eNeNe)

o oo

o oo

[eNeNe)

o oo

[eNeNe)

O o

O

O

o oo

[eNeNe)

o oo

[eNeNe)

[eNeNe)

o oo

[eNeNe)

o o

o o

o o

o o

o o

o o

o o

— O

— O

— O

o o

[eNe)

o o

[eNe)

o o

o o

o o

o oo

[eNeNe)

o oo

o oo

[eNeNe)

o oo

[eNeNe)

o oo

o oo

[eNeNe)

o oo

[eNeNe)

o oo

[eNeNe)

[eNeNe)

o oo

[eNeNe)

o o

[eNe)

o o

o o

[eNe)

o o

[eNe)

o o

o o

[eNe)

o o

[eNe)

o o

[eNe)

[eNe)

o o

[eNe)

o oo

[eNeNe)

o oo

o oo

[eNeNe)

o oo

[eNeNe)

O NN

O NN

O NN

o oo

[eNeNe)

o oo

[eNeNe)

[eNeNe)

o oo

[eNeNe)

99

Appendix 3



0 0 0O0OOOO 2 2 2 00O0O0O0O0TO0
0O 0 0O 0OOO OO O OOOTO0OTUO0OTUOTU OO
0O 0 0OOOO OO O OO OTO0OTUOTU OTUOTO
0O 0 0O0OOO OO O O OOTO0OTUOTU OTUO0OTO
0O 0 0O0OOO OO OO OOTO0OTUO OO OTUOTO
0O 0o 0O0OOO OO O OO O0OTO0OTUO0OTUO0OTUO0OSO
0O 0 0O0OOO OO O OO O0OTO0OTUO0OTUO0OTU OO
0O 0o 0O0OOO OO O OOOTUO0OTUO OO OTUOSTO
0 0 ; lake position array, layer 3
0 0 ; lake position array, layer 4
0 0 ; lake position array, layer 5
0 0.10 ; lakebed leakance array, layer 1
0 0.10 ; lakebed leakance array, layer 2
0 0.10 ; lakebed leakance array, layer 3
0 0.10 ; lakebed leakance array, layer 4
0 0.10 ; lakebed leakance array, layer 5
0 ; number of coalescing lake systems
0. 0116 0. 0103 0.0 0.0 ; recharge, ET,runoff, withdrawal rates, lake 1
0. 0116 0. 0103 0.0 0.0 ; recharge, ET,runoff, withdrawal rates, lake 2

Listing of Input Data for the Output-Control Package

Input for the Output-Control Package (OC) follows the column headings below. The input consists of
481 records (lines). Input for the package is read from FORTRAN unit number 17, as specified in the namefile.

Col um Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

-14 9 18 19 ; formatting and file unit options
0 0 0 1 1 ; output options, time step 1
0 0 0 0 ; head-drawdown print/file options, time step 1
0 0 0 1 2 ; time step 2
0 0 0 0
0 0 0 1 3 ;timestep 3
0 0 0 0
0 0 0 1 4 ; time step 4
0 0 0 0
0 0 0 1 5 ;timestep 5
0 0 0 0
0 0 0 1 6 ; time step 6
0 0 0 0
0 0 0 1 7 ;timestep 7
0 0 0 0
0 0 0 1 8 ; time step 8
0 0 0 0
0 0 0 1 9 ;timestep 9
0 0 0 0
1 1 1 1 10 ; time step 10
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
1 0 0 0

(The previous 24 lines are repeated 19 nore tines.)
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Selected Pages from Printed Resultsfor Test Simulation 2 - Transient Case

(Qutput for tinme step 200)
2 | TERATI ONS FOR TI ME STEP 200 IN STRESS PERIOD 1
MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE  HEAD CHANGE  HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL
0. 1415E- 03 0. 6857E- 04
( 1, 14, 6) ( 5,6 15 7)

(Qutput for tinme step 200 - Water budget for stream reaches)

STREAM LEAKAGE PERIOD 1 STEP200

LAYER ROW COLUWN STREAM REACH FLOW I NTO FLOWI NTO FLOW QUT OF

DI RECT STREAM STREAM STREAM STREAM STREAVBED
NUMBER NUMBER STREAM REACH AQUI FER STREAM REACH

PRECI P ET HEAD DEPTH W DTH CONDUCTANCE
1 2 5 1 1 6. 9120E+05 - 8. 004E+04 7. 7124E+05

0. O0O0E+00 0. 000E+00 1. 253E+02 1. 382E+00 5. 000E+00 5. 000E+03
1 3 5 1 2 7.7124E+05  -5. 640E+04 8. 2764E+05

0. O0O0E+00 0. 000E+00 1. 243E+02 1. 458E+00 5. 000E+00 5. 000E+03
1 4 5 1 3 8. 2764E+05  -5. 347E+04 8. 8111E+05

0. O0O0E+00 0. 000E+00 1. 233E+02 1. 517E+00 5. 000E+00 5. 000E+03
1 4 6 1 4 8. 8111E+05 -4. 379E+04 9. 2489E+05

0. O0O0E+00 0. 000E+00 1. 222E+02 1. 568E+00 5. 000E+00 5. 000E+03
1 4 7 1 5 9. 2489E+05 - 2. 132E+04 9. 4622E+05

0. O0OOE+00 0. 000E+00 1. 214E+02 1. 602E+00 5. 000E+00 2. 500E+03
1 4 8 1 6 9. 4622E+05 - 3. 501E+04 9. 8123E+05

0. O0OOE+00 0. 000E+00 1. 208E+02 1. 631E+00 5. 000E+00 3. 750E+03
1 5 8 1 7 9. 8123E+05 - 3. 734E+04 1. 0186E+06

0. O0O0E+00 0. 000E+00 1. 198E+02 1. 667E+00 5. 000E+00 5. 000E+03
1 6 8 1 8 1. 0186E+06 - 2. 694E+04 1. 0455E+06

0. O0O0E+00 0. 000E+00 1. 188E+02 1. 699E+00 5. 000E+00 5. 000E+03
1 12 9 2 1 1. 3376E+06 - 2. 859E+04 1. 3662E+06

0. 0O0O0E+00 0. 000E+00 1. 166E+02 2. 184E+00 5. 000E+00 5. 000E+03
1 13 9 2 2 1. 3662E+06  -4. 160E+04 1. 4078E+06

0. 0O0O0E+00 0. 000E+00 1. 158E+02 2. 218E+00 5. 000E+00 5. 000E+03
1 14 9 2 3 1. 4078E+06 - 2. 825E+04 1. 4360E+06

0. O0O0E+00 0. 000E+00 1. 152E+02 2. 251E+00 5. 000E+00 2. 795E+03
1 14 10 2 4 1. 4360E+06  -2. 765E+04 1. 4637E+06

0. O0O0E+00 0. 000E+00 1. 148E+02 2. 277E+00 5. 000E+00 2. 795E+03
1 15 10 2 5 1.4637E+06  -4. 106E+04 1. 5047E+06

0. 0O0O0E+00 0. 000E+00 1. 142E+02 2. 310E+00 5. 000E+00 5. 000E+03
1 16 10 2 6 1. 5047E+06 - 2. 892E+04 1. 5337E+06

0. O0O0E+00 0. 000E+00 1. 134E+02 2. 342E+00 5. 000E+00 5. 000E+03
1 22 10 3 1 1. 8505E+06 - 2. 959E+04 1. 8801E+06

0. O0O0E+00 0. 000E+00 1. 115E+02 2. 539E+00 5. 000E+00 5. 000E+03
1 23 10 3 2 1. 8801E+06  -4. 053E+04 1. 9206E+06

0. O0O0E+00 0. 000E+00 1. 107E+02 2. 567E+00 5. 000E+00 3. 750E+03
1 23 11 3 3 1. 9206E+06 - 2. 402E+04 1. 9447E+06

0. O0O0E+00 0. 000E+00 1. 101E+02 2. 593E+00 5. 000E+00 2. 500E+03
1 23 12 3 4 1. 9447E+06  -4. 757E+04 1. 9922E+06

0. O0O0E+00 0. 000E+00 1. 094E+02 2. 622E+00 5. 000E+00 5. 000E+03

OVERLAND

RUNOFF

0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00
0. 000E+00

0. 000E+00
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1 23 13 3 5 1. 9922E+06 -5. 104E+04 2. 0433E+06 0. O00E+00
0. 000E+00 0. 000E+00  1.085E+02 2.661E+00 5.000E+00 5. 000E+03
1 23 14 3 6 2. 0433E+06 -5. 464E+04 2. 0979E+06 0. O00E+00
0. OOOE+00 0. 000E+00  1.076E+02 2. 703E+00 5. 000E+00 5. 000E+03
1 23 15 3 7 2.0979E+06 - 6. 192E+04 2. 1598E+06 0. 000E+00
0. OOOE+00 0. 000E+00  1.067E+02 2. 748E+00 5. 000E+00 5. 000E+03
1 23 16 3 8 2. 1598E+06  -9. 006E+04 2. 2499E+06 0. 000E+00
0. 000E+00 0. 000E+00  1.059E+02 2.807E+00 5.000E+00 5. 000E+03
(Qutput for time step 200 - Water budget for |ake)
0 LAKE CELLS ARE DRY.
PERI OD 1 TI ME STEP 200 TI ME STEP LENGTH 1. 1823E+01
PERI OD TI ME 1. 5000E+03 TOTAL SI MULATION TI ME 1. 5000E+03
HYDROLOG C BUDGET SUMVARI ES FOR SI MULATED LAKES
LAKE STAGE PRECI P EVAP RUNOFF
1 118.10 8.5716E+05 7.6110E+05 0. 0000E+00
2 113.22 8.5716E+05 7.6110E+05 0. 0000E+00
GROUND WATER SURFACE WATER
LAKE I NFLOW OUTFLOW | NFLOW OUTFLOW
1 3.3573E+06 0.0000E+00 1.2361E+07 1.5814E+07
2 3.6500E+06 O0.0000E+00 1.8132E+07 2.1879E+07
WATER CONNECTED LAKE UPDATED Tl ME- STEP STAGE CHANGE
LAKE USE I NFLUX VOLUVE SURFACE AREA Tl ME STEP CUMULATI VE
1 0.0000E+00 0. 0000E+00 9. 1905E+07 6. 2500E+06 0. 0000E+00 - 1. 1895E+01
2 0. O000E+00 0. O000E+00 6. 1364E+07 6. 2500E+06 -4.5776E-05 - 1. 6782E+01
(Qutput for time step 200 - Table of aquifer heads in |ayer 5)

HEAD | N LAYER 5 AT

1 2 3 4

1 160.0 158.9 157.3 155.8

2 160.0 158.2 155.3 151.1

3 160.0 157.6 153.6 147.6

4 160.0 157.3 153.0 146.7

5 160.0 157.3 153.3 148.4

6 160.0 157.4 153.6 149.3

7 160.0 157.5 153.8 149.6

8 160.0 157.5 153.9 149.7

9 160.0 157.5 153.9 149.9

10 160.0 157.6 154.0 150.0
11 160.0 157.6 154.1 150.3
12 160.0 157.7 154.3 150.7
13 160.0 157.7 154.4 151.1
14 160.0 157.7 154.5 151.2
15 160.0 157.7 154.4 151.0
16 160.0 157.7 154.3 150.5
17 160.0 157.6 154.2 150.2
18 160.0 157.6 154.1 150.0
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END CF TI ME STEP200 IN STRESS PERIOD 1

5 6 7 8 9 10
154.2 152.7 151.5 150.8 150.0 149
141.4 146.7 147.2 147.2 147.0 146
135.6 139.9 140.8 141.3 142.2 142
134.0 131.0 130.0 130.1 135.4 138
141.9 136.3 131.4 127.3 131.7 134
143.9 136.5 128.8 124.2 126.6 128
143.9 134.1 118.9 118.3 118.4 118
143.9 133.4 118.6 118.1 118.1 118
144.0 133.4 118.6 118.1 118.1 118
144.4 133.9 118.6 118.1 118.1 118
144.9 135.1 119.0 118.4 118.3 118
145.9 138.9 131.1 126.8 122.4 125
147.0 141.4 135.6 130.6 124.2 127
147.3 142.1 136.7 131.9 125.4 124
146.8 141.3 135.9 131.8 127.3 122
145.6 138.0 129.8 125.9 122.6 119
144.4 133.2 114.3 113.6 113.5 113
143.9 131.7 113.8 113.3 113.2 113
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19
20
21
22
23
24
25
26
27

160.
160.
160.
160.
160.
160.
160.
160.
160.

© O© O W NNWN

8

113.
113.
113.
122.
130.
139.
144.
147.
150.
STEP200 I N STRESS PERIOD 1

QO OWOoOOOOOOUINDN

113.
113.
113.
117.
121.
137.
143.
147.
149.

NOWWOahrBNDN

(Qutput for tine step 200 -

0 157.6 154.1 150.0
0 157.6 154.2 150.2
0 157.7 154.3 150.4
0 157.8 154.5 151.0
0 157.9 155.0 152.0
0 158.0 155.4 152.9
0 158.2 155.9 153.7
0 158.5 156.6 154.8
0 158.9 157.3 155.8

HEAD I N LAYER 5 AT

12 13 14

5 147.3 145.8 144.2
3 145.6 144.4 143.1
2 143.3 142.8 141.9
9 141.1 141.5 141.1
7 138.8 140.1 140.3
9 135.5 138.6 139.6
9 131.8 137.4 139.1
5 130.5 136.8 138.9
5 130.1 136.6 138.8
5 130.2 136.6 138.7
8 131.0 136.8 138.8
4 133.7 137.5 138.9
3 135.3 138.0 139.1
9 135.0 137.9 139.0
9 183.7 137.3 138.7
0 131.2 136.0 138.0
0 127.7 134.8 137.3
6 126.3 134.0 136.7
6 125.5 133.2 136.0
6 125.0 132.2 135.0
8 124.6 131.0 133.5
1 124.5 128.2 130.0
8 119.0 118.8 118.6
8 134.1 132.9 132.2
2 140.8 139.4 138.3
1 144.9 143.4 142.0
5 147.3 145.8 144.2

143.8 131.4 113.8 113
144.1 131.9 113.8 113
144.8 133.7 114.4 113
146.3 139.0 130.8 126
148.4 143.7 139.0 135
150.1 146.9 144.0 141.
151.5 149.2 147.3 145.
153.0 151.2 149.8 148.
154.2 152.7 151.5 150.
END CF TI ME
15 16 17
142.7 141.1 140.0
141.8 140.5 140.0
141.0 140.2 140.0
140.5 139.9 140.0
140.1 139.8 140.0
139.7 139.7 140.0
139.5 139.6 140.0
139.4 139.6 140.0
139.4 139.6 140.0
139.3 139.6 140.0
139.3 139.6 140.0
139.4 139.6 140.0
139.4 139.6 140.0
139.3 139.5 140.0
139.2 139.5 140.0
138.8 139.3 140.0
138.3 139.1 140.0
137.9 138.9 140.0
137.3 138.6 140.0
136.4 138.1 140.0
135.0 137.2 140.0
131.5 134.9 140.0
119.2 123.9 140.0
132.5 135.2 140.0
137.8 138.5 140.0
140.9 140.1 140.0
142.7 141.1 140.0

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TI ME STEP200 I N STRESS PERIOD 1

CUMULATI VE VCOLUMES

CONSTANT HEAD

I N:

STORAGE

ET
RECHARGE

SPECI FI ED FLOWS
STREAM LEAKACE
LAKE SEEPAGE

TOTAL I N

L**3

3372379
1305823230.
0.
4132498430.
0.

4195993

3023173

5448913410.

5000
0000
0000
0000
0000
0000
7500

0000

CONSTANT HEAD

I'N:

STORAGE

ET

RECHARGE
SPECI FI ED FLOWS
STREAM LEAKAGCE

LAKE SEEPAGE

TOTAL

I'N

538796.
0.
2755000.
0.

0.

0.

3293796.

. 0000

7500
0000
0000
0000
0000
0000

7500
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QUT: QUT:

STORAGE = 1276113790. 0000 STORAGE = 253. 9300

CONSTANT HEAD = 2974152. 5000 CONSTANT HEAD = 2790. 2576

ET = 2159329020. 0000 ET = 1748317. 2500

RECHARGE = 0. 0000 RECHARCE = 0. 0000

SPECI FI ED FLOWS = 0. 0000 SPECI FI ED FLONS = 0. 0000

STREAM LEAKACGE = 1270447360. 0000 STREAM LEAKACE = 949726. 9380

LAKE SEEPACE = 740047744. 0000 LAKE SEEPACE = 592688. 8750

TOTAL QUT = 5448911870. 0000 TOTAL QUT = 3293777. 5000

IN- OUT = 1536. 0000 IN- OQUT = 19. 2500

PERCENT DI SCREPANCY = 0. 00 PERCENT DI SCREPANCY = 0. 00
(Qutput for tinme step 200 - Tine sunmnary)
TI ME SUMVARY AT END OF TI ME STEP200 IN STRESS PERIOD 1
SECONDS M NUTES HOURS DAYS YEARS
TIME STEP LENGTH 1. 02150E+06 17025. 283. 75 11. 823 3. 23695E- 02

STRESS PERI OD Tl ME 1. 29600E+08 2. 16000E+06 36000. 1500. 0 4.1068
TOTAL TI ME 1. 29600E+08 2. 16000E+06 36000. 1500.0 4.1068

Selected Pages from Printed Resultsfor Test Simulation 2 - Seady-State Case
(Qutput for single steady-state tinme step)
ALL LAKES CONVERGED TO STEADY- STATE AFTER 17 | TERATI ONS

AVERAGE SEED
M NI MUM SEED

. 00000109
. 00000054

5 | TERATI ON PARAMETERS CALCULATED FROM AVERACE SEED:

. 000O000E+00 .967686E+00 .998956E+00 .999966E+00 .999999E+00
ALL LAKES CONVERCGED TO STEADY- STATE AFTER 16 | TERATI ONS
ALL LAKES CONVERCGED TO STEADY- STATE AFTER 7 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 7 | TERATI ONS
ALL LAKES CONVERCED TO STEADY- STATE AFTER 7 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 9 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 11 | TERATI ONS
ALL LAKES CONVERCED TO STEADY- STATE AFTER 10 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 10 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 10 | TERATI ONS
ALL LAKES CONVERCED TO STEADY- STATE AFTER 10 | TERATI ONS

ALL LAKES CONVERGED TO STEADY- STATE AFTER 11 | TERATI ONS
ALL LAKES CONVERCGED TO STEADY- STATE AFTER 10 | TERATI ONS
ALL LAKES CONVERCED TO STEADY- STATE AFTER 9 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 9 | TERATI ONS
ALL LAKES CONVERCGED TO STEADY- STATE AFTER 9 | TERATI ONS
ALL LAKES CONVERCGED TO STEADY- STATE AFTER 7 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 6 | TERATI ONS
ALL LAKES CONVERCGED TO STEADY- STATE AFTER 6 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 5 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 5 | TERATI ONS
ALL LAKES CONVERCGED TO STEADY- STATE AFTER 5 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 3 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 2 | TERATI ONS
ALL LAKES CONVERCED TO STEADY- STATE AFTER 1 | TERATI ONS
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(CQutput for steady-state tine step -

ALL
ALL
ALL
ALL
ALL

30 | TERATI ONS FOR TI ME STEP

LAKES CONVERGED TO STEADY- STATE AFTER
LAKES CONVERGED TO STEADY- STATE AFTER
LAKES CONVERGED TO STEADY- STATE AFTER
LAKES CONVERGED TO STEADY- STATE AFTER
LAKES CONVERGED TO STEADY- STATE AFTER

[ =l =SSN

| TERATI ONS
| TERATI ONS
| TERATI ONS
| TERATI ONS
| TERATI ONS

1IN STRESS PERIOD 1

MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE

LAYER, ROW COL

(
(

3, 18, 10)
-0.1931E- 01
2, 18, 11)
-0. 2089E- 02
3, 23, 10)
0. 3303E- 04

HEAD CHANGE HEAD CHANGE  HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER ROW COL LAYER, ROW COL
30. 76 17.75 15. 04 27.54
( 1, 2, 2 1, 3, 3) ( 5 24, 3) ( 1, 18, 4)
1.410 1. 280 0.8736 0.7275
( 1, 23, 3) ( 5 20, 9) ( 1, 16, 8) ( 5, 15 8)
0.3127 -0. 3322 0.2311 - 0. 1497
( 3, 18, 10) ( 3, 19, 9) ( 3, 18, 10) ( 3, 18, 10)

-0.1256 0.4617E-01  -0.2880E-01  0.2175E-01
( 2, 17, 7) ( 2, 17, 7) ( 3, 18, 10) ( 3, 18, 10)
0.1512E-01  -0.1434E-01 -0.5708E-02  -0.2164E- 02
( 2, 17, 11) ( 3, 19, 9) 1, 22, 10) ( 3, 18, 10)
-0.4180E-03 -0.1777E-03  -0.1560E-03  -0. 1555E- 03
( 2, 17, 7) ( 5 20, 8) ( 1, 21, 12) ( 5, 19, 13)

(

1, 17, 12)

STREAM LEAKAGE

LAYER

DI RECT

PRECI P

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

1

. 000E+00
1

. 000E+00
1

. 000E+00
1

. 000E+00
1

. 000E+00
1

. 000E+00
1

. 000E+00
1

. 000E+00
1

. 000E+00
1

. 000E+00
1

. 000E+00
1

. 000E+00
1

. 000E+00
1

. 000E+00
1

. 000E+00
1

. 000E+00

PERICD 1 STEP 1
ROW COLUWN STREAM REACH FLOW I NTO FLOW I NTO
STREAM STREAM STREAM STREAM STREAMBED
NUMBER NUMBER STREAM REACH AQUI FER STREAM REACH
ET HEAD DEPTH W DTH CONDUCTANCE
2 5 1 1 6. 9120E+05  -8. 004E+04 7. 7124E+05
0. 000E+00 1. 253E+02 1. 382E+00 5. 000E+00 5. 000E+03
3 5 1 2 7.7124E+05  -5. 640E+04 8. 2764E+05
0. 000E+00 1. 243E+02 1. 458E+00 5. 000E+00 5. 000E+03
4 5 1 3 8. 2764E+05  -5. 347E+04 8. 8111E+05
0. 000E+00 1. 233E+02 1. 517E+00 5. 000E+00 5. 000E+03
4 6 1 4 8. 8111E+05 -4. 379E+04 9. 2490E+05
0. 000E+00 1. 222E+02 1. 568E+00 5. 000E+00 5. 000E+03
4 7 1 5 9. 2490E+05 - 2. 132E+04 9. 4622E+05
0. 000E+00 1. 214E+02 1. 602E+00 5. 000E+00 2. 500E+03
4 8 1 6 9. 4622E+05 - 3. 501E+04 9. 8123E+05
0. 000E+00 1. 208E+02 1. 631E+00 5. 000E+00 3. 750E+03
5 8 1 7 9. 8123E+05 - 3. 734E+04 1. 0186E+06
0. 000E+00 1. 198E+02 1. 667E+00 5. 000E+00 5. 000E+03
6 8 1 8 1. 0186E+06  -2. 694E+04 1. 0455E+06
0. 000E+00 1. 188E+02 1. 699E+00 5. 000E+00 5. 000E+03
12 9 2 1 1. 3376E+06 - 2. 859E+04 1. 3662E+06
0. 000E+00 1. 166E+02 2. 184E+00 5. 000E+00 5. 000E+03
13 9 2 2 1. 3662E+06 - 4. 160E+04 1. 4078E+06
0. 000E+00 1. 158E+02 2. 218E+00 5. 000E+00 5. 000E+03
14 9 2 3 1. 4078E+06  -2. 825E+04 1. 4361E+06
0. 000E+00 1. 152E+02 2. 251E+00 5. 000E+00 2. 795E+03
14 10 2 4 1.4361E+06 -2. 765E+04 1. 4637E+06
0. 000E+00 1. 148E+02 2. 277E+00 5. 000E+00 2. 795E+03
15 10 2 5 1.4637E+06  -4. 106E+04 1. 5048E+06
0. 000E+00 1. 142E+02 2. 310E+00 5. 000E+00 5. 000E+03
16 10 2 6 1. 5048E+06 - 2. 893E+04 1. 5337E+06
0. 000E+00 1. 134E+02 2. 342E+00 5. 000E+00 5. 000E+03
22 10 3 1 1. 8506E+06  -2. 959E+04 1. 8802E+06
0. 000E+00 1. 115E+02 2. 539E+00 5. 000E+00 5. 000E+03
23 10 3 2 1. 8802E+06  -4. 053E+04 1. 9207E+06
0. 000E+00 1. 107E+02 2. 567E+00 5. 000E+00 3. 750E+03

Wat er budget

for stream reaches)

FLOW QUT OF OVERLAND

RUNOFF

0. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00

. 000E+00

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

. 000E+00
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1 23 11 3 3 1. 9207E+06 -2.402E+04 1. 9447E+06 0. 000E+00
0. 000E+00 0. 000E+00 1.101E+02  2.593E+00 5. 000E+00 2. 500E+03
1 23 12 3 4 1. 9447E+06 - 4. 757E+04 1. 9923E+06 0. 000E+00
0. O00OE+00 0. O0OOE+00 1. 094E+02 2. 622E+00 5. 000E+00 5. 000E+03
1 23 13 3 5 1. 9923E+06 -5. 104E+04 2. 0434E+06 0. 000E+00
0. 000E+00 0. 000E+00 1. 085E+02  2.661E+00 5. 000E+00 5. 000E+03
1 23 14 3 6 2. 0434E+06  -5. 464E+04 2. 0980E+06 0. 000E+00
0. 000E+00 0. 000E+00 1.076E+02  2.703E+00 5. 000E+00 5. 000E+03
1 23 15 3 7 2. 0980E+06 - 6. 192E+04 2. 1599E+06 0. 000E+00
0. 000E+00 0. 000E+00 1.067E+02  2.748E+00 5.000E+00 5. 000E+03
1 23 16 3 8 2. 1599E+06 -9. 006E+04 2. 2500E+06 0. 000E+00
0. 000E+00 0. 000E+00 1. 059E+02  2.807E+00 5. 000E+00 5. 000E+03
(Qutput for steady-state tine step - Water budget for |ake)
0 LAKE CELLS ARE DRY.
PERI OD 1 TI VME STEP 1 TI ME STEP LENGTH 1. 0000E+00
PERI OD TI ME 1. 0000E+00 TOTAL SI MULATION TIME 1. 0000E+00
HYDROLOG C BUDGET SUMVARI ES FOR SI MULATED LAKES
LAKE STAGE PRECI P EVAP RUNOFF
1 118.10 7.2500E+04 6.4375E+04 0. 0000E+00
2 113.22 7.2500E+04 6.4375E+04 0. 0000E+00
GROUND WATER SURFACE WATER
LAKE | NFLOW QUTFLOW | NFLOW OUTFLOW
1 2.8399E+05 0.0000E+00 1.0455E+06 1.3376E+06
2 3.0876E+05 0.0000E+00 1.5337E+06 1.8506E+06
WATER CONNECTED LAKE UPDATED Tl ME- STEP STAGE CHANGE
LAKE USE I NFLUX VOLUME SURFACE AREA TI ME STEP CUMJLATI VE

1 0.0000E+00 0. 000OE+00 9. 1905E+07 6. 2500E+06 0. 0000E+00 -1.8952E+00
2 0.0000E+00 0. 0O0OOE+00 6. 1365E+07 6. 2500E+06 0. O000E+00 -1.7816E+00

(Qutput for steady-state tine step - Table of aquifer heads in | ayer 5)

HEAD IN LAYER 5 AT END OF TIME STEP 1 IN STRESS PERIOD 1

1 2 3 4 5 6 7 8 9 10
1 160.0 158.9 157.3 155.8 154.2 152.7 151.5 150.8 150.0 149.2
2 160.0 158.2 155.3 151.1 141.4 146.7 147.2 147.2 147.0 146.7
3 160.0 157.6 153.6 147.6 135.6 139.9 140.8 141.3 142.2 142.8
4 160.0 157.3 153.0 146.7 134.0 131.0 130.0 130.1 135.4 138.3
5 160.0 157.3 153.3 148.4 141.9 136.3 131.4 127.3 131.7 134.7
6 160.0 157.4 153.6 149.3 143.9 136.5 128.8 124.2 126.6 128.7
7 160.0 157.5 153.8 149.6 143.9 134.1 118.9 118.3 118.4 118.5
8 160.0 157.5 153.9 149.7 143.9 133.4 118.6 118.1 118.1 118.1
9 160.0 157.5 153.9 149.9 144.0 133.4 118.6 118.1 118.1 118.1
10 160.0 157.6 154.0 150.0 144.4 133.9 118.6 118.1 118.1 118.1
11 160.0 157.6 154.1 150.3 144.9 135.1 119.0 118.4 118.3 118.4
12 160.0 157.7 154.3 150.7 145.9 138.9 131.1 126.8 122.4 125.4
13 160.0 157.7 154.4 151.1 147.0 141.4 135.6 130.6 124.2 127.9
14 160.0 157.7 154.5 151.2 147.3 142.1 136.7 131.9 125.4 124.7
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15
16
17
18
19
20
21
22
23
24
25
26
27

160.
160.
160.
160.
160.
160.
160.
160.
160.
160.
160.
160.
160.

[eNeNoNoNeoNoNolNoNoNolNoNolNo)

157.
157.
157.
157.
157.
157.
157.
157.
157.
158.
158.
158.
158.

HEAD | N LAYER

O UINOOWO~NOOOOO O NN

154.
154.
154.
154.
154.
154.
154.
154.
155.
155.
155.
156.
157.

WO OPMOUWNEELNWM

VO ~NOOOARANORLNOUO

N NN ONO~NORMMNNOW

135.
129.
114.
113.
113.
113.
114.
130.
139.
144.
147.
149.
151.

U100 WOHFr A OOWO WO

131.
125.
113.
113.
113.
113.
113.
126.
135.
141.
145.
148.
150.

VOO OWNNWNWOO OO

127.
122.
113.
113.
113.
113.
113.
122.
130.
139.
144.
147.
150.

O WO OOOOUINNNOIUOIO W

122.
1109.
113.
113.
113.
113.
113.
117.
121.
137.
143.
147.
149.

STEP 1 IN STRESS PERIOD 1

OFRPNOORFRPROOODOOOODOOOWOWHMRMOLDWOUIUIOTO ONONWOO

WOOORFRPROUIOOUITWNNNOWNONPFPUIOUOUION WO W

OB BDNOONONMNNOOOWWOWOUIOOOOWASAOEF 010 MO

NOWNOIOZIOUIOONWONOPFRPOWONODOFRPROWROERELN

146.9 141
145.6 138
144.4 133
143.9 131
143.8 131
144.1 131
144.8 133
146.3 139
148.4 143
150.1 146
151.5 149
153.0 151
154.2 152
END CF TI ME
15 16
142.7 141.
141.8 140
141.0 140
140.5 139
140.1 139
139.7 139
139.5 139
139.4 139
139.4 139
139.3 139
139.3 139
139.4 139
139.4 139
139.3 139
139.2 139
138.8 139
138.3 139
137.9 138
137.3 138
136.4 138
135.0 137
131.5 134
119.2 123
132.5 135
137.8 138
140.9 140
142.7 141

P PRPONOONPFPFOOPFRPRWUOUIUIODODOODOOOOOOOON0WWONOJ R

[eNeoNoNeoNeoNoNeoNoNoNoNolololololNoNolNolNeolNolNolNolNolNolNoNoNo)

NOWWOAaOMABENNNIENS
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(Qutput for steady-state time step - WAter budget for aquifer show ng | ake seepage and stream
| eakage)

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 1

CUMULATI VE VOLUMES L**3 RATES FOR THI' S Tl ME STEP L**3/ T
STORAGE = 0. 0000 STORAGE = 0. 0000
CONSTANT HEAD = 538745. 1250 CONSTANT HEAD = 538745. 1250
ET = 0. 0000 ET = 0. 0000
RECHARGE = 2755000. 0000 RECHARCE = 2755000. 0000
SPECI FI ED FLONS = 0. 0000 SPECI FI ED FLOWs = 0. 0000
STREAM LEAKACGE = 0. 0000 STREAM LEAKAGE = 0. 0000
LAKE SEEPAGE = 0. 0000 LAKE SEEPAGE = 0. 0000
TOTAL IN = 3293745. 0000 TOTAL IN = 3293745. 0000

QUT: QOUT:
STORAGE = 0. 0000 STORAGE = 0. 0000
CONSTANT HEAD = 2790. 8638 CONSTANT HEAD = 2790. 8638
ET = 1748452. 5000 ET = 1748452. 5000
RECHARGE = 0. 0000 RECHARCE = 0. 0000
SPECI FI ED FLOAS = 0. 0000 SPECI FI ED FLOWs = 0. 0000
STREAM LEAKACGE = 949765. 5000 STREAM LEAKAGE = 949765. 5000
LAKE SEEPAGE = 592749. 3130 LAKE SEEPAGE = 592749. 3130
TOTAL QUT = 3293758. 2500 TOTAL OUT = 3293758. 2500
IN - OQUT = -13. 2500 IN - OQUT = -13. 2500
PERCENT DI SCREPANCY = 0. 00 PERCENT DI SCREPANCY = 0.00

(Qutput for time step 200 - Tinme sunmary)

TI ME SUMVARY AT END OF TIME STEP 1 IN STRESS PERIOD 1

SECONDS M NUTES HOURS DAYS YEARS
TI ME STEP LENGTH 86400. 1440.0 24.000 1. 0000 2. 73785E- 03
STRESS PERI CD TI ME 86400. 1440.0 24.000 1. 0000 2. 73785E- 03
TOTAL TI ME 86400. 1440.0 24.000 1. 0000 2. 73785E- 03
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APPENDIX 4

INPUT DATA SETS AND PRINTED RESULTS FOR TEST SIMULATION 3

This ssmulation demonstrates the capability of MODFL OW with the Lake Package to portray the division
of alakewith shallow areasinto separate pool s (sublakes) during aperiod of drying and the subsequent coal escence
of the poolsinto one lake during a period of normal rainfall. The simulation of this scenario with the L ake Package
requires that the pools be treated formally as separate | akesin theinput data sets. Also, the separation/coal escence
process can only be simulated with transient calculations.

Listing of Input Data Sets for Test Simulation 3

The input data set names and the unit numbers that they are associated with are identified in the namefile,
the name of which is entered from the consol e at execution time. The following namefile data set was used for Test
Simulation 3. The three entries on each line are an apha character identification of the MODFLOW package, the
logical unit number for the corresponding input data set, and the input data set name, and are separated by spaces.

BAS
BCF

SI P
FHB
LAK
oC

LIST 6

5
10
11
12
13
21
16
17

uni t 6dnc. 96
uni t 5dnc
uni t 10dnc
uni t 11dnc
uni t 12bdw
uni t 13a
uni t 21dnc
uni t 16dnc
uni t17d1

1

1

1 Ftype (that is, the type of file)

)

2

1

3

(N Y A A A

2 Unit number (arbitrarily selected)
3 File name (name chosen to reflect contents of file)

Designates main output file for MODFLOW
Basic input data for MODFLOW

Input for Block-Centered Flow Package

Input for Evapotranspiration Package

Input for Recharge Package

Input parameters for strongly-implicit procedure
Input data for Flow and Head Boundary Package
Input data for Lake Package

Output control data specifications
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Listing of Input Data for Basic Package

Input for the Basic Package (BAS) follows the column headings below. The input consists of 103 records

(lines). Input for the package is read from the FORTRAN unit number specified in the MAIN program.

Col um Nunbers

12345678901234567890123456789012345678901234567890123456789012345678901234567890

; begin BAS Input

Separation and coal escence in a nultiple-lake system

; second comment line

I TMUNI

NPER

NROW NCOL

NLAY

22

17

5

; options line (blank)
i IAPART, ISTRT

0

0
5

; IBOUND, 1st layer

3
-1-2-2-17-17-2-2-2-12-1-12-2-2-12-1-1-1-1-1-1-1-1

1(2413)

1 1

1

1 0 0 0 0O
1 0 0 0 0 O

1 0 0 O
1 0 0 O

1
1
1
1
1

1
1
1
1
1

1

-1
-1
-1

1
1
1

1 0 0 1
1
1

1 0 O

10 0 0000 O0OOOOOTOTGOTGOTUO

1 0 0 O
1 0 0 O

1 0 01 0 O
1

1 0 0 0 0 O
1 0 0 0 0 O

1

1

-1-2-2-17-17-2-2-2-2-1-1-2-2-12-1-1-1-1-1-1-1-1

; IBOUND, 2nd layer

-1-2-2-17-17-2-2-2-12-1-12-2-2-12-1-1-1-1-1-1-1-1

1(241 3)

-1
-1

111 000110010011
1 0 0 0 00O 1 0 0O 1 00 11
1 1

1 0 O

1

1

1

1 0 0 O

1

-1-2-2-17-17-2-2-2-2-1-1-2-2-12-1-1-1-1-1-1-1-1

; IBOUND, 3rd layer

-1-2-2-17-17-2-2-2-2-1-1-2-2-12-1-1-1-1-1-1-1-1

1( 241 3)
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-1-2-2-17-17-2-2-2-2-1-12-2-2-12-1-1-1-1-1-1-1-1

; IBOUND, 4th layer

1(2413)
-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1

-1-2-2-17-17-2-2-2-12-1-12-2-2-12-1-1-1-1-1-1-1-1

; IBOUND, 5th layer

1(2413)
-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1

-1-2-2-17-17-2-2-2-2-1-1-2-2-12-1-1-1-1-1-1-1-1

-999.

ayer 1
ayer 2
ayer 3
ayer 4
ayer 5

; PERLEN, NSTRTSMULT, stress period 1

115
115
115.
115
115

1.03
1.03

50

50

400.

; PERLEN, NSTRTSMULT, stress period 2

400.

111

Appendix 4



Listing of Input Data for Block-Centered Flow Package

Input for the Block-Centered Flow Package (BCF) follows the column headings below. The input consists
of 129 records (lines). Input for the package is read from FORTRAN unit number 10, as specified in the namefile.

Col um Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

0 0 0.0 1 1.0 1 0 ; BCFinput
13333 ; LAYCON
0 1.0 ; TRPY
10 1. 0( 7F10. 0) 0 : DELR
250. 1000. 1000. 1000. 500. 500. 500.
500. 500. 500. 500. 500. 500. 500.
500. 500. 500. 500. 500. 1000. 1000.
250.
10 1. 0( 7F10. 0) 0 : DELC
250. 1000. 1000. 1000. 1000. 1000. 500.
500. 500. 500. 500. 1000. 1000. 1000.
1000. 1000. 250.
0 0.20 ; storage coefficient, layer 1
0 30. ; hydraulic conductivity, layer 1
0 107. ; bottom elevation, layer 1
0 3. ; vertical leakance, layers 1 and 2
10 -0.2(24F3.0) 7 ; wet-dry, layer 1
-1-17-2-2-17-17-2-2-17-127-2-12-17-2-12-1-1-1-1-1-1-1
-2 1272111111111 11111111 1-1
-7 1111111111111 11 1111 1-1
-2 1272111111111 11111111 1-1
-2 1271211111111 1 11111111 1-1
-7217 11 1111111111111 1 11 1-1
-712.11 0 0 O 1 O OOOOTI17TM111 1111 1-12
-211 1 0 0 01 00 OOODT11O0TUO0OT1OWO0OWO0OT1T1-12
-2121 1 0 0 0 OOO OO OOOWOOO0OTU O0OT1T1-12
-211 1 0 0 01 0O OO OT11O0TUO0OT1O0OWUO0OT1T1-1
-712.11 0 0 O 1 O OOOOTI17TM1111 111 1-12
-7217 11 111111111111 1111 1-1
-7 1711 111111111111 11 11 1-1
-7 1272111111111 11111111 1-1
-7 1711111111111 111 1111 1-1
-7 1272111111111 11111111 1-1
-1-17-2-2-17-17-2-2-17-17-2-17-17-12-2-1-1-1-1-1-1-1
0 0. 0003 ; primary storage coefficient, layer 2
0 30. ; hydraulic conductivity, layer 2
0 97. ; bottom elevation, layer 2
0 3. ; vertical leakance, layers 2 and 3
0 0.2 ; secondary storage coefficient, layer 2
0 107. ; top elevation, layer 2
10 -0.2(24F3.0) 7 ; wet-dry, layer 2
-1-17-2-2-17-27-2-2-27-27-2-12-17-2-2-1-1-1-1-1-1-1
-7 1711 111111111111 1111 1-1
-7 1271211111111 111111111 1-1
-7217 11 111111111111 1111 1-1
-7 1271211111111 111111111 1-1
-2 1727211111111 111111111 1-1
-1 11 111111111111 1111 1-1
-7212121 1 012 11 0 OO1 12001 001 1-12
-211 1 1 0 01 0 O OO0OOT11O0TUO0OT1O0OWO0OT1T1-1
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-1
-1
-1
-1
-1
-1
-1

1
1
1
1
1
1
1

1
1
1
1
1
1
1

1
-1-2-2-17-17-2-2-2-2-1-17-2-2-2-1-1-1-1-1-1-1

1 0 0 0 1

1

1
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o

- 0. 2( 24F3. 0)
-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1

; wet-dry, layer 3

7

10

-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

1
1
1
1
1
1
1
1
1
1
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1
1
1
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0 77. ; top elevation, layer 5

10 -0.2(24F3.0) 7 ; wet-dry, layer 5
-1-17-2-2-17-17-2-2-17-17-2-17-171-12-12-1-1-1-1-1-1-1
-7 1711 111111111111 1111 1-1
-7 1711 111111111111 111 1 1-1
-2 1272111111111 11111111 1-1
-2 122111111111 11111111 1-1
-2 1721211111111 1 11111111 1-1
-7 1711 111111111111 1111 1-1
-7 1711 111111111111 1111 1-1
-7 1711 111111111111 1111 1-1
-7 1271211111111 111111111 1-1
-7 1721211111111 111111111 1-1
-2 1272111111111 11111111 1-1
-7217 11 111111111111 1111 1-1
-7 1711 1111111111111 11 1 1-1
-7 1711 111111111111 1111 1-1
-2 1727211111111 111111111 1-1
-1-17-2-2-17-17-2-2-27-27-2-12-17-2-2-1-1-1-1-1-1-1

Listing of Input Data for Evapotranspiration Package

Input for the Evapotranspiration Package (EVT) follows the column headings below. The input consists of 24
records (lines). Input for the package is read from FORTRAN unit number 11, as specified in the namefile.

Column Numbers

1 2 3 4 5 6 7 8 9 10 11 12 13
1234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890

3 0 ; EVT input - NEVTOPR, IEVTCB
1 1 1 0 ; input options INSURFINEVTR,INEXDPRINIEVT, stress period 1
11 1.0(24F6. 1) 8 ; ET surface

160.0 159.0 157.4 155.9 154.7 153.9 153.1 152.3 151.6 150.8 150.0 149.2 148.4 147.7 146.9 146.1 145.3 144.5 143.8 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.7 153.9 153.1 152.3 151.6 150.8 150.0 149.2 148.4 147.7 146.9 146.1 145.3 144.5 143.8 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.7 153.9 153.1 152.3 151.6 150.8 150.0 149.2 148.4 147.7 146.9 146.1 145.3 144.5 143.8 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.7 153.9 153.1 152.3 151.6 150.8 150.0 149.2 148.4 147.7 146.9 146.1 145.3 144.5 143.8 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.7 153.9 153.1 152.3 151.6 150.8 150.0 149.2 148.4 147.7 146.9 146.1 145.3 144.5 143.8 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.7 153.9 153.1 152.3 151.6 150.8 150.0 149.2 148.4 147.7 146.9 146.1 145.3 144.5 143.8 142.6 141.0 140.0
160.0 159.0 157.4 155.9 105.0 105.0 105.0 125.0 105.0 105.0 105.0 105.0 105.0 147.7 146.9 146.1 145.3 144.5 143.8 142.6 141.0 140.0
160.0 159.0 157.4 155.9 105.0 95.0 105.0 120.0 105.0 95.0 95.0 95.0 105.0 120.0 95.0 95.0 120.0 95.0 95.0 142.6 141.0 140.0
160.0 159.0 157.4 155.9 105.0 95.0 95.0 105.0 95.0 95.0 95.0 95.0 95.0 105.0 95.0 95.0 105.0 95.0 95.0 142.6 141.0 140.0
160.0 159.0 157.4 155.9 105.0 95.0 105.0 120.0 105.0 95.0 95.0 95.0 105.0 120.0 105.0 105.0 120.0 105.0 105.0 142.6 141.0 140.0
160.0 159.0 157.4 155.9 105.0 105.0 105.0 125.0 105.0 105.0 105.0 105.0 105.0 147.7 146.9 146.1 145.3 144.5 143.8 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.7 153.9 153.1 152.3 151.6 150.8 150.0 149.2 148.4 147.7 146.9 146.1 145.3 144.5 143.8 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.7 153.9 153.1 152.3 151.6 150.8 150.0 149.2 148.4 147.7 146.9 146.1 145.3 144.5 143.8 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.7 153.9 153.1 152.3 151.6 150.8 150.0 149.2 148.4 147.7 146.9 146.1 145.3 144.5 143.8 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.7 153.9 153.1 152.3 151.6 150.8 150.0 149.2 148.4 147.7 146.9 146.1 145.3 144.5 143.8 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.7 153.9 153.1 152.3 151.6 150.8 150.0 149.2 148.4 147.7 146.9 146.1 145.3 144.5 143.8 142.6 141.0 140.0
160.0 159.0 157.4 155.9 154.7 153.9 153.1 152.3 151.6 150.8 150.0 149.2 148.4 147.7 146.9 146.1 145.3 144.5 143.8 142.6 141.0 140.0

0 0.0412 ; maximum ET rate, stress period 1

0 15. ; extinction depth

-1 1 -1 0 ; input options INSURFINEVTR,INEXDPRINIEVT, stress period 2
0 0.0141 ; maximum ET rate, stress period 2
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Listing of Input Data for Recharge Package

Input for the Recharge Package (RCH) follows the column headings below. The input consists of 5 records
(lines). Input for the package is read from FORTRAN unit number 12, as specified in the namefile.

Col umm Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

3 0 ; RCH input - NRCHOPIRCHCB

1 0 ; input options INRECH,INIRCH, stress period 1
0 0. 0000 ; rechargerate, stress period 1

1 0 ; input options INRECH,INIRCH, stress period 2
0 0. 0116 ; recharge rate, stress period 2

Listing of Input Data for Strongly-Implicit Procedure Package

Input for the Strongly-Implicit Procedure Package (SIP) follows the column headings below. The input con-
sistsof 2 records (lines). Input for the packageisread from FORTRAN unit number 13, as specified in the namefile.

Col umm Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

500 5 ; SIPinput - MXITER,NPARM
0.0 0. 0001 1 0.0 1 ; SIP parameter specifications

Listing of Input Data for the Flow and Head Boundary Package

Input for the Flow and Head Boundary Package (FHB) follows the column headings below. The input con-
sistsof 374 records(lines). Input for the packageisread from FORTRAN unit number 21, as specified in the name-
file. Thefourth columninthelist of boundary head valuesisnot used by MODFL OW but may be used by MOC3D.

Col umm Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

1 0 370 0 0 0 0 ; FHB input
21 1.0 1 ; simulation times for input
0.0
21 1.0 1 ; boundary head values
1 1 1 64 160. 00
1 2 1 64 160. 00
1 3 1 64 160. 00
1 4 1 64 160. 00
(162 records have been onmitted assigning heads in all |layers on the west and east boundaries
to 160 and 140 feet, respectively.)
5 14 22 64 140. 00
5 15 22 64 140. 00
5 16 22 64 140. 00
5 17 22 64 140. 00
1 1 2 64 158. 85
1 1 3 64 157. 31
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1 1 4 64 155. 77

1 1 5 64 154. 62
(192 records have been omitted assigni ng specified heads across the northern and southern
boundaries in all layers by |linear interpolation between 160 and 140 feet.)

5 17 18 64 144. 62

5 17 19 64 143. 85

5 17 20 64 142. 69

5 17 21 64 141. 15

Listing of Input Data for the Lake Package

Input for the Lake Package (L AK) follows the column headings below. The input consists of 65 records
(lines). Input for the package is read from FORTRAN unit number 16, as specified in the namefile.

Col um Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

4 0 ; LAK input - NLAKES,ILKCB
0. 00 ; THETA
115.0 ; initial stage, sublake 1
115.0 ;initial stage, sublake 2
115.0 ;initial stage, sublake 3
115.0 ;initial stage, sublake 4
; input/output options for stress period 1
3 ; lake position array, layer 1
0 0

o -

= O
OOOOI\JOOOOOOOOAOOOOOOI\)I\)I\)I\JI\JOOOOOOG
N

o

OOOOOOOOOOOOO_OOOOOOOOHOOOOOOOO;
N—r

[elNeoloNoNoNoNoloNoNoNolNoNoNolNolNolNo
eNeoNoNoNeoNeoNoNoNoNoNoNoNoNoNoNoNe
el eoleoNoNoNoNoloNoNoNolNoNoNolNelNolNo
OO OOOONNNDMNNOOOOOO
OO OOQOOONNMNNNOOOOOO
OO0OO0OO0OO0OO0OrRRFRPFRPFPPLPOOOOOO
OO0 O0OO0OO0OO0OrRRFRPFRPFRPPLPOOOOOO
QOO0 O0OO0ORrRrRPRRFRPRPRPPLPOOOOOO
OO0 O0OO0OO0OO0OrRRFRPFRPFRPPLPOOOOOO
QOO0 O0OO0ORrRrRPRRFRPRRPRPPLPOOOOOO
cNeoNoNoNoNoNoNoll NelNolNoNeoNoNoNoNe
OO O0OO0OO0OO0OO0OWWWOOOOOoOOoOOo
OO O0OO0OO0ODO0OO0OWWWOOOOOoOOoOo
cNeoNoNoNeoNeoNoNoNtNeoNolNoNoNolNoNoNe
L Oo0o0o0o0co0cohM~MMPMOOOOOOO:
[eNeoNeoNoNoNoNolNolNoNolNolNolNoNolNo o]

[eNeoNeoNoNoNoNoNoNoNoNoNoNoNoNoNo]

()]
[y
N
~
w
N—r
w
D
D,
[=7
OOOOOOOOOOOOO%OOOOOOOOOOOOOOOOO

2

ay, layer 2

[eNeolNeoNoNoNeoNoloNoNoNoNoNol _NelolNoNolNeoNeolNolNoNoloNololNoNolNolNolNolN ]
OOOOA#OOOOOOO%OOOOOOO##AOOOOOOO

[eNeoNeoNoNoNeololNoNolNoNolNolNo)
[eNeoNeoNoNeoNeoNoNoNolNoNolNolNo)
[eNeoNeoNoNeoNolNolNoNoNoNelNolNo)
[eNeoNeoNoNeoNeoNoNoNolNoNolNolNo)
OQOONNNODODOOOOO
OO0 O0OO0OPFrRPROOOO0OO0OOO0OO
OO O0ORFRRFPPOOOOOOO
OCOOFRPrRPRPPFPOOOOOOO
OO O0ORFRRFPPOOOOOOO
[eNeoNeoNoN NeololNoNoNoNelNo o)
[eNeoNeoNoNeoNoNoNoNolNoNolNolNo)
OO OO WWOOOOOOoOOo
OO OO WWOODOOOOoOOo
[eNeoNeoNoNeoNoNoNoNoNoNolNolNo)
OO0 Oo0OOM~MMOOOOOOO
[eNeoNeoNoNeoNoNoNoNoNoNelNolNo)
[eNeoNeoNoNeoNoNoNoNoNoNolNolNo)
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O O OO
[eNeoNeNe
O O OO

P NOOOOOOOO

112.

108.
. 0000
. 0000
. 0000
0000

-1
0116
. 0116
. 0116
. 0116

cocoo

cocoo

O O OO

[eNeoNeNe

[eNeoNeNe)

[eNeoNeNe)

O O OO

.10
10
10
10
.10

coocoo

110.

. 0412
. 0412
. 0412
. 0412

. 0103
. 0103
. 0103
. 0103

[eNeoNeNe)

O O OO

[eNeoNeNe)

cooo

eeee

[eNeoNeNe)

[eNeoNeoNoNoNoNoNoNe]

O O OO

[eNeoNeNe)

coee
cocoo

eocoe
cooo

O O OO

[eNeoNeNe)

[eNeoNeNe

O O OO

0
0
0

[eNeoNeNe
O O OO
[eNeoNeNe

0

; lake position array, layer 3
; lake position array, layer 4
; lake position array, layer 5
; lakebed leakance array, layer 1
; lakebed leakance array, layer 2
; lakebed leakance array, layer 3
; lakebed leakance array, layer 4
; lakebed leakance array, layer 5

0
0
0

0

[oNeNe]

0

; number of coalescing lake systems
; sublakes 1, 2 and 3in lake system 1

; sill elevations for sublakes 2 and 3
; sublakes 3, 4 in lake system 2
; sill elevation for sublake 4

; recharge, ET,runoff withdrawal rates, sublake 1
; recharge, ET,runoff ,withdrawal rates, sublake 2
; recharge, ET,runoff withdrawal rates, sublake 3
; recharge, ET,runoff ,withdrawal rates, sublake 4

; input/output options for stress period 2

; recharge, ET,runoff ,withdrawal rates, sublake 1
; recharge, ET,runoff ,withdrawal rates, sublake 2
; recharge, ET,runoff withdrawal rates, sublake 3
; recharge, ET,runoff ,withdrawal rates, sublake 4

Listing of Input Data for the Output-Control Package
Input for the Output-Control Package (OC) follows the column headings below. The input consists of

241 records (lines). Input for the package is read from FORTRAN unit number 17, as specified in the namefile.

1

2

3

Col umm Nunbers

4

5 6

7

8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

-1

[eNel NeolNeoNeoNoNoNoNeoNeoNoNoNolNolNolNolNolNo ool N

el —NelNeoNeNeoNoNoNeNeNoNoNolNoNolNoNolNolNolNo o

1

[eNel —NeolNoNeoNeoNoNoNeoNoNoNoNolNoNolNoNolNolNolNolNool

1

oOCoOoOrROFrRPROFrRPROFRPROFRPOFRPROFRPROPFRPOPFRORO

10

; formatting and file unit options
; output options, time step 1

; head-drawdown print/file options, time step 1

; time step 2
;timestep 3
; time step 4
;timestep 5
; time step 6
;timestep 7
; timestep 8
;timestep 9

; time step 10
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0 0 0 0
0 0 0 0
1 0 0 0

(The previous 24 lines are repeated 9 nore tines.)

Selected Pages from Printed Results for Test Simulation 3
(Subl ake definition output from LAK3RP)
NUMBER OF CONNECTED LAKE SYSTEMS IN SIMULATION IS 2
SYSTEM 1
NUMBER OF LAKES IN SYSTEM 3 CENTER LAKE NUMBER 1

SUBLAKE NUMBER  SILL ELEVATI ON

N

112. 00
3 110. 00

SYSTEM 2

NUMBER OF LAKES I N SYSTEM 2 CENTER LAKE NUMBER 3

SUBLAKE NUMBER  SILL ELEVATI ON

4 108. 00

READ DATA FOR 2 LAKE SYSTEMS

LAKE PRECI P EVAP  RUNCFF W THDRAW BOTTOM AREA
1 . 0000 . 0412 .00 .00 97.00 6750000.
2 . 0000 . 0412 .00 .00 97.00 3750000.
3 . 0000 . 0412 .00 .00 97.00 1750000.
4 . 0000 . 0412 .00 .00 97.00 1500000.

(Qutput for time step 15, stress period 1 - all 4 subl akes are connected)
6 | TERATIONS FOR TIME STEP 15 IN STRESS PERICD 1
MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE  HEAD CHANGE  HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW CCOL

1. 155 . 2868 . 3765E- 01 . 1988E- 02 . 1752E- 03
( 1, 3, 2)( 5 10, 2) ( 5 9, 2) ( 4 11, 2) ( 4, 11, 3)
-. 2413E- 04

( 1, 10, 8)

TIME STEP 15 NUMBER OF CONNECTED LAKES IS 4 TOTAL AREA = . 137500000D+08
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SURFACE SILL WATER BUDGET STAGE CORRECTED LAKE VOLUME

LAKE AREA ELEVATION  STAGE  CORRECTI ON STACE CORRECTI ON
1 . 67500E+07 -99999. 00 112. 39 .01 112. 40 86448.
2 . 37500E+07 112. 00 112. 41 -.01 112. 40 -27962.
3 . 17500E+07 110. 00 112. 39 .01 112. 40 21318.
4 . 15000E+07 108. 00 112. 46 -.05 112. 40 - 79804.

0 LAKE CELLS ARE DRY.

PERI CD 1 TI ME STEP 15 TI ME STEP LENGTH 5. 3639E+00
PERI CD TI ME 6. 5955E+01 TOTAL SI MULATION TI ME 6. 5955E+01

(Qutput for tinme step 15, stress period 1 - Vater budget for |akes)

HYDROLOG C BUDCET SUMVARI ES FOR SI MULATED LAKES

LAKE STAGE PRECI P EVAP RUNOFF
1 112.40 .00000 . 14917E+07 . 00000
2 112.40 .00000 . 82873E+06 . 00000
3 112.40 .00000 . 38674E+06 . 00000
4 112.40 .00000 . 33149E+06 . 00000
GROUND WATER SURFACE WATER
LAKE I NFLOW OQUTFLOW I NFLOW QUTFLOW
1 .10318E+06 23630. . 00000 . 00000
2 .12709E+06 7073.2 . 00000 . 00000
3 27798. 6138. 4 . 00000 . 00000
4 .11765E+06 1017.5 . 00000 . 00000
WATER CONNECTED LAKE  UPDATED TI ME- STEP STAGE CHANGE
LAKE USE I NFLUX VOLUME SURFACE AREA Tl ME STEP CUMJLATI VE
1 . 00000 86448. . 63963E+08 . 67500E+07 -.19643 -2.5980
2 . 00000 -27962. . 30257E+08 . 37500E+07 -.19643 -2.5980
3 . 00000 21318. . 19453E+08 . 17500E+07 -.19643 -2.5980
4 . 00000 - 79804. . 18103E+08 . 15000E+07 -.19643 -2.5980

1 CONNECTED LAKE SETS
4 LAKES: 1 2 3 4
(Qutput for time step 20, stress period 1 - sublakes 1, 3, and 4 are connected)
6 | TERATIONS FOR TIME STEP 20 IN STRESS PERIOD 1
MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE  HEAD CHANGE  HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW CCOL

1. 009 . 2279 . 3725E- 01 . 1931E- 02 . 2388E- 03
( 1, 3, 3 ( 5 10, 2) ( 5 9, 3) ( 4 11, 2) ( 4, 11, 3)
. 2314E- 04

( 1, 10, 14)

TIME STEP 20 NUMBER OF CONNECTED LAKES IS 3 TOTAL AREA = . 100000000D+08
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SURFACE SILL WATER BUDGET STAGE CORRECTED LAKE VOLUME

LAKE AREA ELEVATION  STAGE  CORRECTI ON STACE CORRECTI ON
1 . 67500E+07 -99999. 00 111. 34 .02 111. 36 . 12179E+06
3 . 17500E+07 110. 00 111. 35 .01 111. 36 23564.

4 . 15000E+07 108. 00 111. 46 -.10 111. 36 -. 14535E+06

0 LAKE CELLS ARE DRY.

PERI CD 1 TI ME STEP 20 TI ME STEP LENGTH 6. 2183E+00
PERI CD TI ME 9. 5288E+01 TOTAL SI MULATION TI ME 9. 5288E+01

(Qutput for tinme step 20, stress period 1 - Vater budget for |akes)

HYDROLOG C BUDGET SUMVARI ES FCOR SI MULATED LAKES

LAKE STAGE PRECI P EVAP RUNOFF
1 111.36 .00000 . 17293E+07 . 00000
2 111.41 .00000 . 96072E+06 . 00000
3 111.36 .00000 . 44834E+06 . 00000
4 111.36 .00000 . 38429E+06 . 00000
GROUND WATER SURFACE WATER
LAKE I NFLOW OQUTFLOW I NFLOW QUTFLOW
1 .16096E+06 16361. . 00000 . 00000
2 .22600E+06 5882.1 . 00000 . 00000
3 47923. 2402.0 . 00000 . 00000
4 . 20490E+06 348. 49 . 00000 . 00000
WATER CONNECTED LAKE  UPDATED TI ME- STEP STAGE CHANGE
LAKE USE I NFLUX VOLUME SURFACE AREA Tl ME STEP CUMJLATI VE
1 . 00000 . 12179E+06 . 56930E+08 . 67500E+07 -.21674 -3. 6401
2 . 00000 . 00000 . 26544E+08 . 37500E+07 -.19747 - 3.5882
3 . 00000 23564. . 17630E+08 . 17500E+07 -. 21674 - 3. 6401
4 . 00000 -. 14535E+06 . 16540E+08 . 15000E+07 -.21674 -3. 6401

1 CONNECTED LAKE SETS
3 LAKES: 1 3 4
(Qutput for tinme step 30, stress period 1 - only sublakes 3 and 4 are connected)
6 | TERATIONS FOR TIME STEP 30 IN STRESS PERICD 1
MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE  HEAD CHANGE HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL

. 6385 . 1952 . 4259E- 01 . 1994E- 02 . 2830E- 03
( 1, 4, 3) ( 5 15 5 ( 5 3, 6)( 4, 11, 3)( 3, 4 7
-. 1745E- 04
( 2, 3, 6)
TIME STEP 30 NUMBER OF CONNECTED LAKES IS 2 TOTAL AREA = . 325000000D+07
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SURFACE SILL WATER BUDGET STAGE CORRECTED LAKE VOLUME

LAKE AREA ELEVATION  STAGE  CORRECTI ON STAGE CORRECTI ON
3 . 17500E+07 -99999. 00 109. 23 11 109. 34 . 19335E+06
4 . 15000E+07 108. 00 109. 47 -.13 109. 34 -. 19335E+06

0 LAKE CELLS ARE DRY.

PERI CD 1 TI ME STEP 30 TI ME STEP LENGTH 8. 3568E+00
PERI CD TI ME 1. 6871E+02 TOTAL SI MULATION TI ME 1. 6871E+02

(Qutput for tine step 30, stress period 1 - Water budget for |akes)

HYDROLOG C BUDCET SUMVARI ES FOR SI MULATED LAKES

LAKE STAGE PRECI P EVAP RUNCFF
1 108.83 .00000 . 23240E+07 . 00000
2 109.44 .00000 . 12911E+07 . 00000
3 109.34 .00000 . 60253E+06 . 00000
4 109.34 .00000 . 51645E+06 . 00000
GROUND WATER SURFACE WATER
LAKE I NFLOW OUTFLOW I NFLOW OUTFLOW
1 .37453E+06 .00000 . 00000 . 00000
2 .58648E+06 8988.2 . 00000 . 00000
3 .10058E+06 2634.7 . 00000 . 00000
4 . 44297E+06 . 00000 . 00000 . 00000
WATER CONNECTED LAKE  UPDATED TI ME- STEP STAGE CHANGE
LAKE USE I NFLUX VOLUVE SURFACE AREA Tl ME STEP CUMJLATI VE
1 . 00000 . 00000 . 39855E+08 . 67500E+07 -.28882 -6.1697
2 . 00000 . 00000 . 19165E+08 . 37500E+07 -.19028 -5. 5560
3 . 00000 . 19335E+06 . 14102E+08 . 17500E+07 -.17788 -5. 6560
4 . 00000 -. 19335E+06 . 13516E+08 . 15000E+07 -.17788 -5.6560

1 CONNECTED LAKE SETS
2 LAKES: 3 4

(Qutput for time step 40, stress period 1 - sublakes 3 and 4 are partly connected , |ake 4
stage has to be readjusted to the sill elevation between | akes 3 and 4.)

7 | TERATIONS FOR TIME STEP 40 IN STRESS PERIOD 1
MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE  HEAD CHANGE  HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL

-. 4934 . 1979 -.8212E-01 . 3879E- 02 - . 4572E- 02
( 3, 9 11) ( 5 4, 5 ( 2, 11, 9) ( 4, 4, 8 ( 2 11, 9
. 1989E- 03 . 2758E- 04

( 5 11, 14) ( 5, 11, 15)

TIME STEP 40 NUMBER OF CONNECTED LAKES IS 2 TOTAL AREA = . 325000000D+07

READJUST STAGE OF LAKE 4 TO LAKE 4 SILL ELEVATION BY -.02 TO 108.00
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SURFACE SILL WATER BUDGET STAGE CORRECTED LAKE VOLUME

LAKE AREA ELEVATION  STAGE  CORRECTION STAGE CORRECTI ON
3 . 17500E+07 -99999. 00 107. 07 .02 107. 08 32684.
4 . 15000E+07 108. 00 108. 02 -.02 108. 00 -32684.

SECTI ONS OF THE LAKE BOTTOM HAVE BECOME DRY. THE DRY SECTI ONS
LI E ABOVE THE FOLLOW NG 16 AQUI FER CELLS (LAYER, ROW COLUWN):
( 2,9, 8 ( 2 7, 9 ( 2 8 9 ( 2 10, 9 ( 2 11, 9

2
( 2, 7,100 ( 2, 11, 10) ( 2, 7, 11) ( 2, 11, 11) ( 2, 7, 12)
( 2,11, 12) ( 2, 7, 13) ( 2, 8, 13) ( 2, 10, 13) ( 2, 11, 13)
( 2, 9, 14) (

PERI OD 1 TIME STEP 40 TIME STEP LENGTH 1.1231E+01

PERI OD TIME 2. 6739E+02 TOTAL S| MULATION TIME 2. 6739E+02

(Qutput for tinme step 40, stress period 1 - Vater budget for |akes)

HYDROLOG C BUDGET SUMVARI ES FCOR SI MULATED LAKES

LAKE STAGE PRECI P EVAP RUNOFF
1 104.90 .00000 . 12725E+07 . 00000
2 107.73 .00000 . 17352E+07 . 00000
3 107.08 .00000 . 80975E+06 . 00000
4 108.00 .00000 . 69407E+06 . 00000
GROUND WATER SURFACE WATER
LAKE I NFLOW OQUTFLOW I NFLOW OQUTFLOW
1 .00000 . 25022E+06 . 00000 . 00000
2 . 12194E+07 72561. . 00000 . 00000
3 . 18414E+06 33960. . 00000 . 00000
4 . 72816E+06 1395.0 . 00000 . 00000
WATER CONNECTED LAKE  UPDATED TI ME- STEP STAGE CHANGE
LAKE USE I NFLUX VOLUME SURFACE AREA Tl ME STEP CUMJLATI VE
1 . 00000 . 00000 . 21715E+08 . 27500E+07 -.55373 -10. 103
2 . 00000 . 00000 . 12737E+08 . 37500E+07 -. 15687 -7.2700
3 . 00000 32684. . 10148E+08 . 17500E+07 -. 35822 -7.9153
4 . 00000 -32684. . 11500E+08 . 15000E+07 . 00000 -7.0000

1 CONNECTED LAKE SETS
2 LAKES: 3 4

(Qutput for tinme step 50, stress period 1 - no subl akes are connected )
10 | TERATIONS FOR TIME STEP 50 IN STRESS PERICD 1

MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE  HEAD CHANGE  HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL

-.5516 . 1684 . 8048E- 01 . 6869E- 02 . 2036E- 01
( 3, 9 6 ( 5 10, 4) ( 2, 11, 5 ( 4, 5 8 ( 2, 7, 5)
.5936E-02  -.1302E-02  -.1050E-03  -.2227E-03 . 8573E- 05

( 2,11, 5) ( 4, 7, 5 ( 4, 12, 70 ( 2, 8 5 ( 5 8, 7
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SECTI ONS OF THE LAKE BOTTOM HAVE BECOME DRY.

THE DRY SECTI ONS

LI E ABOVE THE FOLLON NG 30 AQUI FER CELLS ( LAYER, ROW COLUWN) :

( 2, 7, 5 ( 2, 8 5 ( 2 9 5 ( 2 10, 5 ( 2 11, 5)
( 2, 7, 6 ( 2, 11, 6 ( 2, 7, 7) ( 2, 8 7 ( 2 10, 7
(2,11, 70 ( 2, 9 8 ( 2, 7, 9 ( 2, 8 9 ( 2, 10, 9
( 2,11, 9 ( 2, 7,100 ( 2, 11, 10) ( 2, 7, 11) ( 2, 11, 11)
( 2, 7,12) ( 2, 11, 12) ( 2, 7, 13) ( 2, 8, 13) ( 2, 10, 13)
( 2,11, 13) ( 2, 9, 14 ( 2, 10, 15 ( 2, 10, 16) ( 2, 9, 17)
PERI OD 1 TI ME STEP 50 TI ME STEP LENGTH 1.5093E+01
PERI OD TI ME 4. 0000E+02 TOTAL SI MULATION TI ME 4. 0000E+02
(Qutput for tine step 50, stress period 1 - Water budget for |akes)
HYDROLOG C BUDGET SUMVARI ES FOR SI MULATED LAKES
LAKE STAGE PRECI P EVAP RUNOFF
1 99.17 .00000 .17101E+07 . 00000
2 104.46 .00000 . 62185E+06 . 00000
3 102.61 .00000 . 62185E+06 . 00000
4 107.88 .00000 . 93277E+06 . 00000
GROUND WATER SURFACE WATER
LAKE I NFLOW OQUTFLOW I NFLOW QUTFLOW
1 .12830E+06 385.60 . 00000 . 00000
2 .17282E+06 .13012E+06 .00000 . 00000
3 .23574E+06 43814. . 00000 . 00000
4 . 95637E+06 57487. . 00000 . 00000
WATER CONNECTED LAKE UPDATED Tl ME- STEP STAGE CHANGE
LAKE USE I NFLUX VOLUME SURFACE AREA TI ME STEP CUMJLATI VE
1 . 00000 . 00000 . 59777E+07 . 27500E+07 -.57531 -15. 826
2 . 00000 . 00000 . 74552E+07 . 10000E+07 -.57912 -10. 545
3 . 00000 . 00000 . 56118E+07 . 10000E+07 -.42994 -12. 388
4 . 00000 . 00000 . 11317E+08 . 15000E+07 -.22591E-01 -7.1223

(Qutput for time step 50, stress period 1 -

HEAD IN LAYER 5 AT END OF TIME STEP 50 IN STRESS PERIOD 1

1
160.0 158
160.0 154
160.0 151
160.0 151
160.0 150
160.0 149
160.0 149
160.0 149
160.0 149
160.0 149
160.0 149
160.0 149
160.0 150
160.0 151
160.0 151
160.0 154
160.0 158

oONvNOCOP~RO~NOODOONODMMOONO

3 4
157.3 155.8
150.3 147.7
145.9 142.0
143.5 137.3
141.5 132.9
139.5 128.5
138.4 125.6
138.0 124.3
137.8 123.8
138.0 124.3
138.4 125.6
139.5 128.5
141.5 132.9
143.5 137.3
145.9 142.0
150.3 147.7
157.3 155.8

5
154.6 153
146.2 145
139.7 138
133.6 131
127.7 124
121.2 117
111.5 106
108.9 105
108.2 105
108.9 105
111.5 106
121.2 117
127.7 124
133.6 131
139.7 138
146.2 145
154.6 153

ONNPPOWNPRPRPPEPNWORARDNDNO

7
153.1 1
144.2 1
136.9 1
129.6 1
122.6 1
114.7 1
104.6 1
102.7 1
104.8 1
102.7 1
104.6 1
114.7 1
122.6 1
129.6 1
136.9 1
144.2 1
153.1 1

WA NNOPRPWOOOWERONNRAW

QU OFRP 0OO0OONW0O~NOOOWE O Ul

00 ~NOWWOOoWOOoOOmWOMmWOOOWwOwWw-N

Tabl e of aquifer heads in |ayer 5)
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HEAD IN LAYER 5 AT END OF TIME STEP 50 IN STRESS PERIOD 1

11 12 13 14 15 16 17 18 19 20
1 150.0 149.2 148.5 147.7 146.9 146.1 145.4 144.6 143.9 142.7
2 140.9 140.2 139.4 138.7 138.1 137.4 136.7 136.1 135.6 135.0
3 133.2 132.6 132.1 131.7 131.4 131.1 130.8 130.6 130.5 130.7
4 125.6 125.2 125.0 124.9 125.0 125.2 125.7 126.3 127.1 128.7
5 118.5 118.3 118.4 118.7 119.2 119.9 120.9 122.2 123.9 126.9
6 110.4 110.5 111.1 112.2 113.3 114.4 115.9 117.7 120.0 124.5
7 100.8 101.0 102.1 105.9 107.6 108.8 110.7 112.5 114.9 122.1
8 99.8 99.8 99.7 102.7 103.2 103.3 106.4 108.0 108.4 120.4
9 99.8 99.8 99.8 100.5 102.9 103.1 103.9 107.8 108.2 119.9
10 99.8 99.8 99.6 102.3 102.2 103.3 106.4 108.1 108.6 120.4
11 100.8 101.0 102.0 105.6 107.2 108.6 110.6 112.5 114.9 122.1
12 110.4 110.5 111.0 112.1 113.2 114.3 115.8 117.7 120.0 124.5
13 118.5 118.3 118.3 118.7 119.2 119.9 120.9 122.2 123.9 126.9
14 125.6 125.2 125.0 124.9 125.0 125.2 125.7 126.3 127.1 128.7
15 133.2 132.6 132.1 131.7 131.4 131.1 130.8 130.6 130.5 130.7
16 140.9 140.2 139.4 138.7 138.1 137.4 136.7 136.1 135.6 135.0
17 150.0 149.2 148.5 147.7 146.9 146.1 145.4 144.6 143.9 142.7

HEAD I N LAYER 5 AT END OF TIME STEP 50 I N STRESS PERIOD 1

21 22
1 141.1 140.0
2 135.7 140.0
3 133.2 140.0
4 132.4 140.0
5 131.9 140.0
6 131.3 140.0
7 130.9 140.0
8 130.6 140.0
9 130.6 140.0
10 130.6 140.0
11 130.9 140.0
12 131.3 140.0
13 131.9 140.0
14 132.4 140.0
15 133.2 140.0
16 135.7 140.0
17 141.1 140.0

(Qutput for time step 50, stress period 1 - Water budget for aquifer showi ng | ake seepage)

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TIME STEP 50 IN STRESS PERIOD 1

CUMULATI VE VOLUMES L**3 RATES FOR THI' S TI ME STEP L**3/ T
I N: I'N:
STORAGE = 19953360. 0000 STORACGE = 43148. 3100
CONSTANT HEAD = 785145400. 0000 CONSTANT HEAD = 1477687. 0000
ET = . 0000 ET = . 0000
RECHARGE = . 0000 RECHARGE = . 0000
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SPECI FI ED FLONS = . 0000 SPECI FI ED FLOWs = . 0000
LAKE SEEPAGE = 5259858. 0000 LAKE SEEPACE = 15358. 1200
TOTAL IN = 810358600. 0000 TOTAL IN = 1536193. 0000
QUT: QUT:

STORAGE = 478363700. 0000 STORACE = 272927. 2000
CONSTANT HEAD = . 0000 CONSTANT HEAD = . 0000
ET = 276949500. 0000 ET = 1164335. 0000
RECHARGE = . 0000 RECHARCE = . 0000
SPECI FI ED FLOAS = . 0000 SPECI FI ED FLOWS = . 0000
LAKE SEEPAGE = 55048350. 0000 LAKE SEEPAGE = 98932. 7300
TOTAL QUT = 810361600. 0000 TOTAL OQUT = 1536195. 0000
IN - OQUT = - 3008. 0000 IN- QUT = -2.1250

PERCENT DI SCREPANCY = .00 PERCENT DI SCREPANCY = .00

(Qutput for tinme step 50, stress period 1 - Tine sunmary)

TI ME SUMVARY AT END OF TIME STEP 50 IN STRESS PERIOD 1

SECONDS M NUTES HOURS DAYS YEARS

TI ME STEP LENGTH 1. 30407E+06 21734. 362. 24 15. 093 4. 13234E- 02
STRESS PERI CD Tl ME 3. 45599E+07 5. 75999E+05 9600. 0 400. 00 1.0951
TOTAL TI ME 3. 45599E+07 5. 75999E+05 9600. 0 400. 00 1.0951

(Qutput for tinme step 25, stress period 2 - sublakes 1, 3, and 4 are partly connected, stages
of subl akes 3 and 4 have to be readjusted to the sill elevation between center |ake 1 and sub-

| ake 3)
10 I TERATIONS FOR TIME STEP 25 IN STRESS PERIOD 2
MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE  HEAD CHANGE  HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL

. 5420 L2772 L2791 . 2264E- 01 . 5256E- 01
( 3, 9, 11) ( 5 7, 11) ( 2, 11, 10) ( 2, 7, 13) ( 2, 11, 12)
-.8954E-02  -.1920E-02  -.3010E-03  -.2183E-03 . 3262E- 04

( 3, 11, 14) ( 2, 11, 13) ( 2, 7, 12) ( 2, 7, 10) ( 4, 7, 13)

0 TOTAL BUDGET PRI NTOQUT FLAG = 0
1

HEAD/ DRAWDOMN PRI NTQUT FLAG
CELL- BY-CELL FLOW TERM FLAG

OQUTPUT FLAGS FOR ALL LAYERS ARE THE SAME:
HEAD DRAVDOMWN HEAD DRAVWDOVW
PRI NTOUT PRI NTOUT SAVE SAVE

TIME STEP 25 NUMBER OF CONNECTED LAKES IS 3 TOTAL AREA = . 600000000D+07

READJUST STAGE OF LAKE 3 TO LAKE 3 SILL ELEVATION BY -.15 TO 110.00
READJUST STAGE OF LAKE 4 TO LAKE 3 SILL ELEVATION BY -.53 TO 110.00
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SURFACE SILL WATER BUDGET STAGE CORRECTED LAKE VOLUME

LAKE AREA ELEVATION  STAGE  CORRECTION STAGE CORRECTI ON
1 . 27500E+07 -99999. 00 102. 96 .39 103. 35 . 10618E+07
3 . 17500E+07 110. 00 110. 15 -.15 110. 00 - . 26405E+06
4 . 15000E+07 108. 00 110.53 -.53 110. 00 -. 79770E+06

SECTI ONS OF THE LAKE BOTTOM HAVE BECOME DRY. THE DRY SECTI ONS
LI E ABOVE THE FOLLON NG 16 AQUI FER CELLS (LAYER, ROW COLUW):

( 2,9 8 ( 2 7, 9 ( 2 8 9 ( 2 10, 9 ( 2 11, 9
( 2, 7,100 ( 2, 11, 10) ( 2, 7, 11) ( 2, 11, 11) ( 2, 7, 12)
( 2,11, 12) ( 2, 7, 13) ( 2, 8, 13) ( 2, 10, 13) ( 2, 11, 13)
( 2, 9, 14 (
PERI OD 2 TIME STEP 25 TIME STEP LENGTH 7. 2087E+00
PERI OD TIME 1.2929E+02 TOTAL SI MULATION TIME 5. 2929E+02

(Qutput for tine step 25, stress period 2 - Water budget for |akes)

HYDROLOG C BUDCET SUMVARI ES FOR SI MULATED LAKES
LAKE STAGE PRECI P EVAP RUNOFF
1 103.35 .22996E+06 .20419E+06 . 00000
2 111.57 .31358E+06 .27844E+06 .00000
3 110.00 .14634E+06 .12994E+06 .00000
4 110.00 .12543E+06 .11137E+06 .00000

GROUND WATER SURFACE WATER
LAKE I NFLOW OQUTFLOW I NFLOW QUTFLOW
1 .63164E+06 .00000 . 00000 . 00000
2 . 15617E+07 45042. . 00000 . 00000
3 .26358E+06 15925. . 00000 . 00000
4 . 78366E+06 .00000 . 00000 . 00000
WATER CONNECTED LAKE  UPDATED TI ME- STEP STAGE CHANGE
LAKE USE I NFLUX VOLUME SURFACE AREA Tl ME STEP CUMJLATI VE
1 . 00000 . 10618E+07 . 17451E+08 . 27500E+07 . 62516 -11. 654
2 . 00000 . 00000 . 27151E+08 . 37500E+07 . 41383 -3.4264
3 . 00000 -. 26405E+06 . 15250E+08 . 17500E+07 . 00000 -5.0000
4 . 00000 -. 79770E+06 . 14500E+08 . 15000E+07 . 00000 -5. 0000

1 CONNECTED LAKE SETS
3 LAKES: 1 3 4

(Qutput for tinme step 30, stress period 2 - sublakes 1, 2, 3, and 4 are partly connected,
stages of subl akes 3 and 4 have to be readjusted to the sill elevation between center |ake 1
and subl ake 3, and the stage of subl ake 2 has to be readjusted to the sill elevation between
center |ake 1 and subl ake 2)

6 | TERATIONS FOR TIME STEP 30 IN STRESS PERIOD 2
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MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE  HEAD CHANGE HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL

-5.184 -. 3926 - . 7625E- 01 . 3845E- 02 . 7010E- 03
( 2, 7, 9 ( 5 11, 8) ( 5 11, 9) ( 4, 6 8 ( 3, 7, 9

- . 6898E- 04
( 3, 7, 16)
TIME STEP 30 NUMBER OF CONNECTED LAKES IS 4 TOTAL AREA = . 137500000D+08

READJUST STAGE OF LAKE 2 TO LAKE 2 SILL ELEVATION BY -.52 TO 112.00
READJUST STAGE OF LAKE 3 TO LAKE 3 SILL ELEVATION BY -.24 TO 110.00
READJUST STAGE OF LAKE 4 TO LAKE 3 SILL ELEVATION BY -.68 TO 110.00

SURFACE SILL  WATER BUDGET STAGE CORRECTED LAKE VOLUME
LAKE AREA ELEVATION  STAGE  CORRECTI ON STAGE CORRECTI ON
1 . 67500E+07 -99999. 00 108. 33 .50 108. 83 . 33819E+07
2 . 37500E+07 112. 00 112.52 -.52 112. 00 -. 19323E+07
3 . 17500E+07 110. 00 110. 24 -.24 110. 00 -. 42673E+06
4 . 15000E+07 108. 00 110. 68 -.68 110. 00 -. 10228E+07

0 LAKE CELLS ARE DRY.

PERI CD 2 TI ME STEP 30 TI ME STEP LENGTH 8. 3568E+00
PERI CD TI ME 1. 6871E+02 TOTAL SI MULATION TI ME 5. 6871E+02

(Qutput for time step 30, stress period 2 - Waiter budget for |akes)

HYDROLOG C BUDCET SUMVARI ES FOR SI MULATED LAKES
LAKE STAGE PRECI P EVAP RUNOFF
1 108.83 .65434E+06 .58101E+06 . 00000
2 112.00 .36352E+06 .32278E+06 .00000
3 110.00 .16964E+06 .15063E+06 .00000
4 110.00 .14541E+06 .12911E+06 .00000

GROUND WATER SURFACE WATER
LAKE I NFLOW OUTFLOW I NFLOW OUTFLOW
1 .17654E+07 88.820 . 00000 . 00000
2 . 19307E+07 39088. . 00000 . 00000
3 .41820E+06 10482. . 00000 . 00000
4 . 10065E+07 .00000 . 00000 . 00000
WATER CONNECTED LAKE  UPDATED TI ME- STEP STAGE CHANGE
LAKE USE I NFLUX VOLUVE SURFACE AREA Tl ME STEP CUMJLATI VE
1 . 00000 . 33819E+07 . 39856E+08 . 67500E+07 . 77341 -6. 1695
2 . 00000 -. 19323E+07 . 28750E+08 . 37500E+07 . 00000 -3. 0000
3 . 00000 -. 42673E+06 . 15250E+08 . 17500E+07 . 00000 -5. 0000
4 . 00000 -.10228E+07 . 14500E+08 . 15000E+07 . 00000 -5.0000

1 CONNECTED LAKE SETS

4 LAKES: 1 2 3 4
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(Qutput for time step 40, stress period 2 - all subl akes are connected once again)
6 | TERATIONS FOR TIME STEP 40 IN STRESS PERIOD 2
MAXI MUM HEAD CHANGE FOR EACH | TERATI ON:

HEAD CHANGE  HEAD CHANGE HEAD CHANGE HEAD CHANGE  HEAD CHANGE
LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW COL LAYER, ROW CCOL

. 4256 . 1648 . 5494E- 01 . 3326E- 02 - . 3975E- 03
( 3, 9 19 ( 5 7, 14) ( 5, 11, 15) ( 4, 12, 17) ( 4, 10, 15)
. 8518E- 04
( 2, 7, 18)
5 1 0 0 0
TIME STEP 40 NUVBER OF CONNECTED LAKES IS 4 TOTAL AREA = . 137500000D+08
SURFACE SILL  WATER BUDGET STAGE CORRECTED LAKE VOLUMVE
LAKE AREA ELEVATION STAGE CORRECTION STAGE CORRECTI ON
1 . 67500E+07 - 99999. 00 114. 03 .21 114. 24 . 14093E+07
2 . 37500E+07 112. 00 114. 54 -.29 114.24  -.11010E+07
3 . 17500E+07 110. 00 114. 10 .15 114. 24 . 25621E+06
4 . 15000E+07 108. 00 114. 62 -.38 114.24 - .56449E+06

0 LAKE CELLS ARE DRY.

PERI CD 2 TI ME STEP 40 TI ME STEP LENGTH 1.1231E+01
PERI CD TI ME 2. 6739E+02 TOTAL SI MULATION TI ME 6. 6739E+02

(Qutput for tinme step 40, stress period 2 - Vater budget for |akes)

HYDROLOG C BUDCET SUMVARI ES FOR SI MULATED LAKES
LAKE STAGE PRECI P EVAP RUNOFF
1 114.24 .87938E+06 .78083E+06 . 00000
2 114.24 .48854E+06 .43379E+06 .00000
3 114.24 . 22799E+06 .20244E+06 .00000
4 114.24 | 19542E+06 .17352E+06 .00000

GROUND WATER SURFACE WATER
LAKE I NFLOW OQUTFLOW I NFLOW QUTFLOW
1 .17149E+07 .00000 . 00000 . 00000
2 . 28363E+07 .00000 . 00000 . 00000
3 .55373E+06 . 00000 . 00000 . 00000
4 . 12587E+07 .00000 . 00000 . 00000
WATER CONNECTED LAKE  UPDATED TI ME- STEP STAGE CHANGE
LAKE USE I NFLUX VOLUME SURFACE AREA Tl ME STEP CUMJLATI VE
1 . 00000 . 14093E+07 . 76384E+08 . 67500E+07 47741 -. 75799
2 . 00000 -.11010E+07 . 37158E+08 . 37500E+07 47741 -. 75799
3 . 00000 . 25621E+06 . 22674E+08 . 17500E+07 47741 -. 75799
4 . 00000 -. 56449E+06 . 20863E+08 . 15000E+07 47741 -. 75799

1 CONNECTED LAKE SETS

4 LAKES: 1 2 3 4
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(Qutput for time step 40, stress period 2 -

Tabl e of aquifer heads in |ayer 5)

HEAD IN LAYER 5 AT END OF TIME STEP 40 IN STRESS PERIOD 2

5
154.6 153.
152.7 151.
149.9 148.
146.9 145.
142.3 140.
132.8 129
115.0 114.
114. 4 118.
114. 4 118.
114. 4 118.
115.0 114.
132.8 129
142.3 140.
146.9 145.
149.9 148.
152.7 151.
154.6 158.

O ~N~NWNOWOWWOWOoONWSNNO©

[

[

w
= 00 O © U100 WO OoWwOoOou O o ok

[

[
NOONNOOAEWRDONDO®OI!
WOONRFRPRONWOWNORrL,rNOOW

[

[

w
OFP N~NO~NWWoWWWNONSNPRFO

[

[

w
W WoWOWrr OF 000 WwHrFr OF 000 Wo

STEP 40 I N STRESS PERIOD 2

15 16
146.9 146.
144.7 144.
141.5 141.
138.3 138
134.0 134.
127.0 127
119.6 120.
114.0 114.
113.8 113.
114.1 114.
119.6 120.
127.0 127
134.0 134.
138.3 138
141.5 141.
144.7 144.

.9

POPONORMAFRPROFRPRPMMNONMNOPRKROLPR
[ERN
[EEN
w
P WODOPMOVDIOINONDMOPNNOO WS
BN
[EEN
PNMNONRONAEWOWRADNORNON
O NWOWWONOWOWME OWOWOWNO®
BN
[EEN
I
OFrRPOOPMAPFRPONFR,PPORFRLPMNOOR©O
[ERN
N
~
~NWNNOIOO OO UI000OoN~NwWw-N

STEP 40 I N STRESS PERIOD 2

[eNeoNeoNoNeoNoNe)

Appendix 4

129



8 136.4 140.0
9 136.2 140.0
10 136.4 140.0
11 136.8 140.0
12 137.6 140.0
13 138.4 140.0
14 139.0 140.0
15 139.6 140.0
16 140.3 140.0
17 141.1 140.0

(Qutput for tine step 40, stress period 2 -

Wat er budget for aquifer show ng | ake seepage)

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TIME STEP 40 I N STRESS PERIOD 2

CUMULATI VE VCOLUMES

I N:
STORAGE
CONSTANT HEAD
ET
RECHARGE
SPECI FI ED FLOWS
LAKE SEEPAGE

TOTAL I N

QUT:
STORAGE
CONSTANT HEAD
ET
RECHARGE
SPECI FI ED FLOWS
LAKE SEEPAGE

TOTAL OUT
IN - OUT

PERCENT DI SCREPANCY

(Qutput for time step 40, stress period 2 -

L**3

20724880.
962339900.
. 0000
451636400
. 0000

6545937

1441247000

773427300
202126.
493016800
. 0000

. 0000
174604600.

1441251000

- 3840

0000
0000

0000

0000

0000

0000
3000
0000
0000
0000

0000

.00

RATES FOR THI S TI ME STEP

I'N:
STORAGE
CONSTANT HEAD
ET
RECHARGE
SPECI FI ED FLOWS
LAKE SEEPAGE

TOTAL I N

QOUT:
STORAGE
CONSTANT HEAD
ET
RECHARGE
SPECI FI ED FLOWS
LAKE SEEPAGE

TOTAL QUT

IN - QUT =
PERCENT DI SCREPANCY =

Ti me summary)

TI ME SUMVARY AT END OF TIME STEP 40 I N STRESS PERI OD

SECONDS

M NUTES

L**3/ T

2063544.

462025.
2385.
1032517.
. 0000

. 0000
566621.

2063550.

- 6.

. 0000
410543.
. 0000
1653000.
. 0000

. 0000

6000

0000

0000

8000
7580
0000
4000

0000

5000

.00

3. 07485E- 02

TI ME STEP LENGTH 9. 70348E+05
STRESS PERI CD Tl ME 2. 31023E+07 3. 85038E+05
TOTAL TI ME 5. 76622E+07 9. 61037E+05
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HOURS DAYS

269. 54 11.231
6417.3 267. 39
16017. 667. 39

. 73207
1.8272
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APPENDIX 5

INPUT DATA SETS AND PRINTED RESULTS FOR TEST SIMULATION 4

This simulation demonstrates the capability of MODFLOW/MOC3D with the Lake Package to simulate
solute transport into and out of alake, aswell asto calculate changes in the solute concentration in the lake over
time. The simulation was performed for steady-state flow and transient transport cal culations. Sel ected sections of
several key input and output datafiles are shown bel ow; gapsin thelistings areindicated by an ellipsis. A complete
set of these fileswill be made available for distribution over the internet. Contents of somefilesare enclosed in a
border and explanations are noted outside of the border; for other files, explanations are included as comments
following a semi-colon on the line being explained. Font sizesin the following listings are sometimes reduced so
that lineswill fit within page margins.

Listing of Input Data Sets for Test Simulation 4

LI ST 10 testcase. | st <— Designates main output file for MODFLOW
BAS 11 testcase. bas <— Badic input datafor MODFLOW
oC 12 testcase. oc <— Output control data specifications
BCF 13 testcase. bcf <— Input for Block-Centered Flow Package
RCH 14 testcase.rch <— Input for Recharge Package
LAK 19 testcase. | ak <— Input data for Lake Package
GAGE 22 testcase. gge <— Input data for Gage Package
SIP 34 testcase.sip <— Input parameters for strongly-implicit procedure
CONC 70 testcase.ntn <— Solute-transport name file
DATA 23 testcase.fhd <— Output file for calculated heads
DATA 26 testcase.gsl <— Output file for gaging station 1 records
DATA 27 testcase.gs2 <— Output file for gaging station 2 records
o
1 2 3

1 Rtype (that is, the type of file)
2 Unit number (arbitrarily selected)
3 File name (name chosen to reflect contents of file)
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Following is a listing of input data for the basic package (file name: testcase.bas).

Severd arrays are read using standard MODFL OW array reading utilities, which open and close separate
filesfor the particular array, asindicated. A representative example follows immediately after the listing for the
basic package.

1

2

Col um Nunbers
4
12345678901234567890123456789012345678901234567890123456789012345678901234567890

5

6

8

Sinmplified
8 36

nodel

23 1

FREE, CHTOCH

0 1
OPEN CLCSE
OPEN CLCSE
OPEN CLCSE
OPEN CLCOSE
OPEN CLCSE
OPEN CLCSE
OPEN CLCOSE
OPEN CLCSE
999999
OPEN CLCSE
OPEN CLCSE
OPEN CLCOSE
OPEN CLCOSE
OPEN CLCSE
OPEN CLCSE
OPEN CLCOSE
OPEN CLCOSE
9131.

t est case.
t est case.
t est case.
t est case.
t est case.
t est case.
t est case.
t est case.

t est case.
t est case.
t est case.
t est case.
t est case.
t est case.
t est case.
t est case.

1 1.

PRRPRRPRPRON
RPRRREPRRRERE

jm gl
o o

b s e s Hes e
PRPRPPRPR

ol ol ol O il o
OO0OO000O0O0OO

oot ororor ol

NNNNNNDNDN

; second comment line
; NLAY NROW NCOL NPER ITMUNI

; options line
; IAPART, ISTRT
; IBOUND, 1t layer

; IBOUND, 2nd layer
; IBOUND, 3rd layer
; IBOUND, 4th layer
; IBOUND, 5th layer
; IBOUND, 6th layer
; IBOUND, 7th layer
; IBOUND, 8th layer

; HNOFLO

; Initial head, layer 1
; Initial head, layer 2
; Initial head, layer 3
; Initia head, layer 4
; Initial head, layer 5
; Initial head, layer 6
; Initial head, layer 7
; Initial head, layer 8

; PERLEN, NSTR, TSMULT

of Cape Cod sewage plume--1ake package test case ;begin BASInput

Following is a listing of input data for the IBOUND array for Layer 1 (file name: testcase.i2).

1

1234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890123456789012345678901234567890

2

Col um Nunbers

0

PRrRRRPRRPRRPRROOOOOOOOOOO

o
o

[eNeoNoloololololeloNoNeoloNoloNoNoNoNoNoNo Nl
o
o

o
o

00 00
00 00

o o
oo
o o
oo

CoOoORrRRRRRERRE
CoOoORrRRRRRERRE

o
S
' coo
COoOORRRRRERPRLRRRLPRLROOORRRRERRRERRERRRERERRERRRERRERREREO

' oo '
COORRRRREPRLRRRLPRLROORRRRRERERRERRERRERERRERRRERRERRER

' '
COORRRRRERRRRERRRERRERRRERERRRERRPRRERRERRERRERRRERRERRER

' '
COORRRRRERRRRERRRERRERRRERERRRERRPRRERRREPRERRRERRRERRERRER

' '
COORRRRRERRRRERRRERRERRRERERRRERRERRERRERRERRERRRERRERRER

COoORRRPRRRRPRRRERRPRREPRPRREPRPRPRERRRPRREPRPRPREPRREPRRER

COoORRRPRRRRPRPRRRERRPRREPRPRRREPRRPRERRRPRRERPRPREPRREPRRER

COoORRRPRRRREPRPRRRERRPRREPRPRRREPRRPRRRPRPRRERPRPRREPRPREPRERRER

COoORRRPRRRRPRPRRRERRPRREPRPRRREPRPRPRRRPRRERPRPREPRPREPRRER

COoORRRPRRRREPRPRRRERRPRPRREPRPRRREPRPRPRRRPRPREPRPRPREPRPEPRERLEN

COoORRRPRRRREPRPRRRERRPRREPRPRRREPRRPRRPEPRPRERPRPREPRPEPRERLEN

ORRPRPRRPRRPRPRRPRREPRPRPRPRRPEPRPRRPRREPRPRPRRPEPRPREPRPRPREPRPEPRERLEN

ORRPRRPRRPRRPRPRRPRREPRPRPRPRRPRPEPRPRPRREPRPRPRRRPRPREPRPRPREPRPPEPRERLEN

' coo
ORRPRRPRRPRPRRPRRPRPRPRPRRPRPRPRPRPRPPRPRPPRPRLOOORRRRERER

PRRPRPR

OO0 O0O00O00O0O
OO0 O0OO0OO0O0OO0OOr

ORRPRRPRRPRRPRRRERREPRRERRRERRR

ORRRRRRRERRRERRERERRRERRER

'
ORRPRRRRRRERRRRERRRERERRRERRRRER

'
ORRRRERRRRERRRRERRRERRRERRRRER

'
PRRRRRR

[ejoRoNel
POOOOR

o
RPRRRRERRRRERRRERRERRERRRERRRERRRER

'
PR RRRPRRRREPRPRRREPRRERERRRERRRERRRERRRERRERRRERRERRER
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Listing of Input Data for Block-Centered Flow Package (file name: testcase.bcf)

Col um Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

1 33 -9.99999e+05 0 5.00000e-01 1 1 ; BCF input
01 ; LAYCON
03
00
00
00
00
00
00
| NTERNAL 1.0 (FREE) 1 ; TRPY
. 00000e+00
. 00000e+00
. 00000e+00
. 00000e+00
. 00000e+00
. 00000e+00
. 00000e+00
. 00000e+00
| NTERNAL 1.0 (FREE) 1 ; DELR
4.05665e+02
4.05665e+02

PRRPRPRREPRPR

4.05665e+02
4.05665e+02
| NTERNAL 1.0 (FREE) 1 ; DELC
4.03717e+02
4.03717e+02

4.03717e+02
4.03717e+02

OPEN CLCSE testcase. kO 1.0 ( FREE) 12 ; hydraulic conductivity, layer 1

| NTERNAL 1.0 (FREE) 12 ; bottom elevation, layer 1
OPEN CLCSE testcase.z0 1.0 (FREE) 12 ; vertical leakance, layers 1 and 2
OPEN CLCSE testcase. kO 1.0 (FREE) 12 ; hydraulic conductivity, layer 2

I NTERNAL 1.0 (FREE) 12 ; bottom elevation, layer 2

| NTERNAL 1.0 (FREE) 12 ; vertical leakance, layers2 and 3
INTERNAL 1.0 (FREE) 12 ; top elevation, layer 2

OPEN CLCSE testcase. kl 1.0 (FREE) 12 ; transmissivity, layer 3

OPEN CLCSE testcase.z1l 1.0 (FREE) 12 ; vertical leakance, layers 3 and 4
OPEN CLCSE testcase. kl 1.0 (FREE) 12 ; transmissivity, layer 4

OPEN CLCSE testcase.z1 1.0 (FREE) 12 ; vertical leakance, layers 4 and 5
OPEN CLCSE testcase. kl 1.0 (FREE) 12 ; transmissivity, layer 5

OPEN CLCSE testcase.z1l 1.0 (FREE) 12 ; vertical leakance, layers5 and 6
OPEN CLCSE testcase. kl 1.0 (FREE) 12 ; transmissivity, layer 6

OPEN CLCSE testcase.z1l 1.0 (FREE) 12 ; vertical leakance, layers6 and 7
OPEN CLCSE testcase. kl 1.0 (FREE) 12 ; transmissivity, layer 7

OPEN CLCSE testcase.z1 1.0 (FREE) 12 ; vertical leakance, layers 7 and 8
OPEN CLCSE testcase. kl 1.0 (FREE) 12 ; transmissivity, layer 8
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Listing of Input Data for Recharge Package (file name: testcase.rch)

Col um Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

1 33 ; RCH input - NRCHOP, IRCHCB
1 -1 ; input options INRECH, INIRCH
I NTERNAL 1.0 (FREE) 2 ; recharge rate (cell by cell array follows)
0. 00479 ...
0. 00479

Listing of Input Data for Strongly-Implicit Procedure Package (file name: testcase.sip)

Col um Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

1000 7 ; SIPinput - MXITER,NPARM
1.05 0. 001 1 2 10 ; SIP parameter specifications

Listing of Input Data for the Lake Package (file name: testcase.lak)

Col um Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

2 -1 ; LAK input - NLAKES, ILKCB
0.0 200 0. 00001 ; THETA, NSSITR, SSCNCR
44.0 40.0 48.0 0.0 ; LAKE 1: STAGES, SSMN, SSMX, CLAKE
35,2 31.2 39.2 0.0 ; LAKE 2: STAGES, SSMN, SSMX, CLAKE
1 1 0 JITMP, ITMPL, LWRT
OPEN CLCSE testcase. |l kl 1 (FREE) 5 ; lake position array, layer 1
OPEN CLCSE testcase. | k0O 1 (FREE) 5 ; lake position array, layer 2
OPEN CLCSE testcase. | kO 1 (FREE) 5 ; lake position array, layer 3
OPEN CLCSE testcase. | kO 1 (FREE) 5 ; lake position array, layer 4
OPEN CLCSE testcase. |l k0O 1 (FREE) 5 ; lake position array, layer 5
OPEN CLCSE testcase. |l kO 1 (FREE) 5 ; lake position array, layer 6
OPEN CLCSE testcase. | kO 1 (FREE) 5 ; lake position array, layer 7
OPEN CLCSE testcase. |l k0O 1 (FREE) 5 ; lake position array, layer 8

CONSTANT 10.0 ; lakebed leakance array, layer 1

CONSTANT 10.0 ; lakebed leakance array, layer 2

CONSTANT 10.0 ; lakebed leakance array, layer 3

CONSTANT 10.0 ; lakebed leakance array, layer 4

CONSTANT 10.0 ; lakebed leakance array, layer 5

CONSTANT 10.0 ; lakebed |eakance array, layer 6

CONSTANT 10.0 ; lakebed leakance array, layer 7

CONSTANT 10.0 ; lakebed leakance array, layer 8

0 i NSLMS
0.0 0.0 0.0 0.0 ; Lake 1: PRCPLK, EVAPLK, RNF, WTHDRW
0.0 0.0 0.0 ; Lake 1: CPPT, CRNF, CAUG
0.0 0.0 0.0 0.0 ; Lake 2: PRCPLK, EVAPLK, RNF, WTHDRW
0.0 0.0 0.0 ; Lake 2: CPPT, CRNF, CAUG
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Listing of Input Data for the Output-Control Package (file name: testcase.oc)

Input for the Output-Control Package was constructed in the optional style using words.

1 2 3

Col umm Nunbers

4

5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

HEAD PRI NT FORVAT  -12
DRAVWDOMN PRI NT FORMAT  -12
HEAD SAVE FORVAT (8E13.5) LABEL
HEAD SAVE UNIT 23
PERI CD 1
PRI NT HEAD

PRI NT BUDGET
SAVE HEAD

SAVE BUDGET

STEP 1

Following are the contents of the MOC3D solute-transport name file (file name: testcase.nam):

CLST 71 testcase. out
MOCI MP 72 t estcase. noc

CRCH 73 testcase.crc
CNCA 74 testcase.cna
VELA 76 testcase.vla

<— Designates main output file for MOC3D
<— Basicinput datafor MOC3D

<— Input for Recharge Concentration Package
<— Output file for calculated concentrations

<— Output file for calculated velocities

Listing of Input Data for the MOC3D (Implicit) Package (file name: testcase.moc)

1 2 3

Col umm Nunbers

4

5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

Qis sewage plume--1ake package

1 8 1 36 1 23
0 0.00000e+00 0. 00000e+00
0 27
0.75000e-00 5. 00000e- 02 1
1. 00000e+00 2 1 1.00000e- 05
300 0 -1 0 0o 0 0
-9.99900e+02
| NTERNAL 1 ( FREE) 0
0. 00000e+00
0. 00000e+00
2
-1 0.00000e+00
-2 5.00000e+02

| NTERNAL 1 ( FREE) 7
0

[eNeoNoNoNeNo)

[eNeNoNoNoloNo)
[eNeNoNoNoloNe)
[eNeNoNoNoNoNe)
[eNeNoNoNoloNo)
[eNeNol NeolNeNe)
[eNeNol oo
OO0OOrOO0OO0
[eNeNol NeoloNe)

100

[eNeNol NeolloNe)

; Initial concentration in layer 1; thisblock is repeated for other 7 layers

; IGENPT array for Layer 1; thisblock is repeated for other 7 layers

0

[eNeoNaoh e No)

[eNeNol NeNoNe)

; 1st comment line

; 2nd comment line

; Transport subgrid descriptors

; NODISP, DECAY, DIFFUS

; NPMAX, NPTPND

; CELDIS, FZERO, INTRPL

; FDTMTH, NCXIT, IDIREC, EPSSLV, MAXIT
; Flags for output control

; CNOFLO

; NZONES
; Layer 1: IZONE, ZONCON
; Layer 2: 1IZONE, ZONCON

0 0 0 0 0 0 0

[oNeoNaoh e No)
[eNeoNaoh e No)
OO OoOkr oo
oOoOoOoOr oo
oOoOoOr oo
[eNeNoNeoNoNoNa)
[eNeoNoNoNoNo)
[eNeoNoNoNeNo)
[eNeNoNoNoNoNo)
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[eNeoNoloNoNeNol JelloNoNoloNoNooNoloNeoloNoloNoNoNoloNoNoNa}
[eNelecooloNo) NelloloNoloNoNolooNolooNololoNoNoloNoNoNo}
[eNeNeoloNoNeNol NelloNoNoloNoNoloNoNoNeolol NeolloNoNoNoNol "o}
[eNeoleooloNoNol eloNoNeoloNoloololoNeool JleolloNoNeoNoNoN o]
[eNeNeoloNoNeNol NelloNoNoloNoNoloNoNoNeolol NelloNoNoNoNol e}
[eNeoNeoloNoNeNol HNelloNoNoloNoNooNoNoNeolol lelloNoNoNoNol e}
CO0OO0OO0OO0O0OO0ORFRPROO0OO0OO0OO0OOFROO0OOORFPROOOOOOR O
[eNeoNeoloNoNeNol elloNoNoloNol JleloNoNeol NolloNoNoNoNoNol e}
[eNelcoNoloNo) NelloNoNoloNol jloloNoNal e lleoNoNoNoNoi o}
[eNelooNoloNo) NelloNoNoloNol jloloNoNol Neo oo NoNoNoNoi o}
CO0OO0OO0OO0O0OO0ORPROO0OO0OO0OORFPFOOOORPROOOOOOORrR O
[eNeNeoloNoNeNol NelloNoNoNol NolloNoNoNeol NolloNoNoNoNoNol e}
[eNeloololool HelloNoNool NeolloNoNoNeol NolloloNoNeoNoNoN e}
[eNelolooloo)l NelloNoNeoo) NeollooNoNaol NeolloloNoNeoNoNo) o}
OO0 OO0 O0OFrRPROO0OO0OO0OO0OFrPROO0OO0OO0OOrOOOODOOOOO
[eNelecooloo) NelloloNool NellooNoNol NeolloloNoNeoloNoNoNo}
[eNelecooloo) NelloNoool NellooNoNaol NeollooNoNeoloNoNoNo}
OCO0OO0OO0OO0OO0OO0ORPROO0OO0OO0OO0ORPROO0OO0OORFPOOOODOOOOO
OO0 O0OO0OO0OO0ORrROO0OO0OORFRPROOOORFROODOOOOOOOO
[eNelooNoloNol elloNoNol NeoleloloNol jloNeNeooNoNeoloNoNoNo}
[eNeloloNolool NelloNoNol NolNeoNoNol lloNelooNoNeoloNoNoNe}
[eNeoNeoloNoNeoNol NelloNoNol NoNoleoNoNoll JloNooNoNoNoloNoNoNa}
[eNelcololoo) NelloNoNol NolNeloNoNoi loNe oo NoNo o NoNoNo}

I NTERNAL 1.0 (FREE) 1 ; Longitudinal dispersivity in each layer
2.00000e+01 2.00000e+01 2.00000e+01 2.00000e+01 2.00000e+01 2.00000e+01 2.00000e+01 2.00000e+01
| NTERNAL 1.0 (FREE) 1 ; Horizontal transverse dispersivity in each layer
2.00000e+00 2.00000e+00 2.00000e+00 2.00000e+00 2.00000e+00 2.00000e+00 2.00000e+00 2.00000e+00
I NTERNAL 1.0 (FREE) 1 ; Vertical transverse dispersivity in each layer
2.00000e-01 2.00000e-01 2.00000e-01 2.00000e-01 2.00000e-01 2.00000e-01 2.00000e-01 2.00000e-01
| NTERNAL 1.0 (FREE) 1 ; Retardation factor in each layer
1. 00000e+00 1.00000e+00 1.00000e+00 1.00000e+00 1.00000e+00 1.00000e+00 1.00000e+00 1.00000e+00
| NTERNAL 1 ( FREE) 0 ; Thickness of layer 1
1. 50000e+01
| NTERNAL 1 ( FREE) 5 ; Porosity of layer 1
3. 00000e- 01

; For each successive layer, the thickness & porosity are listed here

Listing of Input Data for Source Concentration in Recharge Package (file name: testcase.crc)

Col um Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

0 ; INCRCH
I NTERNAL 1.0 (FREE) 0 ; Read source concentration in recharge as column-row array
0. 00000e+00
0. 00000e+00

Listing of Gaging Station file for GAGE Package (file name: testcase.gge)

Col um Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

2 ; NUMGAGE (number of gaging stations)
-1 26 ; LAKE (lake number); Unit number for output file--Gage 1
-2 27 ; LAKE (lake number); Unit number for output file--Gage 2
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Selected Output from Results for Test Simulation 4 - Solute Transport

1. MODFLOW results (file name: testcase.lst)

1 2

3

Col umm Nunbers

4

5

6

7

8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

LI STING FI LE: testcase. | st

UNIT 10

OPENI NG t est case. bas
FI LE TYPE: BAS UNIT 11

OPENI NG t est case. oc
FI LE TYPE: CC UNIT 12

OPENI NG t est case. bcf
FI LE TYPE: BCF UNIT 13

OPENI NG t est case. rch
FI LE TYPE: RCH UNIT 14

OPENI NG t est case. | ak
FI LE TYPE: LAK UNIT 19

OPENI NG t est case. gge
FILE TYPEE GAGE UNIT 22

OPENI NG t est case. sip
FI LE TYPE: SI P UNIT 34

OPENI NG t est case. ntn
FI LE TYPE: CONC UNIT 70

OPENI NG t est case. f hd
FI LE TYPE: DATA UNIT 23

OPENI NG t est case. gsl
FILE TYPE: DATA UNIT 26

OPENI NG t est case. gs2
FILE TYPE: DATA UNIT 27

U S. CGEOLOG CAL SURVEY MODULAR FI NI TE- DI FFERENCE GROUND- WATER FLOW MODEL

Sinplified nodel of Cape Cod sewage plune--|ake package test case

MODFLOW

THE FREE FORVAT OPTI ON HAS BEEN SELECTED

8 LAYERS

36 ROWS

23 COLUWNS

1 STRESS PERI OD(S) IN SI MULATI ON

MODEL TIME UNIT IS DAYS

CALCULATE FLOW BETWEEN ADJACENT CONSTANT- HEAD CELLS

U S. GEOLOGE CAL SURVEY

METHOD- OF- CHARACTERI STI CS SOLUTE- TRANSPORT MODEL

MOC3D (Version 3.1) 10/15/1999
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MOC BASI C | NPUT READ FROM UNIT 72
MOC QUTPUT ON FILE UNIT |1 QUTS= 71

BAS5 -- BASI C MODEL PACKAGE, VERSION 5, 1/1/95 I NPUT READ FROM UNI T 11
ARRAYS RHS AND BUFF W LL SHARE MEMORY
INI TI AL HEAD W LL BE KEPT THROUGHOUT THE SI MULATI ON

65503 ELEMENTS I N X ARRAY ARE USED BY BAS

65503 ELEMENTS OF X ARRAY USED QUT OF 14043727

BCF5 -- BLOCK- CENTERED FLOW PACKAGE, VERSION 5, 9/1/93 | NPUT READ FROM UNI T 13
STEADY- STATE SI MULATI ON
CELL-BY-CELL FLOAS WLL BE SAVED ON UNIT 33
HEAD AT CELLS THAT CONVERT TO DRY= - 0. 10000E+07
VEETTI NG CAPABI LITY I'S NOT ACTI VE
LAYER LAYER- TYPE CCDE I NTERBLOCK T

(0]
o
o
'
'

HARMONI C
4148 ELEMENTS I N X ARRAY ARE USED BY BCF
69651 ELEMENTS OF X ARRAY USED OQUT OF 14043727

RCH5 -- RECHARCE PACKACE, VERSION 5, 6/1/95 | NPUT READ FROM UNI T 14
OPTION 1 -- RECHARGE TO TCP LAYER
CELL-BY-CELL FLOAS WLL BE SAVED ON UNIT 33
828 ELEMENTS I N X ARRAY ARE USED BY RCH
70479 ELEMENTS OF X ARRAY USED QUT OF 14043727

SIP5 -- STRONGLY | MPLI CI' T PROCEDURE SOLUTI ON PACKAGE
VERSION 5, 9/1/93 I NPUT READ FROM UNI T 34
MAXI MUM OF1000 | TERATI ONS ALLOVWED FOR CLOSURE
7 | TERATI ON PARAMETERS
30503 ELEMENTS I N X ARRAY ARE USED BY SI P
100982 ELEMENTS OF X ARRAY USED OUT OF 14043727

LAK3 -- LAKE PACKACE, VERSION 3, 6/28/99 INPUT READ FROM UNI T 19
SPACE ALLOCATI ON FOR 13248 CGRID CELL FACES ADJACENT TO LAKES
MAXI MUM NUMBER OF LAKES IS 2 FOR THI S SI MULATI ON

CELL- BY- CELL SEEPAGES WLL NOT BE PRI NTED CR SAVED

THETA = 0.00 METHOD FOR UPDATI NG LAKE STAGES I N | TERATI ONS OF THE SOLUTI ON FOR AQUI FER HEADS
0.0 ISEXPLICIT, 0.5 IS CENTERED, AND 1.0 IS FULLY IMPLICIT
STEADY- STATE SOLUTI ON FOR LAKES. MAXI MUM NUMBER OF I TERTIONS = 200  CONVERGENCE CRI TERION = 0. 0000
119352 ELEMENTS IN X ARRAY ARE USED BY THE LAKE PACKAGE
220336 ELEMENTS OF X ARRAY USED QUT OF 14043727
6 ELEMENTS I N X ARRAY ARE USED BY GAGE
220342 ELEMENTS OF X ARRAY USED QUT OF 14043727
2321228 ELEMENTS I N X ARRAY ARE USED BY MOC
2541570 ELEMENTS OF X ARRAY USED QUT OF14043727
828 ELEMENTS I N X ARRAY ARE USED BY RCH
2542398 ELEMENTS OF X ARRAY USED QUT OF14043727

1
Sinplified nodel of Cape Cod sewage plune--I|ake package test case
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; print out of input data arraysis skipped here

SOLUTI ON BY THE STRONGLY | MPLI CI T PROCEDURE

MAXI MUM | TERATI ONS ALLOWED FOR CLOSURE = 1000
ACCELERATI ON PARAMETER = 1. 0500
HEAD CHANGE CRI TERI ON FOR CLOSURE = 0. 10000E- 02
SI P HEAD CHANGE PRI NTQUT | NTERVAL = 10

CALCULATE | TERATI ON PARAMETERS FROM MODEL CALCULATED WSEED

2 GAG NG STATI ONS WERE SPECI FI ED.
RECORDS W LL BE WRI TTEN TO SEPARATE OUTPUT FI LES REPRESENTED BY FOLLOAN NG UNI T NUMBERS:
(Neg. Segrment No. Indicates Lake Nunber)

GAGE # SEGMENT REACH UNIT

1 -1 26
2 -2 27
STRESS PERI OD NO 1, LENGTH = 9131. 000

NUMBER OF TI ME STEPS = 1
MJULTI PLI ER FOR DELT = 1. 000
INITIAL TI ME STEP SI ZE = 9131. 000

; listing of recharge datais skipped
I NI TIAL LAKE STAGE: LAKE STAGE SS MN SS MAX

1 44. 000 40. 000 48. 000
2 35. 200 31. 200 39. 200

OPENI NG FILE ON UNIT 99:
t estcase. | k1

LAKE | D ARRAY FOR LAYER 1
READING ON UNIT 99 W TH FORMAT: (FREE)

; listing of lake array for each layer is skipped

LAKEBED LEAKANCE ARRAY 10. 00000 FOR LAYER 1

LAKEBED LEAKANCE ARRAY 10. 00000 FOR LAYER 8

LOCATI ONS, LAKE #, | NTERFACE TYPE FOR GRI D CELLS ADJACENT TO LAKES:

LAYER # ROW # COLUMWN # LAKE # | NTERFACE TYPE LAKEBED LEAKANCE

1 19 1 2 1 10. 00000
1 20 1 2 1 10. 00000
1 21 1 2 1 10. 00000
1 22 1 2 1 10. 00000
1 22 1 2 2 10. 00000
2 23 1 2 0 10. 00000
1 9 22 1 1 10. 00000
1 10 22 1 1 10. 00000
1 11 22 1 1 10. 00000
1 12 22 1 1 10. 00000
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NUMBER OF LAKE- AQUI FER CELL | NTERFACES = 115

Cc | NTERFACE CONDUCTANCES FOR LAKES
L o
A L L T (I'F TYPE = 1 OR 2, CONDUCTANCES ARE PER UNI T THI CKNESS.)
Y R UAY
E O MK P LAKEBED CONDUCTANCES
R W N E E DELTA'Y DELTA X LEAKANCE LAKEBED AQUI FER COVBI NED
119 1 2 1 4.04E+02 4.06E+02 1.00E+01 4.04E+03 4.98E+02 4.43E+02
120 1 2 1 4.04E+02 4.06E+02 1.00E+01 4.04E+03 4.98E+02 4.43E+02
121 1 2 1 4. 04E+02 4. 06E+02 1.00E+01 4.04E+03 4.98E+02 4.43E+02
122 1 2 1 4. 04E+02 4. 06E+02 1.00E+01 4.04E+03 4.98E+02 4.43E+02
122 1 2 2 4.04E+02 4.06E+02 1.00E+01 4.06E+03 5.02E+02 4.47E+02
223 1 2 O 4.04E+02 4.06E+02 1.00E+01 1.64E+06 1. 64E+06
1 922 1 1 4. 04E+02 4.06E+02 1.00E+01 4.04E+03 4.98E+02 4.43E+02
11022 1 1 4.04E+02 4.06E+02 1.00E+01 4.04E+03 4.98E+02 4.43E+02
11122 1 1 4.04E+02 4.06E+02 1.00E+01 4.04E+03 4.98E+02 4.43E+02
11222 1 1 4. 04E+02 4.06E+02 1.00E+01 4.04E+03 4.98E+02 4.43E+02
STAGE/ VOLUVE RELATI ON FOR LAKE 1
STAGE VOLUME
29. 7000 0. 000E+00
29. 8546 9. 648E+05
30. 0092 2.978E+06
30. 1638 6. 079E+06
52.5800 1.225E+10
52.7346 1.241E+10
52.8892 1.258E+10
NUMBER OF CONNECTED LAKE SYSTEMS IN SIMULATION IS O
LAKE PRECI P EVAP RUNCFF W THDRAW  BOTTOM AREA
1 0. 0000 0. 0000 0. OOOE+00 0. OO0OE+00 2. 970E+01 7. 206E+06
2 0. 0000 0. 0000 0. OOOE+00 0. OO0OE+00 2. 020E+01 2. 784E+06
ALL LAKES CONVERGED TO STEADY- STATE AFTER 2 | TERATI ONS
7 | TERATI ON PARAVMETERS CALCULATED FROM AVERACE SEED:
0. O00000E+00 0. 852134E+00 0. 978136E+00 0. 996767E+00 0. 999522E+00
0. 999929E+00 0. 999990E+00
ALL LAKES CONVERCGED TO STEADY- STATE AFTER 2 | TERATI ONS
ALL LAKES CONVERGED TO STEADY- STATE AFTER 2 | TERATI ONS
752 | TERATIONS FOR TIME STEP 1 IN STRESS PERIOD 1
LAKE SEEPAGE PERICD 1 STEP 1 NODE 6 LAYER 2 ROW 23 COL 1 RATE -58. 64398
LAKE SEEPAGE PERICD 1 STEP 1 NODE 7 LAYER 2 ROW 24 COL 1 RATE  67.35971
LAKE SEEPAGE PERICD 1 STEP 1 NODE 8 LAYER 2 ROW 25 COL 1 RATE 1765. 802
LAKE SEEPAGE PERICD 1 STEP 1 NODE 9 LAYER 2 ROW 26 COL 1 RATE  32231.54
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LAKE SEEPAGE PERICD 1 STEP 1 NODE 10 LAYER 1 ROW 27 COL 1 RATE  8900. 507
LAKE SEEPAGE PERIOD 1 STEP 1 NODE 11 LAYER 1 ROW 18 coL 2 RATE -14247.68
LAKE SEEPAGE PERICD 1 STEP 1 NODE 112 LAYER 1 ROW 9 caL 22 RATE -1461.709
LAKE SEEPAGE PERICD 1 STEP 1 NODE 113 LAYER 1 ROW 10 caL 22 RATE -704.8510
LAKE SEEPAGE PERICD 1 STEP 1 NODE 114 LAYER 1 ROW 11 caL 22 RATE -147.3909
LAKE SEEPAGE PERICD 1 STEP 1 NODE 115 LAYER 1 ROW 12 caL 22 RATE  508. 4921
0 LAKE CELLS ARE DRY.
PERI GD 1 TI ME STEP 1 TI ME STEP LENGITH 9. 1310E+03
PERI CD TI ME 9. 1310E+03 TOTAL SI MULATION TI ME 9. 1310E+03
HYDROLOG C BUDCET SUMVARI ES FOR SI MULATED LAKES
LAKE  STAGE PRECI P EVAP RUNOFF
1 45.41 0. 0000E+00 0. 000OE+00 0. 0000E+00
2 36.82 0. 0000E+00 0. 0000E+00 0. 00OOE+00
GROUND WATER SURFACE WATER
LAKE I NFLOW QUTFLOW I NFLOW OQUTFLOW
1 2.3587E+09 1.9332E+09 0. 0000E+00 0. 0000E+00
2 1.6176E+09 1.3717E+09 0.0000E+00 0. 000OE+00
WATER CONNECTED LAKE UPDATED Tl ME- STEP STAGE CHANGE
LAKE USE I NFLUX VOLUME SURFACE AREA Tl ME STEP CUMJLATI VE

1 0.0000E+00 0. 000OE+00 1. 1298E+08 7.2061E+06 0. 0000E+00 1.4120E+00
2 0.0000E+00 0. 0OOOOE+00  4.6274E+07 2. 7842E+06 0. 0000OE+00 1.6207E+00

HEAD I N LAYER 1 AT END OF TIME STEP 1 IN STRESS PERICD 1

; calculated heads not shown

VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TIME STEP 1 IN STRESS PERIOD 1

CUMULATI VE VOLUMES L**3 RATES FOR THI' S TI ME STEP L**3/ T
I N: I'N:
CONSTANT HEAD = 5548110848. 0000 CONSTANT HEAD = 607612. 6250
RECHARGE = 4648824832. 0000 RECHARGE = 509125. 5000
LAKE SEEPAGE = 3304954368. 0000 LAKE SEEPACE = 361948. 7813
TOTAL I N = 13501890560. 0000 TOTAL IN = 1478686. 8750
QUT: QOUT:
CONSTANT HEAD = 9525641216. 0000 CONSTANT HEAD = 1043219. 9375
RECHARGE = 0. 0000 RECHARCE = 0. 0000
LAKE SEEPAGE = 3976272128. 0000 LAKE SEEPAGE = 435469. 5313
TOTAL QUT = 13501913088. 0000 TOTAL QUT = 1478689. 5000
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IN - QUT = -22528. 0000 IN - QJT = -2.6250
PERCENT DI SCREPANCY = 0. 00 PERCENT DI SCREPANCY = 0.00
TI ME SUMVARY AT END OF TIME STEP 1 IN STRESS PERIOD 1
SECONDS M NUTES HOURS DAYS YEARS
TI ME STEP LENGTH 7. 88918E+08 1. 31486E+07 2. 19144E+05 9131.0 24. 999
STRESS PERI CD Tl ME 7. 88918E+08 1. 31486E+07 2. 19144E+05 9131.0 24.999
TOTAL TI ME 7.88918E+08 1. 31486E+07 2. 19144E+05 9131.0 24. 999

2. MOC3D results (file name: testcase.out)

Col umm Nunbers
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

U S. CGEOLOG CAL SURVEY
METHOD- OF- CHARACTERI STI CS SOLUTE- TRANSPORT MODEL
MOC3D (Version 3.1) 1999/10/15

MOC BASI C | NPUT READ FROM UNI T
LI STING FI LE: testcase. out UNIIT 71

OPENI NG t est case. noc
FILE TYPEE MOCIMP  UNIT 72

OPENI NG t estcase. crc
FI LE TYPE: CRCH UNIT 73

OPENI NG t est case. cha
FI LE TYPE: CNCA UNIT 74

OPENI NG t est case. vl a
FI LE TYPE: VELA UNIT 76

MOC BASI C | NPUT READ FROM UNIT 72
Qis sewage plune--1ake package

MAPPI NG OF SCLUTE- TRANSPORT SUBGRID IN FLOW GRI D

FI RST LAYER FOR SOLUTE TRANSPCRT = 1 LAST LAYER FOR SOLUTE TRANSPORT = 8
FI RST ROW FOR SOLUTE TRANSPORT = 1 LAST ROW FOR SOLUTE TRANSPORT = 36
FI RST COLUW FOR SOLUTE TRANSPORT= 1 LAST COLUW FOR SOLUTE TRANSPORT = 23

UNI FORM DELCOL AND DELROW I N SUBGRI D FOR SOLUTE TRANSPORT

NO. OF LAYERS = 8 NO. OF RONS = 36 NO OF COLUMNS = 23
NO SOLUTE DECAY
NO MOLECULAR DI FFUSI ON
MAXI MUM NUMBER OF PARTI CLES (NPMAX) = 357696
2321228 ELEMENTS I N X ARRAY ARE USED BY MOC

CRCH5 -- CONCENTRATI ONS I N RECHARGE | NPUT READ FROM UNIT 73
828 ELEMENTS I N X ARRAY ARE USED BY RCH

NUMBER OF PARTI CLES I NI TIALLY I N EACH ACTIVE CELL (NPTPND) = 27
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; particle locations not shown

CELDI S= 0. 750
FZERO = 0. 050

I NTRPL= 1: LI NEAR | NTERPOLATI ON SCHEME

NUMERI CAL PARAMETERS FOR | MPLICI T SOLVER:

FDTMIH = 1.00
NCXIT = 2
I Dl REC = 1
EPSSLV = 1. 0000E- 05
MAXIT = 100
CONCENTRATI ON WLL BE SET TO -999. 90 AT ALL NO FLOW NCDES (| BOUND=0) .

I NI TI AL CONCENTRATI ON FOR LAYER 1
READING ON UNIT 72 WTH FORVAT: ( FREE)
; initia conc. = 0.0 everywhere; not shown in thislisting

VALUES CF C REQUI RED FOR SUBGRI D BOUNDARY ARRAY = 0
NUMBER OF ZONES FOR CONCENTRATI ONS AT FI XED HEAD CELLS = 2

ZONE FLAG = -1 I NFLOW CONCENTRATI ON = 0. 0000E+00
FI XED HEAD | NFLOW CONCENTRATI ON SET TO 0. 000 FOR NODE AT 4 1 1

ZONE FLAG = -2 I NFLOW CONCENTRATI ON = 5. 0000E+02
FI XED HEAD | NFLOW CONCENTRATI ON SET TO 500. 000 FOR NODE AT 12 1 1

FI XED HEAD | NFLOW CONCENTRATI ON SET TO 500. 000 FOR NODE AT 15 1 2

SI NK- SOURCE FLAG FOR LAYER 1

*** NOTE *** LAKE PACKAGE ACTI VE;
ALL ACTI VE TRANSPORT SUBGRI D CELLS ADJACENT TO LAKES FLAGGED AS STRONG SOURCE/ SI NK CELLS.

LONG TUDNL. DI SPERSI VI TY
READING ON UNIT 72 W TH FORMAT: (FREE)
20. 000 20. 000 20. 000 20. 000 20. 000
20. 000 20. 000 20. 000

HORI Z. TRANSVERSE DI SP.
READING ON UNIT 72 W TH FORVAT: ( FREE)
2.0000 2. 0000 2.0000 2.0000 2. 0000
2. 0000 2. 0000 2. 0000

VERT. TRANSVERSE DI SP.
READING ON UNIT 72 W TH FORMAT: (FREE)
0. 20000 0. 20000 0. 20000 0. 20000 0. 20000
0. 20000 0. 20000 0. 20000

RETARDATI ON FACTOR
READING ON UNIT 72 W TH FORMAT: (FREE)
1. 0000 1. 0000 1. 0000 1. 0000 1. 0000
1. 0000 1. 0000 1. 0000
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I NI TI AL THI CKNESS

FOR LAYER 1

READING ON UNIT 72 W TH FORMAT: (FREE)

I NI TI AL POROSI TY

FOR LAYER 1

READING ON UNIT 72 W TH FORMAT: (FREE)

; print out of thickness and porosity for 8 layers not shown

CONCENTRATI ON DATA W LL BE SAVED ON
I NI TI AL LAKE CONCENTRATI ONS:  LAKE

UNIT 74 I N MATRI X FORMAT

CONCENTRATI ON (NSOL = 1)

1 0. 000E+00
2 0. O0OOE+00
LAKE SOLUTE CPPT CRNF CAUG
1 1 0. 00E+00 0. 00E+00
2 1 0. O0OE+00 0. 00E+00

CONC. | N RECHARGE

READING ON UNIT 73 W TH FORMAT: (FREE)
; source conc. = 0.0, not shown in listing

STABILITY CRITERIA --- MO C.

NUMBER OF MOVES FOR ALL STABILITY CRI TERI A

CELDIS | NJECTI ON
1128 439

CELDI S IS LI M TI NG

NO. OF PARTI CLE MOVES REQUI RED TO COWLETE THI S TI ME STEP = 1128

MOVE TI ME STEP (TI W)=

8. 094858169556E+00

NP = 161217 AT START OF MOVE I MOV = 1
No. of solver iterations = 1 Rel ative residual = 1. 9700E- 08
NP = 161217 AT START OF MOVE I MOV = 2
No. of solver iterations = 1 Rel ative residual = 6. 5369E- 08
.. ; routine printout for intermediate transport time increments not shown
NP = 267560 AT START OF MOVE I MOV = 1128
NUVBER OF CELLS W TH ZERO PARTI CLES = 123
No. of solver iterations = 1 Relative residual = 1. 6997E- 07

SCLUTE BUDGETS FOR LAKES FOR THI S TI ME | NCREMENT:
Lake Lake Sol ute Concen- Ppt . St ream Stream Wthdrawal Runoff GW GW Sol ute Mass
No. Vol une No. tration Mass In Mass In Mass Qut Net Mass Mass | n Mass In  Mass Qut in Lake

1 1.13E+08 1 3. 13E+01 0. 00E+00 0. 00E+00 0. 00E+00 0.00E+00 0.00E+00 5.32E+07 5.37E+07 3.54E+09
2 4.63E+07 1 1.80E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.74E+03 2.18E+03 8.29E+04

SOLUTE BUDCET AND MASS BALANCE FOR TRANSPORT SUBGRI D

VALUES CALCULATED AT END CF:
STRESS PERI CD 1

FLOW TI ME STEP 1

TRANSPORT TI ME | NCREMENT 1128

€€
3383
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ELAPSED TI ME = 9. 1310E+03

CHEM CAL MASS | N STORAGE

I NITIAL: MASS DI SSOLVED
PRESENT: MASS DI SSOLVED

0. 0000E+00 VASS SCRBED
7.2719E+10 VASS SCRBED

CHANGE | N MASS STORED = -7.2719E+10

CUMULATI VE SOLUTE MASS (L**3) (M VOL)

DECAY

CONSTANT HEAD =
SUBCGRI D BOUNDARY =
RECHARCE =

VEELLS =

Rl VERS =

DRAI NS =

GENL. HEAD- DEP. BDYS

EVAPOTRANSPI RATI ON =

SPECI FI ED FLOW ( FHB)

LCOSI NG LAKE CELLS =

TOTAL I N

DECAY

CONSTANT HEAD =
SUBCGRI D BOUNDARY =
RECHARCE =

VEELLS =

Rl VERS =

DRAI NS =

GENL. HEAD- DEP. BDYS

EVAPOTRANSPI RATI ON =

SPECI FI ED FLOW ( FHB)

GAI NI NG LAKE CELLS =

TOTAL OUT

SOURCE- TERM DECAY

RESI DUAL

PERCENT DI SCREPANCY

WO OO0 o0OOo0oOoOokr o

A OO OOOOOOoOFr o

. 0000E+00
. 3335E+12
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 7T787E+10

. 3712E+12

. 0000E+00
. 1977E+12
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 1326E+10

. 2390E+12

. 0000E+00

. 9494E+10

. 3387E+00 RELATI VE TO MASS FLUX I N

0. 0000E+00
0. 0000E+00
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3. GAGE results--records for Gaging Station 1 (file name: testcase.gsl)

Col umm Nunber s
1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

"GAGE No. 1: Lake No. = 1" ; first header line
"DATA:  Time St age Volume  Concentration” ; second header line
0. 000E+00 4. 400E+01 1.028E+08 0. 000E+00
8. 095E+00 4.541E+01 1.130E+08 1.029E-20
1.619E+01 4.541E+01 1.130E+08  3.351E-19
2.428E+01 4.541E+01 1.130E+08  8.910E-18
3.238E+01 4.541E+01 1.130E+08 1.081E-16
4.047E+01 4.541E+01 1.130E+08  1.434E-15
4.857E+01 4.541E+01 1.130E+08 5.667E-15
5. 666E+01 4.541E+01 1.130E+08 3. 026E-14
6. 476E+01 4.541E+01 1.130E+08  8.549E-14
7.285E+01 4.541E+01 1.130E+08 1.630E-13
8. 095E+01 4.541E+01 1.130E+08  3.842E-13
8. 904E+01 4.541E+01 1.130E+08 7.027E-13
9. 042E+03 4.541E+01 1.130E+08 3. 139E+01
9. 050E+03 4.541E+01 1.130E+08 3. 138E+01
9. 058E+03 4.541E+01 1.130E+08 3. 139E+01
9. 066E+03 4.541E+01 1.130E+08 3. 138E+01
9. 074E+03 4.541E+01 1.130E+08 3. 137E+01
9. 082E+03 4.541E+01 1.130E+08 3. 136E+01
9. 090E+03 4.541E+01 1.130E+08 3. 134E+01
9. 099E+03 4.541E+01 1.130E+08 3. 133E+01
9. 107E+03 4.541E+01 1.130E+08 3. 134E+01
9. 115E+03 4.541E+01 1.130E+08 3. 133E+01
9. 123E+03 4.541E+01 1.130E+08 3. 132E+01
9. 131E+03 4.541E+01 1.130E+08 3. 132E+01
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