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CaptureMF6– Estimate stream and evapotranspiration 
capture with simple MODFLOW6 models 

 

Regulators such as Nevada Division of Water Resources (NDWR) need to 
estimate capture of streamflow by pumping (Nevada State Engineer, 2021). 
Analytical and numerical models have been deemed appropriate tools by NDWR 
for estimating capture from withdrawals of a groundwater right. Analytical models 
facilitate rapid analysis because input requirements are minimal. Numerical 
models can better approximate heterogeneous hydraulic properties and 
discharges to streams and phreatophytes (Barlow and Leake, 2012), but analyses 
generally are not rapid.   

The Glover solution (Jenkins, 1968) likely is the most frequently applied analytical 
model, because spreadsheet solutions have been readily available (Hunt, 2005; 
Environment Canterbury, 2024). The Glover solution, like many other analytical 
solutions, assumes an infinite, homogenous, and isotropic aquifer that is 
penetrated fully by a straight-line stream and pumping well. These superficially 
concerning assumptions are not the primary limitation.  

Analytical estimates primarily are limited by not simultaneously simulating 
potential capture from streams and evapotranspiration. Other analytical solutions 
more thoroughly characterize connection between aquifer and stream 
(Hunt, 2003), but do not simulate distributed discharge as evapotranspiration. This 
is a significant limitation where pumped water comes from storage and capture of 
discharge to streams and evaporation.    

Simultaneous capture from streams and evapotranspiration can be analyzed 
rapidly with simplified numerical models that are created, executed, and 
synthesized with the current version of the CaptureMF6 workbook. Aquifer, 
evapotranspiration area, and stream are defined with simple geometries and 
homogeneous properties to limit input requirements. Aquifer and 
evapotranspiration area extents are defined by lengths and widths. These areas 
are centered where pumping wells are projected on a straight-line approximation 
of the stream that bisects the aquifer (Figure 1). Lateral discretization is limited to 
specifying uniform, square cells in the evapotranspiration area and expanding row 
heights and column widths by a single multiplier to the aquifer extents (Figure 1). 
Vertical discretization is fixed at thicknesses of 1 and 99 ft in layers 1 and 2, 
respectively.  

Simple, numerical models created by the CaptureMF6 workbook simulate change 
from pumping with the same superposition assumptions in the Glover solution 
(Jenkins, 1968). All initial heads are 0 ft and heads are 0 ft in single stream that is 
simulated with constant-head package (Langevin, et.al., 2017). The straight-line 
stream is simulated in layer 1 of a single column that spans all rows. This straight-
line approximation is a regressed fit to the user-specified stream segment  
(Figure 1). 

http://images.water.nv.gov/images/Orders/1329o.pdf
http://pubs.usgs.gov/circ/1376/
https://pubs.usgs.gov/twri/twri4d1
https://doi.org/10.1111/j.1745-6584.2005.tb02293.x
https://www.ecan.govt.nz/your-region/your-environment/water/tools-and-resources/
https://pubs.usgs.gov/twri/twri4d1
https://doi.org/10.3133/tm6A55
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Figure 1.— Simplified MODFLOW6 template for analyzing stream and evapotranspiration 
capture from proposed pumping. 

Capture from the evapotranspiration area is rate limited and is simulated with two 
MODFLOW packages, evapotranspiration (EVT) and well (WEL) (Langevin, et.al., 
2017). This capture-limited boundary limits the total capture of discharge to the 
maximum evapotranspiration rate after simulated drawdown exceeds the 
extinction depth of evapotranspiration (Halford and Plume, 2011; p. 35). The WEL 
package simulates injection of water into a model cell, while EVT package 
simulates removal of water from the same model cell. Injection from the WEL 
package equals cell area times maximum evapotranspiration rate to balance 
discharge from the EVT package in the same cell. No capture occurs initially 
when simulated head is 0 and equals the elevation of the ET surface. As 
simulated water levels decline, injected volumes do not change, while EVT 
discharge decreases. Capture from the evapotranspiration area is the sum of 
volumes injected with the WEL package and discharged with the EVT package. 
Cells in WEL and EVT packages are assigned to layer 1 (Figure 1).  

https://doi.org/10.3133/tm6A55
https://doi.org/10.3133/tm6A55
https://pubs.usgs.gov/sir/2011/5032/
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Significant hydraulic properties and evapotranspiration parameters are defined 
with ranges so potential capture can be estimated with multiple models. These 
parameters are transmissivity (T), specific yield (Sy), maximum evapotranspiration 
rate (ETr), and extinction depth of evapotranspiration (ETd). Synthesizing multiple 
MODFLOW6 model results in a new workbook facilitates rapidly viewing effects of 
tested parameters on stream and evapotranspiration capture. Ratio of horizontal 
to vertical hydraulic conductivity and specific storage were specified because 
these parameters are less significant than T, Sy, ETr, and ETd.  

Pumping wells are simulated with constant or time-varying rates in a second WEL 
package. Pumpage is assigned to the nearest cell that contains mapped 
coordinates and is assigned vertically to layer 2 (Figure 1). Pumping from wells 
can be specified as a constant rate or vary with time. Time-varying, pumping rates 
are specified at user-specified times and distributed to annual stress periods. 
Pumping rates can be specified in acre-feet per year (acre-ft/yr), cubic feet per 
second (ft³/s), gallons per minute (gpm), cubic feet per day (ft³/d), cubic meters 
per day (m³/d), or cubic meters per second (m³/s).   

Simulation period is user defined and automatically divided into annual stress 
periods. Analyzing 50 or 100 years of pumping would be simulated with 50 or 100 
stress periods, respectively. Annual periods can be defined as 365 or 365.25 days 
to conform with regulatory specifications.  

Verification with Analytical Solution  

Simulated capture with CaptureMF6 was verified by comparison with an 
analytical solution that simulates a partially penetrating stream (Hunt, 1999). The 
Hunt (1999) solution is similar to the Glover solution (Jenkins, 1968) except that 
the infinite, straight-line stream is partially penetrating instead of bisecting the 
aquifer. Vertical resistance between stream and aquifer is approximated with 
streambed conductance in an otherwise isotropic aquifer. The Hunt (1999) 
solution was solved with the program STRMDEPL08 (Reeves, 2008).  

Simulated stream captures were similar with both Hunt (1999) solution and 
CaptureMF6 (Figure 2). Typical transmissivities of 100, 500, and 2,000 ft²/d were 
tested. Pumping well being 1,000 ft from the stream and specific yield being 0.15 
were specified explicitly in both analytical and numerical models. Streambed 
conductance (ft/d) only exists in Hunt (1999) and was defined as 0.02 times 
specified transmissivity (ft²/d). Evapotranspiration was not simulated and vertical 
anisotropy of hydraulic conductivity was specified as 1 in CaptureMF6 to match 
assumptions in Hunt (1999). 

https://doi.org/10.1111/j.1745-6584.1999.tb00962.x
https://doi.org/10.1111/j.1745-6584.1999.tb00962.x
https://pubs.usgs.gov/twri/twri4d1
https://doi.org/10.1111/j.1745-6584.1999.tb00962.x
https://doi.org/10.3133/ofr20081166
https://doi.org/10.1111/j.1745-6584.1999.tb00962.x
https://doi.org/10.1111/j.1745-6584.1999.tb00962.x
https://doi.org/10.1111/j.1745-6584.1999.tb00962.x
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Figure 2.— Comparison of stream captures with no evapotranspiration from an aquifer 
with isotropic hydraulic conductivity that was simulated with Hunt (1999) and 
MF6capture.  
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Pine Creek example 

Estimating capture from a stream and evapotranspiration area will be illustrated 
with an example from Pine Valley, hydrographic area (HA) 053 (Figure 3). A total 
of 6.6 acre-ft/yr was proposed to be pumped from four points of diversion that 
ranged between 2,400 and 3,500 ft from Pine Creek. Maximum stream capture 
ranged between 5 and 6 acre-ft/yr with a Glover analysis and transmissivity 
estimates between 900 and 2,300 ft²/d (Braumiller, 2023). This exceeded the 
annual pumping exemption of 5 acre-ft in section 3C of order 1329 (Nevada State 
Engineer, 2021), which prompted further analysis.  

 

Figure 3.— Example of estimating capture from Pine Creek and evapotranspiration from 
four points of diversion in Pine Valley HA053.  

Capture from evapotranspiration at the Pine Creek site is likely with greater than 
0.5 mi of evapotranspiration area between Pine Creek and proposed points of 
diversion (Figure 3). About 4,000 acres of groundwater evapotranspiration (ETgw) 
were mapped between 4 mi upstream and 3 mi downstream of the proposed 
points of diversion (Huntington, et.al., 2022).  

Probability of ETgw rate from the evapotranspiration area was defined with 
greater than 17,000 estimates (Figure 4). Each estimate was an average rate 
from a 30-m on a side raster (Huntington, et.al., 2022). Annual estimated ETgw 
rates ranged between <0.1 and 2.8 ft and averaged 0.6 ft. More probable rates for 
half the ETgw discharge ranged between 0.5 and 0.9 feet per year (ft/yr). 
Reduction of raster-based estimates of ETgw is demonstrated in the companion 
workbook fig04_Example-of-GWET-PDF.xlsx.   

http://images.water.nv.gov/images/Orders/1329o.pdf
http://images.water.nv.gov/images/Orders/1329o.pdf
https://www.dri.edu/project/humboldt-etg/
https://www.dri.edu/project/humboldt-etg/
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Figure 4.— Probability distribution and cumulative groundwater evapotranspiration rates 
from 4,000 acres upstream and downstream of the Pine Creek site.  

 

Pine Creek site was reanalyzed using the CaptureMF6 workbook so that capture 
from evapotranspiration could be estimated in addition to stream capture from 
Pine Creek (Figure 5). Transmissivity ranged between 900 and 2,300 ft²/d as in 
the previous Glover analysis (Braumiller, 2023). Specific yield ranged between 0.1 
and 0.2. Maximum evapotranspiration rate ranged between 0.5 and 0.9 ft/yr.  
Extinction depth of evapotranspiration ranged between 3 and 9 ft.   
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Figure 5.— SITE page in CaptureMF6 workbook, where stream segment and pumping wells 
are specified along with aquifer dimensions and hydraulic properties. 

Annual stream and evapotranspiration capture averaged 3.4 and 2.5 acre-ft, 
respectively, in the CaptureMF6 analysis (Figure 6). Total annual capture of 5.9 
acre-ft from the CaptureMF6 analysis was similar to capture estimates from the 
previous Glover analysis (Braumiller, 2023). Results primarily differed because 
the CaptureMF6 analysis more realistically simulated evapotranspiration capture.  

 

 

Figure 6.— New workbook that summarizes simulated capture from stream and 
evapotranspiration.  
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The file CaptureMF6.v6.zip contains,  

• .\CaptureMF6\CaptureMF6.v6.xlsm – Workbook with macros for,  
1.) Defining stream, ET area, and wells in user-defined MF6 grid;  
2.) Writing family of alternative MF6 models is individual folders and batch 
files to execute all MF6 models; and  
3.) Reading all MF6 model results, reducing output frequency, and 
synthesizing results in a new workbook.   

• fig04_Example-of-GWET-PDF.xlsx – Auxiliary workbook for estimating 
range of groundwater evapotranspiration (ETgw) rates from raster rates in 
OpenET (Huntington, et.al., 2022).  

• .\bin\MF6.exe – MF6 version 6.0.4 executable.  

• CaptureMF6-EXPLAIN.v6.pdf – Explanatory document   

Zip file can be downloaded with the following link 
https://halfordhydrology.com/capturemf6/.  

UNZIP FIRST!!! Workbook and MF6.exe will not work in a zip file. 

Revisions  

February 9, 2024 —Revisions through version 1 are initial release.   

April 14, 2024 —Revisions in version 2 include. River can be positioned between 
the left and right edges of the ET area.         “L               ”           
results workbook that depicts representative local conditions with a singular 
realization.  

September 28, 2024 —Revisions in version 3 include. Simulation duration can be 
changed. Number of stress periods are user defined, where each stress period 
simulates a year. Pumping from wells can be specified as a constant rate or vary 
with time.   

October 11, 2024 —Revisions in version 4 include. Corrected mistake in depicting 
ET area relative to stream position, which was reversed in map plot on SITE 
page.  

February 24, 2025 —Revisions in version 5 include. Revised terminology and 
reporting frequency for greater consistency with Nevada Department of Water 
Resources (NDWR). Revised so that capture could be reported as percentage of 
pumping in addition to user-specified flow units. Reporting tabulates capture at 
user-specified time, which usually is 50 years for NDWR. Workbook revised so 
that UTM map units can be specified in feet (ft) or meters (m). Added macro to 
write KML with PODs, digitized stream, straight-line approximation, ET area, and 
model extent. Revised code to register working directory with workbook location 
and check for destabilizing elements. Verified MF6 results by comparison to an 
analytical solution (Hunt, 1999) in revised documentation. 

https://www.dri.edu/project/humboldt-etg/
https://halfordhydrology.com/capturemf6/
https://doi.org/10.1111/j.1745-6584.1999.tb00962.x
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March 4, 2025 —Revisions in version 6 include. Shifted local X-grid by half of 
minimum grid width to correct error in stream (CHD) creation. Error occurred 
where number of columns was even. Added filter to reduce points in discretized 
stream and introduce gaps if stream represented by multiple, discontinuous 
polylines. Added option to center straight-line stream approximation on sub-reach 
of discretized stream reach, where pumping wells are projected on a straight-line 
approximation of the stream.  
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CaptureMF6 Workbook 

Capture from proposed pumping is analyzed on the SITE page in the CaptureMF6 
workbook (Figure 7). Discretized stream segment and pumping wells are specified 
in columns A:B and E:I, respectively. Aquifer extent, evaporation area, and model 
grid guidelines are defined in a table (F1:H9). Ranges of hydraulic properties and 
evapotranspiration parameters and sampling frequency are defined in another 
table (F12:J16). Controls for creating model grid, writing MODFLOW6 models, 
executing models, and synthesizing model results are in columns L:N. Two 
additional supporting pages, CONTROL and Capture, exist. These pages 
normally are hidden and do not need to be modified.  

 

Figure 7.— SITE page in CaptureMF6 workbook, where stream segment and pumping wells 
are specified along with aquifer dimensions and hydraulic properties.  

 

Step-by-step use of the CaptureMF6 workbook is illustrated with the Pine Creek 
example in the following four sections, Specify Site, Grid Make, MF write, and 
Process MF6 results.   
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Specify Site 

Map is blank without stream segment 
(A20:B999) or wells (E21:I100) 
specified.  

Both stream segment and wells are 
specified in UTM, which is in zone 11 
for Pine Creek example.  

A consistent length unit of feet (ft) or 
meters (m) must be used and defined 
(B19),   

Paste stream segment as values to 
A20.  

Stream segment appears on map 
along with straight-line approximation 
of stream and edges of ET area.  

Minimum and maximum extents of X 
and Y axes likely will need to be 
revised for another site.  

 

Paste table of wells as values to E21. 

Columns E:I should be Permit 
number, Local site name, and UTM 
easting and northing in same feet or 
meters as specified for stream 
segment. 

Proposed pumping can be specified 
in column I as constant annual 
pumping or time-varying if fields in 
column I left blank.  

Wells will appear on map chart with 
local site name.  
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Stream segment can be a single 
continuous polyline or comprised of 
multiple discontinuous polylines.  

The number of vertices also can be 
greater than needed. 

M x     ∆L in B18 defines 
discontinuities in polyline of stream 
and minimum spacing between 
vertices.    

If m x     ∆L is blank, B18  
Polyline of stream will not be filtered 
and straight-line approximation 
centered on entire polyline.  

If m x     ∆L has value, B18  
Polyline of stream will be filtered and 
straight-line approximation centered 
on sub-reach of polyline where 
pumping wells are projected.   

Aquifer dimensions are specified in 
G2:G3 in miles.  

ET area, in acres, is specified in G7. 
Width of ET area is specified in G8 in 
miles. Length of ET area is 
computed.  

ET area will be divided into square 
model cells that are the minimum cell 
width (G4) on each side.   

 

Stream position (G6) defines ET area 
relative to stream.  

Right edge of ET area approaches 
stream with stream position of 0.1.  

Left edge of ET area approaches 
stream with stream position of 0.9. 
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Hydraulic property and 
evapotranspiration parameter ranges 
are defined in G12:H16. 

Minimums in column G and  
Maximums in column H.  

Sampling frequency is specified in 
column I with total number of 
MODFLOW6 models reported in I11.  

 

Total number of MODFLOW6 models 
increases quickly with increased 
sampling frequency.  

Writing, executing and synthesizing 
about 100 models of 100 rows of 100 
columns takes about 5 minutes.   

Sampling frequency of 1 can be 
specified.  

The parameter value will equal the 
average of minimum and maximum 
values in columns G & H.   

Pumping wells are defined in E21:I99 
and tracked with the "Local site 
name", column F.  

Pumping rates are specified in 
column I. Entering a value in column 
I. defines a constant pumping rate.  

If blank, time-varying flow rate will be 
specified from site-time-Q table in 
L21:N9999.  

 

Time-varying flow rate are specified 
in site-time-Q table, L21:N9999.  

Well and pumping are paired with 
"Local site name" in columns F and L. 

Times in pumping schedule do NOT 
need to coincide with stress periods.  
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Flow-rate units are defined from pull-
down menu in N20. 

 

Elapsed time can be defined in years 
or dates with YEAR or DATE options 
in M20.  

DATE option uses Excel decimal day 
definition and first date entry is time 0 
in simulation.  

 

Write KML file with PODs, digitized 
stream, straight-line approximation, 
ET area, and model extent.  

Site name in M16 is KML file name. 
KML not written if M16 is blank. 

UTM zone number is in M17. 

KML file written after processing 
MO FLOW6              “        
MF6        ”  

 

Simulation criteria: 

Number of annual stress periods and 
duration of each simulation in years 
M17. 

Define days in year as 365 or 365.25 
from pull-down in M18.  
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Grid Make 

Model discretization primarily is 
adjusted by changing,   
Minimum cell width (G4) and  
Cell multiplier (G5).  

ET area is divided into square model 
cells that are the minimum cell width 
(G4) on each side.  

Cells expand by cell multiplier (G5) 
from outer edges of ET area to edges 
of model extent. 

 

C   k “G    M k ”                
grid. 

Model dimensions are 83 rows of 77 
columns with,  
Minimum cell width (G4) = 100 ft and  
Cell multiplier (G5) = 1.20.   

Reduce,  
Minimum cell width (G4) to 50 ft and 
Cell multiplier (G5) to 1.10  

 

C   k “G    M k ”                
grid.  

Model dimensions are 161 rows of 
150 columns with,  
Minimum cell width (G4) = 50 ft and  
Cell multiplier (G5) = 1.10.  
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“G    M k ”          k       
pumping has been specified for all 
wells. 

An error message will appear if non-
numeric entry is in column I or  
"Local site name" has not been 
specified in column L of the  
site-time-Q table, L21:N9999. 
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MF write 

Parameter table defines ranges of 
hydraulic properties and 
evapotranspiration parameters in 
G11:H15 with sampling frequency 
specified in column I.  

Parameters in this example are,  
T:900, 1250, 1600, 1950, & 2300 ft²/d 
Sy: 0.10, 0.15, & 0.20.  
ETr: 0.4, 0.7, & 1.0 ft/yr 
ETd: 4, 6, & 8 ft  

A total of 135 (I11) MODFLOW6 
models will be created.  

 

Folder with CaptureMF6 workbook 
contains just the workbook prior to 
creating MODFLOW6 model folders. 

Each model is in a subfolder with 
parameter values summarized in 
each subfolder name.   

 

C   k “MF      ”                 
subfolders with MODFLOW6 model 
input files and batch files to execute 
all models.  
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Process will fail if a MF6.exe file is 
not found in a parallel directory, this 
directory, or a subdirectory.  

Download a copy of MF6 and add to 
folder if absent.  

 

135 subfolders were created with 
MODFLOW6 model input files.  

Multiple batch files also were created 
to execute all models. The number of 
batch files varies with the number of 
processors on a given machine.   

Each subfolder contains a 
MODFLOW6 model with parameter 
values summarized in each subfolder 
name. 

 

  

https://www.usgs.gov/software/modflow-6-usgs-modular-hydrologic-model
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Process MF6 results 

C   k “Process MF6 results” to either 
execute the MODFLOW6 models or 
synthesize the model results.   

 

Multiple batch files with names of  
????_RunALLmfs.bat will exist in 
the target folder if the MODFLOW6 
models have not been executed.  

A batch file will exist for each 
processor if enough models were 
created,  

N-models > 4*number_of_processors 

A minimum of 4 model calls per batch 
file is required.  

 

  “NO MF6 R  ULT ”         
appears if a ????_RunALLmfs.bat 
file exists in the folder with the 
CaptureMF6 workbook.  

Click Yes and the models will be 
executed. 

 

A command prompt will appear for 
each batch file and execute 
MODFLOW6 models assigned to 
each batch file.  

 

Batch 
Files 
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All ????_RunALLmfs.bat batch files 
are deleted after the MODFLOW6 
models have been executed.  

 

C   k “        MF6        ”       
executing the MODFLOW6 models.  

Model results will be imported and 
synthesized in a new workbook.   

 

  “K    FOL  R ”              
appear.   

Click Yes to retain model subfolders.  
This is the default option.  

Click No to delete all models and 
subfolders. 

 

Batch 
files 
deleted 
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All files and subfolders created by 
CaptureMF6 workbook and 
MODFLOW6 are deleted after 
responding No to  
“K    FOL  R ”           

 

New workbook that summarizes 
simulated capture from stream and 
phreatophytes.   

 

Bounds on each varied property can 
be adjusted in the new workbook.   
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Individual and average capture 
results are limited to models within 
the minimum and maximum ranges 
specified in G20:J21.  

 

Results are limited to a single 
simulation where minimum and 
maximum values are equal for all 4 
parameters in G20:J21.  

 

Preferred conditions are depicted with 
a singular realization as specified by 
selected parameters in G23:J23. 

Selected properties are reported in 
series name, which is 
Preferred:TX00900_SY0.100_ETR0.47_ETD03.0 
in this example.  

 

Capture from the stream is the default 
view.  

Other sources of water to wells can 
be viewed by changing selection in 
B26.  
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Capture from the evapotranspiration 
area is displayed if 
Evapotranspiration is selected in B26.   

 

Water released from storage is 
displayed if Storage is selected in 
B26.  

 

Capture during a specified year in 
C19 is reported in K20:K21, K23.  
Default is the last year simulated.  

Reported units are selected in C20. 
 

Capture during specified year (C19) 
is reported for lower and upper range 
of varied properties, K20:K21, and 
preferred properties, K23.   

Changing reported units in C20 
affects chart, headings, and reported 
capture during a specified year, 
K20:K21, K23. 
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Optional changes on CONTROL page 

Macro HideUnhide will either reveal 
all worksheets or hide all sheets 
except the SITE page.   

Will view either, 

 

or 

 

 

Frequency of MODFLOW output in 
results workbook can be altered with 
the table in E2:F10. 

Filter frequency defaults to annual 
output for the first 50 years for 
consistency with NDWR analyses.  

More times and simulated values are 
retained as filter frequency in column 
C is reduced.  

 

A few default parameters can be 
altered on the CONTROL page in 
column F. 

Aquifer thickness in F24. 

Kz in F29,  
Default is Kx/10.  

Storage coefficient in F31,  
Default is specific storage of  
2.0E-6 1/ft times  
Aquifer thickness in F24. 

 

 


