=

a USGS

science for a changing world

MODIFICATIONS TO THE DIFFUSION ANALOGY
SURFACE-WATER FLOW MODEL (DAFLOW)
FOR COUPLING TO THE MODULAR FINITE-

DIFFERENCE GROUND-WATER FLOW MODEL
(MODFLOW)

U.S. GEOLOGICAL SURVEY
Open-file Report 99-217

U.S. Department of the Interior
U.S. Geological Survey

Modifications to the DAFLOW for Coupling to the MODFLOW 1



MODIFICATIONS TO THE DIFFUSION ANALOGY
SURFACE-WATER FLOW MODEL (DAFLOW)
FOR COUPLING TO THE MODULAR FINITE-
DIFFERENCE GROUND-WATER FLOW MODEL
(MODFLOW)

by Harvey E. Jobson and Arlen W. Harbaugh

U.S. GEOLOGICAL SURVEY
Open-file Report 99-217

Reston, Virginia
1999



U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY
Charles G. Groat, Director

The use of trade, product, industry, or firm namesis for descriptive purposes only and does not imply
endorsement by the U.S. Government.

For additional information write to: Copies of this report can be purchased from:
Chief, Office of Surface Water U.S. Geologica Survey

U.S. Geologica Survey, WRD Federal Center

415 National Center Box 25286

Reston, VA 20192 Denver, CO 80225-0286

fications to the DAFLOW for Coupling to the MODFLOW 3



TABLE OF CONTENTS

N 151 o PP PRRS 1
[ gTugeTo 8o 1] o TP RTRPR PR PROR 1
Conceptualization of ROULING SErEAMFIOWS ........c.coiiiiiiieeee e 2
Structure of the Modular Finite-Difference Ground-Water Flow Model and the
Diffusion Analogy Surface-Water FIow MOdE ...........cooeiiiiiiiiineeeeeeeeeeeie 6
Numbering and Ordering Of SIFEAIMS ........c.ccveiieieciese et ne e 7
Computing Flow Between and Stream and AQUITEY ........cceoveiiiininineeeeee e 10
ASSUMPLIONS aNd LiMItaliONS........cccueiieieiee ettt eesreenneenne s 11
Modifications to the Diffusion Analogy FIOW MOdE ...........ccccoeoiiiiiiiieeeeeeee 12
Implementation in the Modular Finite-Difference Ground-Water Flow Modd ...................... 17
INPUL FITES....c et bbbttt e e n e b bbb e e e nne e 17
(@70 11010 | 1 1= SR 25
EXAMPIE GPPIICALIONS ...ttt 26
Example 1, Streamflow resulting from variable recharge, comparison with an
ANBIYLICAl SOIULION. ...ttt e e n b e bt e e e 26
Example 2, Bank storage due to flood stages, comparison with an analytical solution..... 36
Example 3, Bank storage under unsteady flOW ...........cooveirienenenenceeeeeee e 43
BT 00172 SRR 57
S = 1= 00 SRR 58
Appendix A Source Code for Diffusion Analogy Flow Model Subroutines.............ccccvenee... 61
Appendix B MODFLOW datafilesfor Example 1 SIMulation...........ccocceeeeeeienencnenesenene 95
Appendix C MODFLOW datafilesfor Example 2 Ssmulation............ccccceeeeveeveneeseecie s 99
Appendix D MODFLOW datafilesfor Example 3 Simulation ...........ccccocevereneneneneneenne 102
FIGURES
1. Schematic showing steady uniform flow subreaches connected by atransition
of uniformly ProgreSSIVE FlOW .........oeieeiiiieeeeee e 3
2. Example schematic showing the numbering system of the linked surface-water/
OrouNd-Water MOUE! ........coeiiiiriee et sb e sre s 9
3. Diagram showing one ground-water cell with stream depicting properties used
in calculation of the streambed leakage for asubreach...........cc.coovviiiiiniincne 10
4. Overall program structure of the Diffusion Analogy Flow model...........ccccccveevvvveieneee. 14
5. Overall program structure of the Diffusion Aanlogy Flow model linked to the
Modular Finite-Difference Ground-Water Flow mode ..........ccccooverieninieniniencnennenn 16
6. Input file, flow in, to run the example shown INfigUre 2 ..........ccooeieiiiineinceeeeee 22
7. Input file, DAFG, to run the example shown in figure 2.........ccccevveeeeecieccevecce e 25
8. Sketch showing aquifer grid of example 1 with surface-water model grid
S0 1= 1 010705 o S 27
9. Graph showing the distribution of recharge used for the analytical and numerical
SIMUIation Of EXAMPIE L.....cc.eeceeeee et ene 28
10. Input file, flow-in, fOr @XampPle L.........ccoiieiiiieeee e e e 30

Contents

4



11. Input file, DAFG, fOr @Xample L........ccoieiiiieiicie et s 31
12. Selected output of the Modular Finite-Difference Ground-Water Flow model

results at stress period 134, for example L ......ccoovieiieie e 32
13. Graph showing the smulated streamflow at node 14 and the analytical solution............ 34
14. Graph showing the smulated and analytical variation of water level in awell

located in row 7, column 10 Of fIQUIE 8 ......cc.eoieeeeeee e 35
15. Graph showing the aquifer-head profiles simulated by the Diffusion Analogy

Flow model linked to the Modular Finite-Difference Ground-Water Flow

model and the analytical SOIULION...........cccieiiiiecece e 36
16. Graph showing the distribution of streamflow for a 30-day flood event used

INEXAIMPIE 2 ..ttt e et e e s ae et esneenteeseesseenneensesseesseensenneens 38
17. Input file, flow.in, FOr €XamMpPIE 2.........ooieiiiieiee e e 39
18. Selected output of the Modular Finite-Difference Ground-Water Flow model at

stress period 15, fOr @XamMPlE 2........covoiieiieeeee e 41
19. Comparison of simulated and analytic flow between the aquifer and the stream

FOI EXAMPIE 2.t e e n b r b nne s 43
20. Sketch showing ground-water model grid of example 3 with surface water model

Orid SUPEITMPOSEM ...ttt sttt s e b n et e e e e s e e nne e 45
21. Input file, flow.in, fOr eXample 3..........oov e 47
22. Input file, DAFG, fOr @Xample 3......ccooiiieeeceereeeesee et 51
23. Graph showing selected output of the Modular Finite-Difference Ground-Water

Flow model at end of time steps 6 and 11, for example 3.........cccooeeiivinineneneeee 53
24. Graph showing flow distribution at selected points of the channel in example 3,

illustrating the bank storage effect on the flow hydrograph............ccocooninnnninnne 55
25. Graph showing flow into and out of the aquifer of example 3 as afunction of time........ 56
TABLE

1. Input format for the Diffusion Analogy FIow MOdE ... 18

iv

Modifications to the DAFLOW for Coupling to the MODFLOW

Contents

5



LIST OF SYMBOLS

A
A0
Al
A2
A LA

1" T2

(1]

-

(=} —

AXRXNTQOQOOOITD

o

-

o

»

00003

-8(/) R
©

SssCcHuno,m

N

[>EN << X X

x

cross-sectional area of flow

cross-sectional area at zero flow
hydraulic-geometry coefficient for area
hydraulic-geometry exponent for area
cross-sectional area downstream and upstream of wave, Respectively
elevation of streambed as it crosses the aquifer cell
thickness of the streambed

celerity of moving wave

wave dispersion coefficient

diffusive length scale

acceleration of gravity

head of aquifer in the cell

conveyance

hydraulic conductivity of the streambed

length of stream reach in communication with the aquifer
distance traveled by awave during one time step
Mannings resistance coefficient

discharge

channel forming discharge

flow under steady uniform flow conditions
discharge downstream and upstream of wave, respectively
flow from the aquifer to the stream as seepage
friction slopein channel flow

slope of channel bed

time

velocity

top width of channel

hydraulic-geometry coefficient for width
hydraulic-geometry exponent for width

distance coordinate, north to south, for MODFLOW
distance coordinate, along the channel

distance coordinate, west to east, for MODFLOW
depth of flow

vertical distance coordinate, for MODFLOW

time increment

incremental distance along x coordinate

List of Symbols

A

Vv



CONVERSION FACTORS

Multiply By To obtain
inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
foot/second (ft/s) 0.3048 meter/second (m/s)
mile (mi) 1.609 kilometer (km)
square foot (ft%) 0.09290 square meter (m°)
square mile (mi®) 2.590 square kilometer (km?)
cubic foot (ft) 0.02832 cubic meter (m°)
cubic foot per second (ft/s) 0.02832 cubic meter per second (m’/s)

ADDITIONAL ABBREVIATIONS

cd

ACRONYMS

DAFLOW
FTP

GW
MODFLOW
sw

Vi Conversion Factors

cdorie

Diffusion Analogy Flow Model

File Transfer Protocol
Ground water

Modular Finite Difference Ground-Water Flow Model

Surface Water

Modifications to the DAFLOW for Coupling to the MODFLOW

7






Modifications to the Diffusion Analogy Surface-Water Flow
Model (DAFLOW) for Coupling to the Modular Finite-
Difference Ground-Water Flow Model (MODFLOW)

by Harvey E. Jobson and Arlen W. Harbaugh

Abstract

Surface-water and ground-water computer models are widely used to simulate flow for
evaluating and managing water resources. Simulation of the surface-water/ground-water
interaction is, however, less well developed. To facilitate the ssmulation of thisinteraction, the
surface-water flow model (DAFLOW) has been coupled to the modular, finite-difference,
ground-water flow model (MODFLOW).

The DAFLOW model routes flows through a system of inter-connected one-dimensional
channels and subdivides the system into a series of branches, with each branch divided into a
number of subreaches. MODFLOW simulates ground-water flow through a three-dimensional
grid of cells. The models are coupled by adding an exchange between each subreach and a
specified ground-water cell, with the amount of flow from the stream to ground water being
limited to the available streamflow. The water exchange for each subreach is computed on the
basis of the stream-aquifer head difference, the streambed thickness, stream width, and
streambed hydraulic conductivity.

Three example applications are provided to assess the accuracy of the solutions and
demonstrate the use of the combined models.

INTRODUCTION

Computer models that simulate ground-water (GW) and surface-water (SW) flow are widely
used to evaluate and manage ground- and surface-water resources. The MODFLOW model
(Harbaugh and McDonald, 1996; McDonald and Harbaugh, 1988) simulates three-dimensional
GW flow and includes the effects of many steady-state or transient processes, such as areal
recharge, rivers, drains, evapotranspiration, and pumpage. The DAFLOW model, Jobson (1989)
simulates one-dimensional flow through a system of interconnected channels by solving the
diffusive-wave form of the flow equations. DAFLOW subdivides the stream system into a series
of branches, with each branch divided into a number of subreaches. It is designed to ssimulate
flow in upland stream systems where flow reversals do not occur and backwater conditions are
not severe. If these two conditions are satisfied, DAFLOW can be applied with reasonable
accuracy using minimal field data.

This report describes the coupling of MODFLOW and DAFLOW. Although other methods
of simulating surface-water interaction have been previously incorporated within MODFLOW
(McDonald and Harbaugh, 1988; Prudic, 1989; and Swain and Wexler, 1993), DAFLOW
provides a highly stable solution scheme that is simple to run and requires a minimum of field
data and calibration. This report does not, however, attempt to compare the different approaches,
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so potential users of the coupled MODFLOW and DAFLOW models should aso evaluate these
other approaches in order to choose the best approach for their particular problem.

To facilitate coupling the models, the DAFLOW code was separated into subroutines that are
consistent with the modular structure of MODFLOW. These subroutines were structured such
that multiple DAFLOW time steps can be run iteratively within a MODFLOW time step.
DAFLOW was aso modified to allow subreachesto go dry so that it will be possible to simulate
streams from which the entire flow seepsinto the ground.

MODFLOW isdivided into amain program and a series of independent sets of subroutines
called packages, which allows additional capabilitiesto be easily incorporated. To couple
DAFLOW to MODFLOW, agroup of subroutines was written that incorporates DAFLOW as a
MODFLOW package. These additional subroutines calculate the water exchange between the
SW and GW systems.

Thisreport: (1) gives abrief conceptualization of routing streamflow and a summary of the
theory of the DAFLOW model, (2) describes the mechanics of computing the leakage to the
aquifer, (3) documents the modifications to the DAFLOW model needed for it to be coupled to
the MODFLOW package, (4) describes the calls necessary to couple MODFLOW and
DAFLOW, (5) describes the input files necessary to run DAFLOW with MODFLOW, aswell as
the output files, and (6) presents three example applications.

All U.S. Geological Survey (USGS) hydrologic analysis software is available for electronic
retrieval by means of either the World Wide Web (WWW) at http://water.usgs.gov/software or
by anonymous File Transfer Protocol (FTP) from water.usgs.gov in pub/software/surface water
directory.

CONCEPTUALIZATION OF ROUTING STREAMFLOWS

The differential equations derived by Saint-Venant (1871) for one-dimensional, unsteady
flow are the basis for the diffusion analogy method used by DAFLOW. Assuming no lateral
inflow, the Saint-Venant equations for channel flow are the continuity of mass equation:

0Q 0A
ax a1 1)

and the continuity of momentum equation:
10U  UdU  aY

+ +
g ot goX o0X

+ Sf - SO =0 ’ (2)
inwhich Q isdischarge, X is distance along the channel, A is the cross-sectional area of flow, tis
time, g isthe acceleration of gravity, U isvelocity, Y isdepth, & isthefriction slope, and S, is
the streambed slope.

DAFLOW approximates the flow distribution in a stream as reaches of steady uniform flow
separated by transitions of unsteady flow as illustrated in figure 1. The transitions are considered
to be regions of uniformly progressive flow, as defined by Chow (1959, p 528). This type of flow
has a stable wave profile that does not change shape as it moves down the channel. One common
type of uniformly progressive flow, which approximates most flood wavesin natural channels, is
the monoclinal rising wave (Chow, 1959, p 528). Kleitz (1877) developed the mathematical
principle of uniformly progressive waves, but it was Seddon (1900) and Wilkinson (1945) who



showed it to be applicable to actual rivers. Wilkinson found that the mid-point of the rise or fall
in stages were best suited for determining the velocity of an observed wave.

A Friction slope
attimet

=4

Figure 1. Schematic showing steady uniform flow subreaches connected by a transition
of uniformly progressive flow.

By considering the flow into and out of the control volume ABCD (figure 1), it is shown that:
QAt-QAt = (A, —A,)AX,

or
C:%:—QZ_QJ' O a_Q

: 3
At A,-A,  0A ®)

inwhich C is the speed of the moving wave, or celerity, Q; and Q, are the discharge downstream
and upstream of the wave, respectively, and A; and A, are the cross-sectional areas downstream
and upstream of the wave, respectively.

For the unsteady portion of the flow (the transition) it can be seen that the rate of change of
depth with distance has a maximum absolute value at the inflection point and approaches zero
both upstream and downstream of the wave. The shape of the curve representing the rate of
change of depth with distance in the transition can often be approximated as a Normal probability
density function.

Ignoring the first two terms (the accel eration terms) of the momentum equation (2) the
friction slope can be approximated as:

ay 1 0A
S =S, X > T Wax (4)
in which W is the top width of the channel. The last form of the equation is strictly valid only for
aprismatic channel. The friction slope is equal to the streambed slope in each steady flow reach
and isamaximum at the inflection point asillustrated on figure 1.
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Thefriction slope is often estimated by using an empirical equation of the type:
& = i, ®)

in which K is the conveyance, which is often computed from an equation of the Manning type:

_ 149 A%

=== %
in which n is the Manning roughness coefficient and W, the top width, has been substituted for
the more correct wetted perimeter. Equation 6 is expressed in the English system of units; in
metric units the constant 1.49 is replaced with 1.0. Equation 5 is often expressed in terms of the
streambed slope (S,) rather than S in which case the computed discharge is considered to be the

flow that would occur under steady uniform conditions (Qs). Substituting equation 5 into
equation 4:

(6)

Q2
K?

X<,
|3

1
w
Multiplying both sides by K? and completing the squares by adding H<%WQ 6%XH2 to each side:

o+ 6A§ 0?20, K2 A B K a_Ag_

WQS X 2W0, X [owQ, ax

Solving for discharge (Q) and ignoring the second term on the left side, because it involves the
square of a derivative, an equation for the unsteady discharge in the transition region is obtained,
which is based on the diffusive wave form of the momentum equati on:

2
K% 0A
Q=G - Ma—x =& - Df (7
in which Ds is awave-diffusion coefficient defined as:
_ K> Q
Dy = 2WQ, 2WS, )

The second form of equation 8 is obtained by approximating K? as Q'Q4/S..
As shown by Jobson (1989, p. 6) equation 7 can be substituted into the continuity equation
(2) to produce the diffusive wave form of the flow equation:

2
% L% p S ©)
ot oX axz

- D

The actual solution procedure used by DAFLOW is as follows. At the beginning of each time
step the flow along the stream is represented as a series of steady uniform flow reaches, called
waves, separated by shocks that are transition zones of zero length. During atime step, these
shocks would naturally diffuse according to equation 9, so at the end of the time step they should
look similar to that shown on figure 1. The diffusive length scale (D) (Carslaw and Jaeger,

1959),
D, =,/2DAt , (20)



Isameasure of the distance that the shocks diffuse during the time step. At the beginning of each
time step each shock is replaced by two shocks that are a distance of 2D, apart. This maintains a
series of steady flow subreaches separated by shocks, and accounts for the diffusion of the waves.
The discharge in the wave between the two new shocks is computed such that the volume of
water in the wave isidentical to what existed in the space before the mass was redistributed, by
adding the shock. Within the wave, where steady uniform conditions exist, there is a unique
relation between the flow area and discharge.

If the diffusion of mass around the shock obeys equation 9 with a constant value of Dy, the
variation of water mass with distance from the shock follows a Normal probability distribution
function. It can be easily shown that the mean and variance of the water-mass distribution after
splitting a single shock into two shocks connected by a steady flow wave isidentical to that of
the Normal probability distribution, if the shocks are a distance of 2D, apart. Jobson (1989)
further shows that the theoretical distribution of mass described by equation 9 can be closely
approximated by repetitively breaking a single shock into two shocks a distance of 2D, apart.
Once the mass of water is redistributed to account for the diffusion, the shocks are moved to new
locations by computing their wave speeds from equation 3.

The accuracy of the diffusive-wave form of the flow equation, therefore of DAFLOW,
depends on the relative size of the advection and diffusion terms. The model accuracy degrades
as the wave diffusion increases relative to advection. As can be seen from equation 8, the wave-
diffusion coefficient is inversely proportional to the stream slope, so the model accuracy
decreases as the slope decreases. One measure of the importance of the advection and diffusion
termsistheratio of the distance traveled by awave during atime step (L) to the diffusive length
scale (D). It has been found empirically that DAFLOW gives good results as long as:

L. > 0.87
DL

Much geomorphic information indicates that, in an average sense, the cross-sectional area of
natural channels can be approximated by an equation of the form:

A:AO+A1‘QSA2, (11)

inwhich A1 and A2 are constants called the hydraulic-geometry coefficient and exponent for
area, respectively, and AQ is the average cross-sectional area at zero flow. Theoretically the value
of A2 canrangefrom 0to 1, but its value is usually found to be between 0.5 and 0.8 with an
average of 0.66 (Leopold and Maddock, 1953; Stall and Y ang, 1970; Boning, 1974; Boyle and
Spahr, 1985; Jobson 1989). Likewise, the width can be approximated by an equation of the
form:

W= W . Qe (12)

in which W1 and W2 are constants called the hydraulic-geometry coefficient and exponent for
width, respectively. The value of W2 is generally found to range from 0.1 to 0.4 with atypical
value of 0.26 (Leopold and Miller, 1956; Stall and Y ang, 1970; Jobson, 1989). Hydraulic-
geometry exponents have been found to maintain relatively consistent values both at asite on a
stream and between streams, (Jobson 1989, Beven & Kirkby 1993, page 91).
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Differentiating equation 11 and inverting, it is easily seen that the wave speed is determined
as.
1-A2
)

C = .
Al « A2

(13)

Likewise the diffusive length scale can be determined by combining equations 8, 10 and 12 as.
(1-wve)/ 2
D = & Var .

14
W (14)

So theratio Ly/D, can be determined as;
L_a _ m . Q£05—A2+V\2/ 2) . \/E (15)

D Al » A2

The accuracy of DAFLOW depends on the time-step size and streambed slope. Streams with
smaller slopes can be reasonably simulated using alarger time step. In other words, DAFLOW
may provide reasonabl e estimates of daily flows for alow gradient stream, such as the lower
reaches of the Mississippi, even though it can not resolve the small scale variations, such as
might occur on a 5-minute time scale. Recall that typical values of A2 and W2 are 0.66 and 0.26,
respectively, so the exponent on Qs istypically small and discharge generally haslittle influence
on the accuracy of the model. As arule of thumb, the following table gives the approximate
minimum slope that should be ssimulated by DAFLOW for various time steps.

Time step Minimum Slope

5 minute 10 ft/mile; 0.002
1 hour 1.5 ft/mile; 0.0003
6 hour 0.25 ft/mile; 0.00005
12 hour 0.1 ft/mile; 0.00002

STRUCTURE OF THE MODULAR FINITE-DIFFERENCE
GROUND-WATER FLOW MODEL AND THE DIFFUSION ANALOGY
SURFACE-WATER FLOW MODEL

MODFLOW solves the three-dimensional ground-water flow equation using finite-difference
approximations (McDonad and Harbaugh, 1988, p 2-35). The finite difference procedure
requires that the aquifer be divided into blocks called cells, which have dimensions x, y, and z.
The aquifer propertiesin each cell are assumed uniform. The head in each cell iscalculated at a
point, or node, at the center of the cell. The head is calculated by iterating through the finite-
difference equations for all nodes until the maximum head change in any cell between the
previous and current iteration is less than a value specified by the user. Once this criterion is met,
the program advances to a new time step and the process is repeated. Because the response time
of surface-water systems are generally much smaller than those of ground-water systems, the
appropriate time step of a SW model is likely smaller than the appropriate time step of the GW
model.



DAFLOW was, therefore, structured so that multiple DAFLOW time steps can occur within a
MODFLOW time step. During each iteration of a MODFLOW time step, a subroutineis called
to calculate seepage to or from the stream. DAFLOW must also be run to route the SW flow for
the MODFLOW time step. For the seepage calculations, ground-water head can either be
assumed to remain constant during the GW time step, or be approximated by straight-line
interpolation between the head at the beginning and end of the GW time step. The heads are
assumed to remain constant during a single SW time step. The SW flow conditions at the
beginning of the GW time step are stored so that the iterative process can be repeated.

NUMBERING AND ORDERING OF STREAMS

Streams superimposed on the aquifer are divided into branches and subreaches as defined in
the DAFLOW documentation (Jobson, 1989) and shown on figure 2. Each branch begins and
ends at ajunction and junctions are numbered, starting with the interior junctions (those
connecting two or more branches). Any number of branches can start or end at ajunction. Each
branch is divided into subreaches by node points or cross sections. Subreach 1 of branch 1, for
example, is the stream reach extending from node 1 to node 2 (figure 2). Each branch must have
at least one subreach defined by two nodes, one at each end. The example shown in figure 2
contains three branches with one internal junction, number 1. Branch 1 delivers water from
junction 2 to junction 1 and is divided into 8 subreaches by 9 nodes. The nodes must be
numbered sequentially, starting at the upstream end of the channel. The locations of the nodes are
input as the distance downstream from a reference point, in miles or kilometers. The location of
node 1 does not have to be zero, but negative river miles are not allowed. The locations of nodes
must increase with increasing node number and should be separated by at least 0.0002 units (mile
or kilometer). Multiple node points at the same location are not allowed.

Flow additions, or extractions, are allowed at any interior node (for example, if abranch
contains 9 nodes, flow can be exchanged at nodes 2 through 8). The flow exchange is assumed to
occur just upstream of the node.

When MODFLOW is coupled to DAFLOW, the user specifiesthe MODFLOW cell to which
the ground-water seepage is connected for each interior SW subreach. This means that as a
minimum, a node should be placed at every point where the stream intersects a cell boundary.
Thiswill divide the stream into subreaches that are each contained within a single cell. Ground-
water seepage for the downstream node of the subreach should be assigned to the cell that
contains the subreach. As shown in figure 2, most of the nodes were selected using this approach.
For example, nodes 2 and 3 of branch 1 define a subreach within the cell at row 1, column 2. The
seepage for node 3, subreach 2, would accordingly be assigned to the cell at row 1, column 2.
Technically the water enters the aquifer at the center of the cell, the GW node, but it leaves the
stream at the downstream edge of the cell. Additional nodes can be used if needed to define
changes in hydraulic conditions or inflow points, for example, see node 4, branch 3. In this
example, the seepage for both nodes 4 and 5 would be assigned to the same MODFLOW cell:
row 4, column 4.

Asshown in figure 2, node 4 in branch 3 is needed because there is an additional inflow at
this point. It might also define a point of significant change in the hydraulic characteristics of the
stream, such as slope, width or depth. DAFLOW allows flow additions or extractions, in addition
to ground-water seepage, at each interior node. An example diversion is shown for branch 2,
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node 4. The flow additions and subtractions are assumed not to interact with the ground water
until they enter the stream. If ground-water interaction is desired, an additional branch
representing the diversion or inflow would be needed.

Notice that the surface-water system can extend beyond the aguifer, e.g. branch 2, subreach 1
or branch 3, subreach 7. Subreaches that are outside of the aquifer have no interaction with the
ground-water system.

Because DAFLOW does not allow flow exchanges at the last node in a branch, ground-water
seepage is not allowed for the last subreach in any branch. This limitation can be minimized, for
example at the ends of branches 1 and 2 in figure 2, by placing the next to the last node a very
short distance upstream from the last node (however nodes must be separated by at |east 0.0002
miles). In branch 3 the limitation was removed by adding a node downstream of the boundary of
the GW model.

Thereis never any ground-water seepage represented at the first node of a branch because the
ground-water seepage for a subreach is associated with the downstream node for that subreach.
Thus, the seepage for subreach 1 occurs at the cell that is connected to node 2.



EXPLANATION

Flow
Flow = Stream
\ O2 Node?
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Figure 2. Example schematic showing the numbering system of the linked surface-water
and ground-water model.
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COMPUTING FLOW BETWEEN THE STREAM AND AQUIFER

Leakage to or from a stream subreach is computed using Darcy’s law as follows:

S = Kc LW (Hg-Y-Be)/B, (16)

in which S = flow from the aquifer to the stream through the streambéf)(IK = hydraulic
conductivity of the streambed, (L/T); L = length of stream reach in hydraulic connection with the
aquifer cell, (L); W = average width of stream along the aquifer cell, (L kead of aquifer in

the cell, (L); Y = average depth of stream in subreach crossing the aquifer cell, {Lg\@rage
elevation of streambed as it crosses the aquifer cell,(L); andHickness of the streambed. A

sketch of the properties used in the calculation of stream leakage to or from the aquifer is shown
in figure 3.

Land surface
Head in Aquifer
(Ha)
Depth
Elevation of \ 4
streambed (Be) Hydraulic Thickness of
Datum Conductivity K. streambed (B,)

s, 1

Figure 3. Diagram showing one ground-water cell with stream depicting properties
used in calculation of the streambed leakage for a subreach.

The rate of flow between the aquifer and stream is computed for each SW time step. The first
step is to compute the cross-sectional area, top width, and depth in the channel. The average
cross-sectional area is computed as the volume of water divided by the subreach length. A
characteristic discharge is then computed from equation 11. Finally, the stream depth is
computed as the cross-sectional area divided by the top width computed from equation 12.

The seepage flow {§} is then computed by use of equation 16. The bed elevatipis, B
input for each internal node but is not used by DAFLOW for any purpose except in solving
equation 16. It is not necessary, therefore, for the bed elevations to be consistent with the bed
slope, which is also input to the model. The bed elevation input for a node should represent the
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average bed elevation of the subreach upstream of the node, or the bed elevation near the center
of the GW cell associated with the node.

Either backward or central differencing can be used in the MODFLOW model. If backward
differencing is selected, the ground-water head (Hg) is constant for all SW time steps within a
single GW time step and is equal to the value computed at the end of the GW time step. If central
differencing is selected, the GW head is computed for each SW time step by linear interpolation
with time between the values of Hy at the beginning and end of the GW time step. The seepage
volume during each SW time step is summed during the GW time step to compute the total
exchange with the aquifer.

If seepage is from the channel to the aquifer (S, is negative) the magnitude of the seepage
during any SW time step is limited to the total flow in the channel subreach plus any positive
tributary inflow. If both surface-water extraction and negative seepage (flow from the stream to
the aquifer) are occurring at a node and if there is not enough flow in the stream to satisfy both
demands, the SW extraction is reduced first. If the seepage demands exceed the streamflow, the
flow in the stream is set to zero and the seepage term is set equal to the available water in the
stream.

ASSUMPTIONS AND LIMITATIONS

The DAFLOW model can ssimulate the flow in a network of interconnected one-dimensional
channels with unsteady, unidirectional flow. The model should be applied only to channels that
are characterized by one-dimensional, un-stratified flow, with fixed-channel geometry, and little
backwater. The discharge at all upstream boundary points (upstream ends of external branches
and tributary inflows) must be specified as a function of time. When more than one branch
originates at a junction, a constant percentage of the flow at the junction must enter each branch
and the percentage must be specified. Because backwater conditions are not simulated, no
downstream boundary conditions are required.

DAFLOW uses asimplification of the dynamic wave equations, and therefore, it should be
used with caution. Model accuracy increases with increasing slope. The accuracy is excellent for
upland streams where generally there is a unique relation between stage and discharge.

The model allows no diffusion (backwater) through junctions so the peak-flow attenuation is
somewhat limited if numerous junctions occur. Tributaries allow flow exchange without
affecting backwater or peak-flow attenuation and add little complexity to the system, so they
should be used wherever possible in place of abranch. However, it is desirable to treat the
tributary as a branch rather than just a point addition if a significant timelag and (or) flow
attenuation is expected to occur in the tributary.

The restriction that each stream subreach can interact with a single cell in the ground-water
flow model results in some limitations on cell size compared to the dimensions of the stream.
First, the maximum width of a subreach should be no wider than afinite-difference cell. The
model will till operate if this assumption is violated, but some accuracy will be lost because the
ground-water seepage will occur in asingle cell when it should be divided among all the cells
covered by the width of the subreach. Similarly for the vertical direction, the channel depth for a
subreach should not cross through more than one model layer. Again, the model will operate if
this assumption is violated, but the ground-water seepage will be represented in only asingle

layer.
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When the MODFLOW cell is much wider than the width of a stream, the ground-water
model may not represent the ground-water head near the stream very accurately. Thisis because
the head distribution near a stream that has significant ground-water interaction can be complex.
The more complex the head distribution isin an area, the more cells are required to represent that
distribution accurately. If there is an inadequate number of cells to represent the stream-affected
head distribution, then the seepage will not be accurately simulated.

MODIFICATIONS TO THE DIFFUSION ANALOGY FLOW MODEL

A number of modifications have been made to DAFLOW since it was first published in 1989.
These modifications will be discussed first and then the modifications that were made so that it
can be linked with MODFLOW will be outlined.

When DAFLOW was first published, the user input a constant wave-diffusion coefficient
(Dy) for each subreach even though, as can be seen from equation 8, the wave-diffusion
coefficient should vary with discharge, width, and slope. The code was later modified such that
the user supplies the slope for each subreach and the model computes awave-diffusion
coefficient from equation 8. The slope replaced the wave-diffusion coefficient in the input stream
of thefile, flow.in. This modification allows the model to better simulate the wave attenuation
under conditions of highly variable flow and has the added advantage of using input variables
that are more readily available.

The diffusion step, in subroutine ROUTE, was modified to allow reaches of zero flow,
interspersed with reaches with non-zero flow. In the previous version of DAFLOW, the channel
could start as adry channel, but once flow was established, the code would not allow the flow to
return completely to zero. This limitation has been removed.

In order to make the DAFLOW model easily implemented in the MODFLOW program the
coding was re-organized into subroutines that perform functions consistent with the major
components of MODFLOW. The DAFLOW code was grouped into a shell program and eight
subroutines called by the shell program, (see figure 4).

Theinput file, flow.in, used by DAFLOW contains three types of information: general,
branch, and boundary. The general and branch information is read by subroutine STARTDAF
that also writes these data to the output file so that the user can verify that the information is
correctly read by the program. STARTDAF a so makes preliminary calculations, such as
computing the unit conversion factors, setting the initial number of wavesin the system, and
initializing the arrays containing the wave information, wave flow, and the location of each
shock. Theinitial volume of water in each subreach is also computed, and the tributary inflows
are stored in the appropriate arrays.

The subroutine PRERTE transfers the datain the initial value arrays to the current flow
arrays to prepare to route any number of time steps, such as will occur with MODFLOW.

The subroutine GETBC reads boundary conditions from the file, flow.in, for asingle time
step.

The subroutine SETINV L sets mixing codes for all branches and nodes to values, which
indicate no routing has yet taken place.

Branches can be numbered in any order, and they are not routed in numerical order. Flowsin
branches that originate on the exterior boundaries must be routed first, and all branches
terminating at an interior junction must be routed before any branch originating there can be
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routed. The subroutine RTBR determines the order in which the branches will be routed, routes
the flow in each individual branch, and updates the global arrays and mixing codes for both the
junctions and branches. Routing in each individual branch is carried out in a subroutine called
ROUTE.

The volume of water in a subreach at the beginning of the time step is passed to the
subroutine FGQ. The subroutine FGQ then computes the volume of water in the subreach at the
end of the time step, based on the position of the shocks and the magnitude of flow in the waves
between shocks. Finally, FCQ computes the average flow out of the subreach during the time
step by use of equation 1, knowing the volumes at the beginning and end of the time step, as well
asthe tributary (seepage and red tributaries) and upstream flows during the time step. The flow
at node one is known either from boundary conditions, for branches that originate at an exterior
junction, or from the flow at the upstream junction, and the percent of flow that enters the branch
that originate at an interior junction.

The subroutine SETJV 2 updates the mixing codes for the branches and junctions that are
affected by the computations in the branch and distributes the flow at interior junctions between
the various branches that originate there.
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Figure 4. Overall program structure of the Diffusion Analogy Flow model.
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The subroutine PRTFLW computes the clock time, the average cross-sectional area, and top
width for the subreach. It then prints the results in the output file, as well asin the file bitm.flw.

A file called params.inc sets parameters to define the size of arraysin DAFLOW. Thisfileis
included, by use of the INCLUDE statement, in all subroutines so that array sizes will be
consistent among subroutines. It aso allows array sizesto be easily adjusted to fit a particular
problem. The model must be re-compiled if the array sizes are modified.

The variablesthat are used by the several subroutines are declared, defined, and placed in
common, in files called startdaf.com and ground.com. Identical statements are placed in each
subroutine by including these files as an INCLUDE statement. The three files params.inc,
startdaf.com, and ground.com are listed in Appendix A along with all DAFLOW code.

The overall program structure of the combined DAFLOW/MODFLOW program is shown in
figure 5. The left part of the figure represents the MODFLOW program. As shown in figure 5,
calls to four subroutines were added to combine DAFLOW with MODFLOW.

A call to the DAF1AL subroutineis placed in the Allocate Procedure of MODFLOW. This
subroutine first calls the subroutine STARTDAF to read the flow.in input file for DAFLOW.

DAF1AL then reads the information in a second input file to determine the bed elevation, bed

thickness and hydraulic conductivity of each subreach of the SW model. It also reads the layer,

row, and column of the MODFLOW cell that is hydraulically connected to the subreach. If a

subreach in the SW model does not interact with the GW system, zero’s are entered as the layer,
column, and row of the GW model. This second input file also contains the flags that control the
printout for MODFLOW, debug output for the DAFLOW model, and differencing scheme used

by MODFLOW. The values of these flags are also read by the subroutine. Variables that are
needed for use with MODFLOW but not with the SW version of DAFLOW are declared,

defined, and placed in common in a file called ground.com, which is included as needed by use
of the INCLUDE statement.

A call to the DAF1AD subroutine is placed within the GW time-step loop (the Advance
Procedure of MODFLOW, figure 5). This subroutine initializes arrays that will be used for
numerous iterations of the SW model, determines the number of SW time steps per GW time
step (NHRR), and reads, by use of GETBC, and stores the SW boundary conditions for NHRR
SW time steps.
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The actual surface-water routing is accomplished in the subroutine DAF1FM that is called
from within the GW iteration loop (the Formulate Procedure of MODFLOW, figure 5). This
subroutine computes the exchange of water between the SW subreaches and the MODFLOW
cells and routes the SW flow for NHRR time steps. It accomplishes this by calling subroutines of
the DAFLOW model as well as two additional subroutines, SEEP and LIM SEEP.

The subroutine SEEP computes the potential exchange of water (assuming a sufficient supply
of water exists in the channel) between each subreach of the DAFLOW and the corresponding
aquifer cell. The hydraulic depth is computed as the cross-sectional area divided by the top
width. The head in the aquifer at atime centered on the SW time step is then determined if
central differencing is being used. If the aquifer head is above the elevation of the streambed
layer, then the aquifer is assumed to be in hydraulic connection with the stream and the leakage is
computed by use of equation 16. If the aquifer head is below this point, it is assumed that the
aquifer does not have hydraulic connection with the stream and the driving head on equation 16
Is changed to the negative of the sum of the depth and the bed thickness. Leakage is assumed to
be negative, in DAFLOW, when the flow is from the stream to the aquifer. Negative leakage
rates are considered to be potential values because the actual leakage may be limited by the
amount of water available in the stream.

Leakage computed in subroutine SEEP are combined with any tributary flow occurring at the
node and treated as a single tributary exchange in DAFLOW.

If flow extractions exceed the quantity of water available in the stream, the subroutine
ROUTE reduces the flow extraction to what is available.

The subroutine LIM SEEP detects any change in flow extraction and apportions the limitation
between surface-water extractions and |eakage to the aquifer. The available water isfirst given to
leakage to the aquifer and any excessis provided for SW extraction. The subroutine LIM SEEP
also accumul ates the total exchange between the stream and aquifer for all SW time steps within
aGW time step.

At the end of the SW time loop, the subroutine DAF1FM fills the leakage arrays for usein
MODFLOW, based on the accumulated exchange during all SW time steps.

Finally, acall to the DAF1BD subroutine is placed within the GW Budget Procedure of
MODFLOW. This subroutine writes selected results for the SW flow computations for each time
step by calling PRTFLW. It also calculates various budget terms for MODFLOW by calling the
subroutines UBDSV2, UBDSVA, and UBUDSV. The Fortran code for all subroutines shown in
figure5islisted in Appendix A.

IMPLEMENTATION IN THE MODULAR FINITE-DIFFERENCE GROUND-
WATER FLOW MODEL

Input files

Two input files are necessary to run DAFLOW with MODFLOW. Onefileisidentical to the
input file needed to run DAFLOW aone. It defines the physical system to be modeled, specifies
model options used for the simulation, and contains the boundary conditions as a function of
time. In DAFLOW without MODFLOW, this file must be named flow.in, and throughout this
report, it will be referred to as the flow.in file. But in the coupled version of DAFLOW and
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MODFLOW, thisfile can have any name. The name of the flow.in fileis specified in the
MODFLOW name file. The MODFLOW name file specifies al of thefilesused in a
MODFLOW simulation. One lineis used for each file, and this line consists of thefile type, file
unit, and file name. Thefile type for the flow.in file must be DAF. For example, the following
line indicates that the flow.in file will be named test.inf:

DAF 42 testinf .
The information contained in flow.in is divided into three data groups: (1) general information,
(2) branch information, and (3) boundary conditions.

Table 1 isasummary description of the input data records as required in the file flow.in.

Table 1.--Input format for the Diffusion Analogy Flow Model

Data Group 1 - General information

Record Field Variable Format Description
1 TITLE A80 Title of smulation

2 1 NBRCH 20X,110 Number of branches

3 1 NINCT 20X,110 Number of interior junctions

4 1 NHR 20X,110 Number of time steps to be modeled

5 1 JTS 20X,110 Number of time steps between midnight and the
start of the simulation

6 1 JGO 20X,110 Number of time steps between printoutsin
FLOW.OUT

7 1 IENG 20X,110 Input units [0 = metric (Iength unit is meters except
for river miles), 1 = English (length unit is feet
except river miles)]

8 1 DT 20X,F10.3 Time-step sizein hours

9 1 QP 20X,F10.0 Maximum discharge of interest (“peak discharge”),

discharge below QP/100000.0 will be considered to
be zero
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Table 1.--Input format for the Diffusion Analogy Flow Model--continued

Data Group 2 - Branch information
(one set required for each branch)
(Record 3 is repeated for each node in the branch)

Record Field Variable Format Description

1 1 NXSEC(N) 13X,13 Number of nodes (cross sections) in branch N

1 2 PF (N) 16X,F5.2  Fraction of flow at upstream junction to enter
branch N

1 3 JINCU(N) 16X,13 Junction number at upstream end of branch N

1 4  INCD (N) 8X,13 Junction number at downstream end of branch N

2 1 A Header card for information only

3 1 I 13 Node of datain record

3 2  X(N,)J) Gl14 Distance of node | of branch N from reference point
inmiles

3 3 IOUT (N,I) 12 Output flag (equal 1 if output in BLTM.OUT is
desired for this node, O otherwise)

3 4 F (N, G114 Initial flow in subreach | (between node | and 1+1)

3 5 AL(N,) G10.3 Constant A1 in equation 3 for subreach |

3 6 A2 (N, G10.3 Constant A2 in equation 3 for subreach |

3 7 AO (N, G10.3 Constant A0 in equation 3 for subreach |

3 8 SL (N,I) G10.3 Bed slope of subreach, in ft/ft or m/m

3 9 W1 (N,I) F7.1 Constant W1 in equation 4 for subreach |

3 10 W2(N,) F7.6 Constant W2 in equation 4 for subreach |

Data Group 3 — Boundary condition
(one set for each time step)
Record Field Variable Format Description

1 1 NBC 18X,13 Number of new boundary conditions to be input for
this time step

2 1 N 10X,13 Branch number for new boundary condition

2 2 I 5X,13 Node number for new boundary condition

2 3 TRB(I,N) 3X,G145 New boundary flow for branch N, node |

The first data group consists of nine records that define parametersto control the simulation.
Thetitleis specified as any combination of |etters, symbols, or numbers of up to 80 charactersin
length. It will be printed in the output file for identification purposes but otherwiseis not used.
The remaining lines of the general information are read as formatted input so it isimportant that
the numbers be placed in columns 21 to 30. The number of branchesis self evident and only the
number of interior junctions, not total junctions, isinput as the third record. An interior junction
Is one that connects two or more branches. The number of time stepsin the smulation is
calculated as the duration of the simulation divided by the SW time-step size, expressed in hours.
The time reference for the simulation is midnight of the first day of the ssmulation. Thisis
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specified to the model as the number of time steps from midnight to the start of the ssimulation.

For example, if the simulation is to begin at 06:00 hours and the time-step size is 0.5 hours, the

value specified for JTSis 6 divided by 0.5, which equals 12 time steps. The printout frequency is
specified in terms of the number of time steps between printouts. For example, if tabular flow

information is desired every 3 hours and the time-step size is 0.5 hours, the value of JGO is

specified as 3 divided by 0.5, which equals 6 time steps. The length units are specified as either

1 = English (ft) or O = metric (meter), except that the distance to node points (specified in data

group 2) isinput as either miles or kilometers. The time-step size isinput in hours. DAFLOW

uses an iterative solution scheme, such that its solutions must converge to a given tolerance.

DAFLOW assumes that discharges (cubic feet or meter per second), differencesin discharges,

and water volumes divided by the time-step size, which are less than atolerance, to be

insignificant (nearly zero). The model calculates the tolerance from a given “peak” discharge
divided by 100,000. This peak discharge should be larger than the maximum discharge expected
during the simulation. It follows that the accuracy of the model results can be no better than this
tolerance value. If the tolerance value is set too small, the program may not converge because the
tolerance is smaller than the round-off error of flows carried in computer memory.

Data group two consists of two types of records: (1) branch record, (2) node/subreach
records. The branch record specifies the number of nodes (cross sections) in the branch, the
fraction of flow at the upstream junction that enters the branch, and the upstream and
downstream junction numbers. When more than one branch originates at a junction, the water
that enters the junction is split between these outgoing branches. This is specified to the model as
the fraction of flow to enter the branch. For example, if two branches receive equal amounts of
flow from the junction, this value should be specified as 0.5 for each branch. If only one branch
receives flow from a junction (the most common case), this value is specified as 1.0.

A header line follows the branch information to define the columns of data for the nodes or
subreaches. The model ignores this line so it could be simply a blank line. The node records
define the node number, location of the node in miles or kilometers, an output flag, for each node
and the initial flow, hydraulic-geometry parameters and slope for each subreach. The hydraulic-
geometry exponents are independent of the system of units, but the hydraulic-geometry
coefficients are dependent upon the units used. The number of node-records input must equal the
number specified on the branch record. Node records are input in sequence starting with the node
1, at the upstream end of the branch. The node location is specified as the distance to the cross
section from a reference point at or above the upstream end of the branch. The initial discharge,
slope, and all coefficients apply to the subreach extending from the node for which it is specified
to the next node downstream. For example, the value of Al input for node 1 applies to the
subreach extending from node 1 to node 2. Because there is no subreach downstream of the last
node, only the river mile and output flag needs to be specified for the last node. The model is
based on the assumption that tributaries enter the stream just upstream of the node. The initial
discharge for subreach I, therefore, should include the effect of the tributary flow at node I. The
output flag (IOUT) specifies whether or not the flow information for the node is to be printed in
the output file. The data at each node is read as a free-field format, so it is not necessary to keep
the numbers in any particular column or even to line them up. It is necessary that at least one
blank space separate each number and that a number be available for each variable. Exponential
formats (see slope) are acceptable. The formats shown in Table 1 are used if the file is created
interactively using the program BDAFLOW (Jobson, 1989).
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Boundary conditions must represent the average flow during the time step. For example, the
first boundary condition should represent the average flow between time 0 and the end of the first
time step. For the first time step, all boundary conditions should be entered because DAFLOW
assumes all unspecified boundary conditions to be zero. After the first time step, however,
DAFLOW assumes all boundary conditions remain constant unless specifically changed. The
third data group is used to input boundary conditions and consists of two types of records. The
first record for each time step specifies the number of boundary conditions that have changed for
thistime step (NBC). A line for each boundary condition that has changed must follow. For
example, if NBC=0, no records are required but if NBC =5, five records must follow. The
second type of record specifies the branch number, node number, and flow for the changed
boundary condition. Data group 3 must be input for each time step of the simulation. The first
record is always required, whereas the second record is only required if one or more boundary
conditions are changed.

An example input fileis shown in figure 6 for the network shown in figure 2.

Theinput file shown in figure 6 has a header line identifying the data that is to follow. As
indicated in the next eight lines; the model has three branches and one internal junction, it will
run 5 time steps, the model starts at midnight (starts O time steps after midnight), output will be
printed every time step, English units will be used (IENG = 1), the time-step sizeis 1.0 hour, and
flows less than 1.0 ft*/s (100,000/100,000) will be considered to be insignificant. Numbers for
these variables must be placed within the columns 21 through 30 and the last two should contain
decimal points.
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Exanpl e i nput

[elelojololofole]

[elelojololoNe)

2 No. of Branches 3

3 No. of Internal 1

4 No. Tine Steps 5

5 Model Starts 0

6 Qutput G ven Every 1

7 O=Metric, 1=Englis 1

8 Tine Step Size 1. 000 Hours
9 Peak Discharge 100000. *
Branch 1 has 9 xsects & routes 1.00
Gd M/Km IQUT D sch Al

1 0.0000 0 5000. 7.00

2 0.7000 0 5000. 7.00

3 1.500 0 5000. 7.00

4 1.600 0 5000. 7.00

5 2.400 0 5000. 7.00

6 2.500 0 5000. 7.00

7 3.000 0 5000. 7.00

8 3.150 0 5000. 7.00

9 3.160 0
Branch 2 has 8 xsects & routes 1.00
Gd RMle 1QUT Disch

1 3.000 0 50.00 7.00

2 3.400 0 50.00 7.00

3 4.000 0 50.00 7.00

4 4,600 1 25.00 7.00

5 5.500 0 25.00 7.00

6 6.000 0 25.00 7.00

7 6.490 0 25.00 7.00

8 6.500 0
Branch 3 has 8 xsects & routes 1.00
Gd RMle 1QUT Disch Al

1 6.500 0 5025. 7.00

2 7.000 0 5025. 7.00

3 7.800 0 5025. 7.00

4 8.300 0 5050. 7.00

5 8.900 0 5050. 7.00

6 9.500 0 5050. 7.00

7 10.40 1 5050. 7.00

8 11.00 0
for Tinme 1 NBC= 4 *

Br anch 1 Node 1 @& 5000.0
Branch 2 Node 1 & 50. 000
Br anch 2 Node 4 = -25. 000
Branch 3 Node 4 & 25. 000
for Tine 2 NBC= 1 *

Branch 1 Node 1 = 50000
for Tine 3 NBC= 0 *
for Tinme 4 NBC= 2 *

Br anch 1 Node 1 @& 5000.0
Br anch 2 Node 4 @ 0. 00000
for Tine 5 NBC= 0 *

* Junctions
* Model ed
time steps after
Time Steps in "flow out™
*

of flowat JNCT 2 To JNCT 1

A2

. 660
. 660
. 660
. 660
. 660
. 660
. 660
. 660

of flow
A2

0. 660
0. 660
0. 660
0
0
0
0

660

. 660
. 660
. 660

of flow
A2

. 660
. 660
. 660
. 660
. 660
. 660
. 660

* X X X

0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

"flow. in" for exanple shown in figure 2
*

m dni ght .

AO Sl ope
000 0. 800E- 03
. 000 0. 800E- 03
. 000 0. 800E- 03
. 000 0. 800E- 03
000 0. 800E- 03
. 000 0. 800E- 03
. 000 0. 800E- 03
. 000 0. 800E- 03
at JNCT 3 To JNCT

AO Sl ope
. 000 0. 150E- 02
. 000 0. 150E- 02
. 000 0. 150E- 02
000 0. 150E- 02
. 000 0. 150E- 02
. 000 0. 150E- 02
. 000 0. 150E- 02
at JNCT 1 To JNCT

AO Sl ope
. 000 0. 700E- 03
. 000 0. 700E- 03
. 000 0. 700E- 03
. 000 0. 700E- 03
. 000 0. 700E- 03
. 000 0. 700E- 03
. 000 0. 700E- 03

[elelojololoNe)

WL
50
50
50
50
50
50.
50.
50.

WL
50
50
50
50
50
50.
50.

WL
50
50
50
50
50
50.
50.

efolololololo)e)
coooooo00

[eleololololoNe)

cooocooo

efololololole)
cooocooo

W

260
260
260
260
260
260
260
260

260
260
260
260
260
260
260

260
260
260
260
260
260

. 260

Figure 6. Input file, flow.in, to run the example shown in figure 2.
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The next group contains the branch and node information. The first line of this group
indicates that branch 1 contains 9 nodes and routes 100 percent of the flow at junction 2 to
junction 1. The numbers on this line need to be in the columnsindicated in Table 1. The next line
Isignored, but it is recommended to place column headings here. Following the column header is
one line of datafor each of the 9 nodes in branch 1. The first line indicates that node 1 is located
at mile 0.0, that output is not to be printed (IOUT=0), the initial discharge in the subreach (from
node 1 to node 2) is 5,000 ft*/s, and the slope and hydraulic-geometry parameters for the
subreach extending from node 1 to 2 are asindicated. Thereis no initial discharge or hydraulic-
geometry information for node 9, because these values represent subreach average values, and
the branch has only 8 subreaches.

Notice that node 9 is only 0.01 mile below node 8, thereby minimizing the reach length for
which seepage is not alowed. Branch 1 begins at the aquifer boundary, whereas branch 2 begins
upstream of the aquifer boundary and branch 3 extends below the aquifer boundary. Steady-state
conditions, with no leakage to the aquifer, are assumed to have occurred for some time before the
start of the model so theinitial discharge at node 4 of branches 2 and 3 reflects only the tributary
exchanges. The flow at node 1 in branch 3 also represents the sum of the flows at the
downstream ends of branches 1 and 2. Although assumed to be constant here, the slopes, initial
discharges, and hydraulic-geometry parameters generally will be different for each subreach and
branch. Notice a header lineis placed above the node information for each branch.

The boundary conditions follow the branch information. In this example, only 5 time steps
were assumed. All external boundary conditions (flows at exterior upstream junctions, and all
interior nodes) are assumed to be zero until given avaue in the boundary conditions section. So
four boundary conditions are needed for the first time step to define the flow at node 1 of
branches 1 and 2, and at node 4 of branches 2 and 3. All boundary conditions are read as
formatted data so it isimportant for the numbers to be in the correct columns. All boundary
conditions are assumed to remain constant until changed by new input. In this case the flow at
node 1, branch 1 is assumed to change from 5,000 to 50,000 at the beginning of the second time
step and to change back to 5,000 at the beginning of the fourth time step. The flows at branch 2,
node 1 and branch 3, node 4 are assumed to remain constant for the entire run so only the entry at
thefirst time step is needed. The flow at node 4, branch 2 changes from -25 to O at time step 4.

When DAFLOW islinked to MODFLOW, input information is required in addition to what
is contained in the flow.in file. Thisinformation is contained in afile that has file type DAFG in
the MODFLOW namefile. The first 80 characters of the first three lines of the DAFG file are
simply read in as text and printed in the MODFLOW output file for information purposes. It is
recommended that the first line contain identifying information, and the second two lines contain
column headings to identify the eight data fields that will follow. Examples of the column
headings are shown in figure 7, which contains input data for the example shown in figure 2.
Following the three header lines, eight fields of bed property and linkage information are needed
for each interior node of each SW branch. The datafields include; (1) branch number, (2) node
number, (3) bed elevation of subreach upstream of the node, (4) average bed thickness of the
subreach, (5) bed hydraulic conductivity of subreach, and (6), (7), (8) layer, row, and column
number respectively, of the cell in MODFLOW that isin hydraulic connection with the subreach.
These columns of information are read using free format so it is not important that the numbers
be in any particular column or that the numbers line up. It is necessary, however that there be at
least one blank space between each data field and that a number be available for each field. There
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must be one row of data for each interior node of each branch. For example, branch 1 contains
nine nodes so seven entries are needed, for nodes 2 through 8. Node 2 defines the ground-water
interaction for subreach 1 and GW interaction is not allowed for the last subreach. If a SW
subreach is not connected to a GW cell enter zero for the layer, row, and column numbers.

Following the bed properties and linkage information is another line of text information that
can be used to identify the three parameters that are input asthe last line of thefile. If the first
parameter (IDAFCB) is an integer less than zero, the cell-by-cell flows will be printed to the
output file, if it isan integer greater than zero they will be saved to afile. If the second parameter
(IDBG) is set to 1, extra debugging information will be written to the output file, otherwise it
will not. This parameter should normally be set to zero (not 1) because the debug information
generates alarge volume of output. The third parameter (IDAFBK) specifies whether central or
backwards differencing will be used for ground-water heads in MODFLOW. Enter a zero if
central differencing isto be used. Any integer, other than zero, causes backwards differencing to
occur. These integers can be placed in any column as long as they are separated by at least one
blank space.

Figure 7 contains an example DAFG file that could be used to run the example problem
shown in figure 2. The streambed elevations for this example are computed on the basis of the
assumption that the elevation of node 1, in branch 1 is 100 ft, and the bed slopes are as shown in
figure 6. For example, figure 2 shows that the subreach upstream of node 2 in branch 1 should be
in communication with row 1, column 1 of the aquifer, and it is assumed that only one layer is
involved. The elevation of the bed for this subreach is estimated as the elevation of the midpoint
of the subreach. So it should be the elevation of node 1 (100) minus the slope (0.0008 = 4.224
ft/mile) times one-half the subreach length (0.7 - 0.0 mile), or 98.522 ft.

Also, notice that there is no connection for node 2, branch 2 (subreach 1) with the agquifer so
zeros are entered for the layer, row, and column of the interaction. Leakage from al three
branches interact with cell 3,3. The thickness of the streambed layer is assumed to be 1.0 ft, and
the hydraulic conductivity of the bed layer is assumed to be 0.00120 ft/s for all subreaches.

Because IDAFCB is greater than zero, the cell-by-cell flows will be saved to a separate file
rather than printed to the output file. The code IDBG is not equal to 1 so the extensive debug
printout will not be listed. Because IDAFBK is not equal to zero, backwards differencing will be
used in MODFLOW.
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Exanpl e "DAFG' input for exanple shown in figure 2

Bed Bed Bed GW node of exchange
Brch Node El ev Thi ckness Conductivity Layer Row Col um
1 2 98. 522 1.0 1. 20E-01 1 1 1
1 3 95. 354 1.0 1. 20E-01 1 1 2
1 4 93. 453 1.0 1. 20E-01 1 2 2
1 5 91. 522 1.0 1. 20E-01 1 2 3
1 6 89. 651 1.0 1. 20E-01 1 2 2
1 7 88. 384 1.0 1. 20E-01 1 3 2
1 8 86. 652 1.0 1. 20E-01 1 3 3
2 2 112.788 1.0 1. 20E-01 0 0 0
2 3 108. 828 1.0 1. 20E-01 1 1 5
2 4 104. 076 1.0 1. 20E-01 1 1 4
2 5 98. 136 1.0 1. 20E-01 1 2 4
2 6 92.592 1.0 1. 20E-01 1 3 4
2 7 88.672 1.0 1. 20E-01 1 3 3
3 2 85. 728 1.0 1. 20E-01 1 3 3
3 3 83. 326 1.0 1. 20E-01 1 3 4
3 4 80. 923 1.0 1. 20E-01 1 4 4
3 5 78. 891 1.0 1. 20E-01 1 4 4
3 6 76.673 1.0 1. 20E-01 1 5 4
3 7 73.901 1.0 1. 20E-01 1 5 5

| DAFCB | DBG | DAFBK

1 0 1

Figure 7. Input file, DAFG, to run the example shown in figure 2.

Output files

The output of the DAFLOW model iswritten to two files: abltm.flw, file and the standard
output file of MODFLOW. The information in the MODFLOW output file is designed to provide
tabular information summarizing the simulation and, the bltm.flw file provides flow field
information for plotting or other post-processing programs. The bltm.flw file is specified in the
MODFLOW name file using file type DAFF.

The DAFLOW model echoes the input information from the flow.in and DAFG filesinto the
MODFLOW output file as well as presenting a summary of the simulation results at the selected
nodes and time frequency. This summary consists of the time, branch number, node number, and
the average flow during the time step at the node. If the debug option is selected (IDBG=1), a
detailed summary of the results is written to the MODFLOW output file. The debug option is
useful if aproblem is encountered with the model, and it is desired to investigate further where
and (or) why the problem is occurring. Because it generates a large volume of output, the debug
option should not be used unless specific problems are suspected.

The second output file, the bitm.flw file, contains flow information at every node for each
time step of the ssimulation. This information includes the channel flow rate, cross-sectional area,
top width, and tributary flow. The node and tributary flow represent the average flow during the
SW time step, and the area and top width represent the instantaneous val ues at the end of the
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time step, but averaged over the subreach. The cross-sectional areafor the subreach is computed
as the volume of water in the subreach divided by the length of the subreach. The width is
computed on the basis of the area and the hydraulic-geometry relations used by DAFLOW. The
information in the bltm.flw file is designed to be used to provide hydraulic information to a
transport model, like the BLTM model (Jobson and Schoellhamer, 1987), or to be used with
pOSt-processor programs.

EXAMPLE APPLICATIONS

Example 1, Streamflow resulting from variable recharge, comparison
with an analytical solution

The first example will compare simulated results with an analytical solution devel oped by
Oakes and Wilkinson (1972) using the grid and aquifer properties assumed by Prudic (1989). The
example consists of an idealized unconfined aquifer with a stream flowing north to south as
shown in figure 8. The width of the aquifer perpendicular to the stream is 4,000 ft on each side,
while the length parallel to the stream is 13,000 ft. The transmissivity, and storage coefficient of
the aquifer are 0.037 ft%/s and 0.20 respectively. The streambed thickness is assumed to be 1 foot.
The product of the streambed hydraulic conductivity and the stream width is assumed to be equal
to 0.037 ft¥/s. Other assumptions used in both the analytical solution and the model simulation
include:

The lateral boundaries of the aguifer are impermeable (no flow is allowed).

The layer beneath the aquifer are impermeable.

The stream penetrates the entire depth of the aquifer and has vertical banks.

The transmissivity and storage coefficient are constant throughout the aquifer and remain
constant in time.

The aquifer is unconfined and Darcy’s Law is valid.

The flow of ground water is horizontal.

The water level in the stream is constant along its length and with time.

The infiltration of recharge to the aquifer is instantaneous (no delay between the time
precipitation infiltrates the surface until it reaches the water table).

9. The discharge from the aquifer is only to the stream.
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Figure 8. Aquifer grid of example 1 with surface-water model grid superimposed.
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The analytical solution provides the stream discharge and the ground-water elevations as a
function of time for a system in equilibrium with the periodic recharge function shown on
figure 9. The total “annual” (360 days) recharge is 1.5 ft and is applied evenly over the aquifer.
The daily recharge rate has a sinusoidal distribution for the first 180 days and is zero for the next
180 days.
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<
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O
x
<
T
O
I L —
@

0. 00 l | l , l

0 60 120 180 240 300 360

TIME, IN DAYS SINCE START OF INFILTRATION

Figure 9. Distribution of recharge used for the analytical and numerical simulation of
example 1.

As illustrated on figure 8, the aquifer was represented in the MODFLOW model by a grid
with 39 columns and 13 rows. Each cell was 1,000 ft long and 200 ft wide, except for cells in
columns 1 and 39, which were 300 ft wide. The stream ran vertically through the center of
column 20. The initial heads in the aquifer were assumed to be the heads from the analytical
solution for time zero at the center of each cell. The annual cycle was represented in MODFLOW
by 24 stress periods, each 15-days long. Each stress period was divided into two, 7.5 day time
steps. Equilibrium conditions were assumed to have been reached after 5 annual cycles.

Assumption 7 implies that the stream has a slope of zero and a constant depth under varying
flow conditions. Such assumptions are physically impossible and can not be duplicated exactly
by DAFLOW. The DAFLOW solution is based on the assumption that the stream had a small
slope, a constant depth, and nearly constant width and area. This was accomplished by assuming
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the area and width of the stream are described by the hydraulic-geometry parameters shown in
figure 10. For these assumed hydraulic-geometry parameters, the cross-sectional area and width,
respectively, vary from 398.4 ft* and 99.60 ft at a discharge of 10 ft¥/sto 401.2 ft*and 100.3 ft at
adischarge of 20 ft%/s. Dividing each area by the top widith, yields a constant hydraulic depth of
4.00 ft. The slope, which is only used by DAFLOW to compute the diffusion of the flow waves
along the channel, was set at a small value of 0.0001. The bed elevation of each subreach in the
flow model, which is not used by the hydraulic calculations in DAFLOW, was set at a constant
value of 46.00 ft. So asfar as MODFLOW is concerned, the water surface elevation is constant at
50.000 ft for al times and locations. The contact area between the stream and the aquifer (width)
varies by about 1 percent as the discharge doubles from 10 to 20 ft*/s. For the high hydraulic
conductance chosen for this example, the results are insensitive to variations in channel width.

The DAFLOW input file, flow.in, for the example is shown in figure 10. As shown in figure
8, branch 1 begins at junction 1, which islocated at the upstream boundary of the aquifer in the
middle of column 20. Branch 1 contains 15 nodes, with 14 |located at the points where the stream
crosses the boundary between each row plus a node at junction 2, which is downstream of the
aquifer. DAFLOW is set to run for 288 time steps, each 180 hours (7.5 days) long for atotal time
of six, 360-day years. The peak discharge is set at 100 ft%/s, which indicates that DAFLOW
ignores discharges of less than 0.001 ft%/s. The first 14 nodes are spaced 0.189 miles (1,000 ft),
and output is to be listed for nodes 7 and 15. Theinitial base-flow dischargeis 10 ft*/s. The only
boundary condition is for the upstream boundary at time step 1, which sets the inflow at 10 ft¥/s.
Theinflow remains constant at 10 ft*/s for the duration of the simulation. The actual file would
have 288 entries for boundary conditions, all except the first, indicating that zero boundary
conditions are changed (NBC = 0).
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Prudi c exanple 1,
No. of Branches
I nternal Junctions
Ti me Steps Model ed
Model Starts
Qut put G ven Every
O=Metric, 1=Engl i sh
Tinme Step Size
Peak Di scharge

Branch 1 has 15 xsects & routes 1.00 of flow at JNCT 1

page

Gd M/Km |QUT D sch

1 0.0000 0 10.
2 0.1890 0 10.
3 0.3790 0 10.
4 0.5680 0 10
5 0. 7580 0 10
6 0.9470 0 10
7 1.136 1 10
8 1.326 0 10
9 1.515 0 10
10 1.705 0 10
11 1.894 0 10
12 2.083 0 10
13 2.273 0 10
14 2. 462 0 10
15 2.5 1
for Tine 1 NBC=
Br anch 1 Node
2 NBC=

for Tine

for Time 288 NBC=

00
00
00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

12
1*
O*

288 *

O time steps after midnight.
1 Time Steps in "flow out”
1*

180. 0 Hours.

100. *

Al A2 AO Sl ope
389.32 0.010 0.00 O0.100E-03
389.32 0.010 0.00 O0.100E-03
389.32 0.010 0.00 O0.100E-03
389.32 0.010 0.00 O0.100E-03
389.32 0.010 0.00 0.100E-03
389.32 0.010 0.00 O0.100E-03
389.32 0.010 0.00 O0.100E-03
389.32 0.010 0.00 O0.100E-03
389.32 0.010 0.00 O0.100E-03
389.32 0.010 0.00 O0.100E-03
389.32 0.010 0.00 O0.100E-03
389.32 0.010 0.00 O0.100E-03
389.32 0.010 0.00 O0.100E-03
389.32 0.010 0.00 O0.100E-03

10. 000 *

.33
.33
.33
.33
.33
.33
.33
.33
.33
.33
.33
.33
.33
.33

000000000 00000

010
010
010

. 010

010
010
010
010
010
010
010
010
010
010

Figure 10. Input file, flow.in, for example 1.

Information not needed by DAFLOW for a purely surface-water model is contained in the
DAFG file. A listing of thisfileis shown in figure 11. Notice that data are required for nodes 2

through 14, but not for nodes 1 or 15. The columns are not necessarily aligned. The actual format

of these datais not important as long as values are included in each data field and that the data
are separated by at least one space. The hydraulic conductivity times the stream width was
assumed to be 0.037 ft¥/s in the analytical model. The stream width is 100.0 ft so the hydraulic
conductivity isinput as 0.00037 ft/s. Only one layer is used in the ground-water model, and all
stream nodes are in column 20. Node 2 is associated with row 1, and each succeeding nodeis
associated with the next row. IDAFCB is zero, which means that cell-by-cell flows for each
stream node will not be saved to afile or written to the listing file. If IDAFCB isless than then
zero, the flows will be printed to the output file. If IDAFCB is an integer greater than zero, the

flows will be saved to afile. Because IDBG is equal to zero, the DAFLOW debug printouts will

not be written. Backwards differencing will be used in MODFLOW because IDAFBK is not

equal to zero.
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This is input for DAFLOW MODFLOW
Bed Bed

Node El ev
46. 00

B

(¢]
>

2 .00
3 46. 00
4 46. 00
5 46. 00
6 46. 00
7 46. 00
8 46. 00
9 46. 00
10 46. 00
11 46. 00
12 46. 00
13 46. 00
14 46. 00
AFCB | DBG | DAFBK
0 0 1

RPRRRPRRPRRRREPRRERRES
el
[ofefofoloYololololoYola!
WWWWWWWWWWWWW

)

Thi ckness Conductivity Layer
. 70E- 04
. 70E- 04
. 70E- 04
. 70E- 04
. 70E- 04
. 70E- 04
. 70E- 04
. 70E- 04
. 70E- 04
. 70E- 04
. 70E- 04
. 70E- 04
. 70E- 04

RPRRRPRRRRRRERRRRR

OCoO~NOUITA~WNE

GW node of exchange
Row Col um

20
20
20
20
20
20
20
20
20
20
20
20
20

Figure 11. Input file, DAFG, for example 1.

All additional input filesfor MODFLOW are shown in Appendix B.

Selected output of the MODFLOW/DAFLOW model isgiven in figure 12 for stress period

134 that is near the end of the recharge period of the final year of ssimulation. The elevations are

given for only one row because al rows have equal heads (the water surface has zero slope
paralel to the stream). This confirmed the one-dimensional nature of the MODFLOW solution.
For a given node and day of the year, the streamflows were the same for any year (within 0.01

ft%/s) after the first year of simulation. Variability in flows between the first and the last year were

generally within 0.04 ft¥/s. One note of caution may be in order. The surface-water flow results

represent the average during the SW time step and are, therefore, shown to occur at the midpoint

of the time step (Day 2007, Hour 6.0). The headsin the aquifer, on the other hand, are those

occurring at the end of the time step. For the example shown, thisisfor stress period 134, which
is at the end of day 2010 (day 210 of year 6). The difference in these timesis 3.75 days, one half

of the 7.5 day time step of the SW model.
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STRESS PERI OD NO. 134, LENGTH = 1296000.

NUMBER OF TI ME STEPS = 2
MULTI PLI ER FOR DELT = 1. 000
INITIAL TI ME STEP SI ZE = 648000. 0

RECHARGE = 0.0000000
No of DAFLOW steps per MODFLOWstep = 1
4 | TERATIONS FOR TIME STEP 1 IN STRESS PERI OD 134

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, RON COL LAYER ROW COL
-0.1856 -0.2088E-01 -0.8517E-03  -0. 1040E- 04
( 1, 13, 10) ( 1, 2, 9 ( 1, 7, 8 ( 1, 13, 1)

NO QUTPUT CONTROL FOR STRESS PERICD 134 TIME STEP 1
Day 1999 Hour 18.00 Branch Node Discharge
1 7 12. 36
1 15 15.11
No of DAFLOW steps per MODFLOWstep = 1
4 | TERATIONS FOR TIME STEP 2 IN STRESS PERI OD 134

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
-0.1803 -0.2042E-01  -0.8369E-03 - 0. 1040E- 04
( 1, 13, 9 ( 1, 2, 8 ( 1, 7, 7 ( 1, 13, 1)

QUTPUT CONTROL FOR STRESS PERI OD 134 TIME STEP 2
PRI NT HEAD FOR ALL LAYERS
Day 2007 Hour 6.00 Branch Node Discharge
1 7 12.28
1 15 14.95

HEAD I N LAYER 1 AT END OF TIME STEP 2 IN STRESS PERI OD 134

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39

61.805 61.694 61.546 61.338 61. 069 60. 739 60.346 59.889 59. 368 58. 784
58. 136 57.425 56. 655 55. 827 54.947 54.021 53. 055 52. 058 51. 039 50. 010
51. 039 52. 058 53. 055 54. 021 54.947 55.827 56. 655 57. 425 58. 136 58. 784
59. 368 59. 889 60. 346 60. 739 61. 069 61. 338 61.546 61.694 61.805

Figure 12. Selected output of the Modular Finite-Difference Ground-Water Flow model
results at stress period 134, for example 1.
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VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TIME STEP 2 I N STRESS PERI OD 134

CUMULATI VE VOLUNMES L**3 RATES FOR THI S TI ME STEP L**3/ T
I'N: I'N
STORAGE = 437817024. 0000 STORAGE = 4, 9503
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
RECHARGE = 935983168. 0000 RECHARGE = 0. 0000
DAFLOW = 0. 0000 DAFLOW = 0. 0000
TOTAL IN = 1373800190. 0000 TOTAL IN = 4, 9503
QOUT: QUT:
STORAGE = 488860480. 0000 STORAGE = 0. 0000
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
RECHARGE = 0. 0000 RECHARGE = 0. 0000
DAFLOW = 884837632. 0000 DAFLOW = 4.9488
TOTAL OQUT = 1373698050. 0000 TOTAL OQUT = 4,9488
IN - OQUT = 102144. 0000 IN- QUT = 1. 4739E- 03
PERCENT DI SCREPANCY = 0.01 PERCENT DI SCREPANCY = 0. 03
TI ME SUMVARY AT END OF TIME STEP 2 I N STRESS PERI OD 134
SECONDS M NUTES HOURS DAYS YEARS
TI ME STEP LENGTH 6. 48000E+05 10800. 180. 00 7.5000 2. 05339E-02
STRESS PERI OD Tl ME 1. 29600E+06 21600. 360. 00 15. 000 4, 10678E-02
TOTAL TI ME 1. 73664E+08 2. 89440E+06 48240. 2010.0 5.5031

Figure 12 (Continued). Selected output of the Modular Finite-Difference Ground-Water
Flow model results at stress period 134, for example 1.

The simulated streamflow at node 14 as afunction of time in comparison to the analytic
values is shown in figure 13. The simulated flows average 0.007 ft/s higher than the analytic
values, with an RM S error of 0.074 ft*/s. The maximum positive error in the simulated flow of
+0.169 ft*/s occurred at day 60 and was 1.1 percent of the instantaneous flow. The maximum
negative error of -0.090 ft*/s occurred at day 150 and represented 0.5 percent of the instantaneous
flow. Note that the computed flows have a scalloped appearance. Recharge was assumed
constant during each 15 day stress period. The flow changes rapidly at the beginning of the stress
period, but changes much more slowly near the end of the stress period.

An assumption in the analytical solution is that a change in seepage anywhere along the
stream results in an instantaneous change in streamflow at al downstream points. DAFLOW,
however, will simulate the lag time between when water enters at one point and travels
downstream to another point. The time lag is equal to the distance between the nodes divided by
the wave celerity. The wave celerity can be computed from equation 11 and varies from 2.5 ft/s
at 10 ft¥/sto 5.0 ft/s at 20 ft®/s. So the lag time for achangein inflow at node 2 to affect the flow
at node 14 varies from about 0.7 to 1.4 hours. Thislag is not significant in comparison to the
time step of 180 hours used in DAFLOW. So it can be concluded that the two-dimensional
system ssimulated by MODFLOW/DAFLOW behaves the same as the one-dimensional analytical
counterpart at thistime scale.
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Figure 13. Simulated streamflow at node 14 and the analytical solution.

The simulated time variation of the head in awell that is assumed to be in row 7, column 10,
with the variation computed by the analytical solution is shown in figure 14. The mean difference
between the analytical and simulated resultsis 0.006 ft with a standard deviation of 0.026 ft. The
maximum errors are +0.081 ft (analytical larger than simulated) on day 45, and —0.029 ft on day
360.
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Figure 14. The simulated and analytical variation of water level in a well located in
row 7, column 10 of figure 8.

Profiles of the aquifer head in row 7 on the right side of the stream on day 177, near the end
of the recharge period are shown in figure 15. Theinitia profile, on day zero is also shown to
give an indication of the approximate maximum variation of head in the aquifer. Profilesin all
rows of the aquifer are identical because of the assumptions of the stream level being constant,
uniform recharge, and no transport across the boundaries. All rows in the simulated results were
identical to within at least 0.01 ft. This further confirms that the system is behaving as the one-
dimensional analytical model. The mean error of the simulated pointsis 0.007 ft and the RMS
error is 0.026 ft.
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Figure 15. Aquifer-head profiles simulated by the Diffusion Analogy Flow model linked
to the Modular Finite-Difference Ground-Water Flow model and the analytical solution.

The small differences in the assumed discharge distribution between the analytical solution
and the simulation results, support the conclusion that the linked MODFLOW/DAFLOW
simulation model duplicated the analytical solution.

Example 2, Bank storage due to flood stages, comparison with an
analytical solution

The second example compares simulated leakage to an aquifer resulting from aflood wave
with the analytical solution developed by Cooper and Rorabaugh (1963). The example uses the
same model grid, stream, as well as streambed and aquifer characteristics as used in the first
example (see figure 8). Assumptions used in both the analytical solution and the model
simulation are a so the same as those listed for example 1 except for assumptions 9 and 10.
These are replaced with the following:

1. Therecharge to the aquifer isonly from the stream as the stream stage increases with time.
2. Thedischarge from the aquifer is aso only to the stream as the stream stage decreases with
time.
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The analytical solution does not specify a discharge but assumes the stream stage varies
during the first 30 days according to the equation:

stage = Ho + Hisin((day-7.5)21730),

in which Hp and H; are constants. It assumes the stage is constant at Ho - H; after that. The
stream stage is the driving force for the leakage. Following Prudic (1989), it is assumed that the
stage and stream depth are the same and that Hp = 10 ft and H; = 2 ft. It isaso assumed that the
stream inflow varies from a minimum of 2,000 ft¥/s to a maximum of 4,000 ft¥/s. The DAFLOW
model does not allow the width to remain precisely constant (W2 = 0) so the width is assumed to
be 100.00 ft at 3,000 ft%/s and to vary slightly (W2 = 0.01) from 99.59 ft at 2,000 ft*/s to 100.28
ft at 4,000 ft*/s. To match the assumed stages, the area must vary from 8 x 99.59 = 796.71 ft to
12 x 100.28 = 1203.37 ft* as the flow varies from 2,000 to 4,000 ft*/s. The hydraulic-geometry
parameters that provide these areas can be computed from equation 11 as Al = 8.655 and A2 =
0.595. Knowing the hydraulic-geometry parameters, the discharge for any depth can be computed
as.

Q=[ WN}/Al)ﬁl ,

where Q = discharge, D = depth. The assumed inflow at node 1 for the numerical model is as
shown in figure 16. DAFLOW was run using a one-day time step, so the inflows for any day are
based on the depth occurring at the midpoint of the day. Because discharge is not linearly related
to depth, the inflows are not distributed in a sinusoidal pattern. The inflow to the numerical
model is represented by a series of histograms of width equal to one day, whereas the flow in the
analytical model is a smooth curve.
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Figure 16. Distribution of streamflow for a 30-day flood event used in example 2.

The analytical model is one-dimensional so it solves only one row in the numerical model.
For the results of the two models to be comparable the stream depth in al rows of the numerical
model must be the same. To achieve this, the model was first run with constant hydraulic-
geometry coefficients as shown for subreach 1 in figure 17, which isalisting of the input file,
flow.in. The streamflow in the numerical model varies from node to node as leakage is
withdrawn or added to the flow. After the model was run with constant hydraulic-geometry
parameters, the peak flow in each subreach was determined, and the parameters were adjusted
such that the water depth varied between 8 and 12 ft as the flow varied from 2,000 ft%/s to the
peak flow in the subreach. The final coefficients are shown in figure 17.
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Prudi ¢ exanple 2, page 12

No. of Branches 1=

I nternal Junctions 0 *

Time Steps Mdel ed 90 *

Model Starts 0t

Qut put G ven Every 17T

O=Metric, 1=Engl i sh 1=

Time Step Size 24.00 Hours.

Peak Di scharge 4000. *

Branch 1 has 15 xsects & routes 1.00 of flow at JNCT 1 To

Gd M/KmIQUT Disch Al A2
1 0.0000 0 2000.0 8. 655 0. 595
2 0.1890 0 2000.0 8. 655 0. 595
3 0.3790 0 2000.0 8. 656 0. 595
4 0.5680 0 2000.0 8. 656 0. 595
5 0. 7580 0 2000.0 8. 656 0. 595
6 0.9470 0 2000.0 8. 586 0. 596
7 1.136 1 2000.0 8. 587 0. 596
8 1.326 0 2000.0 8. 587 0. 596
9 1.515 0 2000.0 8. 589 0. 596
10 1.705 0 2000.0 8. 589 0. 596
11 1.894 0 2000.0 8. 589 0. 596
12 2.083 0 2000.0 8. 590 0. 596
13 2.273 0 2000.0 8. 590 0. 596
14 2.462 0 2000.0 8. 590 0. 596
15 2.5 1

for Tine 1 NBC 1 *
Branch 1 Node 1 * 2004. 70

for Tine 2 NBC 1 *
Branch 1 Node 1 @* 2042. 03

for Tine 3 NBC= 1 *
Branch 1 Node 1 @* 2115. 88

for Tine 4 NBC= 1 *
Branch 1 Node 1 * 2224.52

for Tine 5 NBC 1 *
Branch 1 Node 1 * 2365. 09

for Tine 6 NBC= 1 *
Branch 1 Node 1 @* 2533. 39

for Tine 7 NBC= 1 *
Branch 1 Node 1 @* 2723.71

for Tine 8 NBC= 1 *
Br anch 1 Node 1 @* 2928. 81

for Tine 9 NBC= 1 *
Br anch 1 Node 1 @* 3140. 05

for Tine 10 NBC= 1 *
Branch 1 Node 1 @* 3347.74

for Tine 11 NBC= 1 *
Branch 1 Node 1 @* 3541. 63

for Tine 12 NBC= 1 *
Br anch 1 Node 1 @* 3711.61

for Tine 13 NBC= 1 *
Branch 1 Node 1 @x 3848. 39

for Tine 14 NBC= 1 *
Br anch 1 Node 1 @* 3944. 24

ime steps after m dnight.
ime Steps in "flow out"”

coooooo0000000

AO

.00
.00

00

.00

00
00
00
00
00

.00

00
00
00

.00

Sl ope

[eleolololololololololololoNe)

. 100E- 03
. 100E- 03
. 100E- 03
. 100E- 03
. 100E- 03
. 100E- 03
. 100E- 03
. 100E- 03
. 100E- 03
. 100E- 03
. 100E- 03
. 100E- 03
. 100E- 03
. 100E- 03

JNCT 2

92.
92.
92.
92.
92.
92.
92.
92.
92.
92.
92.
92.
92.
92.

W
306
306
306
306
306
306
306
306
306
306
306
306
306
306

[eloleolojololololololololoNe)

W

. 010
. 010
. 010
. 010
. 010
. 010
. 010
. 010
. 010
. 010
. 010
. 010
. 010
. 010

Figure 17. Input file, flow.in, for example 2.
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for Tine 15 NBC= 1 *

Branch 1 Node 1 @x 3993. 61 *
for Tine 16 NBC= 1 *

Branch 1 Node 1 * 3993. 61 *
for Tine 17 NBC= 1 *

Branch 1 Node 1 * 3944. 24 *
for Tine 18 NBC= 1 *

Branch 1 Node 1 x 3848. 39 *
for Tine 19 NBC= 1 *

Branch 1 Node 1 * 3711. 61 *
for Tine 20 NBC= 1 *

Branch 1 Node 1 @* 3541. 63 *
for Tinme 21 NBC= 1 *

Branch 1 Node 1 @* 3347.74 *
for Tine 22 NBC= 1 *

Branch 1 Node 1 @* 3140. 05 *
for Tinme 23 NBC= 1 *

Branch 1 Node 1 * 2928. 81 *
for Tine 24 NBC= 1 *

Branch 1 Node 1 &= 2723.71 *
for Tine 25 NBC= 1 *

Branch 1 Node 1 @* 2533. 39 *
for Tine 26 NBC= 1 *

Branch 1 Node 1 @x 2365. 09 *
for Tine 27 NBC= 1 *

Branch 1 Node 1 * 2224.52 *
for Tine 28 NBC= 1 *

Branch 1 Node 1 * 2115. 88 *
for Tine 29 NBC= 1 *

Branch 1 Node 1 @* 2042. 03 *
for Tine 30 NBC= 1 *

Branch 1 Node 1 @* 2004. 70 *
for Tine 31 NBC= 1 *

Branch 1 Node 1 * 2000. 00 *
for Tine 32 NBC= 0

for Tinme 90 NBC= 0

Figure 17 (continued). Input file, flow.in, for example 2.

The other input file for DAFLOW, the DAFG file, used for example 2 is the same as the one
shown in figure 11, except that the arbitrary bed elevation is changed from 46.00 to 40.00. All
additional input files for MODFLOW are shown in Appendix C for example 2.

Selected output of MODFLOW/DAFLOW is shown in figure 18 for stress period 15, the
peak inflow period. Heads in only one row are shown, but the heads in al other rows were within
0.002 ft, indicating that the system is essentially one-dimensional. As seen from the volumetric
budget for the entire model, the leakage from the stream to the aquifer averages 7.5539 ft%/s for
this stress period.
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STRESS PERI OD NO. 15, LENGTH = 86400. 00

NUMBER OF Tl ME STEPS

MULTI PLI ER FOR DELT = 1. 000

I NI TIAL TI ME STEP Sl ZE
No of DAFLOW st eps per MODFLOW step

86400. 00
=1

15 I TERATIONS FOR TI ME STEP 1 I N STRESS PERI OD 15

MAXI MUM HEAD CHANGE FOR EACH | TERATI ON

HEAD CHANGE HEAD CHANGE HEAD CHANGE HEAD CHANGE  HEAD CHANGE

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

0. 1466 0. 8551E-01  -0.6441E-01 0. 8890E-01 - 0. 5130E- 01

1, 13, 22) 1, 12, 20) 1, 13, 20) 1, 13, 20) 1, 13, 20)

0.3890E-01 -0.1791E-01  0.9673E-02 - 0. 3659E- 02 0. 1549E- 02

( 1, 13, 20) ( 1, 13, 20) ( 1, 13, 20) ( 1, 13, 20) ( 1, 13, 20)

-0. 4899E- 03 0. 1684E-03  -0.4645E-04  0.1292E-04 - 0. 3231E- 05

( 1, 13, 20) ( 1, 13, 20) ( 1, 13, 20) ( 1, 13, 20) ( 1, 13, 20)
HEAD/ DRAWDOWN PRI NTOUT FLAG = 1 TOTAL BUDGET PRI NTOUT FLAG = 1

CELL- BY- CELL FLOW TERM FLAG = 1

QUTPUT FLAGS FOR EACH LAYER

HEAD DRAVWDOWN HEAD

LAYER PRI NTOUT PRI NTOUT SAVE
I T o 0o
Day 15 Hour 12.00 Branch Node
Y-

HEAD I N LAYER 1 AT END CF

1 2 3 4 5
11 12 13 14 15
21 22 23 24 25
31 32 33 34 35

DRAVDON

SAVE

Di schar ge

3990.
3985.

TIME STEP 1 I N STRESS PERI CD 15

6 7 8 9 10
16 17 18 19 20
26 27 28 29 30
36 37 38 39

48. 000 48.000 48.000 48. 000 48.000 48.000 48. 000 48.001 48.002 48. 004
48. 009 48.021 48. 047 48.101 48.211 48.424 48.811 49.473 50.515 51. 972
50.515 49.473 48. 811 48. 424 48. 211 48. 101 48. 047 48.021 48. 009 48. 004
48. 002 48.001 48. 000 48. 000 48.000 48.000 48. 000 48. 000 48.000

Figure 18. Selected output of the Modular Finite-Difference Ground-Water Flow model

at stress period 15, for example 2.
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VOLUMETRI C BUDGET FOR ENTI RE MODEL AT END OF TIME STEP 1 I N STRESS PERI OD 15

CUMULATI VE VOLUMES L**3 RATES FOR TH S TI ME STEP L**3/ T
I N I N
STORAGE = 0. 0000 STORAGE = 0. 0000
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
DAFLOW = 7908670. 0000 DAFLOW = 7.5539
TOTAL IN = 7908670. 0000 TOTAL IN = 7.5539
QUT: QUT:
STORAGE = 7908625. 5000 STORAGE = 7.5542
CONSTANT HEAD = 0. 0000 CONSTANT HEAD = 0. 0000
DAFLOW = 0. 0000 DAFLOW = 0. 0000
TOTAL QUT = 7908625. 5000 TOTAL QUT = 7.5542
IN - QUT = 44,5000 IN - OQUT = -3.2043E- 04
PERCENT DI SCREPANCY = 0.00 PERCENT DI SCREPANCY = 0.00
TI ME SUMMARY AT END OF TIME STEP 1 IN STRESS PERI OD 15
SECONDS M NUTES HOURS DAYS YEARS
TI ME STEP LENGTH 86400. 1440.0 24. 000 1. 0000 2. 73785E-03
STRESS PERI OD Tl ME 86400. 1440.0 24. 000 1. 0000 2. 73785E-03
TOTAL TIME 1. 29600E+06 21600. 360. 00 15. 000 4. 10678E-02

Figure 18 (continued). Selected output of the Modular Finite-Difference Ground-Water
Flow model at stress period 15, for example 2.

The simulated ground-water exchange between the stream and the aquifer and the analytical
value are shown in figure 19. The mean and RM S differences on figure 19 are—0.0044 and
0.0102 ff/s respectively. The close agreement in the computed leakage values again supports the
accuracy of the linked MODFLOW and DAFLOW models.
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Figure 19. Simulated and analytical flow between the aquifer and the stream for
example 2.

For the hydraulic-geometry parameters assumed in this example, the wave celerity varies
from 4.1 to 5.4 ft/s as the discharge varies from 2,000 to 4,000 ft*/s. Thus, thelag time for a
response at node 2 to influence the flow at node 14 varies from about 0.6 to 0.8 hours. In
comparison to the 24-hour time step, thislag is expected to have minimal effect on the results.
The analytical solution isfor an aquifer of infinite width, whereas the numerical solution assumes
afinite width. It is sometime after day 30 that the head in columns 1 and 39 change from the
initial values by as much as 0.01 ft. The maximum head in these cells of 48.058 occurs at the end
of the simulation. The effect of the walls on the leakage probably would be minimal for times
less than 90 days.

Example 3, Bank storage under unsteady flow

The third example illustrates the effect of bank storage resulting from unsteady flow. The
example uses the grid and surface-water network of the third example of Swain & Wexler
(1993). This example aso illustrates the use of the model with a branched surface-water flow
system.

The hypothetical aguifer stretches 20,500 ft from north to south and 10,500 ft from east to
west. A schematic of the aquifer and surface-water grid is shown on figure 20. The aquifer has
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impermeable boundaries on the east and west, a specified-flow northern boundary, and a constant
head southern boundary. The aquifer has a transmisivity of 0.116 ft?/s, a storage coefficient of
0.20, and a constant flow across the northern boundary of 126,000 ft%/day (1.46 ft%/s). By using
21 columns and 41 rows, the MODFLOW cells are 500 ft square. The initial aquifer head is
assumed to vary uniformly from 25.6 ft at the northern boundary to 1.00 ft at the southern
boundary giving, a slope of 0.0012 (6.34 ft/mi). The ground-water model is run for 32, 30-minute
time steps.

The surface-water system consists of minor channels entering the aguifer at the northeast and
northwest corners and joining to form a single channel at a distance of 5,250 feet south of the
northern boundary, in the center of cell 11,11. This single channel flows straight south down the
center of the agquifer to the southern boundary. The channel flows areinitially zero, and a runoff
hydrograph enters each minor channel starting 30 minutes into the run.
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Figure 20. Ground-water model grid of example 3 with surface-water model grid
superimposed.
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It is assumed that the minor and main channels are typical of streamsin Missouri with
drainage areas of 10 and 30 sg mi, respectively. It is also assumed that the bed elevation of all
channels are the same asinitial surface elevation of the aquifer, so the slope of the upstream
channels is 0.000848 and the slope of the downstream channel is 0.0012. According to Jennings
and others (1994, p.99), arunoff event with an expected return period of 2 years should have a
peak flow of about 463 ft%/s for streams with the drainage area and slope of the upstream
channels. Likewise, the time of concentration can be expected to be about 2.7 hours (Jennings
and others, 1994, p.196). Based on the peak flow and lag time, the inflow hydrograph was
determined for the upstream channels by using the dimensionless hydrograph presented by Inman
(2987, p. 7).

The next task was to select hydraulic characteristics for the channels. Hydraulic-geometry
exponents of area and width were selected as 0.66 and 0.26, respectively, which are typical of
values observed for awide range of streams (Jobson, 1989, p. 7). Many studies have shown that
channel widths are correlated with the channel-forming discharge, which in turn, is often
approximated as the peak flow with areturn period of 2 years. Combining the work of
Osterkamp (1980), Kilpatrick and Barnes (1964) and Wolman and Leopold (1957), an empirical
expression for the hydraulic-geometry coefficient for width can be developed as:

W1=3.34Q> ",

in which W1 = hydraulic-geometry coefficient for width using the English system of units (ft,
ft%/s), Q. = channel forming discharge, in ft*/s, and W2 = the hydraulic-geometry exponent for
width (see equation 12). Assuming channel forming discharges of 463 and 1,000 ft¥/s, the values
of W1 are 21.1 and 26.6, respectively, for the upper and lower channels.

It was assumed that the upper and lower channels have a Mannings n of 0.035 at aflow of
250 ft*/s and 500 ft*/s respectively. Assuming AO to be zero (not a pool and riffle stream),
equation 11 yields values of Al to be 3.79 and 3.87, respectively, for the upstream and
downstream channels. As the discharge increases from 50 to 450 ft*/s in the upstream channels,
the velocity, width, and depth increase from 1.0 to 2.1 ft/s, 58 to 103 ft, 0.86 to 2.1 ft,
respectively. The width depth ratio decreases from 67 to 50. Likewise, as the discharge in the
lower channel increases from 100 to 1,000 ft*/s, the velocity, width, and depth increase from
1.2 to 2.3 ft/s, 88 to 160 ft, and 0.9 to 2.3 ft, respectively. The width depth ratio decreases from
96 to 69.

The input file flow.in (example3.inf) used for example 3 is shown in figure 21. Notice the
model has 3 branches, and 1 internal junction (that must be numbered 1). The flow model isrun
for 64 time steps, each 0.25 hourslong, (2 for each MODFLOW time step). The output is written
every time step. Because the MODFLOW model isrun for 32 time steps, the surface-water
output is written twice for each MODFLOW time step. The peak discharge is set at 1,000 ft*/s, so
any flow of less than 0.01 ft¥/swill be ignored. Branch 1 has 13 nodes (xsects) with the first
being at the northern boundary of the aquifer and node 12 being at mile 1.406 (7,423.7 ft from
the northern boundary and 0.9 ft from the center of cell 11,11). Subreach 11, which is upstream
of node 12, isthe last subreach for branch 1 that interacts with the aquifer, so node 13 is located
only a short distance downstream. The slopes of branch 1 (0.000848) and branch 3 (0.0012) yield
the same north-south fall astheinitial aquifer head.
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Example 3

2 No. of Branches 3 *

3 No. of Internal 1 * Junctions

4 No. Time Steps 64 * Mbodel ed

5 Model Starts O tinme steps after m dnight.

6 Qut put G ven Every 1 Time Steps in "flow out"

7 O=Metric, 1=Engli sh 1=

8 Tine Step Size 0. 250 Hours.

9 Peak Discharge 1000. *

Branch 1 has 13 xsects & routes 1.00 of flow at JNCT 2 To JNCT 1

Gd M/KmIQUT Disch Al A2 AO Sl ope W W
1 0.0000 0O 0.000 3.79 0. 66 0. 000 0. 848E- 03 21.1 0.26
2 0.1340 0O 0.000 3.79 0. 66 0. 000 0. 848E- 03 21.1 0.26
3 0.2680 0O 0.000 3.79 0. 66 0. 000 0. 848E-03 21.1 0.26
4 0.4020 0O 0.000 3.79 0. 66 0. 000 0. 848E- 03 21.1 0.26
5 0.5360 0O 0.000 3.79 0. 66 0. 000 0. 848E- 03 21.1 0.26
6 0.6700 0O 0.000 3.79 0. 66 0. 000 0. 848E- 03 21.1 0.26
7 0.8040 0O 0.000 3.79 0. 66 0. 000 0. 848E- 03 21.1 0.26
8 0.9370 0O 0.000 3.79 0. 66 0. 000 0. 848E- 03 21.1 0.26
9 1.071 0O 0.000 3.79 0. 66 0. 000 0. 848E-03 21.1 0.26
10 1.205 0O 0.000 3.79 0. 66 0. 000 0. 848E- 03 21.1 0.26
11 1.339 0O 0.000 3.79 0. 66 0. 000 0. 848E-03 21.1 0.26
12 1.406 1 0.000 3.79 0. 66 0. 000 0. 848E- 03 21.1 0.26
13 1.410 0

Branch 2 has 13 xsects & routes 1.00 of flow at JNCT 3 To JNCT 1

Gd M/KmIOUT D sch Al A2 AO Sl ope W W
1 0.0000 0O 0.000 3.79 0. 66 0. 000 0. 848E- 03 21.1 0.26
2 0.1340 0O 0.000 3.79 0. 66 0. 000 0. 848E-03 21.1 0.26
3 0.2680 0O 0.000 3.79 0. 66 0. 000 0. 848E- 03 21.1 0.26
4 0.4020 0O 0.000 3.79 0. 66 0. 000 0. 848E-03 21.1 0.26
5 0.5360 0O 0.000 3.79 0. 66 0. 000 0. 848E- 03 21.1 0.26
6 0.6700 0O 0.000 3.79 0. 66 0. 000 0. 848E-03 21.1 0.26
7 0.8040 0O 0.000 3.79 0. 66 0. 000 0. 848E- 03 21.1 0.26
8 0.9370 0O 0.000 3.79 0. 66 0. 000 0. 848E-03 21.1 0.26
9 1.071 0O 0.000 3.79 0. 66 0. 000 0. 848E- 03 21.1 0.26
10 1.205 0O 0.000 3.79 0. 66 0. 000 0. 848E-03 21.1 0.26
11 1.339 0O 0.000 3.79 0. 66 0. 000 0. 848E- 03 21.1 0.26
12 1.406 0O 0.000 3.79 0. 66 0. 000 0. 848E-03 21.1 0.26
13 1.410 0

Branch 3 has 33 xsects & routes 1.00 of flow at JNCT 1 To JNCT 4

Gd M/KmIQUT Disch Al A2 AO Sl ope W W2
1 0.0000 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
2 0.0470 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
3 0.1420 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
4 0.2370 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
5 0.3310 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
6 0.4260 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
7 0.5210 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
8 0.6160 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
9 0.7100 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
10 0. 8050 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
11 0. 9000 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
12 0.9940 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
13 1.089 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
14 1.184 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
15 1.278 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
16 1.373 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
17 1. 468 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
18 1.563 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
19 1.657 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26
20 1.752 0O 0.000 3.87 0. 66 0. 000 1. 200E- 03 26.6 0.26

Figure 21. Input file, flow.in, for example 3.
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. 200E- 03
. 200E- 03
. 200E- 03
. 200E- 03
. 200E- 03
. 200E- 03
. 200E- 03
. 200E- 03
. 200E- 03

26.
26.
26.
26.
26.
26.
26.
26.
26.
26.
26.
26.

(NN NN eorNerNorNorNeo)NerNerNep]

coooo00000000

26
26
26

. 26

26
26
26
26
26

. 26

26

. 26

Figure 21 (continued). Input file, flow.in, for example 3.



for Tine
Br anch
Br anch
for Tinme
Br anch
Br anch
for Tine
Br anch
Br anch
for Tine
Br anch
Br anch
for Tine
Br anch
Br anch
for Tine
Br anch
Br anch
for Tine
Br anch
Br anch
for Tine
Br anch
Br anch
for Tine
Br anch
Br anch
for Tine
Br anch
Br anch
for Tine
Br anch
Br anch
for Tine
Br anch
Br anch
for Tine
Br anch
Br anch
for Tine
Br anch
Br anch
for Tine
Br anch
Br anch
for Tine
Br anch
Br anch
for Tine
Br anch
Br anch
for Tine

for Tine

19 NBC=
1 Node
2 Node

20 NBC=
1 Node
2 Node

21 NBC=
1 Node
2 Node

22 NBC=
1 Node
2 Node

23 NBC=
1 Node

64 NBC=

R TRR TRR TR TR TR TR TRR TR TRE TRE TRE TRP TRR TRR TR TR T

O *

207.
207.

174.
174.

149.
149.

128.
128.

111.
111.

94.
94.

81.
81.

71.
71.

63.
63.

54.
54.

46.
46.

38.
38.

30.
30.

22.
22.

14.
14.

7.0
7.0

0.
0.

30
30

90
90

20
20

60
60

40
40

320
320

800
800

710
710

100
100

560
560

350
350

490
490

640
640

790
790

940
940

870
870

000
000

Figure 21 (continued). Input file, flow.in, for example 3.
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The other input file for DAFLOW, the DAFG file, used for example 3 is the shown in figure
22. As before, notice that there are three lines of text at the beginning and that the bed elevation,
bed thickness and hydraulic conductivity are defined for each interior node (2 through 12, or 2
through 32). The bed elevation represents the elevation of the subreach, upstream of the node, at
the midpoint of the ground-water cell. The ground-water cell that interacts with this subreach is
identified in the last three columns. The format of the datais not important, but each column
must be separated by at least 1 blank space. Following the bed interaction datais one line of text
identifying the three flags input on the last line of thefile. In this case, the print code for
MODFLOW (IDAFCB) is 44, which means that the MODFLOW budget information is stored in
file 44. The debug output option (IDBG) is set to zero, so the debugging information is not
printed, and central differencing is used for ground-water head, (IDAFBK=0).
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This is input for
Bed

B

(¢]
>

NRRRPRRRPRRR R e e z
oomﬂmmbwwHoomﬂmmbwwMHoomﬂmwwaNHoomﬂmmwaQ
%)

WWWWWWWWWWWWWWWWWWWWwWWWWWWWWWWWNNNNNNNNDNNNRPRRPRRRPRRRERRT

~—
~0

0 0

N
(63}

El ev
25.
24.
24.
23.
22.
22.
21.
21.
20.
19.
19.
25.
24.
24.
23.
22.
22.
21.
21.
20.
19.
19.
19.
18.
18.

300
700
100
500
900
300
700
100
500
900
300
300
700
100
500
900
300
700
100
500
900
300
300
700
100

. 500
. 900
. 300
. 700
. 100
. 500
. 900
. 300
. 700
. 100
. 500
. 900
. 300

. 700
. 100
. 500
. 900

300

. 700
. 100
. 500
. 900
. 300

700

. 100
. 500
. 900

300

AFCB | DBG | DAFBK

DAFLOW MODFLOW
Bed GW node of exchange
Thi ckness Conductivity Layer Row Col um

o e T ek ol et ot S O T a n a a k a  ak anl a a a  all l a
0000000000000 00000000000000000000000000000000000000O0

. 00

PRRRPRRPRRPRRPRPRRPRRPRPRRRPRRPRPRRPRPRRPRRPRRPRPRRRPRRPRPRRPRRPRRPRRPRRPRRRPRRPRRPRRERRPRRRERRRRERRER

. 00E- 04 1 1 1
. 00E-04 1 2 2
. 00E- 04 1 3 3
. 00E-04 1 4 4
. 00E- 04 1 5 5
. 00E-04 1 6 6
. 00E- 04 1 7 7
. 00E-04 1 8 8
. 00E- 04 1 9 9
. 00E-04 1 10 10
. 00E- 04 1 11 11
. 00E-04 1 1 21
. 00E-04 1 2 20
. 00E-04 1 3 19
. 00E- 04 1 4 18
. 00E-04 1 5 17
. 00E- 04 1 6 16
. 00E-04 1 7 15
. 00E- 04 1 8 14
. 00E-04 1 9 13
. 00E- 04 1 10 12
. 00E-04 1 11 11
. 00E- 04 1 11 11
. 00E-04 1 12 11
. 00E- 04 1 13 11
. 00E-04 1 14 11
. 00E-04 1 15 11
. 00E-04 1 16 11
. 00E- 04 1 17 11
. 00E-04 1 18 11
. 00E- 04 1 19 11
. 00E-04 1 20 11
. 00E-04 1 21 11
. 00E-04 1 22 11
. 00E-04 1 23 11
. 00E-04 1 24 11
. 00E- 04 1 25 11
. 00E-04 1 26 11
. 00E- 04 1 27 11
. 00E-04 1 28 11
. 00E- 04 1 29 11
. 00E-04 1 30 11
. 00E- 04 1 31 11
. 00E-04 1 32 11
. 00E- 04 1 33 11
. 00E-04 1 34 11
. 00E- 04 1 35 11
. 00E-04 1 36 11
. 00E- 04 1 37 11
. 00E-04 1 38 11
. 00E- 04 1 39 11
. 00E-04 1 40 11
. 0O0E- 08 1 41 11

Figure 22. Input file, DAFG, for example 3.
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All additional input filesfor MODFLOW are shown in Appendix D for example 3.

Selected output of MODFLOW/DAFLOW is shown in figure 23 for the MODFLOW time
steps 6 and 11. At time step 6 (hour 2.5-3.0), the inflow at the upstream boundary is near the
peak (figure 24), and thereisno flow in the lower part of the downstream branch. Nine iterations
arerequired (figure 23) for convergence during this time of rapidly changing conditions. The
leading edge of the hydrograph is near node 4 in branch 3 for the first half of the MODFLOW
time step. It isnormal for very small negative streamflow to be computed as the hydrograph
advances over adry bed. The negative values are caused by truncation errorsin the approximate
solution. The warning messages may occur for each iteration, but only the values for one iteration
are shown in figure 23. The negative values should remain less than the flow tolerance selected
for DAFLOW, which in this case 0.01 ft%/s. The step number shown in the negative flow warning
represents the DAFLOW time step within the MODFLOW time step. The output indicates that
the streamflow at branch 1, node 12 is only 27.5 ft%/s during the first half of the MODFLOW
time step, but increases to 153.9 ft*/s during the second half of the time step. The streamflow is
zero at the downstream end of branch 3 for the entire time step. As can be seen from the
volumetric budget, between hours 2.5 and 3.0, the average seepage from the stream to the aquifer
is 16,130,487 ft*/day, or 187 ft*/s. The seepage from the aquifer to the stream is virtually zero
(0.0049338 ft%/day).

During time-step 11 (hours 5.0-5.5), most of the flow has entered the system, and the leading
edge of the hydrograph has passed the downstream boundary. The entire channel has some flow,
and there are no negative flow warnings. Conditions are still changing rapidly, so 7 iterations are
required for convergence. Seepage from the stream to the aquifer (15,748,558 ft*/day = 182 ft%/s)
is less than the maximum value of 278 ft*/s which occurred between hours 3.5 and 4.0. Thisis
the first time step for which significant return flow (1.26 ft*/s) occurs from the aquifer to the
stream.
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MODFLOW

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

DAF test problem

1 LAYERS 41 ROA5 21 COLUWNS
MODEL TIME UNIT IS DAYS
MAXI MUM OF 21 WELLS
No of DAFLOW steps per MODFLOW st
Conput ed negative fl ow of
Conput ed negative fl ow of
9 TOTAL | TERATI ONS

ep = 2

QUTPUT CONTROL FCOR STRESS PERIOD 1 TI ME STEP 6

Day 1 Hour 2.63 Branch Node
1 12
3 32
Day 1 Hour 2.88 Branch Node
1 12
3 32

VOLUMETRI C BUDGET OF ENTI RE MODEL, END OF TI ME STEP 6, STRESS

Di schar ge
27.50
0. 0000
Di schar ge
153.9
0. 0000

-0.359E-05 at step 1 branch 3 node 4
-0.207E-02 at step 2 branch 3 node 7

PERI CD 1

CUMULATI VE VOLUMES L**3
I N:
STORAGE = 0. 0000
CONSTANT HEAD = 0. 0000
WELLS = 15750. 0000
DAFLOW = 666534. 6250
TOTAL | N = 682284. 6250
QUT:
STORAGE = 666548. 9380
CONSTANT HEAD = 15750. 0010
VELLS = 0. 0000
DAFLOW = 1. 0349E-04
TOTAL QUT = 682298. 9380
IN - OQUT = -14. 3125
PERCENT DI SCREPANCY = 0. 00

7 TOTAL | TERATI ONS

STORAGE
CONSTANT HEAD
VEELLS

DAFLOW

TOTAL I'N

QUT:

STORAGE
CONSTANT HEAD
VEELLS

DAFLOW

TOTAL OUT

IN - OUT =

PERCENT DI SCREPANCY =

OUTPUT CONTROL FOR STRESS PERIOD 1 TI ME STEP 11

Day 1 Hour 5.13 Branch Node
1 12
3 32
Day 1 Hour 5.38 Branch Node
1 12
3 32

Di schar ge
232. 7
320.1

Di schar ge
205. 8
421.1

L**3/T

0. 0000

0. 0000
126000. 0000
16130487. 0000
16256487. 0000

16130926. 0000
126000. 0080
0. 0000

4. 9338E- 03
16256926. 0000

-439. 0000
0. 00

Figure 23. Selected output of the Modular Finite-Difference Ground-Water Flow model

at end of time steps 6 and 11, for example 3.
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VOLUMETRI C BUDGET OF ENTI RE MODEL

CUMULATI VE VOLUNMES

I'N:
STORAGE = 9933.
CONSTANT HEAD = 0
WELLS = 28875.
DAFLOW = 2892877.
TOTAL I N = 2931685.

QUT:
STORAGE = 2900506.
CONSTANT HEAD = 28990.
WELLS = 0.
DAFLOW = 2264.
TOTAL QUT = 2931761.
IN- OUT = -75.

PERCENT DI SCREPANCY =

2813

. 0000

0000
0000
2500

5000
2402
0000
2395
0000

7500
0.00

END CF TI ME STEP 11, STRESS PERIOD 1

I N:
STORAGE = 473831
CONSTANT HEAD = 0.
VELLS = 126000.
DAFLOW = 15748558.
TOTAL I N = 16348389.

QUT:
STORAGE = 16113922.
CONSTANT HEAD = 130356.
VELLS = 0.
DAFLOW = 108683.
TOTAL QUT = 16352961.
IN- QUT = -4572

PERCENT DI SCREPANCY =

1880
0000
0000
0000
0000

0000
0080
0000
4840
0000

0000
-0.03

Figure 23 (continued). Selected output of the Modular Finite-Difference Ground-Water
Flow model at end of time steps 6 and 11, for example 3.

The channel flow at the upstream and downstream boundaries of the system aswell as at the
upstream end of Branch 3 are shown in figure 24. The flow distribution that would have occurred

if the stream/aquifer interaction had not occurred is al'so shown as dashed lines to illustrate the

effect of bank storage on the flow hydrograph.
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Figure 24. Flow distribution at selected points of the channel in example 3, illustrating
the bank-storage effect on the flow hydrograph.
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The effective flow into and out of the aquifer as afunction of timeis shown in figure 25.
These values were obtained from the volumetric budget of the entire model shown in the
MODFLOW output (figure 23). The peak flow into the aquifer of nearly 300 ft%/s occurs at about
hour 4, which corresponds to the time that the peak channel flow is near the junction. The flow
into the aquifer accounts for most of the attenuation in peak channel flow between the upstream
boundary and the junction. Return flow from the aquifer begins in the upstream reaches alittle
after hour 4, after the flow at the upstream boundary has been reduced to about half of its peak
value. The flow out of the aquifer peaks between hour 9 and 10 after the channel flow at the
downstream boundary iswell past its peak.

100 | | 1 | I | 1
- Out of aquifer _
A -
Lt})J — Netflow_/ —_
x
L - -
o
E - —
o -100 |— —
O - —
7a)
8 - —
=z — Into aquifer =
% = 200 - —
T — -
-300 | | | | | | |
0 4 8 12 1€

TIME, I N HOURS

Figure 25. Flow into and out of the aquifer of example 3 as a function of time.
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SUMMARY

Computer models are widely used to simulate ground-water flow, aswell asflow in rivers
and streams, for evaluating and managing water resources. To facilitate the ssmulation of the
interaction of surface water and ground water, the surface-water flow model (DAFLOW) was
linked to the modular, finite-difference, ground-water flow model (MODFLOW). The linkage
was accomplished by separating the code of the DAFLOW model into a group of subroutines
that can be called by MODFLOW. The subroutines were structured such that multiple DAFLOW
time steps can be run iteratively for asingle MODFLOW time step, and the leakage to each
ground-water cell is averaged over the MODFLOW time step.

The DAFLOW model, which solves the diffusive-wave form of the surface-water flow
equations, is designed to simulate flow in upland stream systems where flow reversals do not
occur, and backwater conditions are not severe. If these two conditions are satisfied, the
DAFLOW model can be applied with good accuracy using minimal field data.

This report documents the modifications to the DAFLOW model needed for it to be linked to
the MODFLOW package, describes the calls necessary to implement DAFLOW with
MODFLOW, and describes the input files necessary to run DAFLOW with MODFLOW. Three
example applications illustrate the information contained in the output files and allow the user to
assess the accuracy of the solutions of the combined models.
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APPENDIXES
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APPENDIX A. SOURCE CODE FOR DAFLOW SUBROUTINES

The stand-alone version of DAFLOW consists of a main program and a series of subroutines.
This code is normally stored in three primary files, called daflow.for, gutsdaf.for, and rtedaf.for.
Two additional files, which are included in the code by use of INCLUDE statements, must also
be available. These files are params.inc and startdaf.com. When used with MODFLOW, the main
program is replaced by additional subroutines that perform the ground-water specific functions.
Thisfileis called daf1.for. An additional include file called ground.com is also needed.

All USGS hydrologic analysis software is available for electronic retrieval by means of either
the World-Wide Web (WWW) at http://water.usgs.gov/software or by anonymous File Transfer
Protocol (FTP) from water.usgs.gov in the /pub/software/surface water directory.

In addition to the electronically available information, al codeis listed below, in the
following order: daflow.for, gutsdaf.for, rtedaf.for, daf1.for, params.inc, startdaf.com, and
ground.com.
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0000000000000 00000O0O0 0000000 000000 00000000000 000

2000
2010
2020
2030

000000000

Code in the file daflow.for

*axxscxxksxs Npdul ar MULTI PLE BRANCH UPLAND FLOW MODEL * %%k xskx
PROGRAM  DAFLOW

+++++++++++++PURPCSE + + + + + + + 4+ + ++ + + + + +
**%*x* This programuses a variable DF=Q'(1-W2)/(2 WL S) *****x%¥x
Thi s program assunes A=AC+Al(Q**A2), conputes celerity from dQ dA,
and conserves nass to conpute the average flow at the nodes.

Al'l boundry conditions represent the average during the time step.
The first BC represents the flowfromtine 0 to Dt, for exanple.

Di spersion is nodel ed by nixing at shocks over a dispersion distance.
The Qis at the node point with QT occuring just upstream of node.

++ 4+ 4+ ++ +++++ + + + PARAMETERS + + + + + + + + + + + + +
| NCLUDE ' par ams. i nc’

NOBR - Maxi mum nunber of branches allowed in nodel
NOSC - Maxi mum nunber of cross sections (nodes) allowed in branch
NOSH - Maxi mum nunber of shocks allowed in branch

(NCSH shoul d be at |east 4 tinmes NOSC)

+++++++++++COMNS +++++++++++++++++ +
I NCLUDE * st ar t daf . com

+++++++ + + + + COMON DEFINTIONS (startdaf.com + + + + + +
F(I,N) FI(1,N) I DBG NBRCH NHR NS NSI NXSEC(N) PX(I,N)

PXI(I, Ny TF(I,N) TFI(I, N V(I,N

++++++++ + + + + LOCAL VARIABLES + + + + + + + + + + + + +

I NTECER I, I ERR I NX, J, JCD( NOBR) , JN, K, LUI N, LUOT, LUFLW N, NN, NCD( NOBR)
REAL VO
CHARACTER* 64 VERSN

++++++++ + + + LOCAL DEFINNTIONS + + + + + + + + + + + + +
| ERR Error code | ERR<20 for warning, |ERR>20 fatal

(1=DL too large, 21=too nmany shocks)
JCD(M Code for junction mxing (0=m xed, 2=not mi xed,

1=not all inflows known)

JN Junction bei ng updat ed
N Branch bei ng routed
NCD( N) Branch code (O=routed, 1=not routed)
VO Vol une in subreach at beginning of tinme step

++++++++++++INTRINSICS + + + + + + + + 4+ + + + + + + +

++++ ++ ++++ + EXTERNALS + + + + + + + + + + + + + + + + +
EXTERNAL STARTDAF, GETBC, PRERTE, SETINVL, RTBR, FGQ SETJV2, PRTFLW

++++++++++++ INPUT FORVATS + + + + + + + + + + + + + + +

+ ++++++++++++ + QUTPUT FORMATS + + + + + + + + + + + +
FORVAT(’ Sonmet hing wong in subroutine STARTDAF )

FORVAT(’' Warning DL>C DT in branch’,13,’. Increase DI to snooth.’)
FORMAT(’ Something wong in subroutine ROUTE for tine',I5)

FORMAT (' Too many shocks in branch',13,” at J=",15)

++++++++++ + ENDSPECIFICATIONS + + + + + + + + + + + +

uni X what information

I NCLUDE ' versn.inc’

VERSN = ' @#) DAFLOW - | ast nodified June 24, 1998, hej’
correction in conputing range of possible mxed G - hej

notice to user
WRI TE(*, *)’ DAFLOWIis dinensioned for:’

WRI TE(*, *)’ ", NOBR, ' Branches’
WRI TE(*, *)’ ", NOSC, ' Cross sections per branch’
WRI TE(*, *)’ ", NOCSH, ' Shocks per branch’
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(eXe!

(eXe!

(eXe!

O 0000 O

C

10

40
50

¥xkxxxkF*xk* Gat unit nunbers and open required data files ****x**x*
LUl N=15

LUOT=LUI N+1

LUFLWELUI N#+-2

OPEN (LU N, FILE=' flow.in’)
OPEN (LUOT, FI LE= f| ow. out )
OPEN (LUFLW FILE= bl tm flw )

notice to user
WRI TE(*,*)’ This programreads "flowin" "’
WRI TE(*,*)" It wites the files "flow out” and "bltmflw"’

EIE IR IR I I I I Zero arrays and prellmnarles EE R R I I S I I R I I
| ERR=0
CALL STARTDAF (IERR, LUFLW LUI N, LUOT)
| F(1 ERR. GT. 20) THEN
WRI TE( LUCT, 2000)
GO TO 900
END | F

| DBG=0
WRI TE(*, *)’ Do you want the debug statenents, ',
$ "0 or N=no, 1 = yes’
READ( *,’ (110)' , ERR=10) |
| DBG=I
CONTI NUE
R I I S S o O O O Start tlrre Ioop R R S S I O
CALL PRERTE
DO 100 J=1, NHR
WRI TE(*,*)’ Starting tine step’,J
R R I O I Read boundary COﬂdItIOﬂS LR R R I S I o O
CALL GETBC (I ERR, J, LU N, LUQT)
I F(1 ERR. GT. 20) GO TO 900
khkkhkkhkhkkkhkkhkhkhkhkkhkhkhhkkkk*k Route EE R R R R R R R R S
CALL SETJNVL (JCD, NCD)
DO 50 NN=1, NBRCH
CALL RTBR (I ERR, LUQCT, J, JCD, JN, N, NCD)
| F(I ERR. EQ 1) THEN
VRI TE(*, 2010) N
WRI TE( LUOT, 2010) N
END I F
| F(1 ERR. GT. 20) THEN
VRl TE( LUOT, 2020) J
| F(I ERR. EQ 21) WRI TE( LUOT, 2030) N, J
GO TO 900
END I F
I NX=NXSEC( N) - 1
DO 40 I=1,1NX
| F(J. EQ 1) THEN
VO=VI N( 1, N)
ELSE
VO=V(1, N)
END | F
CALL FG&Q (I, J, LUCT, N, VO
CONTI NUE
CALL SETJV2 (JCD, JN, NCD)
CONTI NUE
kkkhkkhkkkkhkhkhkhkhkkhhkhkkkk*k Wlte results

Rk Rk S R IR b ok Ik b O b S SRR O o

C

100
900

CALL PRTFLW ( LUFLW LUOT)
CONTI NUE
EE R IR SR I S I I T G Ose fl | es EE R R O I S I T I I I
CLOSE( LUI N)
ENDFI LE( LUOT)
CLOSE( LUOT)
ENDFI LE( LUFLW
CLOSE( LUFLW
STOP
END
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Code in the file gutsdaf.for
SUBROUTI NE STARTDAF (| ERR, LUFLW LUI N, LUQT)

+++++++++++++PURPCSE + + + ++++ + 4+ ++ + + + + +
kkkkkkkkhkkkk*k Thls subroutl ne Stal’tS DAFLON**********************
DAFLOW uses a variable DF=Q*(1-W2)/(2 W S) and assunes
A=AO+AL(Q**A2), conputes celerity fromdQ dA, conserves nass to
conpute the average flow at the nodes. All boundry conditions
represent the average during the tine step. The first BC represents
the flow fromtime O to Dt, for exanple. Dispersion is nodel ed by
m xi ng at shocks over a dispersion distance.

The Qis at the node point with QT occuring just upstream of node.

+++ +++++++++ + + PARAMETERS + + + + + + + + + + + + +
I NCLUDE ’ par ams. i nc’

NOBR - Maxi mum nunber of branches allowed in nodel
NOSC - Maxi mum nunber of cross sections (nodes) allowed in branch
NOSH - Maxi mum nunber of shocks allowed in branch

(NCSH shoul d be at |east 4 tines NOSC)

00000000 000000 000000000000 O

+++++++++++COMNS +++++++++++++++ + + +
I NCLUDE ' st artdaf. comni

++++++ + + ++ COWON VARIBLES (startdaf.conm) + + + + + + +
AQ(I, N AL(I,N A2(1,N F(K,N FI(K,N DT IENG I QUT(I,N)

JNCD(N) JNCU(N) JGO JTS NBRCH NHR NHRR NJINCT NS('N) NSI(N) NXSEC( N)
PF(N) PX(K,N) PXI(K,N Q@ SL(I,N) TF(I,N TFI(I,N TIME VIN(I,N)
VI WL(I,N) V(l,N) X(I,N) XFACT
++++++++++ + + LOCAL VARRABLES + + + + + + + + + + + + +
| NTEGER I, 1 ERR, J, K, LUFLW LUI N, LUCT, N

REAL A AA

C CHARACTER* 64 VERSN
CHARACTER*80 TI TLE
C
C ++ +++++ ++ + + LOCAL DEFINNTIONS + + + + + + + + + + + + +
C | ERR Error code (0=ok, 20<stop as gracefully as you can)
C TITLE Title of program (80 characters nmax)
C
C ++++++++++++[INTRINSICS + + + + + + + + + + + + + + + +
I NTRINSI C FLOAT
C + + 4+ 4+ + + ++ + + + EXTERNALS + + + + + + + + + + + + + + + + +
C
C

++++++++++++ INPUT FORVATS + + + + + + + + + + + + + + +
1000 FORMAT (A)
1010 FORMAT (20X, 110)
1020 FORMAT (20X, F10. 3)
1030 FORMAT (13X, 13, 16X, F5.2,16X,13,8X%,13)

C

C + 4+ 4+ +++++++++++ OUTPUT FORMATS + + + + + + + + + + + +

2000 FORMVAT (1X, A7)

2010 FORVAT (' The',13,’ Branch Model with',13,’ Internal Junctions’,
# " isrun',15 ' Tine Steps each’,F5.2,” hours long.")

2020 FORMAT (' The Model starts at’,F6.2,’ hours past mdnight.’)
2030 FORMAT (' The node output is given in "bltmout"” every ,14

# " time steps.’)
2040 FORMAT (' Input units are Metric (Meters & river kilometers’)

2060 FORVAT Wdth=W(Q**W')
2070 FORMAT (' Cross sectional area = AOFAL(Q*A2)’

(
(
( i i \ !
2050 FORMAT (' Input units are English (feet and river nmles)’)
E )
2080 FORMAT (' AO = Cross sectional area at zero flo
* 7

")
2090 FORMAT (/,28X,’* * * |INITIAL CONDITIONS * * )
2100 FORMAT (/,’ node M /km Disch Area Wdth 7,
$ " Sl ope Al A2 WL "
$ W AO )
2110 FORMAT (/,’ Branch’',14,’ Extends fromJINCT ,13,” to JNCT', I3,
$ " and receives’',F5.2," of flowat JNCT',13,/)

2120 FORMAT (15, F8. 2, 9GL1. 4)
2130 FORMAT (/,25X,’* * * QUTPUT * * *' /)
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3000 FORMAT (315, 4E18. 5)

000000000

C
C

(eXe]

Cc

30
40

50
60

++++++++++ + ENDSPECIFICATIONS + + + + + + + + + + + +

uni x what infornation

| NCLUDE ' versn.inc’

VERSN = ' @ #) DAFLOW - | ast nodified June 27, 1997 hej ’
VERSN = Witten by HEJ on March 11, 1998

Rk R I b R R Zero arrays and prellmnarles Rk Rk S b R R
NHRR=1
DO 40 N=1, NOBR

T
Al
Z

I

o

ol

3
:

zs-zzzz
EEIye
co~o®°doooo

E
o

e
o

N)
PX(K, N)
PXI (K, N) =0. 0
CONTI NUE
CONTI NUE

Rk R R b R IR kI o I O Read conmon Input Rk R I b R Ik O S S R Rk

READ( LUI N, 1000) TI TLE
WRI TE( LUOT, 2000) TI TLE

READ( LUI N, 1010, ERR=900) NBRCH

READ( LUI N, 1010, ERR=900) NJNCT

READ( LUI N, 1010, ERR=900) NHR

READ( LUI N, 1010, ERR=900) JTS

READ( LUI N, 1010, ERR=900) JGO

READ( LUI N, 1010, ERR=900) | ENG

READ( LUI N, 1020, ERR=900) DT

READ( LU N, 1020, ERR=900) AA

Q =AA/ 100000. 0

VI =Q * DT*3600. 0

TI ME=( FLOAT(JTS) - 0. 5) *DT

WRI TE( LUOT, 2010) NBRCH, NJNCT, NHR, DT
AA=DT* FLOAT(JTS)

VRl TE( LUOT, 2020) AA

VR TE( LUOT, 2030) JGO

EE R IR SR I S I I Read data for each branch *khkkkhkkkkkkkkx*k
DO 60 N=1, NBRCH
READ( LUI N, 1030, ERR=900) NXSEC( N) , PF(N) , JNCU( N) , INCD( N)
READ( LU N, 1000) TI TLE
DO 50 | =1, NXSEC( N)
I E(1. LT. NXSEC(N) ) THEN

READ( LUI N, *, END=900, ERR=900) K, X(K, N), | QUT(K, N), F(K, N),
# AL(K N, A2(K, N), AOCK, N), SL(K, N, W.(K, N), Ve(K, N)
ELSE
READ( LUI N, *, END=900, ERR=900) K, X(K, N) , | QUT(K, N)
END | F
CONTI NUE
CONTI NUE
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70
80

900
999

***%x Mpke prelimnary computation and wite initial conditions **
I F(1 ENG EQ 0) THEN
Metric units
V\RI TE( LUQT, 2040)
XFACT=1609. 34
XFACT=1000. 0
ELSE
English units
WRI TE( LUOT, 2050)
XFACT=5280. 00
END I F
VWRI TE( LUQT, 2070)
WRI TE( LUOT, 2080)
V\RI TE( LUQT, 2060)

VRl TE( LUOT, 2090)
VR TE( LUOT, 2100)
J=0
DO 80 N=1, NBRCH
NS( N) =NXSEC( N) - 1
NSI (N) =NS( N)
WRI TE( LUOT, 2110) N, INCU(N) , JNCD(N) , PF(N) , INCU( N)
DO 70 | =1, NXSEC(N)
I E(1. LT. NXSEC(N) ) THEN
PX(1, N) =X( 1, N) * XFACT
PXI (1, N)=PX(I, N)
FI(T,N)=F(1, N)
I E(F(1, N). GT. 0. 0) THEN

A=AC(1, N)+AL( 1, N)* (F(1, N)**A2(1, N))
AA=WL(T, N *(F(T, N) **Ve (1, N))
ELSE
A=AQ(1, N)
AA=0. 0
END | F

VINCT, N) =A* XFACT* (X(1 +1, N - X(1, N))
I F(1. GT. 1) THEN
TR(I, N)=F(1, N -F(1-1, N)

TFI (1, N =TF(1, N)
END | F
WRI TE( LUOT, 2120) I, X(1, N), F(1, N), A, AA SL(I, N),
AL(T, N, A2(1,N), WL(1, N), (1, N), A(1, N)
WRI TE( LUFLW 3000) J, N, I, F(1, N), A, AA, TF(1, N)

ELSE
WRI TE( LUCT, 2120) 1, X(1, N), F(1-1, N)
WRI TE( LUFLW 3000) J, N, NXSEC(N) , F(1 - 1, N)
END | F
X(1, Ny=X(1, N) * XFACT
CONTI NUE
CONTI NUE

VRl TE( LUCT, 2130)
GO TO 999

| ERR=22
RETURN
END

SUBROUTI NE GETBC (| ERR, J, LUl N, LUOT)

+++++++++++++PURPCSE + + + + + ++ + 4+ ++ + + + + +
****x*Thi s subrouti ne reads the boundary conditions for DAFLOW ***

++ 4+ +++ +++++ + + + PARAMETERS + + + + + + + + + + + + +
I NCLUDE ' par ams. i nc’

+ ++++++++++COMNS +++++++++++++++ + + +
| NCLUDE ' st artdaf. com

++ + + + + + + + + + COMON VAR ABLES (startdaf.com + + + + + +
DT 1DBG JTS TIME TRB(I, N)

+ + + + + + + + + + + LOCAL VARFABLES + + + + + + + + + + + + +
I NTEGER |, 1 ERR, J, JJ, K, LU N, LUQT, N, NBC
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0000000000

1000
1010

(eXe!

2000
2010

oO000000

@]

0000000000000 00000 O 00000 O

40

900

910
999

CHARACTER* 64 VERSN

++++++++++ + LOCAL DEFINITIONS + + + + + + + + + + + + +

| ERR Error code (0=ok, 20<stop as gracefully as you can)

NBC Nurmber of boundary conditions to be read
+++++++++++ + INTRNSICS + + + + ++++++ + + + + + +
+ ++ + + + + + + + + EXTERNALS + ++++ ++ +++ ++ + + + + +
+++++++++++ |NPUT FORMATS + + + + + + + + + + + + + + +
FORMAT (18X, 13)

FORMAT (10X, 13,5X, 13, 3%, G14. 5)
+++++++++++ ++ + QUTPUT FORVATS + + + + + + + + + + + +
FORVAT(' Format error on nunmber of boundary condition for tine',I5)
FORMAT(’ Format error on boundary condition’,15," Tinme step',I15)
+++++++++++ ENDSPECIFICATIONS + + + + + + + + + + + +

uni x what infornation
| NCLUDE ' versn.inc’
VERSN = ' @ #) DAFLOW - witten by HEJ March 16, 1998’

EE R R S I R S R S I read boundary COﬂdItIOﬂS kkkhkkhkhkkkkhkhkhkhkkkkkx
READ( LUI N, 1000, ERR=900) NBC
| F( NBC. GT. 0) THEN
*x*xxxxxx%%  phoundary conditons for this tine are to be read ***
DO 40 K=1, NBC
READ( LUI N, 1010, ERR=910) N, I, TRB(1, N)
JJ=I FI X( TI ME/ DT+0. 501) - JTS+1
| F(1 DBG EQ 1) WRI TE(LUOT, *)' J, N, |, TRB' ,JJ, N, |, TRB(I, N)
CONTI NUE
END | F

GO TO 999
| ERR=22
VRl TE( LUOT, 2000) J
GO TO 999
| ERR=22
WRI TE( LUOT, 2010) K, J
RETURN
END

SUBROUTI NE PRERTE

+++++++++++++PURPCSE + + + ++++ + 4+ ++ + + + + +
Prepare for routing NHRR time steps by setting current flow arrays

+++ ++++++++++ + PARAMETERS + + + + + + + + + + + + +

I NCLUDE ' par ams. i nc’
+++++++++++COMNS +++++++++++++++ + + +

| NCLUDE ' st artdaf.com

++++++ + + ++ COWON VARIBLES (startdaf.conm) + + + + + + +
F(K, N FI (K, N NBRCH NS(N) NSI (N NXSEC(N) PX(K,N) PXl (K, N
TF(I,N) TFI(I1,N)

++++++++ + + + + LOCAL VARRABLES + + + + + + + + + + + + +
I NTEGER |, N

CHARACTER* 64 VERSN

++++++++ + + + LOCAL DEFINNTIONS + + + + + + + + + + + + +
+++++++++++ +INTRRNSICS + + + + + + ++ + 4+ + + + + + +
++++++++ ++ + EXTERNALS + + + + + + + + + + + + + + + + +
+++++++++++ + [NPUT FORVATS + + + + + + + + + + + + + +
+++++++++++ + 4+ + QUTPUT FORVATS + + + + + + + + + + + +
++++++++ ++ + ENDSPECIFICATIONS + + + + + + + + + + + + +

uni x what infornmation
| NCLUDE ' versn.inc’
VERSN = 'Witten by HEJ on March 17, 1998’
R R Rk I I R I Zero arrays and pl’e|lmnal’les EE I I I R R I I I
DO 20 N=1, NBRCH
NS(N) =NSI (N)
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0000000 000000 00000 OO0

10

20
999

10

20
999

DO 10 | =1, NXSEC(N)

TE(1, N =TFI (1, N)
CONTI NUE
DO 20 =1, NS(N)
F(I,N)=FI (I, N)
PX(1, N)=PXI (I, N)
CONTI NUE
RETURN
END

SUBROUTI NE SETINVL (JCD, NCD)

+++++++++++++PURPCSE + + 4+ ++ ++ + 4+ ++ + + + + +
Set junction values and nixi ng codes

++ 4+ 4+ ++ +++++ + + + PARAMETERS + + + + + + + + + + + + +
I NCLUDE ' par ams. i nc’
NOBR - Maxi mum nunber of branches allowed in nodel

+ + +++++++++COMNS + ++++++++++++ + + + + +
| NCLUDE ' st artdaf. com

++ + + + + + + + + COVMN VARI BLES (startdaf.con
NBRCH NJNCT

+ + + ++ + + + + + + + LOCAL VARIABLES + + + + + + + + + + + + +
I NTEGER JCD( NOBR) , N, NCD( NOBR)

+
+
+
+
+
+
+

++ ++ ++ ++ + + + LOCAL DEFINITIONS + + + + + + + + + + + + +
JCD(M Code for junction mxing (0=m xed, 2=not m xed,

1=not all inflows known)
NCD( N) Branch code (0O=routed, 1=not routed)
+++++++++++ +INTRRNSICS + + + + + + ++ + 4+ + + + + + +
++++ ++ ++++ + EXTERNALS + + + + + + + + + + + + + + + + +
++++ +++++++ + INPUT FORVATS + + + + + + + + + + + + + +
+++++++++++ + 4+ + QUTPUT FORVATS + + + + + + + + + + + +
++++ ++ ++ + + + END SPECIFICATIONS + + + + + + + + + + + + +
uni X what infornation

I NCLUDE ' versn.inc’

VERSN = 'Witten by HEJ on March 17, 1998’
** set branch code to not routed and junction code to not m xed*
DO 10 N=1, NBRCH

NCD( N) =1
CONTI NUE
DO 20 N=1, NJNCT
JCD(N) =2
CONTI NUE
RETURN
END

SUBROUTI NE RTBR (| ERR, LUCT, J, JCD, JN, N, NCD)

+++++++++++++PURPOSE + + + ++ ++ + + + 4+ + + + + +
Find branch to route and route it

+++ +++++++++ + + PARAMETERS + + + + + + + + + + + + +
I NCLUDE ’ par ams. i nc’

NOBR - Maxi mum nunber of branches allowed in nodel
NOSC - Maxi mum nunber of cross sections (nodes) allowed in branch
NOSH - Maxi mum nunber of shocks allowed in branch

(NCSH shoul d be at |east 4 tines NOSC)

+++++++++++COMNS +++++++++++++++ + + +
I NCLUDE ' st artdaf. comi

++ + + + + + COWON VARIBLES (startdaf.com) + + + + + + +
I,N AQI,N AL(I,N) A2(I,N) DT F(K,N) 1DBG JNCD(N) JNCU(N)
EN) NX%EC(N)) PX(KEN Q SL(I,N TF(I,N) TRB(I,N VI WL (I, N

+ + + + + + + LOCAL VARIABLES + + + + + + + + + + + + +
| ERR, JCD( NOBR) , J, JN, K, LUOT, N, NCD( NOBR) , NSS
FS( NOSH) , PXS( NOSH)
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00000 000 00000 OO0

++++++++ + + + LOCAL DEFINNTIONS + + + + + + + + + + + + +
DTS Time step in seconds

FS(K) Flow i n shock k of |ocal branch
J Time step
JCD(M Code for junction mxing (0=nm xed, 2=not m xed,

1=not all inflows known)
JN Junction bei ng updat ed
N Branch bei ng routed
NCD( N) Branch code (0O=routed, 1=not routed)
PXS( K) Locati on of shock K for |ocal branch
+++++++++++ +INTRRNSICS + + + + + + ++ + 4+ + + + + + +
+ 4+ + 4+ + ++ + + + + EXTERNALS + + + + + + + + + + + + + + + + +
+ +++++++++ + + INPUT FORVATS + + + + + + + + + + + + + +
+++++++++++ ++ + QUTPUT FORVATS + + + + + + + + + + + +
+++++++++ + + ENDSPECIFICATIONS + + + + + + + + + + + + +
uni x what information

I NCLUDE ' versn.inc’

VERSN = Witten by HEJ on March 17, 1998

*kkhkkkhkkhkhkkhkkhkkkkkx Zero arrays and pre|lmnarIeS EE T I S T I R I I
DTS=DT*3600. 0

N=0
| ERR=0
10 CONTI NUE
EE R R S S O LOOkI ng for SOrT'ethI ng to route’) kkkkhkkkkhkkhkhkkkk*k
N=N+1
I F(JCD(JNCU(N)) . EQ 1) GO TO 10
I F(NCD(N). EQ 0) GO TO 10
NSS=NS( N)
DO 20 K=1, NSS
FS(K) =F(K, N)
PXS( K) =PX( K, N)
20 CONTI NUE
CALL RQUTE
| (A1, N,AL(1,N), A2(1,N), SL(1,N), DTS, I DBG | ERR, J, LUCT,
M N, NXSEC(N), NSS, FS, PXS, Q, TRB(1,N), TF(1, N, VI, W (1, N),
N W(1, N, X(1,N)
krkkxkkkxkk An error here causes a quick and nasty exit *xrxExxkkx
| F(1 ERR. GT. 20) GO TO 999
NS( N) =NSS
DO 30 K=1, NSS
F(K, N) =FS(K)
PX( K, N) =PXS( K)
30 CONTI NUE
EE R R S O update JunCtIOI’] flOV\B and COdES kkhkkkkkkhkkhkkkk*%
NCD( N) =0
JN=INCD( N)
JCD(JN) =0
AQ 1, N)=TRB(1, N)
999 RETURN
END
SUBROUTI NE FGQ (I, J, LUCT, N, VO
+++++++++++++PURPCSE + + + + + +++++++ + + + +
Fi nd vol umes in subreaches and conpute node fl ows
+ + + + + + + + + + + + + + PARAMETERS + + ++ + + + + + + + + +
I NCLUDE ' par ams. i nc’
NOBR - Maxi num nunber of branches all owed in nodel
NOSC - Maxi mum nunber of cross sections (nodes) allowed in branch
+++++++++++COMNS +++++++++++++++ + + +
I NCLUDE ' startdaf.com
++ ++ ++ ++ + + + + COMMN VAR BLES (startdaf.con) + + + + + +
AQ(I,N AQI,N AL(lI,N A2(1,N DT F(I,N 1DBG NS(N) NXSEC(N)
PX(1,N Q TF(I,N) TRB(I,N V(I,N X(I,N)
++++++++ + + + + LOCAL VARIABLES + + + + + + + + + + + + +

INTEGER 1, J, K, LUOT, N
REAL BB, VO, XL, XR
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0000 000 00000 O
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+ ++++++ ++ + LOCAL DEFINNTIONS + + + + + + + + + + + + +
- node of flow or subreach of volune
- Time step number
Branch nunber

++++++++++ +INTRINSICS + + + + + + + + + + + + + + + +
NTRI NSI C ABS
+ + + 4+ + + ++ + + EXTERNALS + + + + + + + + + + + + + + + + +
+ + + + 4+ ++ + + + + |NPUT FORVATS + + + + + + + + + + + + + +
+ 4+ ++ ++ ++ ++ ++ + OUTPUT FORVATS + + + + + + + + + + + +
ORMAT (' Conputed negative flow of’,Gl4.3,’ at’,

14," branch’,13, ' node',13)
+ + + ++ + + + + + + END SPECIFICATIONS + + + + + + + + + + + + +
uni x what information

| NCLUDE ' versn.inc’
VERSN = 'Witten by HEJ on March 18, 1998’

XL=X(1, N)

XR=X(1+1, N)

CALL FKAI (K NS(N), PX(1,N), X(1,N))

CALL FVOL(AQ(1, N), A1(1,N), A2(1,N), K, NS(N), NXSEC(N) , F(1, N)
PX(1,N), TF(1, N), (1, N), X(1, N), XL, XR, AA, BB)

AQ1+1, N =AQ |, N) +TRB(1 +1, N) +(VO- V(1 , N) ) / ( DT* 3600. 0)

IF (AQ1+1, N).LT.0.0) THEN
R R R I I I I Can"t have negatlve fl OW EE I I R I I R I I
K=l +1
WRI TE( LUCT, 2000) AQ(K, N), J, N, K
END | F
IF(AQ1+1, N). LT. Q) AQ| +1, N)=0. 0
| F(1 DBG. EQ 1) THEN
EE R R I I 2 I mbu OUt ut EE R R I I R R I I IR I I R R I R R I I I I Rk I
WRI TE(LUOT, *)* VO, V(I, N, J), AQ , VO V(1, N), AQ| +1, N)
END | F
RETURN
END

SUBROUTI NE SETJV2 (JCD, JN, NCD)

+++++++++++++PURPOSE + + + ++ ++ + ++ + + + + + +
Set junction values after route

+++ ++++++++ + + + PARAMETERS + + + + + + + + + + + + +
I NCLUDE ’ par ams. i nc’

NOBR - Maxi mum nunber of branches allowed in nodel

NOSC - Maxi mum nunber of cross sections (nodes) allowed in branch
+ + + + + 4+ + + + + + COMONS + + ++ +++ ++ ++ + + + + + + +
| NCLUDE ' st artdaf. com

++++++ + + ++ COWON VARIBLES (startdaf.conm) + + + + + + +

AQ 1, N INCD(N) JNCU(N) NBRCH NXSEC(N) PF(N) TRB(I,N)

++++++++ + + + + LOCAL VARIABLES + + + + + + + + + + + + +
| NTEGER JCD( NOBR), JN, N, NCD( NOBR)
REAL Q

++++++++ + + + LOCAL DEFINNTIONS + + + + + + + + + + + + +
JCD(M Code for junction mxing (0=m xed, 2=not mi xed,
1=not all inflows known)
JN Junction in question
NCD( N) Branch code (0O=routed, 1=not routed)

Q Fl ow at junction

+++++++++++ +INTRRNSICS + + + + + + ++ + 4+ + + + + + +
++++ + 4+ ++++ + EXTERNALS + + + + + + + + + + 4+ + + + + + +
++++++++++++ INPUT FORVATS + + + + + + + + + + + + + +
+++++++++++ + 4+ + QUTPUT FORVATS + + + + + + + + + + + +
++++++++++ + ENDSPECIFICATIONS + + + + + + + + + + + + +

uni x what infornmation

| NCLUDE ' versn.inc’

VERSN = 'Witten by HEJ on March 11, 1998’

R R Rk I I R I Set ]UnCtIOﬂ COdeS and fIOV\B EE R R I I I I I Rk I R I
Q=0.0

DO 10 N=1, NBRCH
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I F(INCD(N) . EQ JN) THEN

I F(NCD(N) . NE. 0) JCD( JN) =1
Q=QI+AQ NXSEC(N) , N)
END | F
CONTI NUE
I F(JCD(JN). NE. 1) THEN
DO 20 N=1, NBRCH
I F(INCU(N) . EQ JN) THEN
TRB( 1, N) =Qi*PF(N)
END | F
CONTI NUE
END | F
RETURN
END

SUBROUTI NE PRTFLW ( LUFLW LUOT)

++ +++++++++++PURPOSE + + + ++ + + + + + 4+ + + + + +
* % % Thls SUbrOUtlne prlnts the results ERE R R R R EEEEEREEEEEEEEREEEE RS
+ 4+ + 4+ + ++ + + + + + PARAMETERS + + + + + + + + + + + + + + + +
| NCLUDE ' par ams. i nc’

NOBR - Maxi mum nunber
NOSC - Maxi mum nunber

of branches allowed in nodel

of cross sections (nodes) allowed in branch

+ + ++ 4+ +++++++
| NCLUDE ' st artdaf. com

+ COMONS + + + + + + + + + + + + + + + +

+ + + + + + COVMON DEFINTIONS (startdaf.com) + + + + + + + + + +
AQ(I,N) AQ(I,N A1(I,N A2(I,N DT IQUT(I,N JGO JTS NBRCH
NXSEC(N) TI ME TRB( I, N) V(I, N) WL(T,N) V(I, N X(I,N)

+ + + + + + + + + + LOCAL VARIABLES + + + + + + + + + + + + + + +
| NTEGER |, LUFLW LUQCT, N, NTS

REAL A AA QW

+ + + ++ + + + + + + LOCAL DEFINNITIONS + + + + + + + + + + + + +
A Area of flow

NTS Nurmber of tinme steps since start of nodel

Q Di schar ge

w Top width of channel in subreach

+ ++++++++++++ |INTRRNSICS + + + + + + + + + + + + + + +
I NTRINSI C FLQAT, | FI X, MOD

+ + 4+ ++++++ + + + + EXTERNALS + + + + + + + + + + + + + + +
+ + 4+ +++++++ + + + |NPUT FORMATS + + + + + + + + + + + + +
+ + + + 4+ + + + + + + + + QUTPUT FORVATS + + + + + + + + + + + + +
FORMAT (' Day’,14,” Hour’,F6.2," Branch node Discharge’)
FORMAT (20X,17,16, Gl4. 4)

FORMAT (315, 4E18. 5)

+ + + ++ ++ + + + + + END SPECIFICATIONS + + + + + + + + + + + +

Rk R I b R R O b o S R R Wlte results Rk Ik I R R S I O R

TI ME=TI ME+DT
I =1 FI X(TI ME/ 24. 0) +1
AA=TI ME- FLOAT(I - 1) *24. 0
NTS=| FI X( ( TI ME+DT/ 2. 0+0. 0001) / DT) - JTS
| F(MOD( NTS, JGO) . EQ 0) THEN
VR TE( LUCT, 2000) 1, AA
END | F
DO 20 N=1, NBRCH
DO 10 | =1, NXSEC(N)
| F(MOD( NTS, JGO) . EQ 0. AND. | QUT(1 ,
WRI TE( LUOT, 2010) N, I, AQ(1, N)
END | F
I F(1.LT. NXSEC(N)) THEN
AA=0. 0
| F(1. GT. 1) AA=TRB(|
A=V(1, N/ (X(1+1, N) -
| F(A. GT. AX(I, N))T
E((A-AXI,N)/A
ELSE
Q0.0

N). EQ 1) THEN

N
X( 'N))

( N (1.0/ A2(1, N))



END | F
I F(Q GT. 0. 0) THEN
VEWL(T, N) *(Q*we(1, N))
ELSE
WEO. O
END | F
VR TE( LUFLW 3000) NTS, N, I, AQ(1, N), A, W AA
END | F
10 CONTI NUE
VRl TE( LUFLW 3000) NTS, N, NXSEC( N) , AQ NXSEC(N) , N)
20  CONTI NUE
999 RETURN
END
c
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SUBROUTI NE ROUTE
|

Code in the file rtedaf.for

IR R S O S O RQJ'I'E EE R R G S O S

(AQ, Al, A2, SL, DT, | DBG, | ERR, J, LUOT, NN, NXSEC,

M NS, F, PX, Q, TRB, TF, VI, W, W2, X)

$
$

#
#

+ + + PURPCSE + + +
Rout e t hrough each branch.

+ + + PARAMETERS + + +
I NCLUDE ' par ams. i nc’
NOSC - Maxi mum nunber of cross sections (nodes) allowed in branch
NOSH - Maxi num nunber of shocks all owed in brach
(NCSH shoul d be at |east 4 tines NOSC)

+ + + DUMW ARGUMENTS + + +

| NTEGER I DBG | ERR, J, LUOT, NN, NS, NXSEC
REAL AA, AO( NOSC) , A1( NOSC) , A2( NOSC) , BB, SL( NOSC) , DT, F( NOSH) ,
Q , TRB(NOSC) , TF( NOSC) , PX(NOSH) , VI, WL( NOSC) , W2( NOSCO) |
X( NOSC)
+ + + ARGUI\/ENT DEFI NI TIONS + + +
AQ(1) cross sectional area at zero flow
AL(l) - coefficient in area equation A=AO+AL(Q**A2).
A2(1) - coefficient in area equation A=AC+tAL( Q**A2).
SL(I) - Slope, wave dispersion coefficient = Q (2*S*W
DT - time step size in seconds
F(K) - flow in shock K
| DBG - debugger code(0=no, 1=write debug code)
J - tinme step
NN - branch nunber
NS - nunber of shocks
NXSEC - nunber of Eulerian nodes (subreaches in a branch)
PX( K) - location of u/s boundary of shock K
- Insignificant discharge (QP/100000)
TRB(I) - newflowin trib at node |
TR(I) - flowin trib at start of time step at node |
Vi - Insignificant volune (Q *DTS)
X(1) - dist of node | fromu/s boundry
+ + + LOCAL VARI ABLES + + +
I NTEGER |,1DT, 1 C(NCSH), | NX, JJ, K, KC, KK, KL, KM KR, K1, L, LT( NCSH) ,
LTTF(NOSC) , MX, N, NSN, NT( NOSH) , NTC, NTG, NTW KAl Fok ko k ok k
REAL A, ATF(NOSC) , C( NOSH) , COF, DL, DLM PDX, QL, GQS, QT, TPT, VM VS,
VL, VT, X, XL, XR1, XR, ERV, DLR F ok ok ok ok ok ok ok

+ + + LOCAL VARI ABLE DEFI NI TIONS + + +

A cross sectional area A=AO+AL* Q** A2

ATF(1) - actual tributary flow at node as limnted by supply
COF - local coefficient

TPT - local coefficient

XR1 - local coefficient

Xl - local coefficient

C(K) - celerity of shock K

DL - dispersion |l ength DL=(SQRT(2*D*DT)) where D=di spersion coef

DLM - mnimumval ue of DL to keep NS<NCSH

IC(K) - code for shock status (O=npbve conplete, 1=no lints,
2=wi || pass node next, 3=will pass shock next)

I NX - nunber of subreaches

K - shock nunber

KC - critical shock

KL - last shock in series

KM - nunmber of shock to be m xed

KR - reference shock or wave on upstream side

LT(K) - last time shock K was updated (in seconds*100)

LTTF(l1)- last time actual trib flow was updated (in sec*100)

MX - subreach where shock is |ocated

NSN - new nunber of shocks
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10
20

30

40

NT(K) - next time shock K needs updated (in seconds*100).

NTC - time to next critical point, in 0.01 seconds
NTG - tine to pass next node in 0.01 seconds
NTW - time to pass next wave in 0.01 seconds
PDX - part of subreach or shock in question
Q - largest discharge of nixed wave
(03] - small est discharge of m xed wave

- trial value of discharge
VL - volume of |arge wave
VM - volume of m xed shock
VS - volume of small wave
VT - trial volune
XL - left coordinate of m xed shock
XR - right coordinate of m xed shock

+ + INTRINSICS + + +
NTRI NSI C ABS, FLOAT, SQRT, MAX, M N, | FI X

+ + + EXTERNALS + + +
EXTERNAL FMX, FKAI , FTPT, FVOL, FC

+ + + END SPECI FI CATIONS + + +

uni x what information

I NCLUDE ' versn.inc’

VERSN = ' @#) DAFLOW - | ast nodified Cctober 4, 1998, hej’
Conput i on of volumes nmade nore robust to allow dry sections

I NX=NXSEC- 1

**** Add shock and set inflow boundary val ues statenents *****x**x
TF(1) =TRB( 1)

| F((ABS(TF(1)-F(1))).LT.Q)GO TO 20

NS=NS+1

DO 10 K=NS, 2, -1
F(K) =F(K- 1)
PX( K) =PX( K- 1)
CONTI NUE
CONTI NUE
F(1)=TF(1)
| F(F(1). GT. 0. 0) THEN
A=AQ( 1) +AL(1) *(F(1)**A2(1))
ELSE
A=AQ( 1)
END | F
PX(1)=0. 0
| F(A. GT. AQ( 1)) PX(1) =X(1) - DT*F(1)/ A

*kkkhkhkkkkhkkkkk D Sperse COﬂStI tuents St at en-ents kkkkhkhkhkkhkkhkhkhkhrkkhkkhkhhkkk*k
DLM=0. 5* ( X( NXSEC) - X( 1) ) / FLOAT( NOSH NXSEC)
KR=1
XR=PX( 1)
KL=KR
| F(KL. GE. NS) GO TO 130
XL=XR
CALL FMX( MX, NXSEC, PX( KL+1),
DL=( DT* F(KL) ** (1. 0- V2( MX) )
DLR=AL( MX) * A2( MX) * ( F( KL) **
DLR=DLR/ ( (WL( MX) * SL( MX) *
| F(DLR GT. 1. 15) | ERR=1
| F(DL. LT. 1. 0) THEN
KR=KR+1
XR=PX( KR)
GO TO 30
END | F
| F(DL. GE. DLM) GO TO 40
DL=DLM
WRI TE(LUQOT, *)' Dispersion length increased to keep’,
" NS < NOSH
CONTI NUE
AA=ABS(100. 0* ( PX( KL+1) - DL- XL))
| F( AA. GT. DL) THEN
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50

70
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110

XL=MAX( XL, ( PX(KL+1) - DL))
END | F
XR=XL+2. 0* DL
XR=M N( XR, X( NXSEC) )
CALL FKAI (KR NS, PX, XR)
XRL=XR
| F(KR GT. 1. AND. KR LT. NS) XR1=0. 5* ( PX( KR) +PX( KR+1))
XR=M N( XR, XR1)
| F((KL+1) . NE. KR) GO TO 50
CALL FMX( MX, NXSEC, PX(KL) , X)
TPT=F(KL)
CALL FTPT(MX, NXSEC, TPT, TF, X, PX(KR))
| F((ABS(F(KR) - TPT)).LT. @) GO TO 30

****x* Conmpute volune in mxed shock and find range of Qs ***

CALL FVOL(AQ, A1, A2, KL, NS, NXSEC, F, PX, TF, VM X, XL, XR, QS, QL)

| F(1 DBG EQ 1. AND. NN. EQ 1) WRI TE( LUOT, *)' COWUTE VOLUMES WTH ',
"KL, KR, XL, XR, DL", KL, KR, XL, XR, DL

xxxxxxkxxx Correct flow in shock KR for tributaries **x*x*xxkxsx
CALL FMX( MX, NXSEC, PX(KR), X)
CALL FTPT(MX, NXSEC, F(KR), TF, X, XR)

khkkkkhkkhkkkdkhkkhkkkx Renurrber shocks Rk R I S o O R R R R I R R R S o R

I F(XL. GT. PX(KL) . OR KL. EQ 1) THEN
NSN=KL+2+NS- KR
KMEKL+1
ELSE
NSN=KL+1+NS- KR
KM=KL
END | F
I F( NSN. GT. NOSH) THEN
WRI TE(*, *)’ Too nmany shocks in branch’, NN
| ERR=21
GO TO 290
END | F
I F(NSN. LE. NS) GO TO 80
EE R R S O O Add ShOCk EZE R I S S O O
DO 70 K=NS, KR, -1
PX( K+1) =PX( K)
F( K+1) =F(K)
CONTI NUE
PX( KMr1) =XR
F( KMr1) =F( KR)
PX( KM =XL
| F( XR. CGE. X( NXSEC) ) NSN=NSN- 1
K1=KM+2
| F(K1. GT. NSN) GO TO 100
KK=NS- NSN
| F(KK. LE. 0) GO TO 100
DO 90 K=K1, NSN
PX( K) =PX( K+KK)
F( K) =F( K+KK)
CONTI NUE
NS=NSN

*khkkkkkkkkkk mn-pute m XEd dl Scharge EE I O I S I T I S
F(KM =1. 01*Q
CALL FVOL(AQ, AL, A2, KM NS, NXSEC, F, PX, TF, VS, X, XL, XR, AA, BB)
I F(VS. LT. VM) THEN

AA=1.01*Q

QE=NMAX( X5, AA)
ELSE

Q5=0.0
END | F
F(KM =Q6
CALL FVOL(AO, AL, A2, KM NS, NXSEC, F, PX, TF, VS, X, XL, XR, AA, BB)
F(KM =QL
CALL FVOL(AO, AL, A2, KM NS, NXSEC, F, PX, TF, VL, X, XL, XR, AA, BB)
ERV=VL- VS
I F(1 DBG EQ 1. AND. NN. EQ 1) WRI TE( LUCT, *)”’ Start, VM , VM
| F( ABS( ERV) . GT. VI ) THEN
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150

*khkkkhkkkkkkkkx*k ’\bed another |tterat|on EE T I S I S I I S I T T
| F(QS. GT. 0. 0) THEN
AA=(ALOG( QL) - ALOG( QB) ) / (ALO( VL) - ALOG( VS))
Qr=QL* ((VM VL) ** AA)
ELSE
Qr=Q6+( Q.- Q8) * (VM VS) / (VL- VS)
END | F
F(KM =Qr
CALL FVOL(AO, AL, A2, KM NS, NXSEC, F, PX, TF, VT, X, XL, XR, AA, BB)
ERV=VM VT
I F(1 DBG EQ 1. AND. NN. EQ 1) WRI TE( LUCT, *)’ QS, VS, Q, VL, QT, VT’ ,
VT

@S, VS, @, WL, qQT,
| F(ERV. GT. 0. 0) THEN
R R I S Rk T Concave up Rk Sk kS b Rk Ik Sk o S SRR I b o
Q=qQr
VS=VT
ELSE
Rk SR R Rk Ik O b o @ncave dovm Rk R I b S R R S b o O kR R
Q=Qr
VL=VT
END | F
GO TO 110

END | F
EE IR R I I I I I I I D)ne R R R S I I I R I R R I I I I I I R I I I I I
KR=KM+1

GO TO 30

CONTI NUE

| F(PX(NS) . GE. X( NXSEC) ) NS=NS- 1

PX( 1) =X( 1)

JJ=1 FI X( Tl ME/ DT+0. 501) - JTS+1

| F(1 DBG. EQ 1) WRI TE(LUOT, *)* AFTER M X J, N, JJ, NN

| F(1 DBG EQ 1) WRI TE( LUOT, *)’ PX=", (PX(K), K=1, NS)

| F(1 DBG. EQ 1) WRI TE( LUCT, *)* F=', (F(K), K=1, NS)

EE R S I S I I I Add ShOCkS at trlbutarles EE T I S T I S T S
DO 160 =2, | NX

LTTF(1) =0

ATF(1)=0. 0

| F((ABS(TF(1)-TRB(1))).LT. Q) GO TO 160

CALL FKAI (K, NS, PX X(1))
A=AQ( 1) +AL(1)* (F(K) **A2(1))
X =0. 01
| F(A. GT. 0. 0) XI =Q *DT/ A
I F(ABS(X(1)-PX(K)).LT.Xl)GO TO 160
EE S I S O I T I Add ShOCk EE I I S I I S I S
CALL FKAI (KK, NS, PX, X(1))
NS=NS+1
K1=KK+2
DO 150 K=NS, K1, - 1
PX( K) =PX( K- 1)
F(K) =F(K- 1)
CONTI NUE
PX( KK+1) =X(1)
CALL FMX (MX, NXSEC, PX(KK) , X)
TPT=F( KK)
CALL FTPT(MX, NXSEC, TPT, TF, X, X(1))
| F(TPT. LE. 0. 0) THEN
F(KK+1) =0. 0
ELSE
F(KK+1) =TPT
END | F

160 CONTI NUE

(eXe]

180

| DBG. EQ 1) WRI TE( LUOT, *)’ AFTER TF SHOCKS'
| DBG EQ 1) WRI TE( LUOT, *)’ PX=", (PX(K) , K=1, NS)
| DBG EQ 1) WRI TE(LUOT, *)’ F=', (F(K) , K=1, NS)

R O R S O O '\/bve Shocks kkkhkkkkhkhkkhkhkkhkhkhkkhkhkhkhkkhkhkrkhkx*k

DO 180 K=2, NS
CALL FC(AQ, C(K), Al, A2, K, NS, NXSEC, F, PX, TRB, X, Q)
LT(K) =0

CONTI NUE

Rk R R b R IR o I O Corrpute break pOI nts Rk b R Rk Ok S b o

Madifications to the DAFLOW for Coupling to the MODFLOW
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| DT=I FI X( DT*100. 0+0. 5)
KC=0
K=1
190 K=K+1
| F(K. GT. NS) GO TO 220
I F(KC. NE. 0) GO TO 220
I C(K) =1
NT( K) =I DT
CALL FMX( MX, NXSEC, PX(K) , X)
I F(C(K) . LE. 0. 0) THEN
NTG=2* | DT
ELSE
NTG=LT(K) + FI X(0. 5+100. 0* ( X( MX+1) - PX(K) ) / C(K))
END | F
| F(NTG GT. NT(K)) GO TO 210
I C(K) =2
NT( K) =NTG
210 | F(K. GE. NS) GO TO 220
PDX=PX( K+1) - PX( K)
PDX=PDX+0. 01* ( C( K) * FLOAT( LT(K) ) - C( K+1) * FLOAT( LT(K+1)))
COF=PDX/ DT
TPT=C(K) - C( K+1)
| F( TPT. LE. COF) GO TO 190
NTWEI FI X( 0. 5+100. 0* PDX/ ( C(K) - C(K+1)))
| F(NTW GT. NT(K)) GO TO 190
I C(K) =3
NT( K) =NTW
| F(KC. EQ 0. AND. K. LT. NS) GO TO 190
C EE R I O I I S O I S S FI nd Crltlcal ShOCk EE I I S I S I S
220 KC=1
NTC=| DT
DO 230 K=2, NS
I F(1 O(K) . EQ 0) GO TO 230
I F(NT(K) . GT. NTC) GO TO 230
NTC=NT( K)
KC=K
230  CONTI NUE
| F(KC. EQ 1) GO TO 290
C EE S O I S T I S T I S T T I\mve Crltlcal ShOCk EE R IR S I I T
K=KC
CALL FMX( MX, NXSEC, PX(K) , X)
PX( K) =PX( K) +0. 01* C( K) * FLOAT( NT(K) - LT(K))
I F(1 O(K) . EQ 2) PX(K) =X( MX+1)
I F(1 C(K) . EQ 3. AND. C( K+1) . LE. 0. 0) PX( K) =PX( K+1)
LT( K) =NT( K)
I F(1 C(K) . NE. 1) GO TO 240
* k k%
|

200

EE I SR O I I I I I '\/bve Con-pl ete EE R I S T I
C(K) =0
GO TO 220
240 I F(1 C(K) . NE. 3) GO TO 270
R S O I S T I S T I S T Passed ShOCk EE T I S I S I I S I R T
AA=ABS( PX( K) - X( MX+1))
| F(AA LT. 1. 0) THEN
C R R Rk I I I I Passed node to EE R I I I S R R I I I I
MX=MX+1
AA=F( K) +TRB( MX)
| F(AA. LT. 0. 0) THEN
C EE IR R I I I I R I 2 S Or]annel IS dr ER R R S R I R R I I I I I I
ATF( MX) =ATF( MX) - F(K) * FLOAT( NT( K) - LTTF( MX) ) *0. 01
C EL)\S*E********** ’\b ||mt On WlthdraV\ﬂ| EE R S I S I I I
ATF( MX) =ATF( MX) +TRB( MX) * FLOAT( NT(K) - LTTF( MX) ) *0. 01
END | F
LTTF( MX) =NT( K)
END | F
DO 260 KK=K, NS
| F(KK. LE. K) GO TO 250
PX( KK) =PX( KK+1)
LT( KK) =LT( KK+1)
I C{ KK) =1 C{ KK+1)
250 C( KK) =C( KK+1)
F( KK) =F( KK+1)
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260
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280

290

300

999

NT( KK) =NT( KK+1)
NS=NS- 1
| F(1 C(K). NE. 2) GO TO 280

EE R R R I R I I I I I I Passed node ER R R R R I R R I I I I I I
MX=MX+1
I F(MX. LT. NXSEC) GO TO 280

I C(K) =0
NS=NS- 1
GO TO 220
I F(1 C(K) . EQ 2) THEN
AA=F( K) +TRB( MX)
| F(AA. LT. 0. 0) THEN
EE R IR S I I T T Channel IS dry EE R I S I I S I I I S
ATF( MX) =ATF( MX) - F( K) * FLOAT( NT(K) - LTTF( MX) ) *0. 01
F(K) =0. 0
ELSE
*khkkkkkkkkkkx ’\b ||mt On WlthdraV\ﬂ| EE R I O I S S S
ATF( MX) =ATF( MX) +TRB( MX) * FLOAT( NT( K) - LTTF( MX) ) *0. 01
F(K) =AA
END | F
LTTF( MX) =NT( K)
END | F
CALL FC(AQ, C(K), AL, A2, K, NS, NXSEC, F, PX, TRB, X, Q)
EE R R I I R I R I I I Update N'l'Wfor upstream v\ave R R R I 2 I
PDX=PX( K) - PX( K- 1)
PDX=PDX+0. 01* ( C( K- 1) * FLOAT(LT(K- 1) ) - C(K) * FLOAT(LT(K)))
COF=PDX/ DT
TPT=C(K- 1) - C(K)
| F(TPT. LT. COF) GO TO 200
NTWEI FI X( 0. 5+100. 0* PDX/ TPT)
| F(NTW GT. NT(K- 1) ) GO TO 200
I C(K-1) =3
NT( K- 1) =NTW
GO TO 200
CONTI NUE
R IR R I I I I @rrpl ete trl b Wthdra\M S R R R R I I R R I I R I I Rk I I I o
DO 300 =2, | NX
XR=X(1)-0. 1
CALL FKAI (KAI, NS, PX, XR)
CALL FMX( MX, NXSEC, PX( KAl ), X)
TPT=F( KAl )
CALL FTPT (MX, NXSEC, TPT, TRB, X, XR)
AA=TPT+TRB( 1)
| F(AA. LT. 0. 0) THEN

*khkkkhkkkkhkkkkkkk Channel IS dr EE I I S I I S I S I T O I
ATF(1)=ATF(1) - TPT* FLOAT( | DT- LTTF(1))*0. 01
TF(1)=TPT
ELSE
*khkkkkkkkkkkx ’\b ||mt On WlthdraV\ﬂ| EE R I I I S I S I T
ATF(1)=ATF(1)+TRB(1) * FLOAT(I DT- LTTF(1))*0. 01
TF(1)=TRB(1)
END | F
TRB( 1) =ATF(1)/ DT
CONTI NUE

| F(1 DBG. EQ 1) WRI TE( LUCT, *)* AFTER MOVE J, N, PX=",JJ, NN,
(PX(K), K=1, NS)
| F(1 DBG. EQ 1) WRI TE(LUCT, *)' F', (F(K) , K=1, NS)

RETURN
END

SUBROUTI NE FKAI (KAI, NS, PX, X)

+ + + PURPCSE + + +
Find the value of KAl which is the shock | ocated at node |

+ + + PARAMETERS + + +
I NCLUDE ’ par ams. i nc’
NOSH - Maxi mum nunber of shocks allowed in branch

+ + + DUMMY ARGUMVENTS + + +
| NTEGER KAI, NS

Madifications to the DAFLOW for Coupling to the MODFLOW

79



o000 00 00

@]

o000 00000 O

o00000 00

@]

O000000 000000 O

REAL  PX(NOSH), X

LOCAL VARI ABLES + + +

+ + +
| NTEGER ID, K

+ + + INTRINSICS + + +
INTRINSIC | FIX
+ + + END SPECI FI CATIONS + + +

K=0
K=K+1

N

T
X(10. 0% (X-PX(K)))
) 1

SUBROUTI NE FMX ( MX, NXSEC, PX, X)

+ + + PURPCSE + + +
Fi nd the subreach occupi ed by PX

+ + + PARAMETERS + + +
I NCLUDE ' par ams. i nc’
NOSC - Maxi mum nunber of cross sections (nodes) allowed in branch

+ + + DUMW ARGUMENTS + + +
| NTEGER MX, NXSEC
REAL PX, X( NOSC)

+ + + LOCAL VARI ABLES + + +
INTEGER |, I D

+ + + INTRINSICS + + +
INTRINSIC | FI X

+ + + END SPECI FI CATIONS + + +

| F(PX. GT. X(1)) THEN
I =0
I =l +1
| F(1. GT. NXSEC) GO TO 2
I D=1 FI X(10. 0% (X(1) - PX))
I F(1D. LE.0)G0 TO 1
MX=I - 1
ELSE
MX=1
END | F
| F(MX. GE. NXSEC) MX=NXSEC- 1

RETURN
END

SUBROUTI NE FVOL( AQ, Al, A2, KL, NS, NXSEC, F, PX, TF, V, X, XL, XR, 5, QL)

+ + + PURPCSE + + +
This subroutine finds the volune of water in a subreach
bounded by XL and XR as well as find the range of Qs

+ + + PARAMETERS + + +
I NCLUDE ’ par ans. i nc’

+ + + PARAMETER DEFI NI TIONS + + +
NOSC - Maxi num nunber of cross sections (nodes) allowed in brach
NOSH - Maxi num nunber of shocks all owed in branch

(NCSH shoul d be at |east 4 tinmes NOSC)

+ + + DUVMMY ARGUMENTS + + +
I NTEGER KL, NS, NXSEC
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REAL AQ( NOSC) , AL( NOSC) , A2( NOSC) , F( NOSH) , PX(NOSH) , QL, QS, TF( NOSC) ,

# V, X(NCsQ) , XL, XR

+ + + LOCAL VARI ABLES + + +
I NTEGER K, MX
REAL A, TPT, TXL, TXR

+ + + EXTERNALS + + +
EXTERNAL FMX, FTPT

+ + + END SPECI FI CATIONS + + +

TXL=XL
v=0. 0
K=KL
TPT=F(K)
CALL FMX( MX, NXSEC, PX(K) , X)
CALL FTPT(MX, NXSEC, TPT, TF, X, XL)
CALL FMX( MX, NXSEC, XL, X)
QS=TPT
QL=TPT
| F(TPT. GT. 0. 0) THEN
A=AQ[ MX) +AL( MX) * ( TPT* * A2( MX) )
ELSE
A=AQ( VX)
END | F
I F(TPT. LT. QS) Q8=TPT
| F(TPT. GT. QL) QL=TPT
TXR=XR+X( NXSEC)
| F(K. LT. NS) TXR=PX( K+1)
| F( TXR GE. X( MX+1)) THEN
TXR=X( MX+1)
TPT=TPT+TF( MX+1)
MX=NX+1
| F( MX. GE. NXSEC) TXR=XR
ELSE
K=K+1
TPT=F(K)
TXR=PX( K)
END | F
| F(TXR GE. XR) TXR=XR
V=V4A* (TXR- TXL)
TXL=TXR
| F(TXR LT. XR) GO TO 10

RETURN
END

SUBROUTI NE FC( AQ, C, A1, A2, K, NS, NXSEC, F, PX, TF, X, Q)

+ + + PURPCSE + + +
Conpute the wave celerity for shock K

+ + + PARAMETERS + + +
I NCLUDE ' par ams. i nc’

NOSC - Maxi mum nunber of cross sections (nodes) allowed in branch
NOSH - Maxi num nunber of shocks all owed in branch

(NCSH shoul d be at |east 4 tines NOSC)

+ + + DUMW ARGUMENTS + + +
INTEGER K, NS, NXSEC

REAL AQ( NOSC) , AL( NOSC) , A2( NOSC) , C, F( NOSH) , PX( NGSH)

# TF( NOSC) , X( NOSC)

+ + + LOCAL VARI ABLES + + +

I NTEGER  MX, MXU

REAL AD, AU, COF, QM TPT, XR

+ 4+ + INTRINSICS + + +
INTRINSIC  ABS

+ + + EXTERNALS + + +

Madifications to the DAFLOW for Coupling to the MODFLOW
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EXTERNAL FMX, FTPT
+ + + END SPECI FI CATIONS + + +

C=0.0

CALL FMX (MX, NXSEC, PX(K), X)
AU=AQ( MX)

CALL FMX ( MXU, NXSEC, PX(K- 1), X)
AD=AQ( MX)

TPT=F(K- 1)

XR=PX( K)

COF=ABS( PX( K) - X( MX) )

| F(COF. LT. 0. 1) XR=X( MX) +0. 1
CALL FTPT(MXU, NXSEC, TPT, TF, X, XR)
| F(TPT. LE. 0. 0) TPT=0. 0

QVE( TPT+F(K)) /2.0

I'F(QM GT. Q ) C=(QWF* (1. 0- A2( MX) ) ) / ( A2( MX) * AL( MX) )
| E(TPT. GT. Q) AUSAQ( MX) +A1( MX) * ( TPT** A2( MX) )
| F( F(K) . GT. Q@ ) AD=AQ( MX) +A1( MX) * ( F( K) ** A2( MX) )

COF=ABS( AU- AD) (
| F( COF. GT. 0. 1) COF=ABS( ( AU- AD) / QW)
| F( COF. GT. 0. 01) C=( TPT- F(K) ) / ( AU- AD)

RETURN
END

SUBROUTI NE FTPT ( MX, NXSEC, TPT, TF, X, XL)

+ + + PURPOSE + + +

Find the flow (TPT) at XL in shock affected

by tributary inflow between X(MX) and XL.

+ + + PARAMETERS + + +

I NCLUDE ’ par ams. i nc’

NOSC - Maxi mum nunber of cross sections (nodes) allowed in branch
+ + + DUMW ARGUMENTS + + +

I NTEGER  MX, NXSEC

REAL TPT, TF(NOSC) , X( NOSC) , XL

+ + + LOCAL VARI ABLES + + +
INTEGER I, 11, 12

+ + + END SPECI FI CATIONS + + +

GE. NXSEC) GO TO 2
X(12))GO TO 1

TO 4

e A
)

[
=11,12
(TPT. LE. 0. 0) TPT=0. 0
TPT=TPT+TF(1)
CONTI NUE
CONTI NUE

8

RETURN
END
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Code in the file dafl.for

SUBROUTI NE DAF1AL( | ERR, LUFLW LUGW LUI N, LUCT, | DAFCB, | DAFBK)

++ +++++++++++PURPOSE + + + ++ + + + + + 4+ + + + + +
Read i nput and do prelimninary conputations

+++ +++++++++ + + PARAMETERS + + + + + + + + + + + + +
I NCLUDE ’ par ams. i nc’

NOBR - Maxi mum nunber of branches allowed in nodel
NOSC - Maxi mum nunber of cross sections (nodes) allowed in branch
NOTS - Maxi num of tine steps per ground water step

+ ++++++++++COMNS +++++++++++++++ + + +
| NCLUDE ' st artdaf. com
I NCLUDE ' gr ound. coni

++ + + + + + + + COMON DEFINTIONS (startdaf.conm) + + + + + +

+ +
| DBG, NBRCH NXSEC(N) VI N(I, N)

+ +++ ++ ++ ++ + COMN DEFINTIONS (ground.com + + + + + +
Al I,N,J) BC(I,NJ) BEL(I,N) BTH(I,N) CND(I,N) NCL(I,N NLY(I,N)
NRW I, N VGA(I, N, J

++++++++ + + + + LOCAL VARIABLES + + + + + + + + + + + + +
| NTEGER I, I DAFBK, | DAFCB, | ERR, I | , I NX, J, LUFLW LUI N, LUGW LUCT, N, NN
CHARACTER* 64 VERSN
CHARACTER*80 TI TLE

+ ++++++ ++ + + LOCAL DEFINNTIONS + + + + + + + + + + + + +
| DAFBK  Central vs backward differencing flag for MODFLOW

| DAFCB Print code for MODFLOW

| ERR Error code (0=ok, 20<stop as gracefully as you can)

TITLE Title of program (80 characters nmax)

+
+
+
+
+
+

+++++++++++ + INTRRNSICS + + + + + + + + + +
++ ++ + 4+ ++ + + + EXTERNALS + + + + + + +
EXTERNAL STARTDAF
++++ ++ ++++ + INPUT FORMATS + + + + + + + + + + + + + + +
FORVAT (A)
+ 4+ ++++++++++ + + OQUTPUT FORVATS + + + + + + + + + + + +
FORVAT( 1X, A)
FORVAT( 21 6, 2F10. 2, G15. 3, 31 6)
FORVAT(’ Somet hi ng wong in subroutine DAF1AL’)

t

FORMAT( 1X, ' The DAFLOW ground-water file (file type DAFG was’,/
1X, ' not included in the nane file’
FORMAT(1X,’ The DAFLOWooutput flow file /
I

1X, ' not included in the nane fi

f

)

(file type DAFF) was’,
e’)

+

+ 4+ 4+ + + + + + + + + END SPECI FI CATI ONS + 4+ 4+ + + +++ o+
uni x what infornmation

| NCLUDE ' versn.inc’

VERSN = ' @ #) DAFLOW - | ast nodified June 24, 1998 hej ’

EE R IR S I I T ZerO arrays and prellmnarles EE R S I S O I S
| F(LUFLW LE. 0) THEN
VR TE( LUOT, 2040)
STOP
END | F
| ERR=0
DO 40 N=1, NOBR
DO 40 | =1, NOSC
BEL(I, N)
BTH( I,
OND( 1,
NCL( 1,
NLY( I,
NRW( | ,

.0
.0
.0

ATArAvAvA
Lasauy
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DO 40 J=1, NOTS
BC(1, N, J)=0.0

AQGW(1, N, J)=0. 0
VON I, N, J)=0.0
40 CONTI NUE

khkkhkkkhkkhkkhkhkkhkkkhkhkkhkhkkkx Inl tl al | ze DAFLO/V*************************

CALL STARTDAF (| ERR, LUFLW LUl N, LUOT)
| F(I ERR GT. 20) GO TO 999

khkkhkkkhkkhkkhkkkhkhkkhkhkhkkkkx*k read ground V\ﬂter Inpl,lt kkkhkkkkhkhkkhkkkhkhkkhkhkkhkkkhkx*k

| F(LUGW LE. 0) THEN
VR TE( LUCT, 2030)
STOP
END | F
READ( LUGW 1000) TI TLE
WRI TE( LUOT, 2000) TI TLE
READ( LUGW 1000) ~ TI TLE
WRI TE( LUOT, 2000) TI TLE
READ( LUGW 1000) ~ TI TLE
WRI TE( LUOT, 2000) TI TLE

xkkxkxkxkxxkx read data for each branch and subreach ***x***xxkxkx

DO 60 NN=1, NBRCH
I NX=NXSEC( NN) - 1
VON( 1, NN, 1) =VI N( 1, NN)
DO 50 I 1=2, 1 NX
VGA(T T, NN, 1) =VI N(1'1, NN)
READ( LUGW *) N, I, BEL(1, Ny, BTH(1, N), CND(I, N), NLY(1, N),
NRW I, N), NCL(1, N)

VRl TE( LUOT, 2010) N, I, BEL(I, N), BTH(1, N), OND(1, N), NLY(I, N),

# NRW I, N), NCL( I, N)
50  CONTI NUE
60 CONTI NUE

| DAFCB=0

| DBG=0

| DAFBK=0

READ( LUGW 1000) TI TLE

READ( LUGW *, END=70) | DAFCB, | DBG, | DAFBK
70 | F(1 DAFCB. LT. 0) WRI TE( LUOT, *)

1 " CELL-BY-CELL FLOANS WLL BE PRI NTED WHEN | CBCFL NOT 0’
| F(I DAFCB. GT. 0) WRI TE( LUCT, *)
1 " CELL-BY-CELL FLOAS WLL BE SAVED ON UNI T' , | DAFCB

| F(I1DBG NE. 1) WRI TE(LUCT, *) ' DAF debugging is turned off’
| F(1 DBG EQ 1) WRI TE(LUOT, *) ' DAF debugging is turned on’
| F(| DAFBK. EQ 0) WRI TE( LUCT, *)
1
I F(I
1
999 CLOSE(LUGW
| F(| ERR. GT. 20) THEN
VRl TE( LUOT, 2020)
STOP
END | F
RETURN
END

DAFBK. NE. 0) WRI TE( LUOT, *)

SUBROUTI NE DAF1AD( DELT, | ERR, | TMUNI, LUl N, LUOT)

+++++++++++++PURPCSE + + + + + + + + + + + +

Conmput e NHRR, set VIN for repeated cycles, and
read boundary conditions for NHRR time steps

+++ ++++++++++ + PARAMETERS + + + + + + + + +

I NCLUDE ' par ams. i nc’

+++++++++++COMNS ++++++++++ + + + +

| NCLUDE ' st artdaf. com
I NCLUDE ' ground. coni

+++ + + + + + + + ++ COWON VARI ABLES (startdaf.com + +

DT F(K,N) FI(K N) JTS NBRCH NHRR NS(N) NSI (N) NXSEC(N)

DAFLOW i s using central differencing for ground-water head’

DAFLOW i s using backward differencing for ground-water
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PX(K,N) PXI (K, N) TF(1,N) TFI(I,N) TIME TRB(I,N) VIN(I, N)

+++++++ + + + + + + COMN VAR ABLES (ground.com+ + + + +
BC(I1,N J) VGAI, N

+ + + + + + LOCAL VARIABLES + + + + + + + + + + + +
, ERR I NX; | TMUNI', J, K, LUI N, LUOT, N
AA, DELT

+
I

+++++++ 4+ + + + LOCAL DEFINNTIONS + + + + + + + + + + + +
DELT Unitless tinme step size in MODFLOW

| ERR Error code (0=ok, 20<stop as gracefully as you can)

I TMUNI Code for units of DELT (1l=sec, 2=m n, 3=hr, 4=day, 5=year)

+++++++++++ INTRINSICS + + + + + + + + + + + + + + +
NTRINSIC ABS, FLOAT, IFIX

++++ ++ ++++ + EXTERNALS + + + + + + + + + + + + + + + +
EXTERNAL GETBC

++++++++++++ |INPUT FORMATS + + + + + + + + + + + + + +
+++++++++++ ++ + QUTPUT FORVATS + + + + + + + + + + + +
FORVAT(’ Somet hi ng wong in subroutine DAF1AD for time',I5)

+++++++++ + + END SPECIFICATIONS + + + + + + + + + + + +
Rk R S R R Rk Ik O b o UnIX V\hat Inforrratlon Rk R bk R R Rk R O S o o
I NCLUDE ' versn.inc’

VERSN = ' @#) DAFLOWV - witten by HEJ June 24, 1998

Rk R I b R R R b o o Set Inltlal COI’]dItIOI’]S Rk Sk S b R R

DO 20 N=1, NBRCH
NS (N) =NS( N)

I NX=NXSEC( N) - 1
DO 10 I =1, | NX

TR (1, N)=TF(1, N)
VIN(T, N)=VGW( I, N, NHRR)
BC(I, N, 1) =BX( I , N, NHRR)
CONTI NUE
DO 20 K=1, NS(N)
FI (K N) =F(K, N)
PXI (K, N) =PX(K, N)
CONTI NUE

AA=0. 0
I F(1 TMUNI . EQ 1) AA=DELT/ (3600. 0* DT)
I F(1 TMUNI . EQ 2) AA=DELT/ ( 60. 0* DT)
I F(1 TMUNI . EQ 3) AA=DELT/ DT
I F(1 TMUNI . EQ 4) AA=DELT*24. 0/ DT
I F(1 TMUNI . EQ 5) AA=DELT* 365. 0/ DT
NHRR=1 FI X( AA)
AA=ABS( AA- FLOAT( NHRR) )
| F(AA. GT. 0. 01) THEN
WRI TE(LUOT, *)’ MODFLOWtine step is not an even nmultiple of’,

" the daflow tine step.’
| ERR=22
END | F
WRI TE(LUOT, *)’ No of DAFLOW steps per MODFLOW step = ', NHRR

DO 50 J=1, NHRR
DO 30 N=1, NBRCH
DO 30 | =1, NXSEC( N)
| F(J. GT. 1) BC(l, N, J)=Bc(l, N, J-1)
TRB(1, N)=BC(1, N, J)
CONTI NUE
CALL GETBC (I ERR, J, LU N, LUOT)
DO 50 N=1, NBRCH
I NX=NXSEC( N) - 1
DO 50 I =1, | NX
BC(1, N, J)=TRB(I, N)
CONTI NUE
| F(1 ERR GT. 20) THEN
I =I FI X(TI ME/ DT+0. 501) - JTS+1
VRl TE( LUOT, 2000) |

Madifications to the DAFLOW for Coupling to the MODFLOW
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END | F
RETURN
END

SUBRQUTI NE DAF1FM (| ERR, | TMUNI , HNEW HOLD, LUOT,
| BOUND, HCOF, RHS, NCCOL, NROW NLAY, KI TER, | DAFBK)

+++++++++++++PURPCSE + + 4+ ++ ++ + 4+ ++ + + + + +
*****xThi s subroutine solves daflow for NHRR tine steps and computes
the ground water exchange.

+ +++++++ + + + + PARAMETERS + + + + + + + + + + + + + + + +
I NCLUDE ' par ams. i nc’

NOBR - Maxi num nunber of branches allowed in nodel

+++++++++++++COMNS +++++++++++++ + + +
I NCLUDE ' st artdaf. comi
I NCLUDE ’ ground. coni

+ + + + + + + + COMON DEFINTIONS (startdaf.com + + + + + + + +
AQ1,N) NBRCH NHRR NXSEC(N) TIME TRB(I,N) V(I,N) VI NI,
+ + + + + + + + COMON DEFINTIONS (ground.com) + + + +
AQGW I, N, J) BC(I,N J) CCSTR(I, N NCL(I,N NLY(1,N) NRWI
RHSSTR(I, N) SEP(1,N) SSEP(1,N) VOGN, N)

+ o+
N

++++++++ + + LOCAL VARIABLES + + + + + + + + + + + + + + +
| NTEGER I, 1 ERR, I NX, I TMUNI, J, JCD( NOBR) , JN, K, L, LUCT, N,

# NCD( NOBR) , NN

| NTEGER | DAFBK, NCOL, NROW NLAY, | BOUND( NCOL, NROW NLAY) , KI TER
DOUBLE PRECI SI ON HNEW NCOL, NROW NLAY)

REAL HCOF( NCOL, NROW NLAY) , RHS( NCOL, NROW NLAY)

REAL AA, HOLD( NCOL, NROA/ NLAY) , VO

CHARACTER* 64 VERSN

++++++++ + + + LOCAL DEFINNTIONS + + + + + + + + + + + + +
HNEW M N, L) Gound water head at end of tine step in cell MNL
HOLD(M N, L) Ground water head at start of tinme step in cell MN L
| DAFBK  Central vs backward differencing flag for MODFLOW
| ERR Error code I ERR<20 for warning, |ERR>20 fatal

(1=DL too large, 21=too many shocks)
I TMUNI Code for units of DELT (1l=sec, 2=m n, 3=hr, 4=day, 5=year)
JCD(M Code for junction mxing (0=m xed, 2=not mi xed,

1=not all inflows known)
NCD( N) Branch code (O=routed, 1=not routed)
NCOL Nurmber of columms in ground-water nodel
NLAY Nunmber of layers in ground-water nodel
NROW Nurmber of rows in ground-water nodel
VO Vol une in subreach at beginning of time step
+++++++++++++ INTRRNSICS + + + + + + 4+ + 4+ + + + + + +
I NTRI NSI C FLQAT, | FI X
++++++++++++ + EXTERNALS + + + + + + + + + + + + + + +

EXTERNAL PRERTE, SETJNVL, SEEP, RTBR, LI MSEEP, FGQ SETJV2
+++++++++++++ INPUT FORMATS + + + + + + + + + + + + +

+ + 4+ ++++ 4+ + + + + + QUTPUT FORVATS + + + + + + + + + + + + +
FORVAT(' Warning DL>C DT, Increase DT to snooth.’)

FORMAT(’ Something wong in subroutine DAF1FM for tine' ,I15)
FORMAT(’' Too nmany waves in branch’,13,’ at J=",15)

+++++++++++ + ENDSPECIFICATIONS + + + + + + + + + + + +

uni x what infornmation

| NCLUDE ' versn.inc’

VERSN = ' @#) DAFLOW - | ast nodified June 24, 1998 by hej '’
Broken into subroutines for use with MODFLOW

Rk R I R R Rk kI b o I Prel | m narl es R Rk R I b R R R S Sk ok R R O

CALL PRERTE
DO 10 N=1, NBRCH
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DO 10 | =1, NXSEC(N)
SEP(1, N)=0. 0
SSEP(1, N) =0. 0
CCSTR(1, N)=0. 0
RHSSTR( |, N) =0. 0
10  CONTI NUE
EE I R I I I O Start tl rre |00p EE R I S I I S I I I S
| ERRR=0
DO 300 J=1, NHRR
CALL SETJNVL (JCD, NCD)
CALL SEEP (HNEW HOLD, J, LUOT, | BOUND, NCOL, NROW NLAY, KI TER,
1 | DAFBK)
| F(1 ERR. GT. 20) GO TO 900
R R R I I I I Add Seepage to trl b flow ER R IR R I R R R I I E kI Rk I I 2 b
DO 20 N=1, NBRCH
DO 20 | =1, NXSEC( N)
TRB(1, N)=BC(1, N, J) +SEP(1, N)
20  CONTI NUE

Rk R I b R SRR S o O R Route branches Rk o S R R S o

DO 200 NN=1, NBRCH

CALL RTBR (I ERR, LUOT, J, JCD, JN, N, NCD)
I F(1 ERR EQ 1) | ERRR=1
I F(1 ERR GT. 20) GO TO 900
AQGN( 1, N, J) =AQ 1, N)
DO 100 | =1, NXSEC( N)

I F(1.LT. NXSEC( N) ) THEN

[F(1.GT.1. AND. NLY(I,N).GT.0 )CALL LI MBEEP (HOLD, 1,

1 J, LUOT, N, NCOL, NROW NLAY, | DAFBK)
| F(J. EQ 1) THEN
VO=VIN(T, N)
ELSE
VO=VGW( I , N, J- 1)
END | F
CALL FGQ (1, J, LUOT, N, VO)
END | F

AQGN(I, N, J) =AQ(I, N)
VON I, N, J)=V( 1, N)
100 CONTI NUE
CALL SETJV2 (JCD, JN, NCD)
200  CONTI NUE
300 CONTI NUE

R R S O O End Of tIITE Ioop R S O O S S O

I (1 ERRR EQ 1) WRI TE( LUOT, 2000)
AA=1.

(ITI\/UNI EQ 2) AA=60. 0
(1 TMUNI . EQ 3) AA=3600. 0
(1 TMUNI . EQ 4) AA=86400. 0
(1 TMUNI . EQ 5) AA=31536000. 0
DO 400 N=1, NBRCH
I NX=NXSEC( N) -
DO 400 =2, 1 NX
L=NLY(1, N)
I F(L. GT. 0) THEN
K=NRW( I, N)
NN=NCL( 1,
| F(1 BOUND( NN, K, L) . GT. 0) THEN
RHS( NN, K, L) =RHS( NN, K, L) +AA* RHSSTR( | , N) / FLOAT( NHRR)
HCOF( NN, K, L) =HCOF( NN, K, L) - AA* CCSTR( | , N) / FLOAT( NHRR)
END | F
END | F
400 CONTI NUE
900 CONTI NUE
*khkkkhkkkkkkk k% Nasty error COITES to here EE I S O S I I
| F(1 ERR GT. 20) THEN
I =I FI X(TI ME/ DT+0. 501) - JTS+1
VRl TE( LUOT, 2010) |
| F(1 ERR EQ 21) WRI TE( LUOT, 2020) N, |
STOP
END | F
RETURN

I F
I F
I F
I F
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END

SUBROUTI NE SEEP ( HNEW HOLD, J, LUOT, | BOUND, NCOL, NROW NLAY,
Kl TER, | DAFBK)

++ +++++++++++PURPOCSE + + + ++ + + + ++ 4+ + + + + +
*****Thi s subroutine conputes the seepage to the channel

+ 4+ + 4+ ++ ++ + + + + PARAMETERS + + + + + + + + + + + + + + + +
| NCLUDE ' par ams. i nc’

+++++++++++++COMNS +++++++++++++ + + +
I NCLUDE ' startdaf.com

I NCLUDE ’ ground. coni

+++ + + + + + COMON DEFINTIONS (startdaf.com) + + + + + + + +
AQ(l,N) AL(l,N) A2(1,N) IDBG NBRCH NHRR NXSEC(N) VIN(I, N)

Wi, N ve(l, N X(T, N)

+++ + + + + + COMON DEFINTIONS (ground.com) + + + + + + + + +
BEL(I,N) BTH(I,N) CND(I,N) CSTR(I,N) NCL(I,N) NLY(I,N)

NRW I, N) QSTR(I,N) SEP(I,N) STAGE(I,N) VGAI,N)
+++++ ++ + + + LOCAL VARRABLES + + + + + + + + + + + + + + +
I NTEGER |, | DAFBK, I NX, J, KI TER, LUCT, N

I NTEGER NCCOL, NROW NLAY, | BOUND( NCOL, NROW NLAY)
DOUBLE PRECI SI ON HNEW NCOL, NROW NLAY)

REAL A, AA, AR, DPT, HD, HOLD( NCOL, NROW NLAY) , Q W
CHARACTER* 64 VERSN

++++++++++ + LOCAL DEFINITIONS + + + + + + + + + + + + +

A Cross sectional area of flow in subreach

AR Surface area of water in subreach

DPT Depth of flow (AW

HNEW M N, L) Gound water head at end of tine ste in cell MNL
HD Head, either water surface elev or seepage head

HOLD(M N, L) Ground water head at start of time step in cell MNL
| DAFBK  Central vs backward differencing flag for MODFLOW

J Time step

w Top with of water surface in subreach

+++++++++++++INTRRNSICS + + + + + + + + + + + + + + +
I NTRINSI C FLCAT

+++++++++++++ EXTERNALS + + + + + + 4+ + 4+ + + + + + +
+++++++++++++ INPUT FORVATS + + + + + + + + + + + + +

++++++++++++ + OUTPUT FORMATS + + + + + + + + + + + + +

2000 FORMVAT(' For tine step ',15,’, branch ',13,

The requested Seepage =')

#
2010 FORMAT(10GL1. 4)

00000000

+++++++++ + + + END SPECIFICATIONS + + + + + + + + + + + +

uni x what information
| NCLUDE ' versn.inc’
VERSN = ' @ #) DAFLOW - coded by hej June 2, 1997’

EE R R I I R I R I I I @npute seepage terrTB ER R R S R I R R I I I I I I
DO 20 N=1, NBRCH
I NX=NXSEC( N) - 2
DO 10 I =1, | NX
SEP(1 +1, N) =0.
QSTR(1 +1, N) =O0.
STAGE(| +1, N) =O0.
CSTR(1 +1, N) =0.
I F(NLY(1+1, N). GT. 0) THEN
I F(1 BOUND(NCL( 1 +1, N), NRW( | +1, N) , NLY( 1 +1, N) ). NE. 0) THEN
*kkkkk k% '\/m:LO/VCell IS aCtIVE EE R I I I S R R R I I
| F(KI TER EQ 1) THEN
I F(J. EQ 1) THEN
A=VINCT, N7 (X(H+1, N) - X(1, N))
ELSE
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00

A=VON( 1, N, J-1) / (X(1+1, N)- X(1, N))
END | F
ELSE
A=VON( I, N, J) 7 (X(1+1, N - X(1,N))
END | F
| F(A. GT. AO(1, N)) THEN
E((A-AQT, N))/AL(T, N ) ** (1. 0/ A2(1, N))
ELSE
@&0.0
END | F
| F(Q GT.0.0) THEN
WEWL( T, N)*(Q*Ve(l, N))
DPT=A/ W
ELSE
W£0. 0
DPT=0. 0
END | F
AR=W (X( 1 +1, N)- X(1, N))
| F(| DAFBK. EQ 0) THEN
HD=HOLD( NCL(1 +1, N), NRW( 1 +1, N) , NLY( I +1, N))
ELSE
HD=HNEW NCL( | +1, N), NRW( 1 +1, N) , NLY(I +1, N))
END | F
AA=HNEW NCL( 1 +1, N), NRA( I +1, N), NLY( | +1, N))
HD=HD+( FLOAT(J) - 0. 5) * ( AA- HD) / FLOAT( NHRR)
HD=HD- BEL( | +1, N) - DPT
AA=DPT+BTH( | +1, N) +HD
| F(1 DBG EQ 1) WRI TE(LUOT, *) ' |, DPT, DPT+BTH+HD ,
I +1, DPT, AA
| F(AA. LT.0.0) THEN
* GW head does not have hydraulic connection to stream*
| F(DPT. GT. 0) THEN
HD=- BTH( | +1, N) - DPT
SEP(| +1, N) =CND( | +1, N) * HD* AR/ BTH(| +1, N)
ELSE
SEP(I +1, N)=0. 0
END | F
QSTR( 1 +1, N) =SEP( | +1, N)
STAGE( | +1, N) =0.
CSTR(| +1, N) =0.
ELSE
** QW head has hydraulic connection too stream ******xx
| F(DPT.LE. 0.0 . AND. HD. LE. 0.0) THEN
SEP(I +1, N)=0. 0
STAGE(1+1, N)=0.0
CSTR(1 +1, N) =0. 0
ELSE
| F(HD. GT. 0. 0) THEN
AA=2. 0*V2(1, N)
| F(A2(1, N) . GT. AA) THEN
¥rkkxxkkxx Wdth depth ratio decreases with Q *****x*
AA=A2(1, N -W2(1, N)
AA=( (HD+DPT) *WL (I, N)/ AL(I,N))**( 1.0/ AA)
AR=(WL(T, N)* AA** V(] , N) ) * (X(T+1, N)- X(1, N))
| F(I DBG EQ. 1) WRI TE(LUCT, *)
"Wdth, Area based on gw head , W (I, N) *AA**W2(1,N), AR
ELSE
¥xxxxx%x Wdth depth ratio increases with Q ***x**xx
AR=(WH2. 0*HD) * (X(1 +1, N - X(1, N))
| F(I DBG EQ 1) WRI TE(LUOT, *)
"Wdth, Area based on GW head' , W2. 0*HD, AR
END | F
END | F
CSTR(1 +1, N) =CND( | +1, N) * AR/ BTH( | +1, N)
SEP(1 +1, N) =CSTR(| +1, N) * HD
STAGE( | +1, N) =BEL( | +1, N) +DPT
END | F
QSTR(1 +1, N) =0. 0
END | F
END | F
END | F
| F(1 DBG EQ 1) WRI TE(LUOT, *) ' I, CSTR, STAGE, QSTR, SEP' ,
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O 00000000 O

000000000

000 0000000000000 0

4030 FORVAT
$

4040 FORMAT(’
$

(eXe!

1
10 CONTI NUE

| +1, CSTR(1 +1, N), STAGE(| +1, N), QSTR(| +1, N), SEP(1 +1, N)

| F(1 DBG. EQ 1) WRI TE( LUQT, 2000) J, N

| NX=NXSEC( N)

-1

| F(1 DBG. EQ 1) WRI TE( LUOT, 2010) (SEP(1, N), | =2, I NX)

20 CONTI NUE

RETURN
END

SUBROUTI NE

+ 4+ + + + o+

LI MSEEP (HOLD, I, J, LUCT, N, NCOL, NROW NLAY, | DAFBK)

+++++++PURPOSE + + + + + + + + + + + + + + + +

*** This subroutine apportions any increase in TRB (reduction in
*** outflow fromthe strean) that is calculated by ROUTE between
*** BC and SEP. Negative BC values are increased to O prior to
*** jncreasing negative SEP val ues. Coefficients SSEP, RHSSTR

*** & CCSTR are also set.

+ 4+ + + + o+

+++++ + PARAMETERS + + + + + + + + + + + + + + + +

I NCLUDE ’ par ans. i nc’

+ 4+ + + + o+

+++++++ COMNS + ++ +++++++++ + + + +

| NCLUDE ' st artdaf. com
I NCLUDE ' gr ound. coni

+ 4+ + + + o+
DT JTS Q |

+ + + + + 4+

TR

+ + COVWON DEFI NTIONS (startdaf.con) + + + + + + + +
DBG NHRR TI ME TRB(I, N)

+ + COVMON DEFI NTIONS (ground.com) + + + + + + + + +

(BD(SZ(I,N,J) CCSTR(I,N) CSTR(1,N) NCL(T,N) NLY(I,N NRWI,N)
[

+ + + + +
NTEGER |, |
EAL AA,

x— +

+ + + + + +
BCNEW -
HOLD( M N, L)
| DAFBK -
N -
NCOL -
NLAY -
NROW -
J -
TRBOLD -
TRBCHG -

+
RI

G+
+++0+
+++T+
+ + +
+ + +

+
I

+
+
+

+++5+

+
+
+

~+ + +

+ 4+ + + + o+

,N) RHSSTR(I,N) SEP(I,N) SSEP(I,N) STAGE(I,N)

+ + + + LOCAL VARIABLES + + + + + + + + + + + + + + +
DAFBK, J, JJ, LUCT, N, NCOL, NRON NLAY
BCNEW HOLD( NCCOL, NROW NLAY) , TRBOLD, TRBCHG

+ + + + + LOCAL DEFINITIONS + + + + + + + + + + + + +
Adj ust ed val ue of wi thdrawal caused by | ack of water
Ground water head at start of time step in cell MNL
Central vs backward differencing flag for MODFLOW
Branch nunber

Nunmber of columms in ground-water nodel

Nunmber of |ayers in ground-water nodel

Nunmber of rows in ground-water nodel

Ti me step nunber

Val ue of TRB that was sent to ROUTE (BC+SEP).
Reduction necessary in the extraction

o+
N

+ +
Fl X

+

INTRINSICS + + + + + + + + + + + + + + +

+ EXTERNALS + + + + +
I NPUT FORMATS + + +
+ OUTPUT FORMATS + + +

+ + 4+ + ++ + + +
+
+ + 4+ + ++ + + +

+
+
+
+
+
+
+
+

+
I

+
+
+

+ 4+ 4+ +
+ + +

+
+
+

++ +
+
+

' Channel dry, reduced BC withdrawal to', Gl2. 3,

" at time step’,16,” Branch’,14,’ Node’,|l4)
Channel dry, linmted GWseepage to', Gl2. 3,

" at time step’,16,” Branch’,14,’ Node’,|4)

+ ++ + + + END SPECIFICATIONS + + + + + + + + + + + +

JJ=I FI X(TI ME/ DT+0. 501) -JTS +1

TRBOLD=SEP(

I, N)+BC(1, N, J)

*** ROUTE will have nodified TRB only when TRBOLD is negative. ***

| F( TRBOLD. L

T.0.0) THEN

TRBCHG=TRB( | , N) - TRBOLD

* Apporti

on change in TRBonly if there was a significant change

| F(TRBCHG GT. -1.E-6*TRBOLD) THEN

I F(BC( |

, N, J).LT.0) THEN

I F(-BC(1, N, J). GE. TRBCHG) THEN

* k k

***%x* The entire TRB change is taken from BC *****x%%x

BCNEW=BC( | , N, J) +TRBCHG

I F(
ELSE

* %

| DBG EQ 1) WRI TE(LUOT, 4030) BCNEW J, N, |
Part of TRB change is taken from SEP and part from BC *
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@] (eXe!

O 0000

000000000

o00000

| F(1 DBG. EQ 1) WRI TE(LUOT, 4030) 0.,J, N, |
SEP(I, N)=SEP(I, N) +BC( 1, N, J) +TRBCHG
QSTR(1, N) =SEP( I, N)
CSTR(!1, N)=0. 0
STAGE(I, N) =0. 0
| F(1 DBG EQ 1) WRI TE(LUOT, 4040) SEP(1,N),JJ, N, I
END | F
ELSE

*x*kkxxkx* The entire TRB change is taken from SEP ****xx%*xx

SEP(1, N) =SEP( I, N) +TRBCHG
QSTR(1, N) =SEP( 1, N)
CSTR(I, N)=0. 0
STAGE( 1, N) =0. 0
JJ=I FI X(TI ME/ DT+0. 501) - JTS+1
| F(1 DBG. EQ 1) WRI TE(LUOT, 4040) SEP(1,N),JJ, N I
END | F
END | F
END | F

khkkkkkkkhhkkkhkkx ACCUmJl ate SSEP R'_lSSTR and C(BTR Rk R S b R R

| F(1 DAFBK. EQ 0) THEN

AA=( FLOAT(J) - . 5) / FLOAT( NHRR)
ELSE

AA=1.0
END | F
SSEP(1, N) =SSEP( 1, N) +SEP( I , N)
RHSSTR( |, N) =RHSSTR( I, N)

% +CSTR(1, N) *HOLD(NCL( 1, N), NRW(1, N), NLY( 1, N) ) *( 1. - AA)

- STAGE(I, N)*CSTR( 1, N) +QSTR(1, N)
CCSTR(1, N) =CCSTR( 1, N) +CSTR( | , N) * AA
| F(1 DBG EQ 1) THEN
I F(N. EQ 1) WRI TE(LUOT, *)’ Final I, SEP ',I,SEP(I,N)
WRI TE( LUCT, *)’ I, SSEP, CCSTR, RHSSTR ',

1 I, SSEP(1, N), CCSTR(I, N), RHSSTR(I , N)
END | F
RETURN
END
SUBROUTI NE DAF1BD ( LUFLW LUOT, | TMUNI, DELT, VBVL, VBNM MSUM
# KSTP, KPER, | DAFCB, | CBCFL, BUFF, PERTI M TOTI M NCOL, NROW
# NLAY, | BOUND)

+++++++++++++PURPCSE + + + + ++ + + ++ + + + + +

+

* k k ThIS subroutlne prlnts the results Rk Rk R R Rk kO R R

+++++++++++ + PARAMETERS + + + + + + + + + + + + + + +
I NCLUDE ’ par ams. i nc’
+++++++++++++COMNS +++++++++++++ + +
I NCLUDE ’ st art daf. com
I NCLUDE ' gr ound. coni

++ + + + + COVWON DEFINTIONS (startdaf.com) + + + + + + + + +
AQ 1, N) NBRCH NHRR NXSEC(N) TRB(I,N) V(I,N)

+ + + + + + + + COMON DEFINTIONS (ground.con) + + + + + + + +
AQGN 1, N, J) BC(I,NJ) NCL(I,N NRWI,N) NLY(I,N SSEP(I,N)
VGWN( I, N, J)

+ + + + + + + + + + LOCAL VARIABLES + + + + + + + + + + + + + +
| NTEGER NCCL, NROW NLAY, | BOUND( NCOL, NROW NLAY)

| NTEGER |, | BD, | CBCFL, | DAFCB, | NX, | TMUNI , J, KPER, KSTP, LUFLW LUQT, N
I NTEGER I BDLBL, IC, IL,IR

REAL AA, DELT, BUFF( NCOL, NROW NLAY) , TOTI M VBVL( 4, NSUM

REAL RATE, RI N, ROUT, ZERO

CHARACTER* 16 VBNM MSUM , TEXT

DATA TEXT/’ DAFLOW /

+++++++ ++ + + LOCAL DEFINNTIONS + + + + + + + + + + + +
DELT Unitless tine step size in MODFLOW

| DAFCB Print code for MODFLOW

I TMUNI Code for units of DELT (1l=sec, 2=m n, 3=hr, 4=day, 5=year)

DOUBLE PRECI SI ON RATI N, RATOUT, RRATE
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+

+ + +
I NTRI
+

+é+

+ + + +
C FLOAT
+ + + +

+

+ +
EXTERNAL PRTFLW UBDSV2, UBDSVA, UBUDSV

+ ++ 4+ + + + + + + + + | NPUT FORVATS + +

oO000000

2000 FORNVAT(1X,/1X A’ PERICD , 1 3,” STEP
2010 FORNMAT(1X,' REACH ,14,’ LAYER , 13,"
1 ’ RATE' , 1PGL15. 6)

(eXeXe)

IR R S O O Wlte results

DO 50 J=1, NHRR
DO 20 N=1, NBRCH
DO 20 | =1, NXSEC(N)
AQ1, N)=AQGW( I , N, J)
V(T, N)=VGX(1, N, J)
TRB(1, N)=BC( I, N, J)
20  CONTI NUE
CALL PRTFLW ( LUFLW LUOT)
50 CONTI NUE

(eXe!

COVPUTE MODFLOW S BUDGET TERMB
AA=1.0

I TMUNI . EQ 2) AA=60. 0

TMUNI . EQ 3) AA=3600. 0

TMUNI . EQ 4) AA=86400. 0

TMUNI . EQ 5) AA=31536000. 0

mTTT
~N——~——

ROW , | 4,"

++++ + INTRINSICS + + + + + + + + + + + + + + +

+ 4+ + + + EXTERNALS + + + + + + + + + 4+ + + + + +

+ + 4+ +++ + 4+ + 4+ +++

++++++++++++ + OUTPUT FORMATS + + + + + + + + + + + + +

,13)
caL 14,

+++++++++++ + ENDSPECIFICATIONS + + + + + + + + + + + +

EIE R R S O O

Cl------ I NI TI ALI ZE CELL-BY- CELL FLOW TERM FLAG (| BD) AND

Cl------ ACCUMULATORS ( RATI N AND RATOUT) .
ZERO=0.
RATI N=ZERO
RATOUT=ZERO
| BD=0
| F(1 DAFCB. LT. 0 . AND. | CBCFL. NE. 0) |BD=-1
| F(1 DAFCB. GT. 0) | BD=I CBCFL
| BDLBL=0

c2------ | F CELL-BY-CELL FLONS WLL BE SAVED AS A LI ST, WRI TE HEADER

| F(1BD. EQ 2) CALL UBDSV2(KSTP, KPER, TEXT,
1 NBRCH, LUOT, DELT, PERTI M TOTI M |

c3------ CLEAR THE BUFFER
DO 60 |L=1, NLAY
DO 60 | R=1, NROW
DO 60 | C=1, NCCL
BUFF(1C, I R IL)=ZERO
60 CONTI NUE

Ch------ | F NO REACHES, SKIP FLOW CALCULATI ONS.
| F(NBRCH. EQ 0) GO TO 200

| DAFCB, NCOL, NROW NLAY,
BOUND)

C5------ LOOP THROUGH EACH RI VER REACH CALCULATI NG FLOW

DO 150 N=1, NBRCH

I NX=NXSEC( N) - 1

DO 150 |1=2, 1 NX
I C=NCL(1, N)
I RENRW( | , N)
I L=NLY( I, N)
RATE=ZERO
I F(1 BOUND(I C, IR IL).LE 0.OR IL.LE
RATE=- AA* SSEP( |, N) / FLOAT( NHRR)
RRATE=RATE

C

0) GO TO 99

C5G ----PRINT THE | NDI VI DUAL RATES | F REQUESTED( | DAFCB<O) .

| F(1BD. LT. 0) THEN

| F(1 BDLBL. EQ 0) WRI TE( LUQOT, 2000) TEXT, KPER, KSTP

WRI TE(LUCT, 2010) N, IL, IR I C, RATE
| BDLBL=1
END | F
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C5H - ---- ADD RATE TO BUFFER
BUFF(I C, I R I L) =BUFF(1 C, I R | L) +RATE

C5l----- SEE | F FLOW IS | NTO AQUI FER OR | NTO RI VER
| F( RATE) 94, 99, 96
C
C5J----- AQUI FER | S DI SCHARG NG TO RI VER SUBTRACT RATE FROM RATOUT.
94 RATOUT=RATOUT- RRATE
GO TO 99
C
C5K- - - - - AQUI FER | S RECHARGED FROM RI VER, ADD RATE TO RATI N.
96 RATI N=RATI N+RRATE
c
C5L----- | F SAVI NG CELL- BY- CELL FLOWS I N LI ST, WRI TE FLOW
99 | F(1BD. EQ 2) CALL UBDSVA(I DAFCB, NCOL, NROW | C, | R, | L, RATE, | BOUND,
1 NLAY)
150  CONTI NUE
C
CB------ | F CELL- BY- CELL FLONWLL BE SAVED AS A 3-D ARRAY,
B------ CALL UBUDSV TO SAVE THEM
| F(1BD. EQ 1) CALL UBUDSV( KSTP, KPER, TEXT, | DAFCB, BUFF, NCOL, NROW
1 NLAY, LUOT)
c
Cl------ MOVE RATES, VOLUVES & LABELS | NTO ARRAYS FOR PRI NTI NG
200 RI N=RATI N
ROUT=RATOUT
VBVL( 3, MSUM =RI N
VBVL( 4, MSUM) =ROUT
VBVL( 1, MSUM =VBVL( 1, MSUM) +RI N* DELT
VBVL( 2, MSUM =VBVL( 2, MSUM +ROUT* DELT
VBNM MBUM) =TEXT
C
C8------ | NCREMENT BUDGET TERM COUNTER.
VBUMENMBUME 1
RETURN
END

Madifications to the DAFLOW for Coupling to the MODFLOW
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0000000000000 OOOOOOOOOOOOOOOO0O0

HHFHRF_H

Parameter definition file, params.inc

I NTEGER NOBR, NOSC, NOSH, NOCO, NOPR, NOCP, NOTS

PARAMETER ( NOBR=5,
PARAMETER ( NOPR=150, NOCP=4000, NOTS=20)

NOSC=35, NOSH=200, NOCO=10)

+ + + PARAMETER DEFI NI TIONS + + +

Maxi mum nunber of branches al | owed i n nodel

Maxi mum nunber of cross sections (nodes) allowed in branch
Maxi mum nunber of shocks allowed in branch

(NCSH shoul d be at |east 4 tinmes NOSC)

Maxi mum nunber of constituents all owed

Maxi mum nunber of parcels allowed in branch

(NOPR should be at least 20 + 2 tines NOSC)

Maxi mum nunber of conmputed or observed points

Maxi mum of time steps per ground water step

NOBR
NOSC
NOSH

NOCO
NOPR

NOCP
NOTS

REAL

Common block include file, startdaf.com

+ +
artda
DBG, |

COMMON / STARTI /
#

+
f.

+
Cc

+ + 4+ 4+ + COMNS + ++ +++++ ++ + + + +
om

ENG, | OUT( NOSC, NOBR) , JNCD( NOBR) , JNCU( NOBR) , JGO, JTS,
NBRCH, NHR, NHRR, NINCT, NS( NOBR) , NSI ( NOBR) , NXSEC( NOBR)

AQ( NOSC, NOBR) , AQ( NOSC, NOBR) , A1( NOSC, NCBR) ,

A2( NOSC, NOBR) , DT, F( NOSH, NCBR) ,

FI ( NOSH, NOBR) , PF( NOBR) , PX( NOSH, NOBR) , PXI ( NOSH, NOBR) , Q' ,
SL( NOSC, NOBR) , TF( NOSC, NOBR) , TFI ( NOSC, NOBR) , TI ME,

TRB( NOSC, NOBR) , V( NOSC, NOBR) , VI N NOSC, NOBR) , VI ,

WL( NOSC, NOBR) , W2( NOSC, NOBR) , X( NOSC, NOBR) , XFACT

I DBG, | ENG, | QUT, JNCD, JNCU, JGO, JTS, NBRCH, NHR, NHRR,
NINCT, NS, NSI, NXSEC
COMWON / STARTR/  AO, AQ Al, A2, DT, F, FI, PF, PX, PXI, Q, SL, TF, TFI,
# TIME, TRB, V, VIN, VI, W, W2, X, XFACT
SAVE / STARTI /, | STARTR/

++++++ + + + + + COMON DEFINTIONS (startdaf.com) + + + + + +

AQ(lI,N) Cross sectional area at zero flow for subreach |, branch N

AQlI,N) Discharge at node |, branch N (tinme step averaged)

AL(lI,N) Cross sectional area at a flow of 1.0.

A2(1,N) Exponent of area equation A=AC+tAl( Q**A2).

F(K, N) Steady flow in shock K of branch N

FI(K,N Initial steady flow in shock K of branch N

DT Time step size (hours)

| DBG Debugger code (0 or N = no, 1 = wite debug code)

I ENG Input units: O=metric , 1=English

IOUT(I,N Flag (1 = output) for node I in branch N

JNCD(N) d/s junction no. for branch N (nunber interior first)

JNCUY(N) u/s junction no. for branch N (nunber interior first)

JGO Nurmber of tinme steps between output in "flow out”

JTS Nunmber of time steps frommi dnight to start of nodel

NBRCH Number of branchs

NHR Nurber of time steps to be nodel ed

NHRR Nurmber of tine steps to be repeated

NINCT Nunmber of interior junctions

NS( N) Nurmber of shocks in branch N

NSI ( Initial nunber of shocks in branch N

NXSEC(N) Nunmber of nodes in branch N

PF( N) Portion of flow at junction to enter branch N

PX(K, N} Location of u/s boundary of shock K in branch N

PXI (K, N) Initial location of u/s boundary of shock K in branch N
I nsignificant discharge (QP/ 100000. 0)

SL(I,N) Slope, wave di spersion coefficient=Q (2*S*W

TF(I,N) Flow in tributary at node I of branch N

TFI(I N) Initial flow in tributary at node |I of branch N

TI ME Time in hours since nmidnight on nodel start day



00000000

(eXele]

REAL

0000000000000 00000

#
#

TRB(1,N New flow in tributary at node | of branch N

V(Il, N Vol une of water in subreach I, of branch N
VIN(CI,N) Initial volume of water in subreach |I of branch N
Vi Insignificant volune (Q *DT, in seconds)

WL(I,N) Coefficient in WWL(Q **W2 for subreach | branch N

W2(I,N) Coefficient in WeWL(Q **W2 for subreach | branch N
X(I', N Di stance of node | in branch N downstream of reference point
XFACT Conversion frommiles to feet or neters, depending on | ENG

Common block include file, ground.com

+++++++++++COMNS +++++++++++++++ + + +
I NCLUDE ' gr ound. coni

I NTEGER NCL( NOSC, NOBR) , NLY( NOSC, NOBR) , NRW NOSC, NOBR)
AQGN NOSC, NOBR, NOTS) , BC( NOSC, NOBR, NOTS) , BEL( NOSC, NOBR)
BTH( NOSC, NOBR) , CND( NOSC, NOBR) , SEP( NOSC, NOBR)
SSEP( NOSC, NOBR) , VG NOSC, NOBR, NOTS)
REAL CSTR(NOSC, NOBR) , STAGE( NOSC, NOBR) , QSTR( NOSC, NOBR)
REAL CCSTR( NOSC, NOBR) , RHSSTR( NOSC, NOBR)

COVMON / GROUNDI / NCL, NLY, NRW
COVMON / GROUNDR/  AQGW BC, BEL, BTH, CND, SEP, SSEP,

1 CSTR, STAGE, QSTR, CCSTR, RHSSTR, VGW
SAVE / GROUNDI / , / GROUNDR/

+ +++ + + + + + + + COMON DEFINTIONS (ground.com) + + + + + +
AQGN 1, N,J) Discharge at node I, brch N, averaged during time step J
BC(I, N,J) Boundary condition for node |, branch N, & tinme step J.

BEL(1,N) Elevation of stream bed for subreach I, branch N
BTH(I, N) Thickness of the stream bed for subreach I, branch N
CND(I,N) Hydraulic conductivity of streanbed for subreach I, branch N

CSTR(i ,N Zero if water table is below river bottom
Seepage per unit head otherw se

NCL(!,N) Columm nunber of seepage connection to subreach |, branch N
NLY(1,N) Layer nunmber of seepage connection to subreach I, branch N
NRW I, N) Row nunmber of seepage connection to subreach I, branch N

STR(I, N Zero if water table is abov river bottom seepage ot herw se
SEP(1,N) Seepage to river subreach |, branch N during daflow tine step
SSEP(I1,N) Seepage to river subreach I, branch N during MODFLOWNtinme step
STAGE(I,N) Elev of river surface if water table above river bottom

Zero if water table is below river bottom
VGWN( I, N) Vol ure of water in subreach | of branch N, tine J
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APPENDIX B. MODFLOW DATA FILES FOR EXAMPLE 1 SIMULATION

MODFLOW name file for Example 1 simulation:

1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

LI ST 8 exanpl el. | st
BAS 9 exanpl el. bas
BCF 11 exanpl el. bcf
RCH 18 exanpl el. rch
SIP 19 exanplel.sip
OC 22 exanpl el. oc
DAF 31 exanpl el.inf
DAFG 32 exanpl el.ing
DAFF 90 bltmflw

MODFLOW Basic Package file, examplel.bas:

1 2

3

4

6

7

8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

TEST PROBLEM 1-- CONSTANT STREAM STAGE AND VARI ABLE RECHARGE TO AQUI FER

Options

0

CONSTANT 1

999.

I NTERNAL 1.0 (10F8.0
58.346 58.258 58.
55.445 54.930 54.
50. 659 51.314 51.
56.370 56.775 57.
58.346 58.258 58.
55.445 54.930 54.
50. 659 51.314 51.
56.370 56.775 57.
58.346 58.258 58.
55.445 54.930 54.
50. 659 51.314 51.
56.370 56.775 57.
58.346 58.258 58.
55.445 54.930 54.
50. 659 51.314 51.
56.370 56.775 57.
58.346 58.258 58.
55.445 54.930 54.
50. 659 51.314 51.
56.370 56.775 57.
58.346 58.258 58.
55.445 54.930 54.
50. 659 51.314 51.
56.370 56.775 57.
58.346 58.258 58.
55.445 54.930 54.
50. 659 51.314 51.
56.370 56.775 57.

) 16

8.132

384
961
138
132
384
961
138
132
384
961
138
132
384
961
138
132
384
961
138
132
384
961
138
132
384
961
138

57.
53.
52.
57.
57.
53.
52.
57.
57.
53.
52.
57.
57.
53.
52.
57.
57.
53.
52.
57.
57.
53.
52.
57.
57.
53.
52.
57.

39

955
810
595
459
955
810
595
459
955
810
595
459
955
810
595
459
955
810
595
459
955
810
595
459
955
810
595
459

57.
53.
53.
57.
57.
53.
53.
57.
57.
53.
53.
57.
57.
53.
53.
57.
57.
53.
53.
57.
57.
53.
53.
57.
57.
53.
53.
57.

144

730
213
213
730
730
213
213
730
730
213
213
730
730
213
213
730
730
213
213
730
730
213
213
730
730
213
213
730

57.
52.
53.
57.
57.
52.
53.
57.
57.
52.
53.
57.
57.
52.
53.
57.
57.
52.
53.
57.
57.
52.
53.
57.
57.
52.
53.
57.

459
595
810
955
459
595
810
955
459
595
810
955
459
595
810
955
459
595
810
955
459
595
810
955
459
595
810
955

57.
51.
54.
58.
57.
51.
54.
58.
57.
51.
54.
58.
57.
51.
54.
58.
57.
51.
54.
58.
57.
51.
54.
58.
57.
51.
54.
58.

138
961
384
132
138
961
384
132
138
961
384
132
138
961
384
132
138
961
384
132
138
961
384
132
138
961
384
132

56.
51.
54.
58.
56.
51.
54.
58.
56.
51.
54.
58.
56.
51.
54.
58.
56.
51.
54.
58.
56.
51.
54.
58.
56.
51.
54.
58.

775
314
930
258
775
314
930
258
775
314
930
258
775
314
930
258
775
314
930
258
775
314
930
258
775
314
930
258

56.
50.
55.
58.
56.
50.
55.
58.
56.
50.
55.
58.
56.
50.
55.
58.
56.
50.
55.
58.
56.
50.
55.
58.
56.
50.
55.
58.

370
659
445
346
370
659
445
346
370
659
445
346
370
659
445
346
370
659
445
346
370
659
445
346
370
659
445
346

55.
50.
55.

55.
50.
55.

55.
50.
55.

55.
50.
55.

55.
50.
55.

55.
50.
55.

55.
50.
55.

926
000
926

926
000
926

926
000
926

926
000
926

926
000
926

926
000
926

926
000
926
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58. 346
55. 445
50. 659
56. 370
58. 346
55. 445
50. 659
56. 370
58. 346
55. 445
50. 659
56. 370
58. 346
55. 445
50. 659
56. 370
58. 346
55. 445
50. 659
56. 370
58. 346
55. 445
50. 659
56. 370

1296000.

[ Repeat the previous |ine

MODFLOW Block-Centered Flow Package file, examplel.bcf:

58.258 58.
54.930 54.
51.314 51.
56. 775 57
58. 258 58.
54.930 54.
51.314 51.
56. 775 57
58. 258 58.
54.930 54.
51.314 51.
56. 775 57
58. 258 58.
54.930 54.
51.314 51.
56. 775 57
58. 258 58.
54.930 54.
51.314 51.
56. 775 57
58. 258 58.
54.930 54.
51.314 51.
56. 775 57

2

132
384
961
138
132
384
961
138
132
384
961
138
132
384
961
138
132
384
961
138
132
384
961
138

57
53.
52
57
57
53.
52.
57.
57.
53.
52.
57.
57.
53.
52.
57.
57.
53.
52.
57.
57.
53.
52.
57.
1.
an

955
810
595
459
955
810
595
459
955
810
595
459
955
810
595
459
955
810
595
459
955
810
595
459
0

57

53.
53.
57

57

53.
53.
57.
57.
53.
53.
57.
57.
53.
53.
57.
57.
53.
53.
57.
57.
53.
53.
57.

730
213
213
730
730
213
213
730
730
213
213
730
730
213
213
730
730
213
213
730
730
213
213
730

addi ti onal

4

57

52

53.
57

57

52

53.
57.
57.
52.
53.
57.
57.
52.
53.
57.
57.
52.
53.
57.
57.
52.
53.
57.

459
595
810
955
459
595
810
955
459
595
810
955
459
595
810
955
459
595
810
955
459
595
810
955

57

51.
54,
58.
57

51.
54,
58.
57.
51.
54,
58.
57.
51.
54,
58.
57.
51.
54,
58.
57.
51.
54,
58.

143 tines. ]

138
961
384
132
138
961
384
132
138
961
384
132
138
961
384
132
138
961
384
132
138
961
384
132

56

51.
54,
58.
56

51.
54,
58.
56.
51.
54,
58.
56.
51.
54,
58.
56.
51.
54,
58.
56.
51.
54,
58.

775
314
930
258
775
314
930
258
775
314
930
258
775
314
930
258
775
314
930
258
775
314
930
258

56

50.
55

58.
56

50.
55

58.
56.
50.
55.
58.
56.
50.
55.
58.
56.
50.
55.
58.
56.
50.
55.
58.

370
659
445
346
370
659
445
346
370
659
445
346
370
659
445
346
370
659
445
346
370
659
445
346

7

55
50.
55

55
50.
55

55
50.
55

55
50.
55

55
50.
55

55
50.
55

926
000
926

926
000
926

926
000
926

926
000
926

926
000
926

926
000
926

3 5 6 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

1 2
0 0
0
CONSTANT 1.
I NTERNAL 100. (39F2.0) 0

3222222222
CONSTANT 1000.
CONSTANT 0. 2
CONSTANT . 037

1E30

0

0

0

22222222222222222222222222223

MODFLOW Recharge Package file, examplel.rch:

1

2

3

4

6

7

8

12345678901234567890123456789012345678901234567890123456789012345678901234567890
0

CONSTANT

CONSTANT

CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT

RPRRRPRRRPREN P N P W

. 2865E- 09

. 8250E- 08

. 1487E- 08
. 2141E- 07
. 6465E- 07
. 8961E- 07
. 8961E- 07
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CONSTANT 1. 6465E- 07
CONSTANT 1. 2141E- 07
CONSTANT 7. 1487E-08
CONSTANT 2. 8250E- 08
CONSTANT 3. 2865E- 09

CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT

OFRORORORORORORORORORORORPWRNRPNRRRRER

CONSTANT
[Repeat previous 48 lines five additional times— each set of 48 lines covers 24 stress periods.]

MODFLOW Strongly-Implicit Procedure Package file, examplel.sip:

1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890
149 5

1. . 0001 1 0 1

MODFLOW Output Control Option file, examplel.oc:

1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890
HEAD PRI NT FORVAT 16

PERICD 1 STEP 1
PRI NT HEAD

PRI NT BUDGET

PERI OD 121 STEP 2
PRI NT HEAD

PERI OD 122 STEP 2
PRI NT HEAD

PERI CD 123 STEP 2
PRI NT HEAD

PERI OD 124 STEP 2
PRI NT HEAD

PERI CD 125 STEP 2
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PRI NT HEAD
PERI CD 126
PRI NT HEAD
PERI CD 127
PRI NT HEAD
PERI CD 128
PRI NT HEAD
PERI CD 129
PRI NT HEAD
PERI CD 130
PRI NT HEAD
PERI CD 131
PRI NT HEAD
PERI CD 132
PRI NT HEAD
PERI CD 133
PRI NT HEAD
PERI CD 134
PRI NT HEAD
PERI CD 135
PRI NT HEAD
PERI CD 136
PRI NT HEAD
PERI CD 137
PRI NT HEAD
PERI CD 138
PRI NT HEAD
PERI CD 139
PRI NT HEAD
PERI CD 140
PRI NT HEAD

STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP

N N N N N N N N N N N N N DNDDN
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APPENDIX C. MODFLOW DATA FILES FOR EXAMPLE 2 SIMULATION

MODFLOW name file for Example 2 simulation:

1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

LI ST
BAS
BCF
oC

SI P
DAF 28 exanpl e2. i nf

DAFG 29 exanpl e2.ing

DAFF 30 bltmflw

1

22
23

8
7

exanmpl e2. | st

exanpl e2. bas

1 exanpl e2. bcf

exanpl e2. oc
exanmpl e2.sip

MODFLOW Basic Package file, example2.bas:

1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890

COFR 88-729 Test Problem 2

1 13

0
999. 99 HNCFLO

0 4.800E+01

. 640E+04
. 640E+04
. 640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
640E+04
. 640E+04
640E+04
. 640E+04
. 640E+04
. 296E+06
. 888E+06

[y
OUIRRRRPRRPRRPRRPRREPRRPRPRRPRPRRPRRERRRRERRRERRRERRRERE

4 = 00 80 00 00 00 00 B0 00 0O G0 00 00 B0 00 B0 00 0O G0 00 00 B0 00 B0 00 0O B0 00 00 00 00

PRRPRPRPRPRPRPPRRPRPRRPRPRRPRPRRPRRPRRPRRRRERPRRPRRRRRR

39

32 1

| APART, | STRT

. 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
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
. 000E+00
. 000E+00

PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT
PERLEN, NSTP, TSMULT

NLAY, NROW NCCL, NPER, | TMUNI
112 0 0 0 0 0 0 0 0 0 02223 0 0 0 028 0 O O O O
0 0

1 | BOUND | ayer

SHEAD | ayer

1
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MODFLOW Block-Centered Flow Package file, example2.bcf:

1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890
0 0 1.00E+30 0 5.00E-01 1 0
0
0 1. 000E+00 TRPY
11 1. O00E+00 (8F10. 0) 0 DELR
3. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02
2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02
2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02
2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02
2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 2. 000E+02 3. 000E+02
0 1. 000E+03 DELC
0 2. 000E-01 SF1 layer 1
0 3. 700E-02 TRAN | ayer 1

MODFLOW Output Control Option file, example2.oc:

1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890
16 0 0 0 | HEDFM | DDNFM | HEDUN, | DDNUN

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 1 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 2 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 3 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 4 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 5 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 6 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 7 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 8 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 9 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, I CBCFL: PER. 10 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, I CBCFL: PER. 11 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 12 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 13 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 14 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 15 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, I CBCFL: PER. 16 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 17 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 18 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 19 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 20 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 21 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 22 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 23 STEP 1
1 0 0 0 Hdpr, Ddpr, Hdsv, Ddsv

1 1 1 1 1,1,1BUDFL, | CBCFL: PER. 24 STEP 1
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PRPORORORORORRRPRRPRPRPRPRPRORORORORORORORORORORORORORRRRERREPRRERRRRRRERRER

OrRrOFrROFrROFrRPOFRPROFRPROFRPROFRPRORFRPROFRPRORPRORPROFRPROFRPORPRORPROFRPRORPRORPRORPRORPRORPRORPRORPRORPORPRORORPRORPORO

OrRPORFRORFRPRORFRPORPRORFRPRORPRORPRORPRORFRPROO0OO0OO0OO0O0O0O0O0OO0O0O00O0O0000O0O000O0O0O0O0O0O0OOrRORrRPORORORORO

[l lelolololeololololololololololololol Jeolololeolololololololololololololololololololololololololaol Jeol Jeol el _leol ol e

Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv
1,1, | BUDFL, | CBCFL: PER
Hdpr, Ddpr, Hdsv, Ddsv

MODFLOW Strongly-Implicit Procedure Package file, example2.sip:

1

2

3

4

5 6

25
26
27
28
29
30
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
32
32
32
32
32
32
32
32
32

7

STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP
STEP

© 0 N o O D WN PR R R R R R

T~ T = < S N
g h W N B O

© 00 N oo o b~ W N Bk

8

12345678901234567890123456789012345678901234567890123456789012345678901234567890
149 5

1

. 00001
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7
7

12345678901234567890123456789012345678901234567890123456789012345678901234567890

DAF test problem

4 NLAY, NROW NCCL, NPER, | TMUN

4
12345678901234567890123456789012345678901234567890123456789012345678901234567890

8 exanpl e3. | st
7 exanpl e3. bas
11 exanpl e3. bcf
12 exanpl e3. wel
23 exanpl e3. pcg
3
21
| APART, | STRT

41
1

30 exanpl e3. i nf
DAFG 31 exanpl e3.ing

22 exanpl e3. oc
DAFF 90 bltmflw

APPENDIX D. MODFLOW DATA FILES FOR EXAMPLE 3 SIMULATION

MODFLOW name file for Example 3 simulation:
MODFLOW Basic Package file, example3.bas:

LI ST
BAS
BCF
\EL
PCG
oC
DAF

1

yer

CdddddddddddddddAdAdAdddAdAdAdAdAAAAAAAAA A A

AT AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

D

Leddddddddd A A A A A A A A A A A
wl1111111111111111111111111111111111
—rAdrd A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

AT AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A A
NedAdAdAdddddddddddddddddddddd A A A A A

AT AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

AT AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A A
U}l1111111111111111111111111111111111
n“_‘,I_1:|_1:|_1:|_1:|_1:|_1:|_1:|_1:|_1:|_1:|_1:|_1:|_1:|_1:|_1_—|_1_—|_1:|_
ﬂdl1111111111111111111111111111111111
VAylll11111111111111111111111111111111

Lo
~rdrd A A A A A A A A A A A A A A A A A A A A

AT AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A
111111111111111111111111111111111111

AT AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

AT AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

AT AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A A
M_l1111111111111111111111111111111111
o

WHANMOSIOOMNOODOANMINOMNOVOIO—TANMNINNONOOIOANM X O
_M A A A A A A A AN NNNNNNNNNOOOOOO®M
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36
37
38
39
40

41 -1-1-1-

25.
25.

24,
24.

24.
24,
23.
23.

22.
22.
22.
22.

21.
21.

21.
21.

20.
20.

19.
19.
19.
19.

18.
18.

18.
18.

17.
17.

16.
16.
16.
16.

15.
15.
15.
15.

14.
14.

13.
13.
13.
13.

12.
12.
12.
12.

11.

RPRRER

RPRRER

RPRRER

999. 99
I NTERNAL 1.

30
30

70
70

10
10
50
50

90
90
30
30

70
70

10
10

50
50

90
90
30
30

70
70

10
10

50
50

90
90
30
30

70
70
10
10

50
50

90
90
30
30

70
70
10
10

50

25.
25.

24.
24.

24.
24.
23.
23.

22.
22.
22.
22.

21.
21.

21.
21.

20.
20.

19.
19.
19.
19.

18.
18.

18.
18.

17.
17.

16.
16.
16.
16.

15.
15.
15.
15.

14.
14.

13.
13.
13.
13.

12.
12.
12.
12.

11.

RPRREPRE

25.

24,
24.

24.
24,
23.
23.

22.
22.
22.
22.

21.
21.

21.
21.

20.
20.

19.
19.
19.
19.

18.
18.

18.
18.

17.
17.

16.
16.
16.
16.

15.
15.
15.
15.

14.
14.

13.
13.
13.
13.

12.
12.
12.
12.

11.

25.
25.

24.
24.

24.
24.
23.
23.

22.
22.
22.
22.

21.
21.

21.
21.

20.
20.

19.
19.
19.
19.

18.
18.

18.
18.

17.
17.

16.
16.
16.
16.

15.
15.
15.
15.

14.
14.

13.
13.
13.
13.

12.
12.
12.
12.

11.

.30
.30

.70
.70

.10
.10
.50
.50

.90
.90
.30
.30

.70
.70

.10
.10

.50
.50

.90
.90
.30
.30

.70
.70

.10
.10

.50
.50

.90
.90
.30
.30

.70
.70
.10
.10

.50
.50

.90
.90
.30
.30

.70
.70
.10
.10

.50

25.
25.

24.
24.

24.
24.
23.
23.

22.
22.
22.
22.

21.
21.

21.
21.

20.
20.

19.
19.
19.
19.

18.
18.

18.
18.

17.
17.

16.
16.
16.
16.

15.
15.
15.
15.

14.
14.

13.
13.
13.
13.

12.
12.
12.
12.

11.

30
30

70
70

10
10
50
50

90
90
30
30

70
70

10
10

50
50

90
90
30
30

70
70

10
10

50
50

90
90
30
30

70
70
10
10

50
50

90
90
30
30

70
70
10
10

50

25.
25.

24,
24.

24.
24,
23.
23.

22.
22.
22.
22.

21.
21.

21.
21.

20.
20.

19.
19.
19.
19.

18.
18.

18.
18.

17.
17.

16.
16.
16.
16.

15.
15.
15.
15.

14.
14.

13.
13.
13.
13.

12.
12.
12.
12.

11.

30
30

70
70

10
10
50
50

90
90
30
30

70
70

10
10

50
50

90
90
30
30

70
70

10
10

50
50

90
90
30
30

70
70
10
10

50
50

90
90
30
30

70
70
10
10

50

25.

24.

24.
24.
23.
23.

22.

22.
22.

21.

21.

21.

20.
20.

19.

19.
19.

18.

18.

17.

16.
16.
16.

15.
15.
15.

14.

13.
13.
13.

12.
12.
12.

11.

30

70

10
10
50
50

90

90
30

70

10

10

50
50

90

90
30

70

10

50

90
90
30

70
70
10

50

90
90
30

70
70
10

50

25.

24,

24.
23.

22.
22.

21.

21.

20.

19.
19.

18.

18.

17.

16.
16.

15.
15.

14.

13.
13.

12.
12.

11.

30

70

10
50

90
30

70

10

50

90
30

70

10

50

90
30

70
10

50

90
30

70
10

50
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11.50

10. 90
10. 90

10. 30
10. 30

. 700
. 700
. 100
100

500
. 500
. 900
900

300
300

700
. 700
. 100
100

500
. 500
. 900
900

300
300

700
700

100
100

. 500
. 500
. 900

. 300
. 300

PR PNN 9W W® AR AROU 0000 NN NNO® 0000

. 66666667

MODFLOW Block-Centered Flow Package file, example3.bcf:

11.50

10. 90
10. 90

10. 30
10. 30

. 700
. 700
. 100
100

500
500
900
900

300
300

700
700
100
100

500
500
900
900

300
300

700
700

100
100

500
500
900

. 300
. 300

PEoPNN 0w W AR BRI 0000 NN NN Q00O

1

11.50

10. 90
10. 90

10. 30
10. 30

. 700
. 700
. 100
100

500
. 500
. 900
900

300
300

700
. 700
. 100
100

500
. 500
. 900
900

300
300

700
700

100
100

. 500
. 500
. 900

300
300

PR PNN OW W@ AR AROU 0000 NN NNO® 0000

11.50

10. 90
10. 90

10. 30
10. 30

. 700
. 700
. 100
100

500
500
900
900

300
300

700
700
100
100

500
500
900
900

300
300

700
700

100
100

500
500
. 900

. 300
. 300

PR RPON 0w 0W AR AROU 2000 NN NNO® ©000O®

11.50

10. 90
10. 90

10. 30
10. 30

. 700
. 700
. 100
100

500
. 500
. 900
900

300
300

700
. 700
. 100
100

500
. 500
. 900
900

300
300

700
700

100
100

. 500
. 500
. 900

300
300

PR PNN OW W® AR AROU 0000 NN NNO® 0000

11.50

10. 90
10. 90

10. 30
10. 30

. 700
. 700
. 100
100

500
500
900
900

300
300

700
700
100
100

500
500
900
900

300
300

700
700

100
100

500
500
900

. 300
. 300

PEoPNN 0w W AR BRI 0000 NN NN Q00O

11.50

10. 90
10. 90

10. 30
10. 30

. 700
. 700
. 100
100

500
. 500
. 900
900

300
300

700
. 700
. 100
100

500
. 500
. 900
900

300
300

700
700

100
100

. 500
. 500
. 900

. 300
. 300

PR PNN OW W® AR AROU 0000 NN NNO® 0000

32 1. 000E+00 PERLEN, NSTP, TSMULT

2

4

11.50

10. 90
10. 90

10. 30
10. 30

. 700
. 700
. 100
100

500
500
900
900

300
300

700
700
100
100

500
500
900
900

300
300

700
700

100
100

500
500
900

. 300
. 300

PR RPON 0w ®W AR AROO 0000 NN NNO® ©000O®

11.50

10. 90
10. 90

10. 30
10. 30

. 700
. 700
. 100
100

500
. 500
. 900
900

300
300

700
. 700
. 100
100

500
. 500
. 900
900

300
300

700
700

100
100

. 500
. 500
. 900

300
300

PR PNN OW W® AR AROU 0000 NN NNO® 0000

6

10. 90

10. 30

. 700
. 700
. 100

[{e (o ){o]

. 500
. 500
. 900

~ 0

7.300

. 700
. 700
. 100

[e2XerNe)]

. 500
. 500
. 900

~O1O1

4. 300

. 700
. 700

100
100

500
500
900

. 300
. 300

PR RPN 0w w00

7

10. 90

10. 30

9. 700
9. 100

8. 500
7.900

7.300

6. 700
6.100

5.500
4.900

4.300

3.700

3.100

2.500
1.900
1. 300

12345678901234567890123456789012345678901234567890123456789012345678901234567890
0 1. E30 0 0 0 0

0

CONSTANT 1.

CONSTANT 500.

CONSTANT 500.

CONSTANT . 20

CONSTANT 10000.

44

St orage coefficient

Transm ssivity
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MODFLOW Wéell Package file, example3.wel:

1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890
2 0

21
1 1 1 6000.
1 1 2 6000.
1 1 3 6000.
1 1 4 6000.
1 1 5 6000.
1 1 6 6000.
1 1 7 6000.
1 1 8 6000.
1 1 9 6000.
1 1 10 6000.
1 1 11 6000.
1 1 12 6000.
1 1 13 6000.
1 1 14 6000.
1 1 15 6000.
1 1 16 6000.
1 1 17 6000.
1 1 18 6000.
1 1 19 6000.
1 1 20 6000.
1 1 21 6000.

MODFLOW Preconditioned Conjugant-Gradient Package file, example3.pcg:

1 2 3 4 5 6 7 8
12345678901234567890123456789012345678901234567890123456789012345678901234567890
50 20 1 MXITER | TERL NPCOND
1.00E-03 1.00E+03 1.00E+00 2 1 0 0
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MODFLOW Output Control Option file, example3.oc:

1

5 6 7 8

12345678901234567890123456789012345678901234567890123456789012345678901234567890

HEAD PRI NT FORVMAT 6
DRAVWDOMN PRI NT FORMAT 6

PERICD 1 STEP 1

PRI NT HEAD
PRI NT BUDGET
PERICD 1 STEP 6
PRI NT DRAVWDOWN
PRI NT BUDGET
PERICD 1 STEP 8
PRI NT DRAVWDOWN
PRI NT BUDGET
PERICD 1 STEP 11
PRI NT DRAVWDOWN
PRI NT BUDGET
PERICD 1 STEP 16
PRI NT DRAVWDOWN
PRI NT BUDGET
PERI CD 1 STEP 20
PRI NT DRAVWDOWN
PRI NT BUDGET
PERI CD 1 STEP 24
PRI NT DRAVWDOWN
PRI NT BUDGET
PERI CD 1 STEP 28
PRI NT DRAVWDOWN
PRI NT BUDGET
PERI CD 1 STEP 32
PRI NT HEAD
PRI NT DRAVWDOWN
PRI NT BUDGET

Modifications to the DAFLOW for Coupling to the MODFLOW
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