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Introduction

The California Central Valley Groundwater-Surface Water Simulation Model (C2VSim) is an integrated
hydrologic model that simulates water movement through the Central Valley's land surface, groundwater and
surface water flow systems. The C2VSim model was developed with the California Department of Water
Resources’ (DWR) Integrated Water Flow Model (IWFM) programs. IWFM uses a unique land-use-based
approach to calculate water demand and optionally adjust groundwater pumping and/or surface water
diversions to meet this demand. The C2VSim model contains monthly historical stream inflows, surface water
diversions, precipitation, land use and crop acreages from October 1921 through September 2009. The model
simulates the historical response of the Central Valley's groundwater and surface water flow system to
historical stresses, and can also be used to simulate the response to projected future stresses. C2VSim can be
used for integrated regional water management plans, planning studies, groundwater storage investigations,
assessing infrastructure improvements, evaluating ecosystem enhancement scenarios, conducting climate
change studies, and assessing the impacts of changes to water operations.

This tutorial gives an overview of the C2VSim model, the IWFM program, and several useful tools and
applications. Its goal is to provide users with an understanding of C2VSim as they work with the model and
modify the model to simulate fictitious case studies. The first section, Getting Started, describes all of the
programs and files that will be used in the tutorial, where to get them, and how to install them in your
computer. The section Software Tools gives a brief introduction to some of the programs that will be used. The
section Using the C2VSim Model shows how to run the C2VSim model using IWFM, how to import model
results into £xcel, how to use the C2VSim ArcMap Tool to view model results, and how to create animations
with 7ecPlot.

The final three sections are the heart of the tutorial, and provide detailed walkthroughs for simulating
fictitious scenarios with the C2VSim model. In the first scenario, three groundwater wells are added to the
simulation, and are used to pump water for agricultural use. In the second scenario, an aquifer storage and
recovery program is simulated. In the third scenario, a groundwater-substitution water transfer program is
simulated. Each scenario contains detailed instructions for modifying input files and analyzing model results.
These scenarios show how easy it is to use C2VSim to model proposed water resources projects.

The C2VSim Model

DWR developed the C2VSim model as a tool to aid in water management planning in California’s Central
Valley. The C2VSim model simulates water movement through the interconnected land surface, surface water
and groundwater flow systems in the systems in the 20,000 mi? (51,000 km?) area defined by the fresh-water
alluvial portion of the Central Valley aquifer. The model includes a detailed database of monthly precipitation,
land use, crop acreage, river inflow and surface water diversion information from October 1921 through
September 2009. This information is used to calculate historical agricultural and urban water use,
groundwater pumping, and changes in aquifer storage.

The C2VSim model simulates the historical response of the Central Valley's groundwater and surface water
flow systems to historical stresses, and can also be used to simulate the effects of projected future stresses.
The model can be used to estimate groundwater pumping rates, which historically have not been measured or
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reported in the Central Valley. The model can also be used to understand water flows between rivers and
groundwater aquifers, which are essential for evaluating the impacts of many conjunctive use and water
transfer programs. The C2VSim model is also the basis for the groundwater component of CalSim 3, a water
resources planning model for simulating operation of the California State Water Project and Federal Central
Valley Project, developed in conjunction with the U.S. Bureau of Reclamation.

C2VSim was developed using the DWR's IWFM application. IWFM couples a three-dimensional finite element
groundwater simulation process with one-dimensional land surface, river, lake, unsaturated zone and small-
stream watershed processes. C2VSim dynamically calculates crop water demands, allocates contributions from
precipitation, soil moisture and surface water diversions, and calculates the amount of groundwater pumping
required to meet the remaining demand. Model input was compiled from DWRs' extensive Central Valley land
and water use data, which has been continuously collected since 1921.

Required Computer Hardware and Software

This tutorial will make extensive use of £xcel TextPadand ArcMap, and will also include a demonstration of
TecPlot. These programs are described below. Instructions for downloading and installing 7extPad’and
TecPlot, and extensions for £xce/and ArcMap, are detailed in the next section. The IWFM programs and the
C2VSim model can be run on computers using any recent version of Windows and the Ubuntu version of
Linux. The auxiliary applications used in this tutorial require Windows 7 or 8.

TextPad 6

The C2VSim model is basically a collection of text files that are read by the IWFM application. A text editor is
required to view and modify these files. The IWFM and C2VSim developers have found that 7extPad'is a very
versatile text editor with several useful features. These include the ability to create macros, block select mode,
syntax highlighting and a tool to display the differences between two files.

Excel (2007 or 2010)

The C2VSim model has many input files containing time-series data. These are plain text files, and the data in
these files is in a tab-delimited format. A spreadsheet program is an Excelent tool for preparing and modifying
these input data sets. It is very easy to open a file up in a text editor, copy a block of data from the file, and
paste it into a spreadsheet, where the tab-delimited data will be automatically parsed into rows and columns.
Similarly, a block of data copied from a spreadsheet can easily be pasted into a C2VSim input file. This tutorial
makes extensive use of Excel

DWR has developed several utilities that work with £xce/to greatly facilitate reviewing model results. The
IWFM Tools Add-In for £xce/2007-2010 adds a new tab to £xce/named “IWFM Tools” that holds three
utilities. One of these utilities will quickly import data from IWFM Budget binary files into £xcef this tool will
be used extensively in this tutorial to analyze model results. Another tool exports data to text files without
wrapping lines, and is useful when IWFM input data prepared in £xce/must be exported to a text file with
right-aligned data columns. The third tool can be used to convert time series data into a Water Year-by-Month
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table and optionally to generate charts, and is very useful in preparing reports and presentations of model
results.

ArcMap (10.0 or later)

Geographical Information Systems (GIS) software is extremely useful for preparing model inputs and reviewing
model results. ArcMap 10 will be used for this tutorial. DWR and RMC-WRIME have developed an ArcMap
Tool, the C2VSim ArcGIS GUIJ, to analyze C2VSim model results. This tool will be used extensively in the
tutorial.

TecPlot 360

TecPlot 360is a computer graphics tool that can be used to visualize model results. The C2VSim model creates
two files which contain the groundwater heads and land-surface subsidence values in a 7ecPlot-readable
format. 7ecPlot can then be used to create animations or contour maps of groundwater heads and land-
surface subsidence.
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Getting Started

This tutorial requires the use of a Windows computer with several programs and utilities installed. The tutorial
exercises involve extensive use of three applications: £xce/(2007 or 2010), TextPad and ArcMap 10. There is
also a brief introduction to 7ecPlot. You should also download the C2VSim model files and the C2VSim ArcGIS
files and place them in a convenient location.

Download the C2VSim model files

Go to http://baydeltaoffice.water.ca.gov/modeling/hydrology/C2VSim/index C2VSIM.cfm to download the
C2VSim model files and documentation.

Two versions of the model files are posted at the web site, C2VSim 3.02-CG Water Years 1922-2009 and
C2VSim 3.02-CG Water Years 1973-2009. The main differences between the two versions are the starting date
and the initial condition file. The version at C2VSim 3.02-CG Water Years 1922-2009 has an initial condition of
October 1, 1921, and the version at C2VSim 3.02-CG Water Years 1973-2009 has an initial condition of
October 1, 1972.

Clicking on each of these links will download a zip file. Open the zip file to extract the model files and place
them in a convenient location on your computer. The examples in this tutorial were placed in the top level of
the D: drive (D:\).

This tutorial will use the version in C2VSim 3.02-CG Water Years 1973-2009 because it covers a shorter time
period, and therefore takes less time to run.

Download the Tutorial files

While you are at http://baydeltaoffice.water.ca.gov/modeling/hydrology/C2VSim/index C2VSIM.cfm, scroll to
the bottom of the page and click the link Additional Resources. This will take you to a site with additional
C2VSim material including tutorial files and archived versions of the model. Select the C2VSim Training
Materials folder, then the C2VSim Tutorial folder. Download the zip files posted there. Unzip each file and
place the contents in a convenient place on your computer.

The file Tools.zip also contains several items that will be used in this tutorial. Two 7ecPlotfiles,
CVGWheadTecPlot.lay and CVSubsidenceTecPlot.lay, can be placed in the Results folder of the C2VSim 3.02-
CG Water Years 1973-2009 model version to view simulation results in 7ecPlot. The Exce/workbook
utmconversions.xls will be used to convert coordinates from decimal degrees to the coordinate system used by
the C2VSim model.
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The other three files contain completed versions of the examples that will be worked in the tutorial.

GWP Example Complete.zip contains Case Study 1, in which several additional groundwater pumping wells
are added to the C2VSim model. ASR Example Complete.zip contains Case Study 2, in which an aquifer
storage and recovery program is simulated using the C2VSim model. GST Example Complete.zip contains
Case Study 3, in which a groundwater-substitution water transfer program is simulated using the C2VSim
model. Your modified files can be compared to the files in these completed examples, or you can simply follow
along using the completed examples if you do not feel comfortable modifying the input files yourself.

Download and install the C2VSim ArcGIS GUI

Go to http://baydeltaoffice.water.ca.gov/modeling/hydrology/C2VSim/index C2VSIM.cfm and use the link
labeled Tool Installer to download the C2VSim ArcG/S GU/installer. Use the links ArcGIS Files: C2VSim 3.02-
CG Water Years 1922-2009 and ArcGIS Files: C2VSim 3.02-CG Water Years 1973-2009 to download the
ArcGlIS files for use with this tool. (This tool was developed for Windows 7 and ArcMap 10.0 or 10.1.)

The Tool installer link will download the installer program C2VSim_ArcGIS GUI Setup.exe. Run this program
to install the C2VSim ArcGIS GUI. Quit ArcMap before this installation. The installer may ask you to install
additional programs, such as .Net, if they are not already installed on your computer.

The C2VSim ArcGlS GU/was developed to work with ArcMap 10 running under Windows 7. Every effort has
been made to configure the installer to work with most computers. However, conflicts can occur with other
specific Windows versions or other installed programs. If you encounter problems installing the C2VSim ArcGlS
GUJ please email the C2VSim ArcGIS GUI developer at IWFMtechsupport@water.ca.gov detailing your
problems.

After running the installer, open ArcMap. The C2VSim ArcGIS GUItool icon should be in the menu bar:

%

k]

. If you do not see the C2VSim ArcGIS GU/tool icon, go to the Customize menu, select ‘Customize
Mode...", and then the ‘Commands’ tab. Scroll down in the Categories window and select ' C2VSim ArcGIS
GUI/. Drag the ' C2VSim ArcGIS GU/ item from the Commands window to the toolbar.
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® C2VSim_CG_19721C_R367.mxd - ArcMap - ArcInfo

File Edit Wew Bookmarks Insert Selection Geoprocessing Customize Windows — Help

BANQ e[ T In@ 7B RS DERE

Toolbars Commands |Options|

Shaow commands containing: |

Categories: Commands:

3D Analyst - “\‘ C2VSim GUI
3D Analyst Tools

3D View

Description

Keyboard... | Add from file... | Close

Two versions of the ArcGIS files are available from the web site. ArcGIS Files: C2VSim 3.02-CG Water Years
1922-2009 corresponds to the model files in C2VSim 3.02-CG Water Years 1922-2009 with an initial condition
of October 1, 1921. ArcGlIS Files: C2VSim 3.02-CG Water Years 1973-2009 corresponds to the model files in
C2VSim 3.02-CG Water Years 1973-2009 with an initial condition of October 1, 1972. Each of these ArcGIS
files includes an MXD file; double-click on this MXD file to load the associated data set into ArcMap.

Download and install 7extPad

Go to http://www.TextPad.com/download/index.html. Download the installer, and install an evaluation copy
of JextPad6 on your computer. This is a sophisticated programmer’s text editor with several advanced
features. TextPad will be used extensively throughout the tutorial. You may also choose to use a different text
editor that you are more comfortable with.

Download and install the IWFM Exce/Tools

This IWFM Exce/Tools will be used to import C2VSim budget tables into Excel to analyze the results of the
tutorial examples.

Go to http:/baydeltaoffice.water.ca.gov/modeling/hydrology/IWFM/SupportTools/index SupportTools.cfm.
Click on the link IWFM Tools Add-in for £xce/2007-2010 and install the tool. After downloading the setup
file, double-click it and follow the instructions for installation. After the installer finishes, open Exce/and look
for the “IWFM Tools” tab.

These tools were developed for Windows 7 and £xce/2007 or 2010. Every effort has been made to configure
the installer to work with most computers. However, conflicts can occur with other installed programs. If you
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encounter problems installing the IWFM Tools, please email the developer at IWFMtechsupport@water.ca.gov
detailing your problems.

Download and install 7ecP/ot, and get a 3-day trial license

Go to http://www.TecPlot.com/downloads/free-trial-software/. Create a user account and sign in to download
an evaluation version of the 7ecPlot 360 program. You can request a 3-day evaluation license. Do not request
this license until you are ready to do the 7ecPlot examples, so it will work when you are doing them!

This program will be used to visualize the change in groundwater heads and land-surface subsidence.

1"
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Software Tools

This section provides brief tutorials on 7extPad] the IWFM Exce/Tools and 7ecPlot.

TextPad

This section contains a brief introduction to 7extPad and some of the key features that are useful in preparing
and modifying C2VSim files. Open the 7extPad program and explore the tools discussed here.

TextPad Tools

TextPadis a text editor that has a number of useful tools and functions. This section shows how to find the
differences between two files, use block select mode, and enable syntax highlighting. Other useful functions
include the ability to show line numbers in the left margin, the ability to have multiple files open at the same
time and do search-and-replace operations across all of them, and the ability to record and save macros.

Comparing files

Open two files in 7extPad. Select Tools -> Compare Files or use the command <Ctrl-F9>.

| Fle Edt Search View |Tools Macros Configue Window Help

|0 zd|8 s ERIEFE L

cowells awedat x[cvw, . S5l H

—————————————— 4] Sort... F3
Windows Explorer  Alt+F3

noon
=
B

Run...

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

External Tools »

Q

WELL SPECIFICATION FILE
for IWFM Pre-processing
(Unit 12)

nonoon

This will open the compare files command window. By default, this window contains the top two files in
TextPad. You can optionally navigate to other files using this window.

Compare Text Files x|

Current Folder: D:\

Eirst File:

.
~

Second File: | D:\CVWells,dat

Ignore differences due to:
[ Upper and lower case letters

[ Mumber of spaces or tabs

oK. I Cancel | Help |

Click "OK" and 7extPad will display the differences between the two files. The figure below shows an
example from one of the tutorial cases. The file lines that are different are preceded by either ‘<’ or ’>" to
specify which file they are in.

12
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A
1 Compare: (<)D:\CVWells.dat (12241 bytes)
2 with: (>)D:\C\"Wells_GWP.dat (12498 bytes)
4 14,15c14,17
5 < C Filenmame: CVWells.dat
& < C Version: R367 2012.12.20
g >C Filename: CVWells GWP.dat
g >C Version: R367 2012.12.20
10 > C
11 > C Groundwater Pumping Case Study
12 64caa
13 < 133 / MWELL
15 = 136 / MWELL
la 212a214,216
17 > 134 610971 4302018 1 =50 =100 / GWE Well R
18 > 135 634113 4334347 1 -200 -250 / GWPE Well B
12 > 136 568982 43698575 1 =100 -300 / GWE Well C
20

Block select mode

Block select mode allows the user to select a block of text. This block can be copied or cut, and search-and-
replace operations can be confined to the selected block of text. This is very useful for extracting data from
files.

. TextPad - D:\CVWells.dat

| Fle Edit Search View Tools Macros Configure Window Help

REEIEEREEEE D EE eI

Cvwells.dat X |

T
77 € ID XWELL YWELL ~ RWELL PERFTCP PERFBCT
78 C
78 1 200 0 / Bnderson
0 1 200 0 / Cottonwood
1 450 400 / Redding A (Downtown)
1 450 400 / Redding B (Enterprise)
1 200 0 / Corning
1 50 -100 / Hamilton City
1 50 -100 / Los Molinos
1 150 0 / Crland
1 200 0 / Red Bluff
1 50 -100 / Tehama
1 50 -100 / hrbuckle
12 573445 4334080 1 0 -200 / Williams
13 569277 4375051 1 50 -150 / Willows
a2 14 585470 4340806 1 0 -200 / Colusa

There are two ways to turn block select mode on: through the menus via Configure-> Block select mode, and
with the key combination <Ctrl-Q> B.

TextPad - D:\CWWells.dat

| Fle Edt Search View Tools Macros | Configue Window Help
Inzdlasra b E‘HT thode  Cui+Q,5 | ENING AN
Qwellsdat x| 2 Ward Wrap Cirlg, W
— Read Only crl+g, E
S . J— wwr  Synchronize Scrolling  Ctl4Q, ¥
78 C [ Enable Undo ctri+Q, U
73 1 E / Bnders
3 New Document Class... % Cotron]
3 / Reddin
Preferences... crl+g, P
4 i / Reddin
B 1 200 [} / Cornin
6 1 50 -100 / Hamilt
7 1 50 -100 / Los Mo
86 8 1 150 0 / orland

13
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Syntax highlighting

TextPad can optionally highlight syntax in files, using the file extension to choose the highlight style. The
example below shows syntax highlighting in a batch file, with the keyword ‘pause’ highlighted in blue.

JEiIe Edit Search View Tools

losdaansE »e el

CVSim.bat x|

Macros  Configure Help

T

SR P

1 | .Abin\Simulation3 02.exe CV5im.in
2 pause

Syntax highlighting options can be adjusted by selecting Configure -> Preferences -> Document classes:
syntax highlighting.

x4
-~ General | Bilesin dass Document dass options: -
- File bat Maintain indentation
- Editor *bat

[ automatically indent blocks
[ indude trailing spaces when selecting
[ strip traling spaces from lines when sz
[ view in web browser
[ write Unicode and LITF-8 BOM
[ word wrap long lines
= Word wrapped text:
(¥) Save with no breaks in ines
() Save with hard breaks
e
% Check speliing of:
—/ -~ .

< |

x ™ word break at column number:

- View

*|

I~ Apply these settings to all document dasses

HTML -
W _»l_l oK I Cancel | Apply |

Help |

Syntax highlighting rules are contained in syntax files. Many 7extPad syntax files are available. Several are
listed below. For C2VSim, we generally use the dosBat.syn file to activate batch file syntax highlighting.

U keywords.m | |dosBat.syn |_|gnumake.syn |__|msreg.syn |_|sas3.syn

| |atwi.syn | |ditd.syn | |LaTeX.syn | |objc.syn |_|spss.syn

| |awk.syn | |f77.syn || makefies.syn |__|perl3upd.syn | |tc.syn

| |bshell.syn |_|fa0.syn |_|makemorland.syn | |PythonV2.4.syn | |uxsh.syn
|_|cpp+at.syn |_|Fortran_2003_IS0.syn | |mathematica.syn |_|r.syn | |vbdotnets.syn
| |cshell.syn | |gams.syn || matiabR 13.5yn | |ruby.syn | |vbscript56.syn

Commonly Used TextPad Commands

Find <F5>
Find and replace <F8>
Compare files <Ctrl-F9>
Block-select <Ctl-Q>B
Record a Macro <Ctrl-Shift-R>
Run the Macro <Ctrl-R>

14



C2VSim Hands-On Tutorial

IWFM Exce/Tools

The /WFM Excel Tools, available from the DWR web site, contain three Exce/add-ins that are useful when
preparing IWFM input files and reviewing IWFM results. This section explains how to use these tools.

Space-delimited Text Exporter

Sometimes we wish to export data from Exce/to a space-delimited file, with right-justified data columns. £xce/
allows users to save as ‘Formatted Text (Space delimited) (*.prn)’. However, this option cuts the file into

blocks approximately 240 characters wide, so it is not suitable for large data sets. The IWFM Space-delimited
Text Exporter will export large data sets to space-delimited text files without chopping the data into blocks or
word-wrapping long lines.

To use this tool, first select the area to be exported using the cursor. Clicking on the ‘Space Delimited Text’
button brings up the standard Exce/'Save As' dialog, with the type ‘Space delimited text (*.prn)’ and the
default file name 'Output.prn’.

il (o] Review Cievelap 1, IWEM Taal Arrabat
o A

Fur ip

B Ml i QR AR EREL B U S A A

S | G Column

A B = [ E F [ H i
1 [c column 1 2 3 4 5 6 7
2 [canduse R x|
3 |csh I - Computer = Local Dk [D:) = TEMP - @) [Gemn e )
4 |n/31/19m 2 0.
5 |13/30/1921  Orgenze v hew folder S n
| o Jafs/1sa I Comrinads B Tiste sranfbimed | 1= |m— | i
7 |onf3nf1saz_ | Rcerit Places o
8 |02/28/1922_ Fy-— i ttems match yeur search. o
9 |03/31/1922_ M Ceskioo 0,
10 |04/30/1922_ Ll #hoto Sream -20.
11 |n5/31/1822 Suylrive 35,
12 |o6/3n/15322 I My Cubby a1,
13 [07/31/1922 ~50.
14 [o8/f31/1922_ g Lbrants a7,
15 [09/30/1522_ | Documents -24,
16 (1073171922 ! Husk -3.
17 [1/s0/1922 | P 0.
12 [12/31/1822 SN o,
18 [o1/21/1923 o 0.
0 |02/281508 . 0.
4 [o3fa1/1923_ F I | | ¥ -5
22 |o4/30/1923 -17.
F = Fie name: | TEEOT -

23 |05/31/1923_ 2l 44,
54 lo6130/1523 Sarve 8 types [oace deimted text (~.0m) = 5
25 |n7/31/1823 54,
26 [08/31/1923 |~ e Fokiers| Cancel 52.
27 [mefanf1933 2 -15.
am linfafrarz aon 21 ams =TT sSarnnonnn =7 T POWHCT O 3 3

This window can be used to navigate to the folder where the new file is to be saved and to provide a name for
the file. (The file extension can be changed from ‘prn’ to something else, such as ‘txt’, by enclosing the entire
file name in double quotes.) When the ‘Save’ button is pressed, a dialog window opens to specify the column
width:

|Column Width x|

Enter column width (chars):

IiE oK

Enter the preferred column width, and press the ‘OK’ button. The dialog box will show the progress of the file
conversion, and then close when the conversion is complete.
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Here are sample results:

o
| Ble Edt Search View Toos Mawos Configwe Window Help |
nzdlgsnE s meoz==lz00v 4R TR e ]
Output.prn X | -~ X
1 € Column 1 2 3 i =
C Land Use ag Bg ag ag H
€ SR 1 2 3 4
10/31/1821_24:00 0.0000 0.0000 0.0000
11/30/1921_24:00 0.0000 0.0000 0.0000
12/31/1 4:00 0.0000 0.0000 0.0000
01/31/1 4:00 0.0000 0.0000 0.0000
02/28/1 4:00 0.0000 0.0000 0.0000
03/31/1 4:00 0.0000 0.0000 0.0000
04/30/1 4:00 0.0000 -68.3473 -16.9353
05/31/1 4:00 0.0000 0.0000 0.0000
06/30/1 4:00 0.0000 0.0000 0.0000
07/31/1 4:00 0.0000 0.0000 0.0000
08/31/1 4:00 0.0000 0.0000 0.0000
09/30/1 4:00 0.0000 0.0000 0.0000
10/31/1 4:00 0.0000 0.0000 0.0000
11/30/1 4:00 0.0000 0.0000 0.0000
12/31/1 4:00 0.0000 0.0000 0.0000
01/31/1923_24:00 0.0000 0.0000 0.0000
02/28/1823_24:00 0.0000 0.0000 0.0000
03/31/1923_24:00 -3.1501 -8.3884 -5.6922
04/30/1823_24:00 0.0000 -56.3817 -13.6532
05/31/1923_24:00 0.0000 0.0000 0.0000
06/30/1823_24:00 0.0000 0.0000 0.0000
07/31/1923_24:00 0.0000 0.0000 0.0000
08/31/1823_24:00 0.0000 0.0000 0.0000
2 09/30/1923_24:00 0.0000 8 0.0000 0.0000
28 10/31/1823_24:00 -1.7015 -7.3773 -5.4771 0.0000 =
4 z » 4
|For Help, press F1 [ 1| 1 [Read [owr [Block [Sync [Rec [caps 4

Water-Year Table Maker

The C2VSim model contains monthly input data for water years 1922-2009. A water year runs from October 1
of the previous year to September 30; for example, water year 2009 is October 1, 2008 to September 30,
2009. It is often convenient to summarize input and output data for reports and presentations in tables with
one row for each water year and a column for each month.. However, £xce/s standard formulas only work for
calendar years. In addition, water data must often be converted between units of cubic feet per second (cfs)
and acre-feet (AF), and between acre-feet, thousand acre-feet (TAF) and million acre-feet (MAF), which require
conversion factors that are not standard in Excel. The WY-Month tool was created to tabulate time-delimited
data by water year and to convert data between cfs, AF, TAF and MAF.

Clicking the "WY-Month’ button in the IWFM Tools ribbon brings up the ‘WY-Month’ window.

o El

Dale Ronge

Tumis Susrwes ks g

Output Range:

Unit Canversion

Time Series Dats Table
& Hone 1 Hone
ey Clels
AR I AF
AR 1A
i MAF O MAF

Decimal Dighs: |1

™ L= 1000 Ssperntor
I Include Chart for Monthly Avernges
I” Include Char for Annusal Tatals

OK Cancal

Click in the ‘Data Range’ area and use the cursor to select the dates, click in the ‘Time Series Data Range’ area
and select the data, and then click in the ‘Output Range’ area and select a single cell in an empty region of a
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worksheet where the new table will be created. Optionally use the ‘Unit Conversion’ section by selecting the
current units of the data under ‘Time Series Data’ and the desired output units under ‘Table’. Use the section
at the bottom of the window to choose formatting options (the number of decimal places to show, and
whether to use a 1000's separator), and to add optional charts (monthly averages and annual totals). Click
'OK’ to create the table and the optional charts.

The resulting table has the water year in the left-most column, monthly values for October through September
in the central columns, and the water-year total in the right-most column. Rows for the average, maximum
and minimum monthly and water-year values are added to the bottom of the table. Graphs of the monthly
averages and annual totals are created to the right of this table.

- Example.xlsx - Microsoft Excel -2 X
Ca)
S omel et Eage apont 0 ormuias D0 ain 0 Renew 00 View 0 Deveiopes 0 Ada el TWem Tocts [0 Afrobar @ - = x
H A& 5 B|E] | By HE- HHE Gl QR DO% E=SSITBU G-A-A n -Aaei - BEOZTTE G2 W8 53« -
[ 159 - ( &
Al &8 < D E F = H 1 1 [ L " N ) G a R B T u v W 3 v z A ) =
1
2 | Groundurater Pumping, Subregion &
3 |(Acre-Feet]
4 WY Ot Nov  Dec  Jan  Feb  Msr  Apr My Jun  Jul _ Aug  Sep  Toml
5 20m ) ) 0 0 0 0] 17,219 51,762 53,936 78,608 42,753 0] 244,279 Average Monthly Values
& | 2002 g8t o o o o 0 45,637 34287 54,362 71,774 45356 1,223 255,483 5,000
7 | 2003 18,235 o 0 0 0 0 0 62,837 70,543 80,690 37,329 2,056 278,689
s | 2004 20522 o 0 0 0 0 22,022 56,696 54,162 72,034 45,044 o 290,498 70,000
s | 2008 o o 0 0 o o 0 31,574 55,697 75,863 50453 664 218,857
10| 2006 17,415 o o o o o 0 30591 65961 77,830 47,816 0 238,617 o0 4
11 2007 17,111 o o o o 0 27,828 24,685 47,911 64,157 41478 0 23,171 -
12| 2008 o o 0 0 0 0 53,38¢ 57,300 55,024 65,591 20,529 o 281,398
13 _2008 o o o o o 0 21,311 64,847 70,008 £2,E1% 65,354 11,605 315,963 000
12 Ave 8306 o o o o 0 23,711 43,109 56,734 75152 46243 1728 263,562
15 Max o o ° ° ° ° 0 30591 47.911 64,157 37329 0 218,657 30,000
15 Min 20,582 0 0 0 0 0 59,334 69,837 70,543 $2815 65354 11605 315343
= 20,000
18
e 10,000
21 oz nov D fn s wsy i omg s
2
23
24
2z Total Annual Values
26 ss0000
7
22 300,000
25
I 250,000
31
2 200,000
33
= 150,000
35
E5 100,000
37
S
39 oo
w2
o
:: 2001 2002 200: 200 2005 2008 200 2008 200
W 4 b b [ Sheett | Sheet2 73 [ I
Ready | [ [EEEFE e o

Budget-to-Excel

The IWFM Budget program reads binary files produced by the Simulation program, and produces space-
delimited text files containing Budget tables in a consistent format. The Budget-to- £xce/tool runs the Budget
program within £xce/, and imports the resulting Budget tables to £xce/workbooks. This makes it easy to
analyze, tabulate and graph model results.

Before using this tool, run the IWFM Simulation program and check that the Simulation binary output files are
present in the Results folder; £xce/will crash if this tool is used when the binary files are not present.

To use this tool, first create a new, blank £xce/workbook. Next, in the ‘Budget to £xce/ panel of the ‘IWFM
Tools' ribbon, use the ‘IWFM version’ drop-down menu to select ‘3.02". (The C2VSim model uses version 3.02
of IWFM.)
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()
-3/ Ho Insert Page layout  Formulas Dat: Rs
== | | WFM version [7] | @ about
%L [
Space Wi-Month
Delimited Text Jj‘gz |
Data Export || Tabulate BUOGEL T0 meemel| | HEID
(= BN e = W EE- gl gl i idb
Al - £
A B Cc D E: F
; 1
3
4

This will open the ‘Budget to £xce/(3.02)" dialog box with the word ‘Ready..." in the lower left corner.

S

Cheoan Bedget Input Fils

T —
Chocar Bedget Tabile

i |
Ready

Click the ‘Browse..." button and navigate to the Budget folder of your C2VSim model run, and select the
Budget Control File (usually named CVBudget.in). The status indicator will change to ‘Importing..." as the
Budget Control File and the binary files produced by the Simulation program are read. A list of the available
Budget tables will appear in the window below ‘Choose Budget Table' and the status indicator will change to
‘Ready...". This window shows seven Budget tables; this tool does not currently work with the ‘Diversion
details budget’; do not select this Budget table or Exce/will quit.

tudget To Dxcel (vA02) =101 x]

Checae Budget Input File
[0 NCa S G _NSTIC_R 367 Budget\CBudget in Browse... I

Select the Budget table to be imported, and then click the ‘Transfer to £xce/ button. The Budget tables will be
loaded into the Exce/workbook, with one worksheet for each table. For tables organized by subregion, there
will be one tab for each subregion. There will be one tab for each river reach in the Stream Reach Budget, one
tab for each lake in the Lake Budget, and one tab for each small-stream watershed in the Small Watershed
Budget.

After importing a Budget table, save the workbook with an appropriate name. Always open a new blank
workbook before importing another Budget table.
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C2VSim ArcGIS GUI

This section gives a brief overview of the C2VSim ArcG/S GUI, focusing on the components that will be used in
the tutorial. A more detailed explanation of this tool is available in the C2VSim ArcG/S GU/User's Manual,
which is available under the tools’ Help menu.

Starting the C2VSim ArcGlS GU/

The first step you must take when you start the C2VSim ArcGIS GUItool is to tell the tool which files to use.
For this tutorial, we will always open the MXD file (and a linked geodatabase) before opening the tool.

1

-
When the MXD file is open, click the C2VSim ArcGUI GUI icon in the menu bar: ;| This opens the
window:

[vsmaasan S|

Rasdy

To view a PDF version of the C2VSim ArcG/S GU/'help document, select the ‘Help’ menu and then ‘User’s
Manual'.

To link the tool to the file geodatabase of the MXD file, click the ‘File" menu and select ‘Use Current'.

Graphing C2VSim results

Before we can create a graph, we have to display and select an object that is associated with the item we
want to graph. For example, if we want to graph data associated with a river reach, we must first turn on the
StreamReaches feature class, and then select the river reach or reaches we want to use. 7he C2VSim ArcGIS
GUI requires one additional step: we must make the layer we are interested in the only selectable layer. For
the StreamReaches feature class, we do this by right-clicking on the StreamReaches layer in the Table of
Contents window, choosing ‘Selection’ from the drop-down menu, and then choosing ‘Make This The Only
Selectable Layer' from the drop-down sub-menu. Later, if we want to graph data associated with another
feature class such as Subregions, we have to first make that feature class the only selectable layer.
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Next, you will need to select the individual feature you want to work with. Activate the ArcMap 'Select
Features by Rectangle’ tool (the white arrow) in the toolbar. Use this to select a river reach. Then, click on the
‘Graph’ button in the C2VSim ArcGIS GU/'to open the ‘Time Series Graph’ window. Select the ‘Stream Reach
Budget' table in the ‘Time Series table’ drop-down menu, then choose a category in the ‘Sub-Data Type Name'
drop-down menu, and optionally choose a date range. Click on the ‘OK’ button to produce the graph. Here are

Data

Save As Layer File.

Create Layer Package....

Properties. ..

the results for the ‘Gain from Groundwater’ on Reach 48.

Time Series Graph

Stream Reach48is selected.

Time Series Table

Stizam Reach Budget
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Cancel
4

A more detailed walk-through is provided in the section below titled “The C2VSim ArcGIS GUI".
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TecPlot

TecPlotis a powerful graphics program with numerous capabilities for viewing and displaying model output.

In addition to the ability to make two-dimensional color-map and contour graphs, 7ecPlotcan easily animate
time series, and can generate three-dimensional color-maps with interior slices. The exercises in this tutorial

explore only the two-dimensional capabilities of 7ecPlot.

Layer files

TecPlot uses ‘layer files’ to store graphical configuration information. Each layer file contains the name and
structure of an associated data file. Two 7ecPlot layer files are available in the Tools folder. These two files are
associated with the C2VSim 3.02-CG Water Years 1973-2009 version of the C2VSim model. Layer file
CVGWheadTecPlot.lay uses the simulation results in the file CVGWheadTecPlot.out. Layer file
CVSubsidenceTecPlot.lay uses the simulation results in the file CVSubsidTecPlot.out.

To run TecPlot, copy these two files to the Results folder of the C2VSim 3.02-CG Water Years 1973-2009
folder, and then double-click on one of the layer files. It should open the 7ecPlot program and display a color
map of the selected data (heads or land-surface subsidence). It may take a few moments to load the file.

This tutorial will use the layer file CVGWheadTecPlot.lay for the 1973-2009 model. Double-click on this file,
and 7ecPlotwill open and display the color map of the initial water table. (All dates in the C2VSim model are
for the end of a time period. The initial condition is for midnight 9/30/1972, which is equivalent to the start of
10/1/1972.) The legend has the name of the output file data set 'GWHEAD1’, which corresponds to the
groundwater head of model layer 1.

R - 09/3011972

bl |

Duick Ecit

Al Fiame
P Ao Prackm

F . -
I~ Plat Approsmations 4
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Choose the ‘Data’ menu, then ‘Data Set Info..." to display a window showing the data sets in the data file.

«
Zorm/Vsistie ko | Dats Set | Shemg | boumal | AcxDets |
Leveel] Wanablela}

[pa3e1572 2400 fx
Zone Type | FE-Gusd Ve Type | Foat
P 138 Ve Laeation - Nodal
Bern: 1841 Vir Statun ; Heso
Var Flange - Selscted Zone :
M. 1744882653

Max  FEI533 B35
Var Range ~ Active Zones:
Moy 1744882653
Max . 7531533.835

: |

[o=1] |

The ‘Zone/Variable Info' tab shows that this data file has five pieces of data for each point: the X and Y
locations and the values of GWHEAD1, GWHEAD2 and GWHEAD3, for each month from 9/30/1972 to
9/30/2009. We can also see information about each variable by selecting it in the right panel. Close the
window.

Under the ‘Options’ menu, make sure the Standard sidebar is checked. This will make the left panel visible,
exposing several useful commands. Place a check box next to ‘Mesh’ to display the finite element mesh.
Remove the check mark next to ‘Edge’ to remove the rivers.

0 cvowheadTeePint lay - Teeplot 360 2011

Fie Edt View Plot Insert Animate Dala Frame | Optons Suioting Took Anslyze Help

DB & %] ald] 2] W::;“ B |
[ U

| ET= ) Paper Senp...

Zoe Salacee St Ivvisbe Frasme Brders

Contour colors

Click the box to the right of ‘Contour’ in the sidebar to open the ‘Contour & Multi-Coloring Details’ dialog. Use
the drop-down menu to choose which data set to display (GWHEAD1 is the water table, GWHEAD?2 is the
upper confined zone, and GWHEAD3 is the lower confined zone).

x

7 2] sle]s|e] v o :

Ooe | e |

Click in the box to the right of the drop-down menu (labeled ‘>>") to display the color map options. The
‘Levels’ tab controls the numbering in the legend. The ‘Coloring’ tab controls the range of color values; click
the box to the right of the grayed-out ‘Use Color Map Group’ to change the colors. The ‘Legend’ tab controls
the formatting of the legend. Close the window.

22



C2VSim Hands-On Tutorial

Display options

Clicking on the ‘Zone Style" button will open the ‘Zone Style" window, shown below. In 7ecPlot, each time step
in the C2VSim output is a separate zone. The "Zone Style" window controls how the data will be displayed, for
example whether a color map or contour lines (or both) will be displayed. The graphical options for the
C2VSim data sets are under the ‘Contour’ tab. The "Zone Show’ column controls what ‘zone’ is visible. To
display the map for a different date, select the date row then left-click the ‘Zone Show' title box and choose
‘Show Selected Only’. To change the display from a color map to contours, click the ‘Contour Type” title box
and choose ‘Lines’, then click the ‘Line Color’ title box and choose ‘Multi1” in the lower left corner. Color maps
are generally best for animations. Close the window when you are done.
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Animation
To create a movie of the change in groundwater head, select the ‘Animate’ menu and then ‘Zones...". This
opens the ‘Animate Zones' dialog box.

frnimate zones x
stove | EECTEET - |

Cumsent one 1 A
Aninate [Or Seicen =
| fae | Heo |

Use the 'Start Zone’ and ‘End Zone' drop-down menus to choose the starting and ending dates of the
animation. Use the ‘Zone Skip' value to set the number of months in each movie frame (generally 1, 2, 3, 6 or
12). Use the ‘+" and '-" buttons next to ‘Current Zone' to review the display for individual time steps. Use the
‘Animate’ drop-down menu to select whether you want to see the animation on the screen, or want to
generate a movie file. Generally it's best to view the animation on-screen each time you change a display
parameter until you are satisfied, then save is as a WMV file (or another file type). Close the dialog box when
you are done.
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Using the C2VSim Model

The C2VSim model is run from the command line using the four IWFM programs Preprocessor, Simulation,
Budget and Z-Budget. This section shows how to run the C2VSim model, how tom import results to £xce/
workbooks, and how to use the C2VSim ArcGlS GUI.

Integrated Water Flow Model (IWFM)

The Integrated Water Flow Model (IWFM) is a water resources management and planning model developed by
DWR that simulates groundwater, surface water, stream-groundwater interaction, and other components of
the hydrologic system. IWFM models groundwater flow as a quasi three-dimensional system and solves the
governing flow equation using the Galerkin finite element method. A unique feature of IWFM is the land use
based approach of calculating water demand. IWFM simulates stream flow, soil moisture accounting in the
root zone, flow in the vadose zone, groundwater flow, and stream-aquifer interaction. Agricultural and urban
water demands can be pre-specified, or calculated internally based on different land use types. Water re-use is
also modeled as well as tile drains and lakes or open water areas. Another notable feature of IWFM is a “zone
budget” type of post-processor that includes subsurface flow computations across element faces. IWFM was
developed by staff in the Modeling Support Branch of the Bay-Delta Office, which is also responsible for its
technical support. The IWFM application, manuals and tools are available at the DWR IWFM web page, which
you can find by searching for ‘IWFM'.

All IWFM input files are text files. The control files for the IWFM programs use the extension ".in’, and all other
files use the extension ‘.dat’. The IWFM programs produce text files with the extensions ‘.out" and ‘BUD’, and
binary files with the extension “.bin". The binary files are read by other IWFM programs.

IWFM input files also support the inclusion of comments within the files. This allows each file to contain
documentation describing the sources, units, assumptions, etc. for the data in the file. Lines that begin with
the 'C’, "¢’ or "*' character in the first character position are treated as comments and are ignored by the IWFM
programs.
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Running C2VSim

The C2Vsim model is run with four IWFM programs. We will run the C2VSim 3.02-CG Water Years 1973-2009
version of the model in this tutorial. Most of the input files are identical to the C2VSim 3.02-CG Water Years
1922-2009 version of the model, with the exception of the initial conditions file and a few lines in the
Preprocessor Control File.

This tutorial will give brief explanations of some C2VSim input files. See the C2VSim User Manual, available at
the C2VSim web site http://baydeltaoffice.water.ca.gov/modeling/hydrology/C2VSim/index C2VSIM.cfm, for
detailed descriptions of the input files, including data sources and any assumptions used in compiling the
data.

A typical C2VSim run involves executing the Preprocessor, Simulation and Budget programs one time each in
sequence, and then executing the Z-Budget program one or more times to produce budgets for different user-
defined zonal configurations. Each program can accept the name of the corresponding main input file on the
command line. The following example shows how the IWFM programs are executed for a C2VSim run. These
commands are usually written to a batch file so all of the programs can be easily executed in sequence.

> Preprocessor3_02 CVPreproc.in
> Simulation3 02 CVSim.in

> Budget3 02 CVBudget.in

> Zbudget3 02 ZBudget All.in

> Zbudget3 02 ZBudget HRs.in

> Zbudget3_02 ZBudget SRs.in

> Zbudget3 02 ZBudget Elem.in

> Zbudget3_02 ZBudget Elem_L1.1in
> Zbudget3_02 ZBudget Elem_L3.1in

> Zbudget3 02 ZBudget Elem_L2.1in
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The Preprocessor program

The Preprocessor program compiles the model framework (nodes, elements, rivers, lakes, specified wells, etc.)
and produces a binary output file that is read by the Simulation program.

We will examine several Preprocessor input files before running the Preprocessor program.
Open the Preprocessor folder.

Preprocessor Control File
Open CVpreproc.in with 7extPad.

The Preprocessor Control File CVpreproc.in contains four sections. The first section has three lines describing
the model version that are read by the Preprocessor program and written to the output log file
PreprocessorMessages.out. The second section lists the files that are used by the Preprocessor program.
The third section contains two flags to select output options. The final section lists the units and factors to be
used to convert simulation length and area units to output units.

The Preprocessor program uses the following files:

No. File Name Type  File Contents
4 CVpreout.bin Binary Output file (binary format)
5  CVpreproc.in Text  Main input file
7 CVelement.dat Text  Element and node specification
8  CVnode.dat Text  Nodal x-y coordinates
9  (CVstrat.dat Text  Aquifer stratigraphy
10 Cvrivers.dat Text  River network configuration
11 CVlake.dat Text  Lake configuration
12 Cvwells.dat Text  Well locations and characteristics
13 CVcharac.dat Text  Element hydrologic characteristics
Other Files

Open several of the input files with 7extPad, including CVnode.dat, CVelement.dat, CVstrat.dat and
CVriver.dat, and review their contents. The C2VSim User Manual contains detailed explanations of the
contents and data sources for each of these files.

Run the Preprocessor program

Find the file Run_Preprocessor.bat and open it with 7extPad (either right-click on the file and choose
TextPad, or drag it onto an open 7extPad window; double-clicking will run the commands in the batch file).

5 TextPad - B:\CIVSim_CG_19721C_R367\Preprocessor|fum_Preprov =10l %

[le Edt Search Vew Jods Macos Configure  Window ek

NS gERE| RO MA@ Y 5 R Fai e

Run_Preprocessorbat 3 | iy
. .\Bin\Prefr or3_0z. = |
panar B
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The first item “..\bin\PreProcessor3_02.exe" points to the Preprocessor program in the bin directory, and the
second item is the name of the Preprocessor Control File. The ‘pause’ command in the second line causes the
command window to remain open so the user can see if the program ran to completion.

Close the file.

Double-click Run_Preprocessor.bat to run the Preprocessor program.

Review Preprocessor results

The Preprocessor program produces two output files. The binary file CVpreout.bin is read by the Simulation
program. The text file PreprocessorMessages.out lists properties of the model finite element grid, rivers
and specified wells.

Open the file PreprocessorMessages.out with 7extPad.

The first section of PreprocessorMessages.out repeats the three title lines from the Preprocessor Control
File. The second section lists the input file names. The third section lists the model subregions and model
properties. Next, the model nodes, elements, and stratigraphy are listed. This is followed by a listing of the
river nodes, including the river reaches, ground surface altitude at each river node, and invert (river bottom)
altitude. The last section provides a list of the specified wells, followed by the apportionment of pumping at
each well to the model layers.
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The Simulation program

The Simulation program reads the CVpreout.bin file produced by the Preprocessor program, then reads a
number of specification and time-series data files to simulate the evolution of the hydrologic system through
time. The program produces binary files read by the Budget and Zbudget programs, and several types of text
files. The text files include a log file; groundwater, surface water, tile drain and subsidence hydrograhs;
average subregion evapotranspiration; 7ecPlot data files; the groundwater heads at each node for each time
step; and the final condition. All of these text files can be read with a text editor.

Open the Simulation Control File CVSim.in with 7extPad.

The file CVSim.in has seven sections. The first section has three lines describing the model version that are
written to the output log file SimulationMessages.out. The second section lists the input and files used by
the Simulation program and the output files it produces. The third section contains the starting and ending
times and the time step (in HEC-DSS format). This is followed by sections for output and debugging options,
output units, solver controls, and controls specifying the water budget calculation method.

The following table lists the input files in the Simulation Control File CVsim.in. This includes the binary file
produced by the Preprocessor program and 21 text files with the “.dat’ extension. (The CVpreout.bin file is
usually in the Preprocessor folder, and the name usually includes the path to the file.)

No. File Name Type  File contents
5  CVpreout.bin Binary Binary input generated by pre-processor
7  CVparam.dat Text  Hydrologic parameters
8 CVbound.dat Text  Boundary condition data file
9  [not used] Text  Time series boundary conditions data file
10 CVprint.dat Text  Print control file
11 CVinit_1972.dat Text Initial aquifer heads and pre-consolidation heads
12 CVsupplyadj.dat Text  Supply adjustment specification data file
13  CVlanduse.dat Text  Land use data file
14 CVcropacre.dat Text  Crop acreage data file
15 CVprecip.dat Text  Precipitation data file
16 CVevapot.dat Text  Evapotranspiration data file
17  CVtiledrn.dat Text  Tile drain specification data file
18 CVurbanspec.dat Text  Urban water use specification data file
19  [not used] Text  Agricultural water supply requirement data
20 CVurbandem.dat Text  Urban water demand file
21  CVinflows.dat Text  River inflow data file
22 CVcropdem.dat Text  Crop demand data file
23  CVPuSp.dat Text  Pumping specification data file
24  CVpump.dat Text  Pumping Data File
25  Cvdivspec.dat Text  Surface water diversion specification file
26  CVdiversions.dat Text  Surface water diversion data file
27  CVIrFr.dat Text  Irrigation fraction data file
28  CVmaxlake.dat Text  Maximum lake elevations data file
29 CVruf.dat Text  Irrigation water re-use factor data file
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Each of the other C2VSim input files is a text file containing a specific type of data. For example, the diversion
specification file CVdivspec.dat lists all of the surface water diversions, including the source river node,
destination subregion and land use type (agricultural or urban), evaporative and seepage loss fractions, and
the data column of the file CVdiversions.dat that holds the diversion volumes. Each of these files is
explained in detail in the C2VSim User Manual.

The following table lists the Simulation program output files. This includes one binary file (CVZB.bin) used by
the Zbudget program, eight binary files used by the Budget program, and nine text files. (Most of the output
files are written to the Results folder, and the name usually includes the path to the file.) The Simulation
program also produces a log file, SimulationMessages.out, as it runs.

No. File Name Type  File contents

31 CVZB.bin Binary  Binary output for groundwater zone budget
32 CVsmwshed.bin Binary  Binary output for small watershed flow components
33 [not used] Binary  Binary output for element sub-group details
34  Cvdiverdtl.bin Binary  Binary output for diversion details

35  CVstreamrch.bin Binary Binary output for stream budget by reach
36 CVlake.bin Binary Binary output for lake budget

37 CVlandwater.bin Binary Binary output for land and water use budget
38  CVstream.hin Binary  Binary output for stream budget

39 CVrootzn.bin Binary  Binary output for root zone moisture budget
40  Cvground.bin Binary  Binary output for groundwater budget

41  CVSubsHyd.out Text  Subdicence hydrograph output file

42 CVAVgET.out Text  Virtual crop characteristics output file

43 [not used] Text  Element face flow output file

44  [not used] Text  Boundary flow output file

45  CVtiledrn.out Text  Tile drain/subsurface irrigation hydrograph
46  CVSWhyd.out Text  Stream flow hydrograph

47  CVGWhyd.out Text  Groundwater level hydrograph

48 CVGWheadall.out Text  Groundwater level output at every model node
49  [not used] Text  Layer vertical flow

50 CVGWheadTecPlot.out  Text  Groundwater heads for TecPlot

51  CVSubsidTecPlot.out Text  Subsidence output for TecPlot

52  CVfinallist.out Text  Final simulation results

CVprint.in
Open the Simulation Print Specification File CVprint.dat with 7extPad.

The Simulation program can produce several types of hydrograph output. The user controls the number and
locations of these hydrographs using the Print Specification File CVprint.dat.

The Print Specification File has six sections. The first section contains a list of the groundwater hydrograph
locations, specified by either a node number or X-Y location. Stream hydrograph locations are specified by
river node number in the second section. Tile drain hydrograph locations are listed in the third section. The
fourth section has subsidence hydrograph locations, specified by either a node number or X-Y location. The
final two sections, boundary node flow hydrographs and element face flow hydrographs, are not used in the
C2VSim model.
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Any information to the right of that required by the Simulation program is ignored by IWFM. We can use this
area to the right of each specified hydrograph to add comments describing the hydrograph location. In the
C2VSim CVprint.dat file, comments have been added for each of the hydrographs listing, for example, the
observation well or stream gage that corresponds to the hydrograph.

Close the CVprint.dat file.

Running the Simulation program

Find the file Run_Simulation.bat and open it with 7extPad.

Al
e Eot Zearch Wew Todls Macros  Configure  Window  Hep
NedasaE L e S R =R e T T
CVSimbal % |
[ -\bin\Simulaticn3 02.exe CVSim.in
|
T L3 7

Pl CVSim.bat, 43 bytes, 2lnes, PC, M1 ]

The contents and format are similar to the Run_Preprocessor.bat file described above. The first item
"..\bin\Simulation3_02.exe" points to the Simulation program in the bin directory, and the second item is the
name of the Simulation Control File. The ‘pause’ command in the second line causes the command window to
remain open so the user can see if the program ran to completion.

Close the file.

Double-click Run_Simulation.bat to run the Simulation program.

Review Simulation results

The Simulation program produces nine binary files and nine text files, listed above, and the log file
SimulationMessages.out. The log file and final conditions file (CVfinallist.out) are written to the
Simulation directory, and the other files are written to the Results directory.

Simulation log file
Open SimulationMessages.out with 7extPad.

The first section of SimulationMessages.out repeats the three title lines from the Simulation Control File. If
the value of KDEB in the Simulation Control File was set to 1, then the next section will list the aquifer
parameter values for each node. The next section has the solver messages for each iteration and time step.
The last line gives the total run time for the Simulation program.

Close SimulationMessages.out.

Final conditions
Next, open the file CVfinallist.out with 7extPad.
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The CVfinallist.out file has the final groundwater heads, unsaturated zone water content, root zone water
content, etc. for the simulation. This is stored in the same format as an initial condition file, so this final
condition can be used as the initial condition for a subsequent model run.

The TextPad'Find' command can be used to quickly review this file. Press the <F5> key to open the ‘Find’
window, then enter a capital ‘C’, a space, 5 stars and another space (“C ***** "), then press the return key.
These characters are repeated at the beginning of each section of this file. Once this character string is entered
in the ‘Find" command, we can use <Ctrl-F> to move to the occurrence of this string.

The first line that begins with “C ***** “ |ists the simulation time step number. Use <Ctrl-F> to move to the
next occurrence. The second line that begins with “C ***** * is the start of the groundwater heads section.
Use <Ctrl-F> to move to the start of the root zone soil moisture for each subregion and land use type, the
unsaturated zone water content for each element, the small-stream watershed soil moisture and groundwater
content, the lake surface elevations, and finally the interbed thickness and preconsolidation head value at
each groundwater node.

Results directory
The remaining Simulation output files are in the Results directory. Move up one level and then down into the
Results directory.

Compare the list of .out and .bin files in CVsim.in (and the table above) to the files in the Results folder.

CVGWhyd.out
Open the file CVGWHyd.out with 7extPad.

The groundwater hydrographs specified in the CVprint.dat file are written to the CVGWHyd.out file.

The CVprint.dat file specifies 1387 groundwater hydrograph locations. The CVGWHyd.out file has one
column with the date and 1387 columns for the groundwater hydrographs. The header lines at the top of the
file list the aquifer layer and element of each hydrograph. The left-most column contains the time step in HEC-
DSS format with the month, day, year, underline character, and the hour. For example, the first time step is
“10/31/1972_24:00".

The files CVSWHyd.out, CVSubsHyd.out and CVtiledrn.out contain hydrographs for surface water flows,
land-surface subsidence, and tile drain output.
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The Budget program

The Budget program reads binary files produced by the Simulation program and creates Budget tables as text
files. For each binary file, the Budget program produces a text file with the same root name and the extension
".BUD'. For example, when it reads the groundwater budget binary file CVground.bin, it produces the
groundwater budget text file CVground.BUD.

The Budget Control File is in the Budget directory. From the Results directory, move up one level, and then
down into the Budget directory.

Budget Control File
Open CVBudget.in with 7extPad.

The Budget Control File CVBudget.in contains five sections. The first section lists the files that are used by
the Budget program. The second section lists output unit names and conversion factors to convert from model
units (feet) to budget output units (for example, acres or acre-feet). The next sections have the cache size and
output control options. The final section lists the subregions names and print options. These are explained in
more detail in the C2VSim User Manual.

No. File Name Type  File contents
1  CVlandwater.bin Binary Land And Water Use Budget
2  CVstream.bin Binary Streamflow Budget
3 CVrootzn.bin Binary Root Zone Moisture Budget
4  CVground.bin Binary Groundwater Budget
5  [not used] Binary Element Sub-Group Details
6  CVsmwshed.bin Binary  Small Watershed Flow Components
7 CVlake.hin Binary Lake Budget
8  CVstreamrch.bin Binary Stream Budget By Reach
9  CVdiverdtl.bin Binary Diversion Details

Close the CVBudget.in file.

Run the Budget program

Open the file Run_Budget.bat with 7extPad.

s TextPad - D:\C2VSim_CG_19721C_R367\Budget|Run_Budpetbal =)
fde [Edt Search Vew Tools Macros Configure Window Help
NS ASRE & 8 W DY R Ta R T
Run_Budgetbal |

+-\bin\Budget3 0d.exe CVBudget.in

,,,,,,, 3

=

1| L}

For Help, press FL 1 1

The contents and format are similar to the Run_Preprocessor.bat file described above. The first item
"..\bin\Budget3_02.exe" points to the Budget program in the bin directory, and the second item is the name of
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the Budget input file. The ‘pause’ command in the second line causes the command window to remain open
so the user can see if the program ran to completion.
Close the file.

Double-click Run_Budget.bat to run the Budget program.

Review Budget results

The Budget program reads eight binary files and produces eight text files for the C2VSim model (listed above)
and the log file BudgetMessages.out. The log file is written to the Budget directory, and the others are
written to the Results directory.

Budget log file
Open BudgetMessages.out with 7extPad.

The BudgetMessages.out does not contain much information. There is a message stating that the program
ran successfully, and the run time.

Close BudgetMessages.out.

Results directory
The remaining Budget output files are in the Results directory. Move up one level and then down into the
Results directory.

Compare the .bin and .BUD files listed in CVBudget.in (and the table above) to the files in the Results folder.
For each .bin file (with the exception of CVZB.bin, used by the ZBudget program), there should be a
corresponding .BUD file with the same root name.

CVground.BUD
Open the Groundwater Budget File CVground.BUD with 7extPad.

The Groundwater Budget File has 22 tables, one for each of the 21 model subregions, and one (labeled
‘Subregion 22") summarizing the groundwater budget for the entire model area. Each table begins with three
title lines listing the IWFM version, the budget and subregion, and the subregion area. This is followed by a
three-line table header with column titles. The third line of this header contains either a (+) or a (-) symbol,
indicating the flow direction for the items in this column.

The groundwater budget table format is identical for the 21 subregions and the entire model area (subregion
22). There are 16 columns: the date and time, 13 flow terms, the discrepancy (error for the time step), and the
cumulative subsidence volume. Each line has a complete water balance, with the 13 flow terms and the
discrepancy adding to zero.

The characters 'IWFM' are repeated at the beginning of each subregion section, making it easy to step through
the file. We can use ‘Find’ to quickly move through the file. Press the <F5> key and enter the letters ‘IWFM’,
then his return. Then use <Ctrl-F> to move to the title area for each model subregion.
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We can also explore this table and the other budget tables with the IWFM £xce/Tools and C2VSim ArcGIS
GUI

Close the CVground.BUD file.

You can repeat this for the other budget files.

The Z-Budget program

The ZBudget program uses information in the CVZB.bin file to create budget tables for user-specified aquifer
zones. The elements in these zones are specified in a ZBudget Control File. Several ZBudget Control Files with
different zonal configurations are distributed with the C2VSim model, and are listed in the table below.

File Zones

zbudget_SRs.in Subregions
zbudget_HRs.in Hydrologic regions
zbudget_all.in Model area (one zone)
ZBudget_Elem.in Individual elements
ZBudget_GWBasins_All.in  Groundwater basins (B116)

The ZBudget Control Files are in the ZBudget directory. Move up one level from the Results directory and then
down into the ZBudget directory.

ZBudget SRs.in
Open the ZBudget Control File ZBudget_SRs.in with 7extPad.

The ZBudget_SRs.in Control File specifies 21 zones identical to the 21 model subregions. The
ZBudget_SRs.in file has four sections. The first section lists the input binary file produced by the Simulation
program, and three output control items. A key output control option is the value of ZEXTENT: if ZEXTENT = 0
then the layer is specified for each zone, and if ZEXTENT = 1 then the zone includes all aquifer layers. The
second section contains the starting and ending times (in HEC-DSS format). The third section lists the
elements, the positive integer zone number each element is in, and (if ZEXTENT = 0) the model layer in that
zone. ZEXTENT = 1 for this file, so this section has only two columns, for the element number and zone
number. The final section list the zones that will be compiled and printed to the output file. All 21 zones are
listed.

Running the ZBudget program
Find the file zbudget_SRs.bat and open it with 7extPad.
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s TextPad - D:\CIVSIm_CG_19721C_A367\Z-Budgpet |2} 3 L
fde [ot Search Vew Tools Macos Configure  Window  Help
oedas@ i uB w29 dY NRTER| 7
abudget_SRs.bat |

For Help, press F L 2| 1

The file begins with two comment lines, one of which describes the zonal configuration of the ZBudget Control
File.

In the first command line, the first item “..\bin\ZBudget3_02.exe" points to the ZBudget program in the bin
directory, and the second item is the name of the ZBudget Control File.

The ZBudget program produces a budget file with the same root name as the input binary file, CVZB.BUD for
the C2VSim model. This can lead to problems because the ZBudget program is commonly run several times,
for several different zonal configurations, for each C2VSim scenario. The batch file includes commands to copy
this generically named output file to a file with the same root name as the ZBudget Control File, and to copy
the ZBudgetMessages.out log file to a file with the same root name as the ZBudget Control File and the
file extension ".out'".

The ‘pause’ command at the end of the file causes the command window to remain open so the user can see if
the program ran to completion.

Close the ZBudget_SRs.bat file.

Double-click ZBudget_SRs.bat to run the ZBudget program.

Review ZBudget results

When the ZBudget program is run with the ZBudget_SRs.in Control File and the ZBudget_SRs.bat batch
file, two files are created in the Results directory. ZBudget_SRs.BUD holds the ZBudget output, and
ZBudget_SRs.out is the log file.

ZBudget log file
Open ZBudget_SRs.out with 7extPad.

NSH SRR B8O HRI R 7
rhudget_SReoat % | -

The ZBudget log file ZBudget_SRs.out is similar to the Budget program log file. It reports that the program
ran and lists the run time.

Close ZBudget_SRs.out.
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ZBudget budget file
Open ZBudget_SRs.BUD with 7extPad.

The ZBudget file is similar to the Groundwater Budget file, but the ZBudget file contains significantly more
details. The ZBudget output file for the 21 model subregions has 21 tables, one for each subregions. Each
table begins with two title lines listing the IWFM version and the zone number. This is followed by a four-line
table header with column titles. The first column has the data and time, and the last column has the
discrepancy. All of the other columns are paired, with inflow volumes in the left column and outflow volumes
in the right column.

The first 12 items (after the data and time) are repeated in all of the tables in the file; each item has two
columns, yielding 24 data columns. To the right of these are columns listing the flows between the subject
zone and adjacent zones. The number of data columns depends on the number of adjacent zones.

Each row of the ZBudget file has a complete water balance. If the values are added up, with the correct sign
applied for inflow and outflow, the sum will equal the value in the Discrepancy column.

The characters 'IWFM' are repeated at the beginning of each zonal section, making it easy to step through the
file. We can use ‘Find’ to quickly move through the file. Press the <F5> key and enter the letters ‘IWFM’, then
his return. Then use <Ctrl-F> to move to the title are for each zone.

Close the ZBudget_SRs.BUD file.

This section provided a brief introduction to the C2VSim input files. More detailed information is provided in
the C2VSim User Manual.

36



C2VSim Hands-On Tutorial

Importing C2VSim Results to £xce/

The IWFM E£xce/Tools contain a utility to import C2VSim budget files into £xce/workbooks. It is generally
much easier to work with the Exce/version of a Budget table than with the text version.

To begin, open £xce/and create a new blank workbook.

Follow the instructions in the section Budget-to-£xcel above to open the CVBudget.in file, select
"Groundwater Budget", and then select "Transfer to £xce/. The Groundwater Budget is transferred to the
open £xce/workbook, with one tab for each subregion (1 to 22). Close the ‘Budget to £xce/(3.02)" window.
Save the £xce/workbook as ‘Groundwater Budget.xlsx’.

Groundwater Budget.x/sx

Go to the far left tab, labeled ‘Subregion 1 (DSA 58)’, and compare the values to those in the file
CVground.BUD (open this file in 7extPad). The columns, text and values in the two versions should be
identical.

Making a Graph

Next, we will make a graph of ‘Gain from Stream’ for subregion 1.

First, select cells F6- F449. Then go to Insert -> Scatter -> Scatter with straight lines
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VO LB e a0 @ 21D 4
Puotable Tsble | cture Clip Shapes Smartart | Column Line  Fie  Bar  Area |Scatter) Other  Mypedink | Text  Hesder Wordd
- it - - - - - = Charts~ Box & Foater
Tabides Nstration: Chaits Suatler .
el L (1) BEU0- 2R EE iR Q@A |-, - [ruul»-.rl-a'
Fi fe| -193279.232364648 L | | 4
A B c i] E I H [
408 04/30/2005 12.00 AM 114995 46280465.75 46321856.03  2900.09) ‘ ] ‘ 0.00 417030
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411 07/31/2006 12200 AM 133748 46320646.00 46343540.11  2886.39] - 0.00 3974137
412) 08/31/2005 12:00 AM 428575 4634254311 4635720233 2861.76) . — 009025097
413 093072006 12:00 AN 3210.05 4635700233 4637181004  2850.29) . | R 79204
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415 11302006 1200 A 88233 46306043.63 46409654.32  2041.36] 1513 1. o kien there sre many ast 071.68
A16 12/31/2006 12:00 AM 2236.01 46409654.32 4644171656 283029 66y po the data 12572
AT 01/31/2007 12:00 AM 0.00 46441716.56 4645019560  2005.56] -216] epeients seos 1934
A18| 02/28/2007 12:00 AM 3082 10 46458185 60 4648118633 2784 84 G052 33 56T 000 3937216
419 03/31/2007 12:00 AW 0.00 4649119633 48510207 11 2754.02) -20064;| 10278 0.00 3850893
A20| 043072007 1200 AN 2885 92 46510287 11 46536751 87 273187) -1350307) 1803 56 000 3826414
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The graph will appear in the middle of the screen. Next, we have to add the series name, format the axes, etc.

To add the series name, right click on the line in the graph and choose Select Data. This will open the ‘Select
Data Series’ panel. Select ‘Series1’ and then Edit. This will open the “Edit Series” window. Click the box with
the red arrow, next to the white box below ‘Series name:’, and then select cell F5. Click the box with the red
arrow, next to the white box below ‘Series X values:’ and select cells A6-A449. Then click ‘'OK’ to close the
‘Edit Series’ window, and click ‘OK" again to exit the ‘Select Data Source’ panel. The graph now has dates on
the x-axis.
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Before continuing, move the graph to its" own worksheet page by right-clicking in the graph and selecting
Move Chart and then New Sheet.

Next, we can format the x-axis for a yearly time step. Right-click on the x-axis and select ‘Format axis..." to
open the ‘Format Axis’ panel. Change the radio button from ‘Auto’ to ‘Fixed’ for ‘Minimum’, ‘Maximum’,
‘Major unit’ and ‘Minor unit’. Then set the value of ‘Minimum’ to ‘26603’ (the value for 10/31/1972), the
value of ‘Maximum’ to ‘40086’ (the value for 9/30/2009), the value of ‘Maximum unit’ to ‘3652.5 (or 10
years), and the value of ‘Minor Unit’ to ‘365.25' (one year). Then select ‘Number' in the left panel, uncheck
the box next to ‘Linked to source’, and change the text in the ‘Format code:’ box to ‘mm/yyyy’ and then click
the 'Add’ box. Next select ‘Alignment’ in the left pane and use the ‘Text Direction’ drop-down menu to select
‘Rotate all text 270°". Then click on the ‘Close’ button to close the ‘Format Axis’ panel.

Next we can format the y axis. Right-click on the y-axis and select ‘Format axis..." to open the ‘Format Axis’
panel. In the bottom part of the ‘Axis Options' panel, change the value for 'Axis value' to '-1e7". Select
‘Number' in the left panel, uncheck the box next to ‘Linked to source’, change the number next to ‘Decimal
places’ (near the top of the panel) to zero, and check the box ‘Use 1000 separator (,)', and then click the ‘Add’

button.

Gain from Stream (+)

50,000

= Gain from Stream (+]
=100,000

150,000

-200,000

This graph shows the monthly fluctuations in flows between the stream and the adjacent aquifer. The flow
direction depends on the sign and the perspective. This graph is from the perspective of the groundwater flow
system. When the flow value is negative, flow is from the groundwater to the stream (the stream is gaining),
and when the flow value is positive, flow is from the stream to the groundwater (the stream is losing).
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Creating a Water Year table

We often need to format model output to better understand what the model says is happening, and to prepare
reports. The IWFM Water Year Tool was created to create tables and graphs summarizing model output by
water year. We will make a water year table of the ‘Gain from Stream’ values for subregion 1.

First, click on the ‘WY-Month' button in the IWFM Tools ribbon to bring up the ‘WY-Month" window. Click in
the ‘Data Range' area and then use the mouse to select the dates range A6-A449. Next, click in the ‘Time
Series Data Range’ area and use the mouse to select the data range F6-F449. Click in the ‘Output Range’ area
and use the mouse to select cell U6. Set the ‘Decimal Digits’ value to zero, and check the three boxes at the
bottom of the panel. Click ‘OK’ to create the table and graphs.

Monthly and long-term patterns of stream-groundwater flows are easier to see using this table and graphs.
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The C2VSim ArcGIS GUI

The C2VSim ArcGIS GUIwas recently developed to facilitate working with the C2VSm model input files and
results. The C2VSim ArcGIS GU!is in beta release. Keep this in mind when working with this tool: save your
work frequently and keep backups of important files.

The C2VSim ArcGIS GU/works with two linked files, an ArcMap project file (with an mxd extension) and a
geodatabase. Double-click on the C2VSim_CG_19721C_R369.mxd project file to open it.

Add a Background

When you import model results into the C2VSim ArcGIS GUI, the ArcMap project file will not hold an
associated background file. You can add the dynamic world imagery and world topographic maps
backgrounds using layer files distributed by ESRI.

First, right-click on Layers and choose Add data. Navigate to the two layer files World_Imagery.lyr and
World_Topo_Map.lyr and select them, then click the ‘Add’ button.

Change the order of the items

The Table of Contents pane shows the model components that are available for display. The item at the top in
the Table of Contents appears at the top in the viewing window, the next item in the Table of Contents
appears beneath the top item in the viewing window, etc. The ArcMap project file Table of Contents lists the
items in the order that they were assembled when the project file was created. It is generally useful to re-
arrange them so wells are on top, followed by river nodes, nodes, river reaches, elements, subregions and
small-stream watersheds.

In the Table of Contents, drag the items into this order, and then save the project file.

1) Calibration well

2) Production well

3) StreamNode

4) Node

5) StreamReaches

6) Element

7) Subregion

8) Small_Watersheds
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ArcG/S overview

This section provides a brief introduction to some key ArcMap features and tools. You can skip to the next part
if you are familiar with ArcMap.

Table of Contents
All of the feature classes and basemap layers that make up a project are listed in the Table of Contents. The
visibility of items is also controlled using the Table of Contents. ltems with a check mark to their left are
visible, and items without a check mark are invisible. [tems on the top of the list are closest to the viewer and
items at the bottom may be hidden behind feature classes above them.

EEELE
= = Layers
O calbrationwvel

O Productionwell
[ streamNode

O Mode
StreamReaches
Element
Subregion
Small_Watersheds
World_Imagery

(=] Table Of Cantents | (5l Catalog |

In the Table of Contents above, the StreamReaches, Element, Subregion, SmallWatershed and World Imagery
layers are visible. The StreamNode, Node, CalibrationWell and ProductionWell layers are not visible.

Turn the selection box for Subregion off (click in the white box to remove the check mark) and the Subregion
items will become invisible. Turn the selection box for Subregion on (click in the white box again to add the
check mark) and the Subregion items will reappear.

'Zooming’ in and out
The magnifying glass tools with the ‘+" and '-" marks in the center allow you to zoom in and out; you may also
be able to do this with the mouse's scroll wheel. Select the ‘+' magnifying glass in the toolbar. Use the
magnifying glass and left mouse button to draw a square around an area. When you release the mouse
button, ArcMap will zoom in to the selected area. Select the ‘- magnifying glass in the toolbar. Use this
magnifying glass and the left mouse button to draw a square. When you release the mouse button, ArcMap
will zoom out in proportion to the size of the area you selected.

Moving around
The hand-shaped tool in the ArcMap toolbar is called the ‘pan’ tool. With this tool, you can move the picture
inside the ArcMap frame to see other parts of the coverages. Select the hand tool, click inside the map, and
slide the mouse to one side as you hold the mouse button.

Returning to the previous view
Sometimes you move the map to see something, and then want to go back to the area you were previously
viewing. ArcMap refers to these views as 'Extents’. There are two blue arrows in the tool bar, one pointing left
and one pointing right. Click on the left one to go to the previous extent, and then click on the right one to go
to the next extent.
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'Zoom’ to see the entire model
To see the entire model, right-click on Subregion in the Table of Contents and select ‘Zoom to layer'

Changing Subregion properties
The colors, thicknesses and other properties of layers are controlled through ArcMap's ‘Properties’ controls.
Double-click on Subregion in the Table of Contents to bring up the ‘Layer Properties’ control panel.

Select the ‘Display’ tab. The box next to ‘Transparent:’ should have a zero. Change this to ‘70" and click
‘Apply’ in the lower right corner of the panel. You should now be able to see through the Subregion items.

Select the ‘Labels’ tab. Click in the box at the upper left next to ‘Label features in this layer’ to turn labeling
on. Click on the drop-down menu in the ‘Text String’ area next to ‘Label Field:" and select ‘Subregion_ID". Use
the items in the ‘Text Symbol area to change the font properties to red, bold, 12 point. Click ‘Apply” in the
lower right corner of the panel. You should now be able to see the Subregion numbers.

Select the 'Symbology’ tab. This is where you can change the colors and thicknesses of items. We will leave
the default settings in place for now.

Click 'OK’ to exit the ‘Layer Properties’ panel.

Changing stream reach properties
Double-click on Streamreaches in the Table of Contents to bring up the ‘Layer Properties’ control panel.

Select the ‘Symbology’ tab. In the left pane, choose ‘Categories’. In the dropdown under ‘Value Field’ choose
‘ReachID’. The box in the middle will show one line for each river reach. Position the mouse pointer over any
one of the reaches in this box, right-click and select ‘Properties for all symbols’. The ‘Symbol Selector’ panel
will open. On the right side of this panel, set the number in the box next to ‘Width:" to 3.00, and then click on
‘OK’ to close the ‘Symbol Selector’ window. Click ‘Apply’ to see the changes applied to the stream reaches.

Select the ‘Labels’ tab. Click in the box at the upper left next to ‘Label features in this layer’ to turn labeling
on. Click on the drop-down menu in the ‘Text String’ area next to ‘Label Field:" and select 'Reach_ID’. Use the
items in the ‘Text Symbol’ area to change the font properties to ultra blue, bold, 12 point. (When selecting the
color, hold the mouse pointer over a color for a second and a pop-up with the color name will appear.) Click
‘OK" in the lower right corner of the panel to close the panel. You should now be able to see the Reach
numbers.

You can use these stream reach numbers with the reach table in the C2VSim User Manual to identify the
reaches.

Quickly turning labels on and off
Subregion and stream reach numbers were turned on above. To turn Subregion labels off, right-click on
Subregion. In the menu that pops up, you should see a check box next to ‘Label Features'. Highlight ‘Label
Features’ with the cursor and let go of the mouse button to switch the mode of the labels, from off to on or
from on to off. Do the same for the StreamReaches layer.
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Another way to ‘zoom’
In the Table of Contents, right-click on Subregion and select ‘Open attribute table’. This will open a table with
all of the items in the Subregion feature class, one row for each item (each model subregion). Find the row
that has ‘4" in the column labeled ‘Subregion_ID". Click with the left mouse button in the tiny gray box on the
left end of this row to select subregion 4. Then put the mouse cursor in the tiny gray box on the left end of this
row again, and right-click. Choose ‘Zoom to selected’ in the pop-up menu. ArcMap will zoom in or out so this
subregion is in the center of the window.

Click on the ‘Table of Contents’ tab at the bottom of the pane to return to the Table of Contents. Right-click
on Subregion and select ‘Zoom to Layer’ and ArcMap will show the entire C2VSim model centered in the
window.

C2VSim Framework

The C2VSim framework is defined in the Preprocessor input files. The information in these files was used to
create the basin feature classes used in the C2VSim ArcGlS GUI geodatabase. These are in turn used in the
C2VSim ArcGlS GUI to display model information.

The basic building block of the C2VSim model is the nodes. To see the nodes, turn on the check box next to
the Node layer. (You may want to turn off other layers, and/or change the color through the ‘Properties’
panel.)

The nodes are used to construct elements. To see the elements, turn on the check box next to the Element
layer.

The rivers are delineated using river reaches and river nodes. River nodes are at the same locations as model
nodes. River reaches link river nodes into a flow network. To see the river nodes, turn on the check box next to
the StreamNode layer. To see the river reaches, turn on the check box next to the StreamReaches layer.

Elements are grouped into subregions for water budget calculations. Turn on the check box next to the
Subregion layer to see the subregions.

Surface water and groundwater flow from ungaged watersheds adjacent to the model boundary is calculated
using small-stream watersheds. Turn on the check box next to the Small Watersheds layer to see these.

Starting the C2VSim ArcGIS GU/

Open the ArcMap project file C2VSim_CG_19721C_R369.mxd by double-clicking on it. This will start
ArcMap and load the contents of the C2VSim CG 1972IC R369 geodatabase. This geodatabase contains
feature classes of the C2VSim model components (nodes, elements, etc.) and tables of model input and output
data.
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1y
Open the C2VSim ArcGIS GUI with the icon in the menu bar: 3 This will open the C2VSim ArcGIS GUI
panel.

Under the ‘File’ menu, select ‘Use Current’. This will tell the GUI to use the C2VSim CG 1972IC R369
geodatabase for subsequent operations.

C2VSim ArcGIS GUT i =|0] =]
File | Covsim  Analysis  Help

New

Running C2VSim

The C2VSim ArcGlS GUI can be used to run the C2VSim model. C2VSim results can then be loaded into a
geodatabase and viewed through the GUI. Running a model and loading the results are too time-consuming
for this tutorial, but are covered in the C2VSim ArcGIS GUImanual, accessable through the GUI's ‘Help’ menu.

Viewing C2VSim Results

There are three ways to view C2VSim results with the C2VSim ArcGIS GUI. These can be accessed using the
‘Analysis’ menu. Budget table items associated with individual model features can be viewed using the
‘Graph’ function. Summary statistics for selected items can be produced using the ‘Statistical Analysis’
function. Groundwater head maps can be created using the ‘GW Head Raster/Contour’ function.
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C2vsim ArcGIS GUT = B

Fle c2vsm | Analysis | Help
Graph
Impart Anals Stetistical Analysis
W Head Raster/Contour

Geodatabase:

[D=¥Wark_Documents\C2v5im_ArcBIS_GUINCZVSm_C_1 SZ11C_Fa67_GIS\C2v5im_CE_1

ArcMap Document
[D:5waik_Documents\C2V5im_AreRIS_GUINC2VSim_CG_19211C_R367_GIS\C2/5im_C6_1

Giaph

Ready .

You can create graphs using either the ‘Graph’ item in the ‘Analysis’ menu or the ‘Graph’ button on the lower
right corner of the ‘Analysis’ tab.

Creating a Graph
The Graph tool allows us to create graphs of any Budget table item associated with a feature class. For
example, a time-series graph of each of the columns in each of the Budget tables associated with Subregion
20 (Land and Water Use, Root Zone, Groundwater, Streams) can be created by selecting the subregion and
then using the Graph function. Similarly, all of the items in the Stream Reach Budget table for reach 53 can be
graphed by selecting reach 53 and then using the Graph function.

We will explore this capability by creating a time-series graph of the groundwater pumping for Subregion 20.
We will then add a time-series for subsidence, and place subsidence on a separate Y axis. We will then export
the data in the graph to an Exce/workbook.

Create a Pumping Graph
In the ‘Table of Contents’ panel, right-click ‘Subregion’, select the ‘Selection’ option, and then ‘Make This The
Only Selectable Layer'.
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Open Attribute Table
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¥ Zoom T

Visible Scale Rangs 3

Use Symbol Levels
Selection 3

Label Features

Ecit Features 3

- Convert Features to Graphics..
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Convert Symbology to Representation. .

Data 3

Save As Layer File...

Create Layer Package. ..

EQ X4

Properties...

Next, select subregion 20. This can be done by dragging out a small rectangle inside the subregion using the
‘Select Features by Rectangle’ tool (the white arrow), or by right-clicking on Subregion in the Table of
Contents, opening the attribute table and selecting the subregion.

After selecting the subregion, press the ‘Graph’ button in the C2VSim ArcG/S GU/window. This opens the
‘Time Series Graph’ panel. Select ‘Groundwater Budget' in the ‘Time Series Table' drop-down menu. The 'Sub-
Data Type Name' drop-down menu will become active. Select ‘Pumping’ in the ‘Sub-Data Type Name' drop-
down menu.

Time Series Graph x|

Subregion 20is selecied

Time Series Table:
[Groundwater Budget |

Sub-Data Type Name:

[Pumping =

Multi-Feature Stafistics Type:

™ Date Range
Minimum Date: 2
Maximum Date: 2

0K I Cal:il

4

Click 'OK" and the graph will appear.
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Groundwater Budget £

Subregion 20 (Pumping)
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Add Subsidence to the Graph

We can add the monthly subsidence to this graph to see if the relationship between pumping and subsidence
appears relevant.

Press the ‘Graph’ button in the C2VSim ArcG/S GU/window again. This opens the ‘Time Series Graph’ panel.
‘Groundwater Budget' is already in the ‘Time Series Table’ drop-down menu and ‘Pumping’ is in the ‘Sub-Data

Type Name' drop-down menu. Change the ‘Sub-Data Type Name' drop-down menu to ‘Subsidence’ and click
'OK'". The subsidence time series will be added to the graph.

|Groundwater Budget A
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Subregion
20 (Pumping)  —— 20 (Subsidence)

The maximum pumping volume is much greater than the maximum subsidence volume, and the minimum
subsidence volume is less than zero. This makes it difficult to compare pumping and subsidence to see how
they are related. We can see the relationship better if we move subsidence to the right-hand axis. Right-click
in the graph and choose ‘Properties..." from the menu. The 'Graph Properties of Groundwater Budget’ panel
will appear. Click in the ‘Subsidence’ tab at the bottom, if it is not already selected. Use the drop-down menu
next to ‘Vertical Axis' to change the vertical axis from ‘Left’ to ‘Right’, and click ‘OK’. Subsidence will now be
on the right-hand axis, and the relationship between pumping and subsidence will be clearer.
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Exporting Data from the Graph
The graphing capability of the C2VSim ArcGIS GUIis useful for exploring model results. The graph can be
exported as a picture in 10 file formats, including GIF, PDF, JPEG and postscript. The data in the graph can
also be exported in four data formats including as a text file and as an £xce/workbook.

To export the data from the graph to an Exce/workbook, right-click in the graph and choose ‘Export..." from
the menu. This opens the ‘Export Dialog’ panel. There are three tabs at the top: ‘Picture’, ‘Native’ and 'Data’.
Choose the ‘Data’ tab an you will see four options in the ‘Format’ section: Text, XML, HTML and £xce/. Choose
Excelby clicking to the left of it. Click ‘Save..." and navigate to a folder and create an £xce/workbook with
the data from the graph.

When you are done, close the graph by clicking the ‘X" in the upper right corner of the graph window.

Statistical Analysis
The Statistical Analysis tool can be used to calculate summary statistics for a specified time interval. We will
demonstrate this tool by graphing precipitation at each element for water year 2001.

Select the ‘Analysis’ menu and then ‘Statistical Analysis’. This will open the ‘Time Series Data Statistical
Analysis Tool’ panel.

& Time Series Data Statistical Analysis Tool
» C2VSIM Geodatabass

I
» Feature Class

I =

% Data Typs

Budget Type (optional)

¥ Statistics Layer Name:

™ eary Statistios

% Begining Date (mrvjddfyyyy or 10/01yyyy Far yearly statitics)

% End Date {mm/ddjyyyy or D3/30fyyyy for yearly statistics)

% Statistics Type

(23 I Cancel | Ermdironments. | Show Help > |

Follow these steps to create a new shapefile of elemental precipitation for water year 2001. You can also click
on the button labeled ‘Show Help >>" at the lower right to display a help panel to the right.

1. In the top field labeled ‘C2VSim Geodatabase’, click on the folder icon to the right of the field and
navigate to the C2VSim CG 1972IC R369.gdb geodatabase. Double-click on the geodatabase.

2. Use the drop-down menu in the second field ‘Feature Class' to select ‘Elements’.

3. Use the drop-down menu in the field ‘Data Type' to select ‘Precipitation’ (the only item available for

elements)

The ‘Budget Type (optional)’ field is grayed out for this item

In the field ‘Statistics Layer Name', type ‘Precipitation_WY2001’

Do not check the box next to ‘Yearly Statistics'

o v &
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7. In the ‘Begining Date' field type “10/01/2000' (the first day of water year 2001)
8. Inthe ‘End Date' field type '09/30/2001" (the last day of water year 2001)

9. In the bottom field ‘Statistics Type', select Sum.

10. Click on the ‘OK’ button at the bottom of the panel.

11. When the tool finishes, close the panel.

.a Time Series Data Statistical Analysis Tool

C2YSIM Geodatabase
[Diiczvsim_Ci_Reaesiczvsim_C_19721C_R368.0d0 @

Feature Class

|Element | EI

Data Type
| Precipitation =

Budgst Type (optional}

Statistics Layer Name
Precipitation_2001

I Yearly Statistics

Begining Date {mm/dd}’ or 10401 for yearly statistics)
| 10/01/2000

End Date {mmjddjyyyy or 09/30/yyyy for yearly statistics)
03/30/2001

Statiskics Type

Ells
Ok I Cancel | Environments.‘.l Show Help = I

The tool creates a new feature class with precipitation for water year 2001 for each element, and loads it into
ArcMap.

Exporting to a Shapefile
We can export the new feature class to a shapefile, for example to use the information in another ArcMap
project or send it to someone. In the ‘Table of Contents’ panel, right-click on the feature class name, and
select ‘Data’ then ‘Export Data..."

®; C2¥5im_CG_19211C_R369.mxd - ArcMap [_[alx]
File Edit Wiew Bookmarks Insert  Selection Geoprocessing  Customize  ‘Windows — Help
OBES L 5B x| 9 o b [3iems =11 2 | 2 3 5] ] 7| Bha | Agpataspacs ‘\ﬁ

(REQ Qe F-H 8@ 7BLHLSIEIEP

E = Layers
O calbrationiwell
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O node
0O Streambade
StreamAeaches

=]
< 5 Copy
- X Remove

& Open Attribute Table

Joins and Relates 13

4 Zoom To Layer
Zoom To Make Yisible

visible Scale Range 3

O El

Use Symbol Levels

Selection 3

Label Features

Edit Features »

Canverk Labels bo Annotation. ..

E

30

— Convert Features to Graphics. ..

Convert Symbalogy to Representation. .

| Repsir Data source, .. [ pam v
& Export Data,., | < save s Layer Fie...
Export Layer Package...
P | Export Data © Layer Package
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Save this layet's data as a shapefile
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This opens the ‘Saving Data’ panel. Navigate to the folder where you want to save the data. Replace the
default file name ‘Export_Output.shp’ with a descriptive file name such as ‘Precipitation_WY2001.shp’,
and use the drop-down menu next to ‘Save as type:’ to select ‘Shapefile’. Click the ‘Save’ button to close the
‘Saving Data’ panel and open the 'Export Data’ panel. Click 'OK" to export the precipitation rates to a new
shapefile. An alert window will open asking if you want to add the exported data to the current map; click
‘No'.

Groundwater Head Maps
The C2VSim ArcGIS GU/also contains a tool that creates maps of the simulated groundwater head for one
model layer for the months of March or October of each year. This tool can also be used to create a ‘Raster
Catalogue’ containing many maps from a time series. You can also export the maps.

Before we use this tool, we will use ArcCatalog to create a separate geodatabase to hold the rasters. Open the
ArcCatalog program and navigate to the directory hoding the C2VSim geodatabase. In the ‘Catalog Tree’
panel, right-click on the folder holding the C2VSim geodatabase, and select ‘New’, then ‘File geodatabase’.
This will vreate a file geodatabase called New File Geodatabase.gdb. Rename this with an appropriate
descriptive name, such as C2VSim_CG_19721C_GW_Rasters.gdb.

Switch to ArcMap and the C2VSim ArcGIS GUI. Select the ‘Analysis’ menu and then ‘GW Head
Raster/Contour’. This will open the ‘Create GWL Raster/Contour Tool’ panel.

5 Create GWL Raster/Contour Tool
-
& C2VSIM Geodatabase
-
[
% Output Raster Geodatabase
=
[
& Layer
[l
& Initial Month
% Initial Year
¥ Create Contour
¥ Multiple Raster
¥ Raster Catalog
o | cancel | Emironments... | showrep s> |

Follow these steps to create a raster of confined heads for October 2008.

1. In the top field labeled ‘C2VSim Geodatabase’, click on the folder icon to the right of the field and
navigate to the C2VSim CG 1972IC R369.gdb geodatabase. Double-click on the geodatabase.

2. Use the drop-down menu in the second field ‘Output Raster Geodatabase' to select the geodatabase
for the output, C2VSim CG 1972IC GW_Rasters.gdb.

3. Use the drop-down menu in the field ‘Layer’ to select the model layer. ‘1" is the water table, ‘2" is the
upper confined zone, and ‘3" is the lower confined zone. We will use ‘2"
Put an integer month value in the field ‘Initial Month'. We will use ‘10’ for October.

5. Putaninteger year value in the field ‘Initial Year'. We will use ‘2008".
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6. Next, we have to choose which type of map to produce. We can click on ‘Create Contour’ or ‘Multiple
Raster’. For this example, click on ‘Create Contour’, and a section will open below the heading
‘Create Contour'.

7. Place a check in the box next to ‘Create Contour (optional)’

8. Leave the ‘Contour Interval (optional) field empty.

9. Click on the ‘OK’ button at the bottom of the panel.

10. When the tool finishes, close the panel.

x
C2VSIM Geodatabase j‘

| z:\cavsim_cG\Cavsim_CG_19721C_R368.0db
Output Raster Geodatabase
| z:\cavsim_cG\C2vsim_CG_19721C_GW_Rasters.qdb

L [B] 2]

Layer
2

Initial Month
10

Initial Year
2008

# Create Contour

¥ Create Cortour (optionl}

Contour Interval oEﬁoHa|

¥ Multiple Raster

¥ Raster Catalog

oK I Cancel Environments. .. Show Help »> |

For this example, the tool creates two feature classes displaying the simulated heads in model layer 2 for
October 2008. It creates a line shapefile called ‘Con_200810L2" with labeled contours at 100-foot intervals,
and a raster called 'L2_200810" with the range from lowest to highest heads divided into 15 contour intervals.
(The raster 'L2_200810" is added to the Table of Contents below the Subregions feature class, so you will need
to uncheck Subregions to see the raster.)

Exporting Data
The contours shapefile or the raster feature class can be exported for use in other programs by right-clicking

on the item in the Table of Contents, and choosing ‘Data’ then ‘Export data’.

If you quit ArcMap, do not save the project file.
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Animating C2VSim Results with 7ecPlot

This section describes how to view C2VSim results using the 7ecPlotprogram.

Copy the files CVGWheadTecPlot.lay and CVSubsidenceTecPlot.lay from Tools.zip to the Results
folder of the C2VSim 3.02-CG Water Years 1973-2009 folder. These files contain layout information used by
TecPlotto draw a map, including where to place titles, how to format the legend, and the name of the input
data file to be read. The file CVGWheadTecPlot.lay reads information from the C2VSim output file
CVGWheadTecPlot.out, and the file CVSubsidenceTecPlot.lay reads information from the
CVSubsidTecPlot.out file.

Double-click on the CVGWheadTecPlot.lay file. This should open the 7ecPlotprogram and display a color
map of the initial water table altitude. It may take a few moments to load the file. The initial condition is for
midnight 9/30/1972 (which is equivalent to the start of 10/1/1972.) The legend has the name of the output file
data set '"GWHEAD1’, which corresponds to the groundwater head of model layer 1.

Plotlay - Tecplot 360 2011
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To create a movie of the change in groundwater head through time, select the 'Animate’ menu and then
‘Zones...". This opens the ‘Animate Zones' dialog box.
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Click on the ‘Animate’ button at the lower left and the animation will run. It may be slow because the
program re-draws the map for each time step.

Use the drop-down menu next to the word ‘Animate’ to select ‘to WMV file". Click on the ‘Animate’ button in
the lower left to open the ‘Export’ panel. Click ‘OK’ and navigate to the place you want to save the movie file,
name the file, and click ‘Save'. 7ecPlot may take some time to generate the movie. When 7ecPlot is finished
creating the movie file, close the ‘Animate Zones' panel. Open the folder where you stored the movie file.
Double-click on the file to open Windows Media Player and run the movie.

Close TecPlot
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Scenario 1 — GWP: Adding Three Groundwater Pumping Wells

Description: This is a fictional case study. Three wells will be added to the C2VSim model at various distances
from modeled rivers, and we will investigate the impacts of these wells on groundwater levels, river flows and
water movement in the root zone. Each well will pump 2,000 AF/mo for three months, June-August, for
agricultural use. This example will show how to modify the Well Specification File, Pumping Specification File
and Pumping Data File to add new wells, and how to analyze simulation results.

Initial Steps

The first steps are to set up the project folders, and identify the coordinates of the new pumping wells and
nearby river nodes.

Set up the project folders

Start by creating folders for the groundwater pumping scenario and the unmodified base case.

1) Create a folder in a convenient place (such as the top directory of the D: drive) called
GWP_Case Study. This folder will hold subfolders with two versions of the model — one for the case
study and one for the unmodified base case.

2) Copy the folder C2VSim CG 1972IC R369 into the folder GWP_Case Study and rename it
GWP_Case. The C2VSim files in this folder will be modified to represent the scenario.

3) Copy the folder C2VSim CG 1972IC R369 into the folder GWP_Case Study again, and rename it
Base Case. Only the C2VSim ‘CVprint.dat’ file in this folder will be modified.

B D:\GWP_Case_Study\Base_Case =101 %]
‘g( :’;v @| .~ Computer - Local Disk (D:) ~ GWP_Case_Study ~ Base_Case - - lmJl SearchB... |[E2))
File Edit View Tools Help
Organize *  Indudeinlbrary =  Sharewith +  Burn  MNew folder == = [ li:ﬂil
= | GWP_Case_Study Al ame - Date modified Type | Size | |
= l Base_Case
bin J bin 1172013 11:47 AM File folder
| Budget ) Budget 1/17/2013 4:20 PM File folder
| Excel J Excel 1/17/2013 11:47 AM  File folder
. Preprocessor | Preprocessor 1/17/2013 11:47 AM  File folder
. Results | Results 1/17/20134:20PM  File folder
i Simuation | Simulation 17/2013 2:57PM  File folder
 Z-Budget
) Z-Budget 1172013 11:47 AM File folder
= 1 GWP_Case
bin 5| Run_C2vsim.bat 11/15/2012 3:13PM Windows Batch File 2KB
, Budget
J Excel
. Preprocessor
| Results
J Simulation
J Z-Budget ;I
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Find the well locations using ArcMap

Next, we will use the feature classes in a C2VSim geodatabase to locate the three wells, determine what
model subregion and element they are in, and what river reach they are closest to. For this exercise, we
arbitrarily selected the three locations in this table:

Well Latitude Longitude
A 38.86 -121.72
B 39.15 -121.45
C 39.47 -122.20

Double-click on the ArcMap project file C2VSim_CG_19721C_R369.mxd to open it, if it is not already open.
Right-click on ‘Subregion’ in the ‘Table of Contents’ pane and select ‘Zoom to Layer’ to center the C2VSim
model on the screen.

When using ArcMap, the coordinates of the pointer appear in the lower right-hand corner.

|
I Table Of Contents “;] Catalog ]
4

-122,203 39.47 Dedmal Degrees

Use the ‘Zoom In’, ‘Pan’ and ‘Select Features by Rectangle’ tools to locate the three wells. Record the model
element and subregion of each well in the table below. Find the river node closest to each well and record the
river node number and river reach number. You can use the river reach number and Table 5 in the C2VSim
User Manual to determine the name of the river.

Note: The Glenn-Colusa Canal appears as a modeled river reach in the ArcMap view near Well C. The Glenn-
Colusa Canal is specified in the C2VSim model, but is turned off in the model. No water flows into or out of
this river reach and the bottom conductance is set to zero. lgnore the Glenn-Colusa Canal and select a river
node on the Sacramento River to the east of Well C.

Well | Latitude | Longitude | Element | Subregion River Node River reach
A 38.86 -121.72
B 39.15 -121.45
C 39.47 -122.20
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% C2vsim_CG_1972IC_R369.mxd - ArcMap - Arcinfo ;IEIEI
File Edit View Bookmarks [nsert Selection Geoprocessing Customize  Windows Help

NS L §E x| 9 o Db-|[re0om vI|;{|%E!EI|}=|n?|\ﬂ
B OQARl e |E-E @ FEIEIRES

L g Table Of Contents

8GE|
= = Layers
= Tutorial_Wells

[ calbration\el
[ Production\ell
StreamMode

il =] StreamReaches

[ Node

=] Subregion

Small_Watersheds
World_Imagery

e~
2l

-121.72 38.86 Dedmal Degrees

N

The figure above shows the ArcMap window with a green dot at the location of Well A. The cursor does not
appear in the screen-shot, but is positioned over the green dot labeled ‘A’. The latitude and longitude of the
cursor (and Well A) are in the lower right. Note the subregion number in red, the element boundary and
element number in light gray, the river node and river node number in dark blue, and the river reach and river
reach number in lighter blue.

When you are finished, your table should be similar to this:

Well Latitude Longitude Element  Subregion River Node River reach
A 38.86 -121.72 315 4 300 53 (Sacramento River)
B 39.15 -121.45 232 5 284 60 (Yuba River)
C 39.47 -122.20 184 3 202 51 (Sacramento River)

Find the well coordinates in UTM zone 10

We need to enter the well coordinates into the C2VSim model using the UTM zone 10N coordinate system.
However, the feature classes in this map document are not projected; that is, they are described in decimal
degrees of latitude and longitude. We need to convert the latitude-longitude coordinates to UTM zone 10N
northing and easting coordinates.
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The file Tools.zip contains an £xce/workbook utmconversions.xls, developed by Steve Dutch at the
University of Wisconsin at Green Bay. This workbook is also available at
http://www.uwgb.edu/dutchs/usefuldata/utmconversions1.xls. With this workbook, we can convert the well
coordinates to the format required by the C2VSim model.

Open the utmconversions.xls workbook and choose the tab ‘Main Page’. The top section, in red and pink,
will convert latitude and longitude to UTM coordinates. The middle section, in yellow, will convert UTM
coordinates to latitude and longitude.

Use this workbook to determine the UTM 10N coordinates of each well.

Well | Latitude | Longitude | Easting Northing
A 38.86 -121.72
B 39.15 -121.45
C 34.47 -122.20

Modify C2VSim for the Case Study

This section shows how to change the C2VSim input files to model the case study. First, the Preprocessor files
will be modified and the Preprocessor program will be run. Next, the Simulation files will be modified and the
Simulation program will be run. Finally, groundwater and surface water hydrographs and Budget output tables
will be imported to £xce/workbooks and analyzed.

Modify the C2VSim Preprocessor Files

We need to add the three new pumping wells identified above to the Preprocessor Well Data File. Make the
following modifications to the files in the folder GWP_Case Study\GWP_Case\Preprocessor:

Modify the main Preprocessor Control File
1) Rename file Preprocessor Control File CVpreproc.in to CVpreproc_GWP.in
2) Open file CVpreproc_GWP.in in 7extPad
a) Add a comment line describing the project
b) Change the title line to describe the project

Leave this file open in 7extPad while we work on the Preprocessor Well Data File.
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€. TextPad - D:\GWP_Example\GWP_Case\Preprocessor\CVpreproc_GWP.in ]

File Edit Search View Tools Macros Configure \Window Help |

|
lozH asrE te2elacl==202Y 42 ECh| o ».

CVpreproc_GWP.in | -

X

c B
120C

C Project: C2VSIM: California Central Valley Groundwater-Surface Water Simulation Model J

C Filename: CVpreproc GWP.in

C Version: R366 2012.11.13

C

Z Groundwater Pumping Case Study

C

e L L e T T

o rrseameia ranes O S =

T RRRRRRRRRRRRRRRARRRRRR ;I
=) Groundwater Pumping Case Study
57 Central Valley, California J
58 Preprocessor v.R366 2012.11.13
SOOC ekkmmskARERRARRRRRRRRR =
1] _>|_/I

|
[For Help, press F1 56 ’_1 Read ’F Block [Sync ’K Caps 4

Add the new pumping wells to the Preprocessor Well Data File

We need to add the three wells to the Preprocessor Well Data File. We will use the Easting value calculated
above as the X value and the Northing value as the Y value. PERFTOP and PERFBOT are the altitude in feet
of the top and bottom of the screened interval. When you add real wells to the model, you will use well logs
to determine the screen interval. For this exercise we are using fictitious wells, so the screen intervals were
arbitrarily chosen. The well radius has no significant impact on the simulation results for this model because

the element width is much larger than the well radius, so RWELL is set to 1.

1) Rename the Well Data File CVWells.dat to CVWells_ GWP.dat
2) Open CVWells_GWP.dat in 7extPad
a) Add a comment line describing the project
b) Increase the value of NWELL by 3 from 133 to 136
c) Add three lines at the bottom of the file with the well descriptions:

WelllD X Y RWELL PERFTOP PERFBOT Comment
134 610971 4302018 1 -50 -100 / GWP Well A
135 629711 4333940 1 -200 -250 / GWP Well C
136 568982 4369575 1 -100 -200 / GWP Well C

3) Save and close the file
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€. TextPad - D:\GWP_Case_Study\GWP_Case\Preprocessor\CVWells_GWP.dat =o x|

J File Edit Search View Tools Macros Configure Window Help |

InEWdeaskE 2alaoc==290% 4R G| eue .

CuWells_GWP.dat X | Cupreproc_GWP.in | v X
E350C -l
647K5C VALUE DESCRIPTION
E5KC
66 136 / NWELL 4
67 3.2808 / FACTCX
68 1.0 / FACTRW
69 1.0 / FACTLT
1o =

212 132 864460 3921620 1 100 o / Bakersfield -]

213 133 859740 3919770 1 100 o / Bakersfield

214 134 610971 4302018 1 -50 -100 / GWP Well A

215 135 634113 4334347 1 -200 -250 / GWP Well B

216 136 568982 4369575 1 -100 -300 / GWP Well C

217 -

<] ol

| 217 1 |Read |Ovr |Block |Sync [Rec |Caps gz

Make changes to file CVpreproc GWP.in
Once the Well Data File has been changed, the file names in the Preprocessor Control File have to be changed.

—_

Change file name CVWells.dat to CVWells_ GWP.dat
Change file name Cvpreout.bin to CVpreout_GWP.bin
Change file name Cvpreproc.in to CVpreproc_GWP.in
Save and close the file

B W N
= = — ~—

. TextPad - D:\GWP_Case_Study\GWP_Case\Preprocessor\CVpreproc_GWP.in =] 3

JEiIE Edit Search View Tools Macos Configure Window Help |
JnsHASRE rEeoc=m2 10y NR(EEH ene ».

CWells GWP.dat CVpreproc_GWP.in | -x

74 € :j
75 C FILE HAME UNIT DESCRIPTICH =
768 C

77 CVpreout GWP.bin / 4: BINARY COUTPUT FOR SIMULATICNH (CUTPUT, RE!

T8 CVpreproc GWP.in / 5: CONTROL INPUT FILE (INPUT, REQUIRED)

7 / 6: *** [(Hot used in this version) **%
CWVelement.dat / T: ELEMENT CONFIGURATICNH FILE (INPUT, REQUIRED)
CVnode.dat / 8: NODE X-Y CCORDINATE FILE (INPUT, REQUIRED))
CWstrat.dat / 9: STRATIGRAPHIC DATA FILE (INPUT, REQUIRED))
CWVrivers.dat /10: STREAM GECMETRIC DATA FILE (INPUT, CPTICHAL) J
CWlaks.dat /11: LAKE DATA FILE (INPUT, CPTICHAL)

CViWells GWE.dat /12: WELL DATA FILE (INPUT, CPTICHAL)
CWcharac.dat /13: ELEMENT CHARACTERISTIC DATA FILE (INPUT, REQ
c -

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
| o

| 118 ’_1 Read ’W Block |Sync ’E Caps g

Modify the Preprocessor Batch File
The command to run the Preprocessor program is “PreProcessor3_02.exe CVpreproc_GWP.in". We generally
recommend using a batch file to run the IWFM programs. A batch file is provided, but we have to change the
name of the Preprocessor Control File before we can use it.

1) Open the file Run_Preprocessor.bat in 7extPad
2) Change the Preprocessor Control File name in Run_Preprocessor.bat to CVpreproc_ GWP.in
3) Save and close the file
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. TextPad - D:\GWP_Case_Study\GWP_Case\Preprocessor\Run_Preprocessor.bat =] 3]

v
JEiIe Edit Search View Tools Macros Configure Window Help |

I E e D R T e T

Run_Preprocessor.bat X I CVWeIIs_GWPdat' CVpreproc_GWP.in I =
1 ..\bin\PreProcessor3_02.exe CVpreproc GWP.in j
2 pause
=
X 4

l_zl_s Read ’W Block |Sync ’E Caps g

Run the C2VSim Preprocessor Program

Now we can run the Preprocessor:
e Double-click on the file Run_Preprocessor.bat

The Preprocessor program should run to completion in a few seconds. It creates two files,
PreprocessorMessages.out and CVpreout_GWP.bin.

Review the Preprocessor results
Open the file PreprocessorMessages.out in 7extPad and review it. The three new wells appear in the last
two tables, the ‘Well Inventory’ and the list of ‘Adjustment Coefficients for Partial Well Penetration’.

The ‘Well Inventory’ table repeats the X and Y coordinates from the Well Data File. It is generally good
practice to review this information to assure it is correct. This table also lists the element and subregion each
well is in. Compare these to the element and subregion we determined using ArcMap. The numbers to the
right in parentheses indicate how the pumping volume will be apportioned between the nodes of each
element.

The ‘Adjustment Coefficients for Partial Well Penetration’ table lists the element each well is in and how the
pumping volume will be apportioned to model layers. These numbers generally do not add up to 1.0, and can
be adjusted by changing the well perforation interval.

€. TextPad - D:\GWP_Example\GWP_Case\Preprocessor\PreprocessorMessages.out ol =l
J File Edit Search View Tools Macros Configure \Window Help |
oW garBseelo==2008 HRRE R ene ».
PreprocessorMessages.out XI -~ X
4203 132 2838120.4 12866050.9 1325 21 (1317 ©0.26) (1327 0.26) (1328 0.24) (1315 0.24) ;I
: 133 2820635.0 12859981.4 1328 21 (1317 ©0.30) (1326 0.34) (1327 0.38)
134 2004473.7 14114060.7 315 4 ( 315 ©0.09)( 327 0.75)( 328 0.15)( 316 0.0
135 2080397.9 14220125.6 2%& 5 ( 296 ©0.13)( 308 0.01)( 302 0.05)( 297 0.81)
136 1866716.1  14335701.7 184 3 { 183 0.33)( 198 0.22)( 189 0.18)( 184 0.27) j
-
132 1325 0.286 0.000 0.000 ;I
133 1328 0.310 0.000 0.000
134 315 0.2494 0.000 0.000
135 2396 0.030 0.417 0.000
136 184 0.345 0.555 0.000
L T T e e T T T e T
TOTAL RUN TIME: 0O.646 SECONDS
L T T e e T T T e T
=
| iy
| 1 1 [Read |Owr |Block |Sync |Rec [Caps g
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Trouble-shooting the Preprocessor program

If the Preprocessor program does not run to completion, there is probably a typo in one of the modified input
files. First, see if the program prints out an error message that points to the error. For example, (a) the file
name in CVpreproc_GWP.in may not be the same as the actual file name, (b) there may be an extra blank
line in one of the modified files, or (c) there may be missing or extra characters in one of the modified files.
Check your work and see if you can find and fix the error.

If you can't find the reason the program fails, you can use the ‘Compare files' tool in 7extPad'to compare each
of your modified files to the files in the folder GWP Example Complete\GWP Case\Preprocessor. Once you
find and fix the error, the Preprocessor program will run to completion.

Modify the C2VSim Simulation Files

Next, we will change the Simulation program input files to incorporate the new pumps. This will involve
changing the Simulation Control File, Pumping Specification File, Pumping Data File and Print Specification

File.

Make the following modifications to the files in the folder GWP_Case Study\GWP_Case\Simulation:

1)

¥ TextPad - D:\GWP_Example\GWP_Case\Simulation\CVsim_GWP.in =0l x|

Modify the Simulation Control File

Rename the Simulation Control File CVsim.in to CVsim_GWHP.in
2) Open the file CVsim_GWP.in with 7extPad

Add a comment line describing the project

Change the title line to describe the project

Change the name of the Preprocessor output file to CVpreout_GWHP.bin, the file created above
with the Preprocessor.

o
JEiIe Edit Search View Tools Macros Configure Window Help |

A IEEIE I R EE

==

2O 2Y HRIECH] ene ).

CVsim_GWPin X | -
2045 -]
C Project : California Central Valley Groundwater-Surface Water Simulation Model (C2VSim) _I
C Filename: CVsim GWP.in
C Version: R367 2012.12.20
C
C Groundwater Pumping Case Study
C
e hd|
1 C |
2O ARk RRRRRRRRRRRRRRRRRR
3 Groundwater Pumping Case Study _I
Central Valley, California
Simulation v.R367 2012.12.20
c  ERRAkERERRAARRRRRRRRRR R AR
(T e e e e e e e e e e e e e e e e e e e o e e o o e e e o e e e e e o e e e o o e e o e e e e e e e e e o o e e o e e e e e R
62 C File Description ol
14 | QW
|File: €vsim_GWP.in, 17962 bytes, 297 lines, PC, ANSI [63[ 1[Read [Owr [Block [Sync [Rec [Caps
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Modify the Pumping Specification File

Three new wells were added in the Preprocessor Well Data File. We use the Pumping Specification File to say
how these wells will be used.

1)
2)

Rename the Pumping Specification File CVPuSp.dat to CVPuSp_GWP.dat
Open CVPuSp_GWP.dat with 7extPad

a) Add a comment line describing the project

b) Add the new pumps to the Pumping Specification File

Vi,

The top section of the Pumping Specification File holds information on the wells specified in the
Preprocessor Well Data File. This includes which column of the Pumping Data File holds the
pumping volumes for each well, and which land use type and subregion the water is supplied to.
We will add one row for the new well.

The first item in each row is the well ID number from the Preprocessor Well Data File.

The second item is the column of the Pumping Data File associated with each well. We will
place the pumping rates for the three new pumps in three new data columns in the Pumping
Data File. The original Pumping Data File has 42 columns of data, so we will use columns 43,
44, and 45 for the new pumps. The ICOLWL values are 43, 44 and 45 for the three wells,
respectively.

The third item specifies the land use type the water is delivered to. This is specified by listing
the appropriate column of the Irrigation Fraction data file. In the Irrigation Fraction Data File
CVIrFr.dat, column 22 is to deliver 100% to urban use, and column 23 is to deliver 100% to
agricultural use. The water from the three new pumps will all go to agricultural use, so the
ICFIRIWGL value is 23 for all three wells.

The fourth item specifies the percentage of the pumping value to be extracted from this well.
We will specify a data column for each well, so FRACWL is 1 (or 100%) for each of the three
wells.

The fifth item specifies the subregion the water will be delivered to. The water from each of
these wells will be used within the subregion the well is in, so we can set IRGWL to *-1".

The last three items specify whether the pumping rates from the three wells will be
automatically adjusted at run-time. We do not want to adjust the pumping rates from these
wells, so we set ICADJWL to zero for all three wells. We also have to specify values for the
last two items (which will be ignored by the program if ICADJWL is zero). We will copy values
from the second and fourth columns. We set the data column containing the maximum
pumping rate (ICWLMAX) to the data column containing the specified pumping rate
(ICOLWL) and the fraction (FWLMAX) to the specified pumping fraction (FWLMAX).

3) Save and close the file CVPuSp_GWP.dat
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The final values to be entered in the file CVPuSp_GWP.dat are:

ID ICOLWL ICFIRIWGL FRACWL IRGWL ICADJWL ICWLMAX FWLMAX
134 43 23 1 -1 0 43 1
135 44 23 1 -1 0 44 1
136 45 23 1 -1 0 45 1

And the file will look like this:

€. TextPad - D:\GWP_Case_Study\GWP_Case\Simulation\CVPuSp_GWP.dat =] 3
J File Edit Search View Tools Macos Configure Window Help |
lnsHBERB|tBRoz|==2 9]0 4@ @] e ».
CVPuSp_GWP.dat x| - X
c =]
T D ICOLWL ICFIRIGWL FRACWL IRGWL  ICADJWL ICWLMAX FWLMAX
c =
228 128 41 22 0.2454 -1 1 41 0.3680 -]
229 129 42 22 0.1961 -1 1 42 0.2941
2 130 42 22 0.2432 -1 1 42 0.3648 ]
2 131 42 22 0.5607 -1 1 43 0.8411
232 132 42 22 0.3243 -1 1 42 0.4865
2 133 42 22 0.3243 -1 1 42 0.4865
2 134 43 23 1 -1 0 43 1
2 135 a4 23 1 -1 0 a4 1
2 136 45 23 1 -1 0 45 1
2 c -
L4 | 5P

Modify the Pumping Data File

We need to modify the Pumping Data File by adding one data column for each of the three new pumps.

We will add the new pumping rates to the Pumping Data File in three steps. First, we will copy the pumping
values from the Pumping Data File to £xce/ The pumping data is tab-delimited, and will be automatically
parsed to columns in the worksheet. Next, we will add three new data columns corresponding to the three
new wells. Finally, we will copy the modified pumping rates from £xce/and paste them into the Pumping Data

File, replacing the old data. The data from £xce/is pasted as tab-delimited text.

1) Rename the Pumping Data File CVpump.dat to CVpump_GWP.dat
2) Open the file CVpump_GWP.dat with 7extPad

a) Add a comment line describing the project

b) Change the value of NCOLPUMP by 3 from 42 to 45

3) Place your cursor in the left-most position of the row with ‘C Column’ (near row 102).

4) Select everything from here to the end of the file (You can hold down the <Shift> and <Ctrl> keys

together and press the <End> key)
5) Cut this text <Ctrl-X>
6) Open a new £xce/workbook
7) In Excet

a) Put the cursor in cell A1 of the first worksheet ‘Sheet1’ and paste the pumping data <Ctrl-V>
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b) Put the cursor in cell B4 and freeze panes with date and header showing

¢) Locate worksheet columns AR-AT (data columns 43-45) and color yellow

d) Add scenario pumping rates for water year 1922 in cells AR4 through AR15. We use negative
rates to represent groundwater withdrawals from the aquifer.

i.  Type ‘0" in the rows for October-May (AR4-AR11)
ii.  Type'-2"in the rows for June-August (AR12-AR14)
ii.  Type '0"in the row for September (AR15)

e) Copy cells AR4-AR15 to AS4-AS15 and AT4-AT15 so these values are applied to all three wells

f)  Place the cursor in cell AR16 and type the formula ‘=AR4' then hit <Return>

g) Copy this cell to all cells in the block between AR16 and AT1059. This will copy the pumping
rates for each month of water year 1922 to the same month of each water year from 1923 to
2009.

h) Copy everything from Exce/by placing the cursor in cell A1, then holding down both the
<Shift>and <Ctrl> keys as you press <Down arrow> and then <Right arrow> to select all of the
data, then <Ctrl-C>

i) Switch to CVpump_GWP.dat in 7extPad. Your cursor should still be at line 102.

j) Paste all of the pumping data with <Ctrl-V>

8) Save and close the file CVpump_GWP.dat

Modify the Print Specification File

The Print Specification File lists the locations of the hydrographs that are printed when the model runs. We will
add three groundwater hydrographs and three surface water hydrographs to this file.

A W N —

o o — ~—

Rename the Print Specification File from CVprint.dat to CVprint_GWP.dat

Open CVprint_GWP.dat with 7extPad

Add a comment line describing the project

Add three new groundwater hydrographs at the same locations as the three new pumping wells

a) Increase the value of NOUTH by 3 from 1387 to 1390

b) Add the locations of the three new pumping wells, one row each. The first item in each row is
IOUTHL, the model layer for the hydrograph, the second item is the X coordinate and the third
item is the Y coordinate. We will use the X and Y coordinate from CVWells_GWP.dat.(You can
optionally add an ID and the element number as comments.)
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€. TextPad - D:\GWP_Example\GWP_Case\Simulation\CVprint_GWP.dat ol =l

J File Edit Search View Tools Macros Configure \Window Help |

[0zE 8RBt eRo =20 4R e r.

CVprint_GWP.dat X | Cusm_GWP.in | -
g8 C |
82 C VALUE DESCRIPTICH _I
7 C
7 C 1387 / HOUTH

1380 J/ HOUTH (Add GW hydrographs)
3.2808 J/ FACT
C
S R =l
2 565743 4386253 V7_L2 \ 1382 -]
2 5397351 4398364 ve_L2 A 138
2 563212 4431603 vo_L2 A 1386
1 610371 4302018 GWP_R A 315
1 634113 4334347 GWEP_E A 283 _I
1 568982 4369575 GWF_C A 184
C _ -
d P
|For Help, press F1 1 1 [Read |Owr |Block |Sync |Rec [Caps gz

5) Add three new surface water hydrographs at river nodes 300, 284 and 202, which we determined
(above) are the closest to the three new wells.
a) Increase the value of NOUTR by 3 from 34 to 37
b) Add the locations of the three new hydrographs, one row each. The only required item is the river
node number IOUTHR. You can optionally add a ID and a comment.
6) Save and close the file CVprint_GWP.dat

€. TextPad - D:\GWP_Example\GWP_Case\Simulation\CVprint_GWP.dat -3 x|
J File Edit Search View Tools Macros Configure Window Help |
ncupgspElrzelaoz==2920 4R W e ».
Cvprint_GWP.dat X | cysm_GWP.in | - *
148750 ;I
42850C VALUE DESCRIPTICH
C
C 34 J/ HOUTR
37 / HOUTR (Add 3 hydrographs)
0 / THSQR
c [
OO . . ) =
1533 &7 5JD San Joaguin River near Dos Palos -]
83 SJE San Joaguin River near E1 Nido
351 YRM Yuba River at Marysville
300 GWP_R Sacramento River Node 300
284 GWE_E Yuba River Node 284 _I
202 GWF_C Sacramento River Node 202
c _ -
d P
| 1538 1 [Read |Owr |Block |Sync |Rec [Caps gz

Make changes to file CVsim GWP.in
Change the input file names in the Simulation Control File CVsim_GWP.in to match the modified file names
above.

1) Change the name of the Pumping Specification File from CVPuSp.dat to CVPuSp_GWP.dat
2) Change the name of the Pumping Data File from CVpump.dat to CVpump_GWP.dat
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3) Change the name of the Print Specification File from CVprint.dat to CVprint_GWP.dat

Modify the surface water and groundwater hydrograph file names in the Simulation Control File
CVsim_GWP.in by adding '_GWP’ to the root name.

4) Change CVSWhyd.out to CVSWhyd GWP.out
5) Change CVGWhyd.out to CVGWhyd_GWP.out

In the example below, the comment '/** GWP' has been added to the right of the modified file names in the
Simulation Control File.

. TextPad - D:\GWP_Case_Study\GWP_Case\Simulation\CVsim_GWP.in * 1ol x|

File Edit Search View Tools Macros Configure \Window Help

|
=G e e = D% R EE D] oo » .

CVsim_GWP.in* x| o
c =l

82T FILE NAME DESCRIPTICH

1 *%% (Not used in this wversion) ¥#%%

1 *%% (Not used in this wversion) ¥#%%

. .\Preprocessor\CVpreout GWF.bin f*% GHE / 4: BINARY INPUT GENERATED BY PRE-PRO

1 *%% (Not used in this wversion) ¥#%%

1 *%% (Not used in this wversion) ¥#%%

: PARAMETER FILE (INEUT, REQUIRED)

: BOUMDARY CCNWNDITICH DATA FILE (INPUT, REQUIRE;J
1

T
W R

CVparam.dat
CVbound.dat

T e e e e
W om -1 ;mon

: TIME SERIES BCUNDARY CCHNDITICNS (INPUI, CPTI!

CVPrint GWE.dat f*% GHP /10: PRINT CCONTRCL FILE (INPUT, CPTICHN
CVinit_1572.dat /11: INITIAL CONDITICH DATA FILE (INPUT, REQUIRED
CVsupplyadj.dat /12: SUPPLY ADJUSTMENT SPECIFICATICN DATA FILE (I
CVlanduse.dat /13: LAND USE DATA FILE (INPUT, CPTICHAL)

96 CVecropacre.dat /14: CRCP ACREAGE DATA FILE (INPUT, COPTICHAL)

g CVprecip.dat /15: PRECIPITATICHN DATA FILE (INPUT, CPTICHAL)

S8 CVevapot.dat /16: EVAPOTRANSPIRATICHN DATA FILE (INPUT, CPTICNA
CVtiledrn.dat /17: TILE DRAINS PARAMETER DATA FILE (INPUT, OPTIL
CVurbanspec.dat /18: URBAN WATER USE SPECIFICATICN DATA FILE (INP

/19: AGRICULTURAL WATER SUPPLY REQUIREMENT DATR |
CVurbandem.dat /20: URBAN WATER DEMAND FILE (INPUT, CPTICHAL)
CVinflows.dat /21: STREAM INFLCW DATA FILE (INPUT, CPTICHAL)
CVcropdem.dat /22: CRCP DEMAND PARAMETER DATA (Req'd for CUAW e
CVPuSp_GWF.dat f*% GHP /23: PUMPING SPECIFICATION DATA FILE |
CVpump_GWF.dat f*% GHP /24: PUMPING DATA FILE (INPUT, CPTICHA
CVdivspec.dat /25: SURFACE WATER DIVERSICHN SPECIFICATION FILE |
CVdiversions.dat /2&: SURFACE WATER DIVERSICHN DATA FILE (INPUT, CF
CVIrFr.dat /27: IRRIGATICN FRACTICN DATA FILE (INPUT, CPTICH
CVmaxlake.dat /28: MAXIMUM LAKE ELEVATICNS DATA FILE (INPUT, CF
CVruf.dat /29: IRRIGATICN WATER RE-USE FACTCR DATAZ FILE (IN:d
/44: BCOUNDARY FLCW CUTPUT FILE (CUTPUT, OPTIONAL];ﬂ
. .\Results\CVtiledrn.out /45: TILE DRAIN/SUBSURFACE IRRIGATICH HYDRCGRAPH
. . \Results\CVSWhyd_GWP.out f** GWP /46: STREZM FLOW HYDROGRAPH CUTPUT FIL
. . \Results\CVGWhyd GWP.out f** GWP /47: GW LEVEL HYDROCGRAPH OUTPUT FILE |
. .\Results\CVGWheadall.out /48: GW LEVEL OUTPUT AT EVERY MODEL NCDE (OUTPUT,—J
/49: LAYER VERTICAL FLCW COUTPUT (CUTPUT, CPTICHAL
.. %\Results\CVGWheadTecPlot.out /50: GRCUNDWATER HEADS FOR TECPLCT (QUTPUT, CPTIC
. .%\Results\CV5ubsidTecPlot.out /51: SUBSIDENCE CUTPUT FCR TECPLCT (QUTPUT, CPTIC
CVfinallist.out /52: FINAL SIMULATICN RESULTS (CUTPUT, REQUIREDLJ:J
4y

| 139 81 |Read IW Block |Sync ’E Caps V|

Turn the pumping adjustment off.

6) Near the end of the Simulation Control File, set the value of KOPTDV to ‘00’
7) Save and close the file.
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€. TextPad - D:\GWP_Case_Study\GWP_Case\Simulation\CVsim_GWP.in -[3x|
J File Edit Search View Tools Macros Configure Window Help |
oW I8RE| BB =E2900 HRRSH] e ».

CVsim_GWP.in X |

291 C :I
202 C  VALUE DESCRIPTION =

203 C

204 1 / KOPTDM

205 0o / KOPTDV

206 14 / NCROP

207 C

202 | =

|41 | vl 4

[ 298 ’_1 Read m Block [Sync ’E Caps 2

Modify the Simulation Batch File

The command to run the Simulation program is “Simulation3_02.exe CVSim_GWP.in". We have to change the
name of the Simulation Control File in the batch file before we can use the batch file.

1) Open the file Run_Sim.bat in 7extPad

2) Change the Simulation Control File name in Run_Sim.bat to CVSim_GWHP.in
3) Save and close the file

€ TextPad - D:\GWP_Case_Study\GWP_Case\Simulation\CVSim.bat 1o x|

File Edit Search View Tools Macos Configure Window Help

|
lneH gsREsB2elacls==lzr2y 4@ E R e >

cvsim.bat x|

1 ..\bin\Simulation3 02.exe CVS5im GWP.in j
2 pause

a7

Run the Simulation Program for the Scenario

Now we can run the Simulation program:
1) Double-click on the file Run_Sim.bat

The Simulation program should run to completion in a few minutes. It creates two files in the Simulation
folder, SimulationMessages.out and CVfinallist.out. It also creates a number of files in the Results
folder, including several files with the .bin extension and several files with the .out extension. The .bin files

are read by two post-processors, the Budget and Z-Budget programs. The .out files are text files that can be
opened with 7extPad.

Open the file SimulationMessages.out in 7extPad and review it. The first section has the title section from
the CVSim_GWP.in file, followed by a list of the files that were used in the simulation. This is followed by a
line stating what components were adjusted in this simulation (surface water diversions and groundwater
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pumping); nothing should be adjusted in this simulation. The remainder of the file lists the solver convergence
iterations for each time step. The last entry states the model run time.

Trouble-shooting the Simulation program
If the Simulation program does not run to completion, there is probably a typo in one of the modified input
files. First, see if the program prints out an error message that points to the error. For example,

1) the file name in CVSim_GWP.in may not be the same as the actual file name,
2) there may be an extra blank line in one of the modified files, or
3) there may be missing or extra characters in one of the modified files.

Check your work and see if you can find and fix the error.

If you can't find the reason the program won’t run, you can use the ‘Compare files' tool in 7extPad'to compare
each of your modified files to the corresponding files in the folder

GWP_Example Complete\GWP_Case\Simulation. Once you find and fix the error, the Simulation program will
run to completion.

Run the Budget Program

Switch to the GWP_Case Study\GWP_Case\Budget folder.

Open the Budget Control File CVBudget.in file with 7extPad. There is a list of binary files with the .bin
extension starting near line 70. The Budget program reads each of these binary files, and produces a text file
with the same root name and the .BUD extension. For example, the Budget program reads the
..\Results\CVlandwater.bin file and produces the ..\Results\CVlandwater.BUD file.

€. TextPad - D:\GST_Case_Study\GST_Case\Budget\CVBudgetin =13 ﬂl
JEiIe Edit Search View Tools Macros Configure Window Help

DedlgspElieaon|==299Y 4R E T e ).

CVBudget.n | - X
T 3
62 C FILE NAME UNIT DESCRIPTICH

° -

. .\Results\CVlandwater.bin /1 : BINARY FILE GENERATED BY SIMULATION FOR LAMI

1 ..\Results\CVstream.bin /2 : BINARY FILE GENERATED BY SIMULATICON FOR STRI

72  ..\Results\CVrootzn.bin / 3 : BINARY FILE GENERATED BY SIMULATION FOR ROOC!

73 . .\Results\CVground.bin / 4 : BINARY FILE GENERATED BY SIMULATICON FOR GRO

J/ 5 : BINARY FILE GENERATED BY SIMULATICOH FOR ELE!

. .\Results\CVsmwshed.bin J/ & : BINARY FILE GENERATED BY SIMULATION FOR SMAI

..\Results\CVlake.bin J 7 : BINARY FILE GENERATED BY SIMULATION FOR LAKI

. .\Results\CVstreamrch.bin / 8 : BINARY FILE GENERATED BY SIMULATICOHN FOR STRI

. .\Results\CVdiverdtl.bin J/ 8 : BINARY FILE GENERATED BY SIMULATICH FOR DIVI

/ 10: DSS OUTBUT FILE TC STCRE THE WATER BUDGET Di
e e e T T -

14 | oW

|For Help, press F1 1 1 [Read |Ovr |Block [Sync |Rec |Caps jl

1) Double-click on the file Run_Budget.bat
The Budget program should run to completion in less than a minute.

Switch to the GWP_Case Study\GWP_Case\Results folder. You should see eight files with the .BUD extension.
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Create Budget Workbooks with Excel

Open £xcel 2007 or Excel 2012 to a new, blank worksheet. On the “IWFMTools" menu, use the drop-down

menu next to “IWFM Version” to select ‘3.02".

(Ba)
_g/. Home Insert Page Layout Data Review View Developer

Formulas Add-Ins

m== TWFM version |=| | (@) About
S

Space
Delimited Text

Data Export

W¥-Monith l 302 |

Tabulate
3 &5 iG] ]S

G IWFM_Tools

| 4.0 -
BUAgEt TO mmen] =
Press F1 for more help.

L

&

il
hy

IWFM Tools

Or

[=]

A1 - S|

A B C D E F G

L 1

(SRS

=

A window with the label ‘Budget to £xce/(3.02)" will open. Use the ‘Browse’ button to go to the
GWP_Case Study\GWP Case\Budget directory and select the CVBudget.in file. The available budget files
will be listed under ‘Choose Budget Table’ in the same order they are listed in the CVBudget.in file.

Budget To Excel (v3.02)

(o]
Choose Budget Input File
ID."'-.GWP_Casa_Study"-.GWP_Case"'-Budgei"'-.C\c"Budgei.in Browse... I

Choose Budget Table

Land and water use budget
Stream budget

Root zone budgst
Groundwater budget

ﬂ Transfer to Excel |
Ready...

Land and Water Use Budget
Create a new £xce/workbook (Office Button -> New -> Blank Workbook).

In the lower pane of the ‘Budget to £xce/(3.02)" window, select ‘Land and water use budget’, near the bottom
of the list, and then click the ‘Transfer to £xce/ button. This will add 22 worksheets to the workbook, one for
each of the 21 model subregions, and one (labeled ‘Subregion 22°) for the entire model area.

Save the workbook to the GWP_Case Study directory as GWP_Land_and_Water_Budget.xlsx.

Root Zone Budget
Create a new Exce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Root zone budget’ and then click the “Transfer to £xce/ button.
This will add 22 worksheets to the workbook, one for each of the 21 model subregions, and one (labeled

‘Subregion 22') for the entire model area.
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Save the workbook to the GWP_Case Study directory as GWP_Root_Zone_Budget.xlsx.

Stream Reach Budget
Create a new Exce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Stream reach budget’, near the bottom of the list, and then
click the ‘Transfer to Exce/ button. This will add 75 worksheets to the workbook, one for each of the 75
C2VSim river reaches.

Save the workbook to the GWP_Case Study directory as GWP_Stream_Reach_Budget.xlsx.

Groundwater Budget
Create a new £xce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Groundwater budget’ and then click the ‘Transfer to £xce/
button. This will add 22 worksheets to the workbook, one for each of the 21 model subregions, and one
(labeled 'Subregion 22°) for the entire model area.

Save the workbook to the GWP_Case Study directory as GWP_Groundwater_Budget.xlsx.

Modify the Base Case files

The easiest way to see the results of the changes in the case study is to compare the scenario results to the
unchanged base case. We can replace the Print Specification File CVprint.dat in the base case with our
modified Print Specification File CVprint_GWP.dat. When the Simulation program is run with this Print
Specification File, groundwater and surface water hydrographs will be created for the new locations specified
in this file. Make the following modifications to the files in the folder

GWP_Case Study\Base Case\Simulation.

Modify the C2VSim Simulation Files

We can replace the Print Specification File CVprint.dat in the base case with our modified Print Specification
File CVprint_GWP.dat. When the Simulation program is run with this Print Specification File, groundwater
and surface water hydrographs will be created for the new locations specified in this file. Make the following
modifications to the files in the folder GWP Case Study\Base Case\Simulation.

Copy the Print Specification File CVprint GWP.dat
Copy the modified Print Specification File CVprint_GWP.dat in the folder
GWP_Case Study\GWP Case\Simulation and paste it into the folder GWP Case Study\Base Case\Simulation.

70



C2VSim Hands-On Tutorial

Make changes to the Simulation Control File
Make the following changes to the Simulation Control File in the folder
GWP_Case Study\Base Case\Simulation:

1) Rename the Simulation Control File CVsim.in to CVsim_base.in
2) Open CVsim_base.in with 7extPad
3) Change the Print Specification File name to CVprint_GWP.dat

'T'TextPad D:\GWP_Case_Study\Base_Case\Simulation\CVsim_base.in _IEIIiI
ile Edit Search View Tools Macros Configure Window Help ‘

|

==

2RV HRAIRCH] oo ).

CVsim_base.in | - X
s C ZI
80 C FILE NAME DESCRIPTICH
—_
S 2: ®*%% (Not used in this version)*%#%
f 3: *%*% (Not used in this version)*%#%
. .\Preprocessor\CVpreout.bin / 4: BINARY INPUT GENERATED BY PRE-PROCESSOR (INPU
f 5: *%% (Not used in this version)*%#%
f &: *%*% (Not used in this version)*%#%
CVparam.dat / 7: PLREMETER FILE (INPUT, REQUIRED)
CVbound.dat / 8: BOUNDARY CONDITICHN DATA FILE (INPUT, REQUIRE]
/ 9: TIME SERIES BOUNDARY CONDITIONS (INPUT, OPTI(
CVErint GWP.dat /10: PRINT CCONTROL FILE (INPUT, OPTICHAL)
CVinit_1872.dat /11: INITIAL CONDITICN DATA FILE (INPUT, REQUIRED;
CW=upplyadj.dat /12: SUPPLY ADJUSTMENT SPECIFICATICN DATZ FILE (Il
CWVlanduse.dat /13: LAND USE DATA FILE (INPUT, OPTICHAL)
CWVcropacre.dat /14: CROP ACREAGE DATA FILE (INPUT, OPTICHAL)
CWVprecip.dat /15: PRECIPITATICN DATA FILE (INPUT, OPTICHAL)
CWVevapot.dat /16: EVAPOTRANSPIRATICHN DATA FILE (INPUT, OPTICHAI
CWVtiledrn.dat /17: TILE DRATNS PARAMETER DATZ FILE (INPUT, OPTI(
98 CVurbanspec.dat /18: URBAN WATER USE SPECIFICATION DATAZ FILE (Il\fill
L4 | '
|ForHeIp,pressF1 ’T’T’@’EWW’E’E S

Turn the pumping adjustment off.

4) Near the end of the Simulation Control File, set the value of KOPTDV to ‘00’
5) Save and close the file CVsim_base.in.

. TextPad - D:\GWP_Case_Study\Base_Case\Simulation\CVsim_base.in =] |

.
J File Edit Search View Tools Macos Configure Window Help |
In=HlgeRaliezelaoc==a0|ey 4R G| e ».
CVsim_base.in | - X
FEERN= ZI
220 C VALUE DESCRIPTICH
C

1 / KOPTDM

oo / KOPTDV

14 / HCRCP
296 | =
141 | D

| 295 l_l Read m Block |Sync ’E Caps g
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Modify the Simulation Batch File

The command to run the Simulation program is “Simulation3_02.exe CVSim_GWP.in". We have to change the

name of the Simulation Control File in the batch file before we can use the batch file.

1) Open the file Run_Sim.bat with 7extPad
2) Change the Simulation Control File name in Run_Sim.bat to CVSim_base.in

3) Save and close the file

€. TextPad - D:\GWP_Case_Study\Base_Case\Simulation\CVSim.bat =13l
J File Edit Search View Tools Macros Configure Window Help
oW B8RE| BB =290 HRRSH] e ».

- X

VSim.bat X I CVsim_base.in |
|

. .\bin\Simulation3 02.exe CVSim base.in

2 pause

d V7

|_3|_1 Read ’F Block |Sync ’E Caps

Run the Simulation Program for the Base Case

Now we can run the Simulation program:
1) Double-click on the file Run_Sim.bat

The Simulation program should run to completion in a few minutes.

Create Budget Workbooks with Excel

Open £xcel 2007 or Excel 2012to a new, blank worksheet. On the “IWFMTools" menu, use the drop-down

menu next to “IWFM Version” to select ‘3.02".

/ \
Cla
fy Home Insert Page Layout Faormulas Data Review View Developer Add-Ins IWFM Tools
= — TWFM version =] (@) About
5 ===
Space WY-Maonth
Delimited Text igz
Data Export Tabulate BUdGEE TC - ‘ﬁ:}‘ b
H & &5 jﬁigi |£‘:_J L2l Press F1 for more help. AR =s==r B ol
Al - Je |
A B C D E F G H I J
of ]
- 1]
22
3
A

72



C2VSim Hands-On Tutorial

A window with the label ‘Budget to £xce/(3.02)" will open. Use the ‘Browse’ button to go to the
GWP_Case Study\Base Case\Budget directory and select the CVBudget.in file. The available budget files
will be listed under ‘Choose Budget Table in the same order they are listed in the CVBudget.in file.

Budget To Excel (v3.02) _I- _ID 5'

Choose Budget Input File
ID:"-.GWP_CasB_Study'-.Base_Case"-Budgat"-.CVBudget.in Browse... I
Choose Budget Table

Land and water use budget ﬂ Transfer to Excel |

Stream budget

Root zone budget

Groundwater budget ;I

Ready...

Land and Water Use Budget
Create a new £xce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Land and water use budget’, near the bottom of the list, and
then click the ‘Transfer to £xce/ button. This will add 22 worksheets to the workbook, one for each of the 21
model subregions, and one (labeled ‘Subregion 22') for the entire model area.

Save the workbook to the GWP_Case Study directory as Base_Land_and_Water_Budget.xlsx.

Root Zone Budget
Create a new Exce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Root zone budget’ and then click the “Transfer to £xce/ button.
This will add 22 worksheets to the workbook, one for each of the 21 model subregions, and one (labeled
‘Subregion 22") for the entire model area.

Save the workbook to the GWP_Case Study directory as Base_Root_Zone_Budget.xlsx.

Stream Reach Budget
Create a new Exce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Stream reach budget’, near the bottom of the list, and then
click the ‘Transfer to Exce/ button. This will add 75 worksheets to the workbook, one for each of the 75
C2VSim river reaches.

Save the workbook to the GWP Case Study directory as Base_Stream_Reach_Budget.xlsx.
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Groundwater Budget
Create a new £xce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Groundwater budget’ and then click the ‘Transfer to £xce/
button. This will add 22 worksheets to the workbook, one for each of the 21 model subregions, and one
(labeled 'Subregion 22°) for the entire model area.

Save the workbook to the GWP_Case Study directory as Base_Groundwater_Budget.xlsx.

Review and Interpret Results

This section shows how to import hydrograph files to £xce/workbooks, and how to compare hydrographs
between the GWP Case and the Base Case to see the impacts of the three new groundwater pumping wells.

Create Hydrograph Workbooks with Excel

First, we'll bring the GWP Case groundwater and surface water hydrograph output into £xce/ Then we'll bring
in the Base Case hydrographs. Next, we will create new hydrographs of the differences between the GWP
Case and Base Case hydrographs. In the final step, we will graph these results.

Start by creating the £xce/workbook that will hold all of the results. Open a new Exce/workbook, and save it
in the directory GWP_Case Study as GWP_Results.xlsx.

GWP Case Groundwater Hydrographs
First, we will import the groundwater hydrographs of the GWP Case to an Exce/worksheet.

7) Go to the GWP_Case Study\GWP_Case\Results folder, and open the file CVGWhyd_GWP.out with
TextPad.

2) Select all <Ctrl-A> and copy <Ctrl-C>

3) Switch to the Exce/workbook

4) Put the cursor in cell A1 of tab ‘Sheet1’ and paste <Ctrl-V>

5) Next, we use ‘Text to Columns’ to put each hydrograph in a separate column

a) Move the cursor to cell A5 and select all cells in the range A5-A451 by holding the <Ctrl> and
<Shift> keys and pressing <Down arrow>

b) With these cells highlighted, go to the ‘Data’ menu and select ‘Text to Columns'. This opens a
window labeled ‘Convert Text to Columns Wizard — Step 1 of 3’

c) Select the radio button next to ‘Fixed Width’, click ‘Next' and then click ‘Finish’. Now, dates are in
column A and each groundwater hydrograph is in a separate column.

6) Next, we can use ‘Find and Replace’ to convert the IWFM time-date code to something £xce/can
recognize.
a) Use <Ctrl-H> to open the ‘Find and Replace’ panel.
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O
~

Next to ‘Find what', enter '_24:00".

Leave the ‘Replace with’ field blank.

Click ‘Replace All'.

Excelshould open an alert showing the number of replacements, and column A should contain
dates. Close the alert and the ‘Find and Replace’ panel.

Rename the worksheet by double-clicking the tab label ‘Sheet1" and replacing it with
‘GWhyd_GWP_Case’

Put the cursor in cell B8 and go to the "View' menu, select ‘Freeze Panes’, and choose the top item on
the drop-down menu ‘Freeze Panes'.

Scroll to the right to columns BAK through BAM to see the three new groundwater hydrographs we
added in the Print Specification File.

feso

@

10) Save the Exce/workbook.

_.’E;._ GWP_Results.xlsx - Microsoft Excel - =X
_ﬁ/) Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools Acrobat '9) - 27X
e 12 | S 15~ 5 B EE- (A QRACOBEE=IT B U SH-A-A o -[Al
| BAKS ~( £| 14.9812
A BAI BAJ BAK BAL BAM BAN BAO BAP BAQ BAR BAS ltJ
1 |*
2 |*
3 x
4 |*
5 | 2 2 1 1 1
6 |* 119 83 315 296 184
7r TIME
8 | 10/31/1972] 141.2713 253.5326] 14.9812! 41.714 954721
9 | 11/30/1972| 140.3866 254.2831 16.0271 41.7365 957718
10| 12/31/1972| 139.9089 254.5663 16.1467 41.7477 96.0684
1 1/311973] 139.9229 2546036 18.1246 41.7605 96.5478
12 2/28/1973| 140.2686 254.5164 19.0796 41.7656 97.1191
13 3/311973| 1406653 2543458 17.8729 41.7636 97.5841
14 4/30/1973| 138.1204 2536245 153861 41.3062 97.5967
15 5/31/1973| 137.0962 2522904 151709 414508 979616
16 6/30/1973| 134.6032 250.9487 13.9986 40.5512 08.0028
17 T/31/1973| 132.2591 249522 13.8292  39.507 97.9436
18 8/31/1973| 131.7237 248.7045 13.6632 38.609 97.9766 3
b W GWHyd GWP_Case . Sheets 1 40 o CmESEE Sttt 0 o
Ready | [ [EEErTe O

GWP Case Surface Water Hydrographs

Next, we will create an £xce/worksheet with the surface water hydrographs of the GWP case.

7) Go tothe GWP_Case Study\GWP Case\Results folder, and open the file CVSWhyd_GWP.out with
TextPad.

2) Select all <Ctrl-A> and copy <Ctrl-C>

3) Switch to the £Exce/workbook

4) Put the cursor in cell A1 of tab 'Sheet2’ and paste <Ctrl-V> (If there is no blank worksheet, crate one
by clicking in the small area to the right of the worksheet tabs that shows this symbol: [5=4)

5) Use ‘Text to Columns’ to put each hydrograph in a separate column

a) Move the cursor to cell A6 and select all cells in the range A6-A450 by holding the <Ctrl> and

<Shift> keys and pressing <Down arrow>
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b) With these cells highlighted, go to the ‘Data’ menu and select ‘Text to Columns'. This opens a
window labeled ‘Convert Text to Columns Wizard — Step 1 of 3’
c) Select the radio button next to ‘Fixed Width', click ‘Next” and then click ‘Finish’. Now, dates are in
column A and each surface water hydrograph is in a separate column.
6) Next, we can use ‘Find and Replace’ to convert the IWFM time-date code to something £xce/can
recognize.
a) Use <Ctrl-H> to open the ‘Find and Replace’ panel.
) The ‘Find what' box should still contain *_24:00". If not, enter *_24:00' in the box.
) Leave the ‘Replace with’ field blank.
) Click ‘Replace All'.
) Exce/should open an alert showing the number of replacements, and column A should contain
dates. Close the alert and the ‘Find and Replace’ panel.
9) Rename the worksheet by double-clicking the tab label ‘Sheet2" and replacing it with
‘SWhyd_GWP_Case’
10) Put the cursor in cell B7 and go to the ‘View' menu, select ‘Freeze Panes’, and choose the top item on
the drop-down menu ‘Freeze Panes'.
Scroll to the right to columns AJ through AL to see the three new surface water hydrographs we
added in the Print Specification File.
12) Save the Exce/workbook.

o O O T

1"

~

= GWP_Results.xlsx - Microsoft Excel - =
{C ) _
_g Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools Acrobat @ - = X

= 12 E 5 15| Gy EHE (2l 2lE fh Q-RY(COBHESESIBU H-A-A Jn -JA-
[ AJT «( £] 834106

A AG AH Al Al AK AL AM N AC AF AQ

>

®oW % % % oW

TME 67 89 351 300 284 202
10/31/1972| 1158559 1854.54 162164,4' 834106! 7702.53 306926.7
11/30/1972| 77042.94 05051 183375.9 1073825 17678.84 £21730.6
12/31/1972| 14391.07 2879573 1871129 1015491 17204.84 339569.7
10 1/31/1973] 103278 119806.9 340230.3 1442431 68030.28 1074561
11 2/28/1073| 213748.5 253860 308042.6 1499283 63098.99 1243880
12 3/31/1973| 76453.86 109177.2 305833 1131708 61492.34 8292344
13| 4/30/1973| 132195.1 136846.6 1420537 710336.6 38575.58 441817.7
14| 5/31/1973] 54414.27 68530.58 4131328 720820.8 33632.46 388213.5
15| 6/30/1973| 96709.69 1001616 3215129 5045926 1497881 2987509
16 | 7/31/1973| 32010.68 42605.89 54150.18 £48208.8 6596 192056.6
17 8/31/1973] 23917.71 29980.31 84170.78 586084.4  3748.8 146026.7
18 | 9/30/1973| 9728.73 12643.11 98B66.63 556806.7 3534.28 88750.48

W4k M| GWHyd GWP_Case SWhyd_GWP_Case .~ ¥ [N | I I»

Ready | H@@ | 100% E)—@ (+)

ikl

Base Case Groundwater Hydrographs
Now we will add an £xce/worksheet with the groundwater hydrographs of the base case.

1) Go to the GWP_Case Study\Base Case\Results folder, and open the file CVGWhyd.out with
TextPad.
2) Select all <Ctrl-A> and copy <Ctrl-C>
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Switch to Exce/the workbook (and create a new worksheet ‘Sheet3’ if needed)

Put the cursor in cell A1 of tab 'Sheet3" and paste <Ctrl-V>

Next, we use ‘Text to Columns’ to put each hydrograph in a separate column

a) Move the cursor to cell A5 and select all cells in the range A5-A451 by holding the <Ctrl> and
<Shift> keys and pressing <Down arrow>

b) With these cells highlighted, go to the ‘Data’ menu and select ‘Text to Columns'. This opens a
window labeled ‘Convert Text to Columns Wizard — Step 1 of 3'

¢) Select the radio button next to ‘Fixed Width’, click ‘Next" and then click ‘Finish’. Now, dates are in
column A and each groundwater hydrograph is in a separate column.

Next, we can use Find and Replace’ to convert the IWFM time-date code to something £xce/can

recognize.

a) Use <Ctrl-H> to open the ‘Find and Replace’ panel.

) The 'Find what' box should still contain ‘_24:00". If not, enter *_24:00' in the box.

) Leave the ‘Replace with’ field blank.

) Click ‘Replace All'.

) Excelshould open an alert showing the number of replacements, and column A should contain

dates. Close the alert and the ‘Find and Replace’ panel.

Rename the worksheet by double-clicking the tab label 'Sheet3’ and replacing it with

‘GWhyd_Base_Case’

Put the cursor in cell B8 and go to the ‘View' menu, select ‘Freeze Panes’, and choose the top item on

the drop-down menu ‘Freeze Panes'.

Scroll to the right to columns BAK through BAM to see the three new groundwater hydrographs we

added in the Print Specification File.

o QO O T

10) Save the Exce/workbook.

o)
o]

o8 s a0 @ EE NN B Coy ==

GWP_Results xlsx - Microsoft Excel -8
Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools Acrobat 'Q) - 7 X
I BUBG-A-A n -A-

® % % % 4 % %

BAKS - £] 14.9812
A BA BAJ | BAK | BAL | BAM | BAN | BAO | BAP | BAQ | BAR | BAs | B

2 2 1 1 1
119 83 315 296 184
TME

10/31/1972| 1412713 253.5328] 14.9812! 41.714 954721
11/30/1972| 140.3866 254.2831 16.0271 417365 957718
10| 12/31/1972| 139.9080 254.5663 16.1467 41.7477 06.0684
11 1/31/1973] 139.9229 254.6036 18.1246 41.7605 96.5478
12| 2/28/1973| 140.2686 254.5164 19.0796 41.7656 97.1191
13 3311973 140.66563 254.3458 17.8729 41.7636 O7.5841
14| 4301973 137.6217 253.6805 155995 40.8124 97.4405
15| B/31/1973] 136.6831 252.3164 152766 409073  97.795
16 | 6/30/1973) 134.7375 251.0105 14.3255 40.8087 98.0433
17 | 7/311973| 132.8139 2496323 143226 407223 98.2438
18 | B/31/1973| 1325511 2488379 14.2427 40.7747 98.5189

GWHyd_GWP_Case SWhyd_GWP_Case GWHyd_Base_Case .~ ¥ 0 2

Ready
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Base Case Surface Water Hydrographs

We can also create an Exce/worksheet with the surface water hydrographs of the base case.

7)

Ul A W N
—_ = = —

Go to the GWP_Case Study\GWP_Case\Results folder, and open the file CVSWhyd_GWP.out with

TextPad.

Select all <Ctrl-A> and copy <Ctrl-C>

Switch to the Exce/workbook (and create a new worksheet ‘Sheet4’ if needed)

Put the cursor in cell A1 of tab ‘Sheet4’ and paste <Ctrl-V>

Use ‘Text to Columns’ to put each hydrograph in a separate column

a) Move the cursor to cell A6 and select all cells in the range A6-A450 by holding the <Ctrl> and
<Shift> keys and pressing <Down arrow>

b) With these cells highlighted, go to the ‘Data’ menu and select ‘Text to Columns'. This opens a
window labeled ‘Convert Text to Columns Wizard — Step 1 of 3'

¢) Select the radio button next to ‘Fixed Width’, click ‘Next" and then click ‘Finish’. Now, dates are in
column A and each surface water hydrograph is in a separate column.

Next, we can use Find and Replace’ to convert the IWFM time-date code to something £xce/can

recognize.

a) Use <Ctrl-H> to open the ‘Find and Replace’ panel.

) The ‘Find what' box should still contain *_24:00'. If not, enter *_24:00' in the box.

) Leave the ‘Replace with' field blank.

) Click ‘Replace All'.

) Exce/should open an alert showing the number of replacements, and column A should contain

dates. Close the alert and the ‘Find and Replace’ panel.

Rename the worksheet by double-clicking the tab label 'Sheet4" and replacing it with

‘SWhyd_Base_Case’

Put the cursor in cell B7 and go to the "View' menu, select ‘Freeze Panes’, and choose the top item on

the drop-down menu ‘Freeze Panes'.

Scroll to the right to columns AJ through AL to see the three new surface water hydrographs we

added in the Print Specification File.

o O O T

10) Save the Exce/workbook.
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GWP_Results.xlsx - Microsoft Excel =

M4k M

Bk
2 x
5 %
4 x
5 |
6 [* TME 89 351 300 284 202
7 | 10/3111972| 1854.54 162164.4 834108 7702.53] 306926.?!
8 | 11/30/1972 95051 183375.9 1073825 17678.84 621730.6
9 | 12/31/1972| 28795.73 1971129 1015491 17204.84 339569.7
10 1/31/1973| 119806.9 3402303 1442431 6B030.28 1074561

11 2/28/1973| 253860 3080426 1499283 63098.99 1243880
12 3/31/11973| 100177.2 305833 1131708 61492.34 8202344
13 4/30/1973| 136846.6 142053.7 710336.6 38575.58 4418177
14 5/31/1973| 68530.58 41313.28 720820.8 33632.46 3882135
15| 6/3011973| 100161.6 321258 595463.2 14900.43 298750.9
16 T/31/1973| 42603.89 54114.76 649267.7 6513.32 192055
17 8/31/1973| 29980.21 8415292 597168 3665.44 146026.5
18 9/30/1973| 12643.08 98880.23 557000.4 3518.51 88750.37 v

GWHyd_GWP_Case Swhyd_GWP_Case GWHyd_Base_Case | SWhyd_Base_Case [[M | I e

Ready

=

[EEEErNe v s

Compare Hydrographs with Excel

We now have an £xce/workbook that contains four worksheets. Each worksheet contains one of the
hydrograph output files from a C2VSim run. The easiest way to see the difference between the Base Case and
GWP Case is to take the difference between the groundwater hydrographs of the two runs, and the difference
between the surface water hydrographs of the two runs.

Show Groundwater Head Differences

We will add a new Exce/worksheet, and then use a formula to subtract each GWP Base Case groundwater
hydrograph from the corresponding GWP Case groundwater hydrograph.

7) Inthe GWP_Results.xIsx workbook, create a new worksheet and name it ‘GWHyd_Difference’.
2) Switch to worksheet ‘GWHyd_GWP_Case’, select all <Ctrl-A> and copy <Ctrl-C>
3) Switch to worksheet ‘GWHyd_Difference’, place the cursor in cell A1, and paste <Ctrl-V>. This copies

the structure and values of the ‘GWHyd_GWP_Case’ worksheet. We will keep the structure and

replace the values with formulas.

We will use an £xce/formula to calculate the difference between hydrograph values for each time

step

a) Place the cursor in cell B8 of worksheet ‘GWHyd_Difference’.

b) Enter the ‘=" sign, and (without hitting any key) select the tab for the ‘GWHyd_GWP_Case’
worksheet and place the cursor in cell BS.

¢) Enter the "’ sign, and (again without hitting any key) select the tab for the ‘GWHyd_Base_Case’
worksheet and place the cursor in cell B8.

d) Hit <Return>
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e) You should have the formula =GWHyd_GWP_Case!B8-GWHyd_Base_Case!B8 in cell B8 of
the ‘GWHyd_Difference’ worksheet. The cell value should be ‘0’

5) Copy the formula through the rest of the ‘GWHyd_Difference’ worksheet
a) Select cell B8, and copy with <Ctrl-C>.
b) Select all of the hydrograph cells by holding down the <Shift> key and pressing <Right arrow>,
the holding sown the <Shift> key and pressing <Down arrow>
) Paste the formula with <Ctrl-V>
!./ﬁg;\ GWP_Results.xlsx - Microsoft Excel i - =X
;ﬁ) Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools Acrobat ‘QJ - 3 X
(= e < e 1w = Gy HEE (Al Q- RAA(COBIE==IBU S-A-Avu -[A-
| BAKS - ( f:| =GWHyd_GWP_CaselBAKS-GWHyd_Rase_Case!BAKS
A BAH BAI BAJ BAK BAL BAM BAN BAO BAP BAQ BAR
1 *
5 |+
uE
4 *
5| 2 2 2 1 1 1
6 * 14 119 83 315 206 184
7 TIME
8 | 101311972 0 0 Dl D! 0 0
9 | 11/301972 0 0 0 0 0 0
10 | 12/3111972 0 0 0 0 0 0
11 1/31/1973 0 0 0 0 0 0
12| 2/28/1973 0 0 0 0 0 0
13 3/311973 0 0 0 0 0 0
14 | 43011973 0 0 0 0 0 0
15 5/3111973 0 0 0 0 0 0
16 6/30M1973| -0.0232 0.0002 0 -0.3072 -0.7302 -0.2099
17| 713171973 -0.0459 0.0008 0 -0.4168 -1.5686 -0.4428
18 | 8/3111973 -0.064 0.0015 0 -04716 -24072 -06813
A » M SWhyd_GWP_Case GWHyd_Base_Case SWhyd_Base_Case GWHyd_Differenc
Ready S u@ [ =1] %Q;—GE—E;! o
6) Create a graph of the difference between the GWP Case and Base Case for the groundwater

hydrograph at Well A, in column BAK of the ‘GWHyd_Difference’ worksheet.

a) Place the cursor in cell BAK8 and use <Shift><Down> to select the cells BAK8 through BAK451

b) Under the ‘Insert’ menu, select ‘Scatter’ and then ‘Scatter with Straight Lines’. This will place a
graph in the worksheet.
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(A GWP_Results.xlsx - Microsoft Excel - 08X
=225 e
o Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools Acrobat @ - = x

A + Elg — | .t 3 [E5] Text Box | Signature Line -
E o Bl LEIP % “ %{ . i ~ = ‘ I_] Header & Footer gd Object
PivotTable Table Picture Clip Shapes SmartArt || Column  Line Pie Bar Area |Scatter| Other Hyperlink
At B - - - - - + | charts = <l wordart - {2 symbol
Tables lllustrations Charts Scatter Text
43411693227 16997 -3.8884 94837 -1.8959 0999 07U . 11, 21 i) 0.3106 1.0182 3.3057
435 186.2956 20.0549 46125 -10077 -2.3112 0.9883 0.3 | 20 | m 95 0.1783 0.678 3.1815

| =l |

436| 199.7711 256878 -3.4384 80048 -23806 09722  0.36 B9l 0.5261 1.3743 3.334
437 2193215 322515 -2.1638  -7.4149 -2.2328 1.0143  047(

A4 0734 22092  3.5285

/3\; B1 0.8892] 3.0495 37463

78] 0.5345] 3.0487 3723

438| 231.8688 38.6562 -1.3104 64714 -2.0841 1.1093  0.601
439 201.6716 31.4653 -0.3632 -5.8767 -2.2054  1.1208 0.4

440 1939671 296439 07773 -6.376  -2.2574 11122 0.42 ) 6] 0.4003] 29123 36725
441 1755832 246007 -1.10268 -G.8686 -2.2743 1.0861 0.39 ‘ ,(\\—‘ B4 0.355 2752 38125
442 1621269 205403 -1.2888 -T1747 -22786 1.0786  0.38 S e 2.592 3.55
443 1522233 172519 13929 73707 22766 1.0614 037y 24377 3.4875
444 1444241 144573 14514  -7.4979 -2.2826 1.0448 0.36 Compare pairs of values. 229 34592
445/ 170.794 203784 -2.75855 -T7.6254 22777 1.0288 0.3638 Use it when there are many data 2149 3.3989

446 1720546 2023298 30505 -108222 -36172 08266 -00383 | Pomsincamowerandfnedst | 06203 32708
447 1891836 248226 -42512 -11.6964 -29912 07372 01597 v o 0.4038 3.1997
448 1999342 293615 32383 -101188 27583 0.7193 02514 -1.0896 -0.0235 0.4372 1.0955 3.3489
1449 2171919 351855 -2.036 -8.2542 -25193 07764 03988 -0.5563 0.0424] 0.6691 1.9514 3.539
4500 228913 406085 -1.223  -7.1402 -2.2919 0.8875 0.5556 -0.1839 0.0841 0.8225 2.7804 3.7544
451 2002778 33.2398 -0.335 65021 -24219 09159 04374 02786  01172] 046791 27916 37291
W 4 b M| - GWHyd Base Case - SWhyd Base Case | GWHyd_Difference < ¥

Ready | S | Average: 0.399325  Count: 444 Min: 0.2054  Max: 10638 Sum: 177 3003

¢) Right-click inside the new graph and select ‘Move Chart..." to open the ‘Move Chart’ window,
then select ‘New Sheet’ and name it ‘GWHyd'

100 200 300 400 500
-0.1 4

-0.2 -

-0.3 -
e Seriesl

-0.7

The graph shows that the difference in groundwater heads between the GWP and Base cases fluctuates
monthly, with a general pattern that is repeated over 30 times. The range of the cycle is approximately 0.5 ft.
There is also an initial period of approximately five cycles followed by a period in which the cycle repeats each
year. To better understand this cycle, we need to modify the x-axis to display dates. We need to add more
information to the graph, including adding dates and setting the ranges of the x-axis.

d) First, we will add dates to the x-axis and a title to the graph.
i.  Use the left mouse button to select the line inside the graph, then use the right mouse button
to select ‘Select Data. ..’
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ii.  Click on the ‘Edit..." button

ii.  Under 'Series name:’, click the square button on the right, with the red arrow, navigate to the
‘GWHyd_Difference’ workbook, and select cell BAK6

iv.  Under ‘Series X Values:’, click the square button on the right, with the red arrow, navigate to
the ‘GWHyd_Difference’ workbook, and select cells A8 through A451

v.  Click on the ‘OK’ button, then click the ‘OK" button of the ‘Select Data Source’ window

e) Format the x-axis to be more readable
i.  Right-click on the x-axis and choose ‘Format axis..

ii.  We want to set the minimum x-axis value to 10/31/1 972 and the maximum value to
09/30/2009.

iii. Under ‘Axis Options’, for ‘Minimum’, click the radio button next to ‘Fixed' and enter the
numerical value of 10/31/1972, which is ‘26603’

iv.  For ‘Maximum’, click the radio button next to ‘Fixed’ and enter the numerical value of
09/30/2009, which is ‘40086’

v.  For 'Major Unit', click the radio button next to ‘Fixed" and enter ‘365.25'

vi.  Inthe left panel, choose ‘Number’, then uncheck the box next to ‘Linked to source’
vii.  Change the ‘Format Code’ from ‘m/d/yyyy’ to ‘mm/yy’ and then click the ‘Add’ button
viii. In the left panel, choose ‘Alignment’, and use the drop-down menu next to ‘Text direction’ to

choose ‘Rotate all text 90”

213
s options | | s Options

Number Minimum:  ( Auto €% Fixed IF
Al Maximum: ¢ aute €% Fixed W
Line Color Major unit: ¢ auto % Fixed IF
Line Style Minor unit: & autp € Fixed Iz..—

Shadow ™ Valuesin reverse order

3D Format ™ Logarithmic scale I_I—
Alignment Display units: INone hd I
-
Major tick mark type: IOumide - l
Minar tick mark type: INone - l
Axis labels: INext to Axis -+ l

Vertical axis crosses:
= Automatic

s value: I-:-.-I'

' Maximum axis value

Close

f) Add titles to the axes
i.  Select the ‘Layout’ menu, then ‘Axis Titles’, then ‘Primary Horizontal Axis Title', then ‘Title
Below Axis'
ii.  Type 'Month’ and hit <Return>
ii.  Select the ‘Layout’ menu, then ‘Axis Titles’, then ‘Primary Vertical Axis Title', then ‘Rotated
Title'
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Type ‘Head Difference (ft)' and hit <Return>

2//0T
CL/Oot

Head Difference (ft)

— 3] 5

Month

Here we have the graph of the difference in groundwater heads at Well A, with annual dates on the x axis.
This hydrograph shows that the water table altitude falls in the GWP Case (relative to the Base Case) in
response to the additional pumping. The groundwater head difference changes for several years, then
becomes relatively stable after around five to seven years.

To better see the monthly differences between the two cases, we need to ‘zoom in’ on several months. We can
copy the graph and then modify the x-axis range in the copy.

g) We can make a copy of this graph, and use it to focus on several years

Vi,

Right-click on the tab ‘GWHyd' and select ‘Move or Copy..." to open the ‘Move or Copy’
window

Check the box next to ‘Create a copy’ in the lower left, then highlight ‘GWHyd' in the
window ‘Before sheet’ and click ‘OK’. This creates a copy called ‘GWHyd (2)".

Right-click on the x-axis and choose ‘Format axis..."

We want to look at a three-year period, so we will set the minimum x-axis value to
10/31/1972 and the maximum value to 09/30/1975.

Under ‘Axis Options’, for ‘Minimum’, we will keep the numerical value of 10/31/1972, which
is 26603’

For ‘Maximum’, we will enter the numerical value of 09/30/1975 is ‘27698’
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For ‘Major Unit', click the radio button next to ‘Fixed’ and enter ‘30’

Place the cursor over the line, right-click, and select ‘Format data series..." to open the
Format Data Series window.

Select the second item in the left panel, ‘Marker Options’, select the button next to
‘Automatic’, and then click ‘Close’ in the lower left corner.

Head Difference (ft)

0 L N I B I RN B R R R S R S S R D DN I R N R R RN R R B B B |
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NNNNWWWWWWWwWwwww Ahbhbbbbbpbhbuovvuunununiunnion
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With this graph, we can get a better view of the monthly difference in groundwater heads between the GWP
and Base cases for each month for the first three years. This graph shows us several things.

The groundwater head of the GWP Case declines each of the three months that the pumps are on,

then recovers in the following nine months. This pattern is repeated each year.

The groundwater head does not fully recover after the first year, and is approximately 0.07 ft lower
than the Base Case head in May 1974.

The May head is lower each year, falling approximately 0.07 ft between the first and second years,
and an additional 0.03 ft between the second and third years.

You can repeat this process for each of the other two groundwater hydrograph locations, at Well B and Well
C. Example graphs for Well B (labeled with the element number, 296) and Well C (element 184) are below.
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The groundwater head differences between the GWP and Base cases at wells B and C are significantly
different from the head difference at Well A. In the first decade, the groundwater hydrographs for wells B and
C do not recover significantly during the months that the pumps are turned off. This results in a steady
increase in the groundwater head difference between the GWP and Base cases. In addition, the groundwater
head difference does not stabilize, but continues to decline steadily over the 37 years of the simulation.

Show Surface Water Flow Differences

We can also use a similar process to create an £xce/worksheet and graph to show the difference between
each GWP Case surface water hydrograph and the corresponding Base Case surface water hydrograph.

7) Inthe GWP_Results.xIsx workbook, create a new worksheet and name it ‘'SWHyd_Difference’.
2) Switch to the worksheet ‘SWHyd_GWP_Case’, select all <Ctrl-A> and copy <Ctrl-C>

3) Switch to the worksheet ‘SWHyd_Difference’, place the cursor in cell A1, and paste <Ctrl-V>. This
copies the structure and values of the 'SWHyd_GWP_Case’ worksheet. We will keep the structure and
replace the values with formulas.

We will use an £xce/formula to calculate the difference between hydrograph values for each time

step

a)
b)

Place the cursor in cell B7 of worksheet ‘SWHyd_Difference’.

Enter the ‘=" sign, and (without hitting any key) select the tab for the ‘SWHyd_GWP_Case’
worksheet and place the cursor in cell B8.

Enter the -’ sign, and (again without hitting any key) select the tab for the ‘SWHyd_Base_Case’
worksheet and place the cursor in cell B8.

Hit <Return>

You should have the formula =SWhyd_GWP_Case!B7-SWhyd_Base_Case!B7 in cell B8 of
the ‘GWHyd_Difference’ worksheet. The cell value should be ‘0’

Copy the formula through the rest of the ‘SWHyd_Difference’ worksheet

a)
b)

0

Select cell B7, and copy with <Ctrl-C>.

Select all of the hydrograph cells by holding down the <Shift> key and pressing <Right arrow>,
the holding sown the <Shift> key and pressing <Down arrow>

Paste the formula with <Ctrl-V>
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On GWP_Results.xlsx - Microsoft Excel -8 X
[
@ Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools Acrobat @ - 8 X
EIET e i = B EE NN B Q RO E=E=7B0 5 A- A u -[Al
| AJT -~ fe| =SWhyd_GWP_CaselAJ7-SWhyd_Base_CaselAJ7
A AH Al AlJ AK AL AM AN AC AP AQ AR

Bk

2 *

5 %

4 |*

5 |

6 |* TIME 89 351 300 284 202

7 | 10311972 0 0| 0! 0 0

8 | 11/301972 0 0 0 0 0

9 | 121311972 0 0 0 0 0

10 1/311973 0 0 0 0 0

11| 2/28M1973 0 0 0 0 0

12| 31311973 0 0 0 0 0

13| 4/30M1973 0 0 0 0 0

14 | 51311973 0 0 0 0 0

15| 6/30M1973 0 2549 -870.58 78.38 0

16 | 71311973 2 3542 -1058.88 82.68 1.68

17 | 8311973 0.1 17.86 -1083.57 83.36 022

18 | 9/30M1973 0.03 -136 -193.68 14.77 0.11

W 4 b M|~ GWHyd Base Case .~ SWhyd Base_Case .~ GWHyd Difference ~ GWHyd .~ GWH

Ready | P |

4) Create a graph of the difference between the GWP Case and Base Case for the surface water
hydrograph at river node 300, near Well A, in column AJ of the ‘SWHyd_Difference’ worksheet.
a) Place the cursor in cell AJ7 and use <Shift><Down> to select the cells AJ7 through AJ450
b) Under the ‘Insert’ menu, select ‘Scatter’ and then ‘Scatter with Straight Lines’. This will place a
graph in the worksheet.

¢) Right-click inside the new graph and select ‘Move Chart..." to open the ‘Move Chart’ window,
then select ‘New Sheet’ and name it ‘'SWHyd'
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The graph shows that the difference in surface water flows between the GWP and Base cases also fluctuates
monthly, with a general pattern that is repeated over 30 times. The y-axis units are acre-feet/month. The
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range of the cycle is approximately 1,500 AF/month. To better understand this cycle, we need to modify the x-
axis to add titles, display dates on the x-axis and set the x-axis bounds.

d)

e)

V.
vi.
vii.
viii.

f)

F|rst we will add dates to the x-axis and a title to the graph.

Use the left mouse button to select the line inside the graph, then use the right mouse button
to select ‘Select Data..."

Click on the “Edit..." button

Under ‘Series name:’, click the square button on the right, with the red arrow, navigate to the
‘GWHyd_Difference’ workbook, and select cell AJ6

Under ‘Series X Values:’, click the square button on the right, with the red arrow, navigate to
the ‘GWHyd_Difference’ workbook, and select cells A7 through A450

Click on the ‘OK’ button, then click the ‘OK" button of the ‘Select Data Source’ window

Format the x-axis to be more readable

Right-click on the x-axis and choose ‘Format axis..

We want to set the minimum x-axis value to 10/31/1 972 and the maximum value to
09/30/2009.

Under ‘Axis Options’, for ‘Minimum’, click the radio button next to ‘Fixed" and enter the
numerical value of 10/31/1972, which is ‘26603’

For 'Maximum’, click the radio button next to ‘Fixed" and enter the numerical value of
09/30/2009, which is ‘40086

For ‘Major Unit', click the radio button next to ‘Fixed’ and enter '365.25’

In the left panel, choose ‘Number’, then uncheck the box next to ‘Linked to source’
Change the ‘Format Code’ from ‘m/d/yyyy’ to ‘'mm/yy’ and then click the 'Add’ button
In the left panel, choose ‘Alignment’, and use the drop-down menu next to ‘Text direction’ to
choose ‘Rotate all text 90

Add titles to the axes

Select the ‘Layout’ menu, then ‘Axis Titles’, then ‘Primary Horizontal Axis Title', then ‘Title
Below Axis'

Type ‘Month’ and hit <Return>

Select the ‘Layout’ menu, then ‘Axis Titles', then ‘Primary Vertical Axis Title’, then ‘Rotated
Title'

Type 'Flow Difference (AF/mo)’ and hit <Return>
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This surface water hydrograph shows the difference in flows between the GWP and Base cases at river node
300, near pumping well A. This graph shows that the GWP Case flow rate drops sharply below the Base Case
flow rate for a short period each year, then the GWP Case flow rate rises above the Base Case flow rate for a
longer period. The cycle appears to repeat each year. For approximately the first 20 cycles, GWP Case flows
are greater than Base Case flows during the recovery period, and after this the GWP Case flows are always
lower than the Base Case flows. This probably reflects the cumulative impacts of the additional groundwater
pumping, and the expansion of the groundwater pumping depression around the pumping well to intersect
the river nodes.

To better see the monthly differences between the two cases, we can focus on a period of several years. We
can do this by creating a copy of the graph and then modifying the x-axis range in the copy.

g) We can make a copy of this graph, and use it to focus on several years, as we did with the
groundwater hydrograph
i.  Right-click on the tab ‘SWHyd" and select ‘Move or Copy..." to open the ‘Move or Copy’
window
ii.  Check the box next to ‘Create a copy’ in the lower left, then highlight ‘SWHyd" in the window
‘Before sheet’ and click ‘OK'. This creates a copy called ‘SWHyd (2)".
ii.  Right-click on the x-axis and choose ‘Format axis..."
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iv.  We want to look at a three-year period, so we will set the minimum x-axis value to
10/31/1972 and the maximum value to 09/30/1975.
v.  Under 'Axis Options’, for ‘Minimum’, we will keep the numerical value of 10/31/1972, which

is ‘26603’
vi.  For 'Maximum’, we will enter the numerical value of 09/30/1975 is ‘27698’
vii.  For ‘Major Unit’, click the radio button next to ‘Fixed" and enter ‘30’
viii.  Place the cursor over the line, right-click, and select ‘Format data series..." to open the

Format Data Series window.
iX.  Select the second item in the left panel, ‘Marker Options’, select the button next to
‘Automatic’, and then click ‘Close’ in the lower left corner.
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Here we can see the monthly difference in surface water flows between the GWP and Base cases at river node
300, near pump A, for the first three years of the simulation. GWP Case stream flow is lower for the months
June through August when the pumps are on, and then is greater than Base Case river flows for several
months, and approaches Base Case flows in May, just before the pumps are turned on again. River node 300
is near Well A and is also downstream from well C, so this flow difference includes the effects of Well C on
river flow.

You can repeat this process for each of the other two surface water hydrograph locations, at river node 350
near Well B and river node 278 near Well C. Example graphs for these two river nodes are below.
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These two surface water hydrographs are more complex than the hydrograph at river node 300 above. Well A
is located near the Sacramento River, and the surface water hydrograph at river node 300 shows a strong
response to the pumping. Wells B and C are located some distance from the river. The surface water
hydrograph at river node 350 shows a flow increase when the pump is operating, most likely due to increased
return flows. Surface water flows are always greater than the Base Case except during drought periods, when
there are significant declines.

The surface water hydrograph at river node 278 also shows that the GWP Case flows are greater than the
Base Case flows when the pumps are on. However, surface water flows in the GWP Case show a long-term
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decline as the cone of depression at Well C expands to intersect the river and reduce groundwater discharges
to the river.

We can also graph the difference in surface water flow at a reference surface water flow gage, such as
Sacramento River at Freeport (river node 384, column L of the surface water hydrographs worksheets).
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The graph of the difference in surface water flows for the Sacramento River at Freeport shows that river flows
are increased during the months the pumps are operated. Although the pumping rates are constant each year,
the flow increase at Freeport varies each year. This includes flow changes due to several factors, including
increased return flows (as the crop water supply has been increased by 6,000 AF/month) and reduced
groundwater discharges. Flows are higher all year for the first eight years, and then are lower during a portion
of the year for the remainder of the simulation time period. The minimum flow value also declines over time.

Compare Budget Tables

Graphs of project impacts on groundwater heads and stream flows can help us identify the broad impacts of
the project. We can then use the detailed Budget tables to compare differences in individual flow terms to
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gain a better understanding of project impacts. In this section, we will compare GWP Case and Base Case
Budget tables for the Land and Water Use, Root Zone, Groundwater, and Stream Reach Budgets.

This case study involves adding three new groundwater pumps located in model subregions 3, 4 and 5. For the
analysis below, we will focus on subregion 5. These steps can also be repeated for the other subregions.

Compare Land and Water Use Budgets for Subregion 5
We can see the impact of one or more pumps by comparing the Land and Water Use Budget tables for one or
more subregions between the GWP Case and Base Case. Pump B is located in model subregion 5, and we will
compare the Land and Water Use Budget tables for this subregion.

1) Open the two £xce/workbooks Base_Land_and_Water_Budget.xIsx and
GWP_Land_and_Water_Budget.xIsx.

2) Create a new £xce/workbook GWP_Land_and_Water_Compare.xlsx and save it in
GWP_Case Study.

3) Rename the worksheet ‘Sheet1’ to ‘Land Water SR5'.

4) We want to copy the format (dates, column titles, etc) of the Land and Water Use Budget tables to
the worksheet of the new workbook. Go to tab ‘Subregion 5 (DSA 69)" of
GWP_Land_and_Water_Budget.xlsx. Click in the box in the upper left, above row label ‘1" and
to the left of column label ‘A". This will select the entire worksheet. Use <Ctrl-C> to copy the column.

5) Go to tab ‘Land Water SR5' of GWP_Land_and_Water_Compare.xlsx and put the cursor in cell
A1. Use <Ctrl-V> to paste the contents of worksheet ‘Subregion 5 (DSA 69)'.

6) Format the column headers
a) Click on the box with ‘5’ on the left side of the workbook to select the row

b) Use <Ctrl-1> to open the ‘Format Cells' panel

¢) Select the ‘Alignment’ tab

d) Use the drop-down menu under ‘Horizontal’ to select ‘Center’
e) Use the drop-down menu under ‘Vertical’ to select ‘Center’

f)  Check the box next to ‘Wrap text’

g) Click 'OK’ to close the panel
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7) Next we want to replace the values in this worksheet with formulas to calculate the difference
between the GWP Case and Base Case for subregion 5.

a)
b)

)

Place the cursor in cell B6 (to the right of date 10/31/1972) and press ‘=" to start a new formula.
Without hitting return or touching anything else with the cursor, select the ‘View' menu and use
the "Switch Windows' button to choose the GWP_Land_and_Water_Budget.xlsx workbook.
Go to the tab labeled ‘Subregion 5 (DSA 69)".

Place the cursor in cell B6, then hit the <F4> key three times to remove the '$’ signs in the
formula.

Type the minus sign '-'.

Again, without hitting return or touching anything else with the cursor, select the ‘View' menu
and use the ‘Switch Windows' button to choose the Base_Land_and_Water_Budget.xlsx
workbook.

Go to the tab labeled ‘Subregion 5 (DSA 69)".

Place the cursor in cell B6, then hit the <F4> key three times to remove the ‘$’ signs in the
formula.

Hit the <Return> key

The cell formula should be ="/GWP_Land_and_Water_Budget.xlsx/Subregion 5 (DSA 69)°!B6-
[Base_Land_and_Water_Budget.xlsx/Subregion 5 (DSA 69)1B6. The cell value should be close to

Zero.

8) Next, we will copy this formula to all the cells in the budget table.

a)

Place the cursor in cell B6 and then move the cursor over the small black square that appears in
the lower right corner of the cell so the cursor changes to a black plus sign. Double-click on the
black square to copy the formulas down column B to the end of the column.

b) Then use <Ctrl-C> to copy the formulas in this column, <Ctrl><Shift><Right> to select the other

cells in the budget table, and <Ctrl-V> to paste the formula.
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Review the Differences
The Land and Water Use Budget reports the monthly balance between water demand and water supply. We
can visually see the major difference between the Base and GWP cases: The values in column E, which is
labeled ‘Ag. Pumping (+)’, are ‘0.00" for the months of October through May, and ‘2000.01" for the months of
June through August. These values are than repeated each year through 2009. These pumping rates are
reflected in the large negative values in column G, ‘Ag. Shortage’; negative values indicate a surplus. Pumping
adjustment was turned off in the Simulation Control File (KOPTDV is set to ‘00"), so the additional
groundwater pumping means the water supply is greater than the water demand. (The difference between the
Base Case and GWP Case agricultural water demand, the ‘Potential CUAW' in column C, is zero.)

The values in column F, ‘Ag. Diversions (+)’, are also greater than zero in some months. This indicates
differences in surface water diversions between the Base Case and GWP Case. This is most likely occurring
because changes in return flows and stream-aquifer flows in the GWP case have resulted in increases in
stream flows at surface water diversion points where flows were insufficient to satisfy the entire diversion
under the Base Case. The increased return flows therefore lead to increases in surface water diversions.

GWP_Land_and_Water_Compare.xlsx - Microsoft Excel -

o
_’j/‘ Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools Acrobat @ - = X
e 1S (5 g 5] A | ) - (2128 il Q- R [ DO% | E=SLBUD-A-A  u -[Al-
I B6& - J‘a'r| ='[GWP_Land_and_Water_Budget xlsx]Subregion & (DSA 69)'1B&- :
A B @ D E F G H J K i
1 |IWFM (v3.02.0066) (|
2 |LAND AND WATER USE BUDGET IN AC.FT. FOR SUBREGION 5 (DSA 69)
3 /AREA=613755.50 AC
4
5 Time Ag. Area (/ Potential (Ag. SupplyAg. PumpiiAg. Divers Ag. ShortagAg. Re-us¢Urban Are Urban SujUrban F
6 | 10/31/1972 12:00 AMI 0_00! 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
7 | 11/30/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
8 | 12/31/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.l
9 | 01/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
10 | 02/28/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
11 | 03/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
12 | 04/30/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
13 | 05/31/1973 12:00 AM 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0
14 | 06/30/1973 12:00 AM 0.00 0.00 0.00 2000.01 0.00 -2000.01 1930.54 0.00 0.00 0.
15 | 07/31/1973 12:00 AM 0.00 0.00 0.00 2000.01 0.00 -2000.01 1930.54 0.00 0.00 0.
16 | 08/31/1973 12:00 AM 0.00 0.00 0.00 2000.01 19019 -2190.21 211412 0.00 0.00 0.l
17 | 09/30/1973 12:00 AM 0.00 0.00 0.00 0.00 41.29 -41.29 0.00 0.00 0.00 oIS
4 4 » M| Sheetl  Shest2 1 [ il ] B
Ready | [ ||| 100% (=) U Es

Compare Root Zone Budgets for Subregion 5
The Root Zone Budget provides details of the monthly water inflows and outflow of the land surface process.
It shows how changes in water availability affect root-zone water storage, return flows and deep percolation.
We will compare the Base Case and GWP Case Root Zone Budget tables for subregion 5.

1) Open the two £xce/workbooks Base_Root_Zone_Budget.xlsx and
GWP_Root_Zone_Budget.xlsx.

2) Create a new £xce/workbook GWP_Root_Zone_Compare.xlsx and save itin GWP_Case Study.

3) Rename the worksheet ‘Sheet1’ to ‘Root Zone SR5'.

4) We want to copy the format (dates, column titles, etc) of the Groundwater Budget tables to the
worksheet of the new workbook. Go to (for example) tab ‘Subregion 5 (DSA 69)’ of

95



C2VSim Hands-On Tutorial

GWP_Root_Zone_Budget.xlIsx. Click in the box in the upper left, above row label 1" and to the
left of column label ‘A’. This will select the entire worksheet. Use <Ctrl-C> to copy the column.

5) Go to tab ‘Root Zone SR5' of GWP_Root_Zone_Compare.xlsx and put the cursor in cell A1. Use
<Ctrl-V> to paste the contents of worksheet ‘Subregion 5 (DSA 69)".

6) Format the column headers
a) Click on the box with ‘5’ on the left side of the workbook to select the row

b) Use <Ctrl-1> to open the ‘Format Cells' panel

c) Select the ‘Alignment’ tab

d) Use the drop-down menu under ‘Horizontal’ to select ‘Center’
e) Use the drop-down menu under ‘Vertical’ to select ‘Center’

f)  Check the box next to ‘Wrap text’

g) Click 'OK’ to close the panel

7) Next we want to calculate the difference between the GWP Case and Base Case for subregion 5.

a) Place the cursor in cell B5 (to the right of date 10/31/1972) and press ‘=" to start a new formula.

b) Without hitting return or touching anything else with the cursor, select the 'View' menu and use
the "Switch Windows' button to choose the GWP_Root_Zone_Budget.xlsx workbook.

¢) Go to the tab labeled ‘Subregion 5 (DSA 69)".

d) Place the cursor in cell B6, then hit the <F4> key three times to remove the ‘$’ signs in the
formula.

e) Type the minus sign *-".

f)  Again, without hitting return or touching anything else with the cursor, select the 'View' menu
and use the "Switch Windows' button to choose the Base_Root_Zone_Budget.xlsx
workbook.

g) Go to the tab labeled ‘Subregion 5 (DSA 69)'.

h) Place the cursor in cell B6, then hit the <F4> key three times to remove the ‘$’ signs in the
formula.

i) Hit the return key.

The cell formula should be ="/GWP_Root Zone_Budget.xlsx/Subregion 5 (DSA 69)"1B6-
/Base_Root Zone_Budget.xlsx/Subregion 5 (DSA 69)/B6. The cell value should be close to zero.

8) Next, we will copy this formula to all the cells in the budget table.

a) Place the cursor in cell B6 and then move the cursor over the small black square that appears in
the lower right corner of the cell so the cursor changes to a black plus sign. Double-click on the
black square to copy the formulas down column B to the end of the column.

b) Then use <Ctrl-C> to copy the formulas in this column, <Ctrl><Shift><Right> to select the other
cells in the budget table, and <Ctrl-V> to paste the formula.

Review the Differences
Again, we can visually see the major difference between the Base and GWP cases: The values in column E,
labeled ‘Ag. Prime Applied Water’, are ‘0.00' for October 1972 through May 1973, '2000.01' for June and July
1973, '2190.21' for August 1973, and '41.29' for September 1973. The ‘Ag. Prime Applied Water’ value is
equal to the sum of the ‘Ag. Pumping’ and ‘Ag. Diversion’ values from the Land and Water Use Budget. (The
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values in your worksheet may be slightly different, owing to slight differences in the numerical solver solutions
for different computer architectures.)

I.’E’;‘_ GWP_Root_Zone_Comparexlsx - Microsoft Excel -8B X
_&E/‘ Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools Acrobat Q!) - 8 X
= RN A= i G EHE- 22l E i QRO E=E=EZBUH-A-X Ju -[Al-
| B6 - f=| =[GWP_Root_Zone_Budget.xlsx]Subregion 5 (DSA 69)'1B6- |:
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6 | 10/31/1972 12:00 AM| [}.DD! 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
7 | 11/30/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
8 | 12/31/1972 12-:00 AM 0.00 000 0.00 0.00 0.00 0.00 0.00 000 0.00 0.0
9 | 01/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
10 | 02/28/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
11 | 03/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
12 | 04/30/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
13 | 05/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
14 | 06/30/1973 12:00 AM 0.00 0.00 0.00 2000.01 193054 393055 173272 0.00 0.00 267.2
15 | 07/31/1973 12:00 AM 0.00 0.00 0.00 2000.01 193054 3930.55 1732.72 0.00 0.00 267.2
16 | 08/31/1973 12:00 AM 0.00 000 000 219021 211412 430433 189750 000 0.00 2927
17 | 09/30/1973 12:00 AM 0.00 0.00 0.00 41.29 0.00 41.29 0.00 0.00 0.00 4.2
18 | 10/31/1973 12:00 AM 0.00 0.00 9.31 0.00 11.03 11.03 9.90 41.29 0.00 -19.2 %
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Ready | || [@ E1| 1002 =) v i

Column B of the Root Zone Budget lists the agricultural area in acres; this changes every October when the
model reads the land use and crop acreages for the next water year. The difference between the two cases
should always be zero.

Columns C through H provide the water balance above the soil surface for the agricultural area, including
inflows from precipitation and supplies (surface water and groundwater) and outflows to runoff (of
precipitation) and return flow (of applied water).

Columns | through N provide the water balance below the soil surface for the agricultural area. This includes
beginning and ending soil moisture, gains from infiltration (of precipitation and applied water), and losses to
evapotranspiration and deep percolation.

Looking at row 14 of the workbook, we see that in June 1973, an additional 2,000 AF of prime applied water
led to an increase of 1,732 AF in return flows and 267 AF in infiltration. The increase of 267 AF in infiltration
led to an increase of 267 AF in deep percolation, and no change in ending root-zone water storage. The
increase in prime applied water is exactly equal to the sum of return flows and deep percolation.
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Compare Groundwater Budgets for Subregion 5

We can see the impact of the increased pumping on the groundwater aquifer by comparing the Groundwater
Budget tables for one or more subregions between the GWP Case and Base Case. Pump B is located in model
subregion 5, and we can compare the Groundwater Budget tables for the two cases for this subregion.

Open the two £xce/workbooks Base_Groundwater_Budget.xIsx and
GWP_Groundwater_Budget.xIsx.

Create a new £xce/workbook GWP_Groundwater_Compare.xlsx and save it in

GWP_Case Study.

Rename the worksheet ‘Sheet1’ to ‘Groundwater SR5'.

We want to copy the format (dates, column titles, etc) of the Groundwater Budget tables to the
worksheet of the new workbook. Go to (for example) tab ‘Subregion 5 (DSA 69)" of
GWP_Groundwater_Budget.xlsx. Click in the box in the upper left, above row label "1" and to
the left of column label ‘A’. This will select the entire worksheet. Use <Ctrl-C> to copy the column.
Go to tab ‘Groundwater SR5’ of GWP_Groundwater_Compare.xIsx and put the cursor in cell A1.
Use <Ctrl-V> to paste the contents of worksheet ‘Subregion 5 (DSA 69)'.

Format the column headers

a) Click on the box with ‘5’ on the left side of the workbook to select the row

b) Use <Ctrl-1> to open the ‘Format Cells' panel

c) Select the ‘Alignment’ tab

d) Use the drop-down menu under ‘Horizontal’ to select ‘Center’
e) Use the drop-down menu under ‘Vertical’ to select ‘Center’

f)  Check the box next to ‘Wrap text’

g) Click 'OK’ to close the panel

Next we want to calculate the difference between the GWP Case and Base Case for subregion 5.

a) Place the cursor in cell B5 (to the right of date 10/31/1972) and press ‘=" to start a new formula.
b) Without hitting return or touching anything else with the cursor, select the ‘View' menu and use
the "Switch Windows' button to choose the Base_Groundwater_Budget.xlsx workbook.

¢) Go to the tab labeled ‘Subregion 5 (DSA 69)'.

d) Place the cursor in cell B6, then hit the <F4> key three times to remove the ‘$’ signs in the
formula.

e) Type the minus sign '-".

f)  Again, without hitting return or touching anything else with the cursor, select the ‘View’ menu
and use the ‘Switch Windows' button to choose the GWP_Groundwater_Budget.xlIsx
workbook.

g) Go to the tab labeled ‘Subregion 5 (DSA 69)'.

h) Place the cursor in cell B6, then hit the <F4> key three times to remove the '$’ signs in the
formula.

i) Hit the return key.

The cell formula should be ="/GWP_Groundwater_Budget.xlsx/Subregion 5 (DSA 69)'1B6-
/Base_Groundwater_Budget.xlsx/Subregion 5 (DSA 69)°1B6. The cell value should be close to zero.

8) Next, we will copy this formula to all the cells in the budget table.
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a) Place the cursor in cell B6 and then move the cursor over the small black square that appears in
the lower right corner of the cell so the cursor changes to a black plus sign. Double-click on the
black square to copy the formulas down column B to the end of the column.

b) Then use <Ctrl-C> to copy the formulas in this column, <Ctrl><Shift><Right> to select the other
cells in the budget table, and <Ctrl-V> to paste the formula.

Review the Differences
We can visually see the major difference between the Base and GWP cases in this Groundwater Budget table:
The values in the column labeled ‘Pumping (-)" are ‘0.00" for October 1972 through May 1973, '2000.01" for
June through August 1973, and ‘0.00' for September 1973. These values are than repeated each year through
2009. This difference in groundwater pumping rates reflects the 2,000 AF/month pumped from Well B.

We can also trace the impacts of the change in deep percolation noted in the Root Zone Budget comparison
for Subregion 5 above. Water that flows from the root zone to the unsaturated zone is listed in Column B as
‘Deep Percolation’, and is equal to the value in the Root Zone Budget. Water that flows from the unsaturated
zone into the saturated zone is listed in Column E as ‘Net Deep Percolation (+)".

'I:i«., GWP_Groundwater_Compare.xlsx - Microsoft Excel -8Xx
_‘?/ Home Insert Page Layout Formulas Data Review View Developer Add-Ins TWFM Tools Acrobat @ - 7 x
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B6 - fs'r| ='[GWP_Groundwater_Budget xIsx]Subregion 5 (DSA 69)'1B6-'[Base_Groundwater_Budget xlsx]Subregion 5 (DSA 69)'1B6
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1 |IWFM (v3.02.0066) E
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3 AREA=613755.50 AC
4
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. . Beginning Ending ~ Gain from Recharg Boundary Subsiden ce Drain  Pumping £
Time Percolati Percolati from L
Storage (+) Storage (-) Stream (+) e (+) Inflow (+) ce (+) Irrigation Outflow (- (-} C
5 n on (+) Lake (+) +) )
6 10/31/1972 12:00 AMI U.U[}_l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 11/30/11972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8  12/31/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9  01/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 02/28/M1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 03/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 043011973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 05/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 06/30/1973 12:00 AM 267.29 0.00 -1667.87 11.67 241.05 0.00 0.00 0.00 4.04 0.00 0.00 2000.01
15 07/31/1973 12:00 AM 267.29 -1667.87 -3174.63 28.50 350.68 0.00 0.00 0.00 1.72 0.00 0.00 2000.01
16 08/31/1973 12:00 AM 292.71 -3174.63 -4884.12 47.20 97.88 21.61 0.00 0.01 0.79 0.00 0.00 2000.01
17 093011973 12:00 AM 0.00 -4884.12 -4933.00 45.41 -155.89 4.69 0.00 0.00 -3.32 0.00 0.00 0.00
12 10/21/1072 19-00 AM n29 4072 NN _4800 04 47 N1 -A710 nnn non nnn 127 nnn nnn non_ ¥
14 4 » »| Groundwater SRS , Sheet2 7 [ Il ] 0
Ready | |[= O] a00%,(=) U s

When 2,000 AF is removed from the groundwater flow system over a month via pumps, it must be offset by an
equal amount of water inflows or reduced overflows. A small portion of this 2,000 AF is offset by increased
net deep percolation. The rest is offset by changes in stream-aquifer flows, removal of additional water from
groundwater storage, and changes in boundary flows between subregion 5 and adjacent model subregions.
The removal of water from storage also causes a slight increase in land-surface subsidence.

Create a Water Year Summary
We can use the ‘WY-Month’ tool on the ‘IWFM Tools' menu to see the differences between the GWP Case and
the Base Case for each flow term. We will demonstrate this by looking at the changes in stream-aquifer flows,
labeled ‘Gain from Stream (+)’, in column F.
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Under the ‘IWFM Tools" menu, select ‘WY-Month' to open the ‘WY-Month' panel.

1) Place the cursor in the ‘Date Range' area and select the dates from column A, cells A6 to A449.
2) Place the cursor in the ‘Time Series Data Range’ area and select the data values from column F, cells
F6 to F449.

3) Put the cursor in the ‘Output range’ area and select cell S5.
4) In the ‘Unit Conversion’ section, click next to ‘AF’ under ‘Time Series Data’ and ‘AF’' under ‘Table’.

5) At the bottom of the WY-Month panel, click the boxes next to ‘Use 1000 Separator’ and the graphs
for monthly averages and annual totals, and click ‘OK'.

w-toath x|
Date Range: Inundwater SRE1SASE:SAS449
Time Series Data Range: |r0undwater SR5ISFS6:3FS449
Output Range: IGrDundwaier SRE1S556
Unit Conversion

Time Series Data Table

" Hone " Hone

cfs  cfs

@ AF * AF

 TAF  TAF

 MAF  MAF
Decimal Digits: |1
™ Use 1000 Seperator
¥ Include Chart for Monthly Averages
¥ Include Chart for Annual Totals

OK | Cancel |

This will produce a table with the monthly difference in stream-aquifer flows between the two cases for
subregion 5, with the total annual difference in the right-most column. Average, minimum and maximum
values are listed at the bottom of this table.

Two graphs are also produced, to the right of the Water Year-Month table. The top graph shows the average
monthly difference in stream-aquifer flows between the two scenarios. This shows the greatest difference in
the months of June to August when the pumps are operating. Well B is located some distance from the rivers,
and this is reflected in the impact on stream-aquifer flow difference in the months the pump is operating. The
change in stream-aquifer flow averages 500 AF in June and falls to slightly more than 400 AF in August, less
than a quarter of the pumping volume at Well B. Stream-aquifer flows are changed for every month, with the

lowest impact in November.
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Average Monthly Values
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The lower graph shows the annual difference in stream-aquifer flows between the two cases. The flow
difference starts around 500 AF/year in the first year, increases rapidly for 14 years, and then increases at a
slower pace through 2009. The greatest difference occurs in 2007, suggesting that the stream-aquifer flow
difference never reaches equilibrium, and continues to increase even after 37 years.

Total Annual Values
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The average annual difference in stream-aquifer flows is 2,562 AF, less than half of the annual pumping
volume of 6,000 AF. However, in the last ten years, the average stream-aquifer flow difference is
approximately 3,700 AF/year, or 60% of the amount pumped.
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The three pumps we have added are all in the Sacramento River Basin north of the City of Sacramento. We can
see the cumulative impact of the three pumps by comparing the flows of all stream reaches in the Sacramento

C2VSim Hands-On Tutorial

Compare Stream Reach Budgets for Reaches 32 to 67

Valley upstream of the confluence of the Cosumnes and Sacramento rivers. We can use either the C2VSim
ArcGlIS GUI or the Preprocessor CVrivers.dat file to determine the river reaches in the Sacramento River
Basin. The most upstream river reach in the Sacramento River Basin is reach 32, and the Sacramento River
reach upstream of the confluence with the Cosumnes River is reach 67. We will use £xce/to sum the Stream
Reach Budget tables for reaches 32 through 67.

1) Open the two £xce/workbooks Base_Stream_Reach_Budget.xIsx and
GWP_Stream_Reach_Budget.xlsx.

2) Create a new £xce/workbook GWP_Stream_Reach_Compare.xlIsx and save it in directory
GWP_Case Study.

3) Rename the worksheet ‘Sheet1’ to ‘Sac Valley Stream Reaches’.

4) We want to copy the format (dates, column titles, etc) of the Stream Reach Budget tables to the
worksheet of the new workbook. Go to tab ‘Stream reach 75’ of
GWP_Stream_Reach_Budget.xlIsx. Click in the box in the upper left, above row label 1" and to
the left of column label 'A’. This will select the entire worksheet. Use <Ctrl-C> to copy the column.

-’tg:;\- GWP_Stream_Reach_Budget.xlsx - Microsoft Excel -8 X
}E/‘ Home Insert Page Layout Formulas Data Review View Developer Add-Ins TWFM Tools Acrobat @ - = X
HA& & BOlsE00EEE LM |cOB|E==1(8|ju -A-A v |-
| A1 - f=| WFM (v3.02.0066)
A B G D E F G H J K i
1 [IWFM (v3.02.0066) )
2 |STREAM FLOW BUDGET IN AC.FT. FOR REACH 75
3
4 [Time Upstream Downstre: Tributary | Tile Drain Runoff (+) Return FlcGain from Gain from Diversion By-pass
5 | 10/31/1972 12:00 AM  3638.27 0.00 0.00 0.00 0.00 0.00 -2763.29 0.00 0.00 a74.
6 | 11/30/1972 12:00 AM 139.97 0.00 234664 000 5402.04 0.00 -2598.83 0.00 000 5289
T | 12/31/1972 12:00 AM 0.00 000 000 000 67 69 0.00 214 99 000 000 282
8 | 01/31/197312:00 AM  2268.28 0.00 9586.36 0.00 15631.09 0.00 -9030.71 0.00 0.00 18455
9 | 02/28/1973 12:00 AM 64.36 36870 10391.76 000 6454.51 £9.29 -3883.68 0.00 000 12727.
10 | 03/31/1973 12:00 AM  5661.90 880.04 3614.00 000 8501.77 1762.16 -10458.88 0.00 0.00 8200
11 | 04/30/1973 12:00 AM 0.00 803.57 0.00 0.00 0.00 888.78 415.89 0.00 0.00 501
12 | 05/31/1973 12:00 AM  8165.15 769.87 0.00 0.00 0.00 655143 -9853.48 0.00 0.00 4083
13 | 06/30/1973 12:00 AM  19723.32 7291 0.00 0.00 0.00 7976.63 -13222.38 0.00 0.00 13747.
14 | 07/31/1973 12:00 AM 2525642 659.61 0.00 0.00 0.00 2689.34 1391519 0.00 0.00 13371.
15 | 08/31/1973 12:00 AM 21803 84 57585 000 000 000 1067 41 -12924 54 000 000 8370
16 | 09/30/1973 12:00 AM 427916 49787 0.00 0.00 0.00 0.00 296589 0.00 0.00 815,
A7 | 10/31/1973 12:00 AM  2310.26 42651 0.00 0.00 2022 0.00 -1337.97 0.00 0.00 566.
M 4 ¥ W] Steamreach6d .~ Steamreach 70, Streamreach 71~ Streamreach72 . SO . i — 0
Select destination ... | Average:9750.656254 Count: 5787 Min: 2088557403  Max: 373664.9106  Sum: 564539479 | (&80 (| 200% (=) 1) (F)

5) Go to tab ‘Sac Valley Stream Reaches’ of GWP_Stream_Reach_Compare.xlsx and put the cursor
in cell A1. Use <Ctrl-V> to paste the contents of worksheet ‘Stream reach 75'.

6) Incell A2, change the title to 'STREAM FLOW BUDGET IN AC. FT. FOR REACHES 32-67"

7) Format the column headers
a) Click on the box with ‘4’ on the left side of the workbook to select the row

) Use <Ctrl-1> to open the ‘Format Cells’ panel

) Select the "Alignment’ tab

) Use the drop-down menu under ‘Horizontal’ to select ‘Center’

) Use the drop-down menu under ‘Vertical' to select ‘Center’

® O O T
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f)  Check the box next to ‘Wrap text’
g) Click 'OK’ to close the panel
8) Next we want to calculate the difference between the GWP Case and Base Case for all of the river
reaches from 32 to 67 inclusive.
a) Place the cursor in cell B5 (to the right of date 10/31/1972) and press ‘=sum(’ to start the new
formula.
b) Without hitting return or touching anything else with the cursor, select the 'View' menu and use
the "Switch Windows' button to choose the GWP_Stream_Reach_Budget.xlsx workbook.
c) Use the arrow keys in the lower left corner of the £xce/window to navigate to the tab labeled
‘Stream reach 32" and select this tab.
d) Place the cursor in cell B5.
e) Use arrow keys in the lower left corner of the £xce/window > o navigate to the tab
labeled ‘Stream reach 67° and hold down the <Shift> key as you select this tab.
Hit the <F4> key three times to remove the ‘$’ signs in the formula
Type the close parenthesis, the minus sign, and the start of the SUM formula: *)-sum(’.
Again, without hitting return or touching anything else with the cursor, select the ‘View' menu
and use the ‘Switch Windows' button to choose the Base_Stream_Reach_Budget.xlsx
workbook.
i) Use the arrow keys in the lower left corner of the £xce/window to navigate to the tab labeled
‘Stream reach 32" and select this tab.
j)  Place the cursor in cell BS.
k) Use arrow keys in the lower left corner of the £xce/window to navigate to the tab labeled
‘Stream reach 67’ and hold down the <Shift> key as you select this tab.
[) Hit the <F4> key three times to remove the '$’ signs in the formula
m) Type the close parenthesis ‘)’
n) Hit the <Return> key.

=ze =

The cell formula should be =SUM('[GWP_Stream_Reach_Budget.xlsx/Stream reach 32:Stream
reach 67''B5)-SUM([Base_Stream_Reach_Budget.xlsx/Stream reach 32:Stream reach 67'1B5’).
The cell value should be close to zero.

9) Next, we will copy this formula to all the cells in the budget table.

a) Place the cursor in cell B5 and then move the cursor over the small black square that appears in
the lower right corner of the cell so the cursor changes to a black plus sign. Double-click on the
black square to copy the formulas down column B to the end of the column.

b) Then use <Ctrl-C> to copy the formulas in this column, <Ctrl><Shift><Right> to select the other
cells in the budget table, and <Ctrl-V> to paste the formula.
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’6’3\ GWP_Stream_Reach_Compare.xlsx - Microsoft Excel -8B X
_Ey Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools Acrobat '9) - 8 X
HREs BN @800 B8 0@ 0 [COr/=E==780 5 A Kxu AP
| B5 ~( f| =SUM([GWP_Stream_Reach_Budget.xlsx]Stream reach 32:Stream reach 67'1B5)-SUN(
A B C D E F G H I J K
1 |IWFM (v3.02.0066) =
2 |STREAM FLOW BUDGET IN AC.FT. FOR REACHES 32-67
3
Downstrea Gain Gain
Time Upstream m Outflow Tributary Tile Runeff  Return from from Diversio By-pat
Inflow (+) Inflow (+) Drain (+) (+) Flow (+} Groundw n(-) Flow (
4 ) ater (+) Lake (+)
5 | 10/31/1972 12:00 AMI O.DD! 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (
6 | 11/30/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (
7 | 12/31/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (
8 | 01/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (
9 | 02/28/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (
10 | 03/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (
11 | 04/30/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (
12 | 05/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (
13 | 06/30/1973 12:00 AM 7539.38 9343.33 0.00 0.00 000 376624 -1962.29 0.00 0.00 (
14 | 07/31/1973 12:00 AM 6787.31 8295.46 0.00 0.00 000 507286 -1832.35 0.00 1719.21 (
15 | 08/31/1973 12:00 AM 8279.87 10387.91 0.00 0.00 000 396151 -1428.57 0.00 413.21 (
16 | 09/30/1973 12:00 AM 2186.01 2859.62 0.00 0.00 0.00 053 72064 0.00 47.58 (
14 4 b | SacValley Stream Reaches . Sheetd 0 41 oo o Sl — o e
Select destination and press ENTER or choose Paste U@ =] | 100%% @ @ @ -

The cell values should be zeroes for the first few months. They will change to non-zero numbers in June 1973
once the two scenarios are different. (Ignore the columns ‘Upstream Inflow (+)" and ‘Downstream Outflow (-)’,
as these sum differences in inflows to all of the individual river reaches and some values are counted multiple
times.)

Review the Differences
We can use the "WY-Month’ tool on the ‘IWFM Tools" menu to see the differences between the groundwater
pumping case and the base case.

Under the ‘IWFM Tools' menu, select "'WY-Month’ to open the ‘'WY-Month’ panel.

1) Place the cursor in the ‘Date Range’ area and select the dates from column A, cells A5 to A448.

2) Place the cursor in the ‘Time Series Data Range’ area and select the data values from column H, cells
H5 to H448.

3) Put the cursor in the ‘Output range’ area and select cell P5.

4) In the ‘Unit Conversion’ section, click next to 'AF’ under ‘Time Series Data’ and ‘TAF' under ‘Table’.

5) At the bottom of the WY-Month panel, click the boxes next to the graphs for monthly averages and
annual totals, and click ‘OK’".
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i
Date Range: IStream Reaches'|SAS5:SAS448
Time Senes Data Range: Itream Reaches|SHS5:SHE448
Qutput Range: I: Valley Stream Reaches’|SPS5

Unit Caonversion

Time Series Data Table

" None  MNone

 cfs  cfs

< AF AF

 TAF + TAF

 MAF  MAF
Decimal Digits: |1
™ Use 1000 Seperator
¥ Include Chart for Monthly Averages
M Include Chart for Annual Totals

OK | Cancel

This will produce a table with the total monthly difference in gain from groundwater between the two cases
for all of the river reaches in the Sacramento River Basin resulting from operation of the three new
groundwater pumps.

y GWP_Stream_Reach_Compare.xlsx - Microsoft Excel - =X
9 Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools Acrobat @ - a8 X
A8y BG|[AE 0 @ EE SN W QR DO EESIBU S A AN -JAl
| P3 -0 & [
' 0 Pl Q | R | S | T ] U]V ]W. X Y] z | A]AB|A]| AD B

o

L1

4
5 WY Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total
6 1973 0.0 00 0.0 0.0 0o 0.0 00 00 -20 -18 -14 07 45
7
8

1974 0.6 08 05 0.3 0.2 01 01 oo 19 15 18 07T 18
1975 05 0.6 0.4 02 02 01 01 01 -8 17 14 07 21

9 1976 06 05 0.4 03 02 01 0.1 0.1 -2.1 -1.9 -1.86 06 -2.8
10 1977 05 04 04 05 04 03 02 01 -2.1 -20 -18 05 26
11 1978 03 0.3 08 07 05 04 0.3 02 -1.4 -2.3 -1.2 08 -0.5
12 1979 06 06 04 04 0.3 01 01 00 -2.1 -1.8 -1.7 05 26
13 1980 06 05 05 04 0.3 01 0.0 0.0 -2.0 -2.1 1.7 05 29
14 1981 04 0.3 06 03 0.1 01 00 00 -24 -20 -18 04 40
15 1982 09 0.7 0.4 03 0.1 01 0.0 -0.1 -2.1 -1.9 -1.8 05 -3.0
16 1983 07 05 03 0.1 00 00 -0.1 -01 20 =17 -1.7 05 -3.4
17 1984 03 0.4 0.2 0.0 0.0 -01 -0.1 -0.2 2.2 -2.0 -1.86 04 -49
18 1985 04 0.3 02 00 00 -0.1 -0.1 -02 -23 -20 -19 05 52
19 1986 0.4 0.4 0.2 0.1 0.0 -01 -0.1 -0.2 2.2 -1.9 -1.86 02 -4.8
20 1987 01 0.0 00 -0.1 -0.1 -02 -0.2 -02 -22 -20 -18 03 6.4
21 1988 02 02 0.1 0.0 -0.1 -01 -0.2 -0.2 2.3 -2.0 -1.8 03 -59
4 4 » M| SacValley Stream Reaches  * Sheet2 it ol T ]
L [T ===

Two graphs are also produced, to the right of the Water Year-Month table.
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Average Monthly Values
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The top graph shows the average monthly difference in stream gain from groundwater between the two
scenarios. The y-axis is in units of thousand acre-feet per month. Positive values indicate increases in
groundwater flows to streams versus the base case, and negative values indicate reductions in groundwater
flows to streams versus the base case. We can see large reductions in groundwater discharges to streams in
the three months June-August, when the pumps are operating. We also see small increases in groundwater
discharges to streams in September through January, and small decreases in groundwater discharges to
streams in February through May.

The three pumps have a total pumping rate of 6,000 AF/mo for each month from June through August. From
this graph, we can see that the reduction in groundwater discharge to streams is approximately 2,000 AF/mo,
or approximately 33% of the pumping rate.
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Total Annual Values
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The lower graph shows the annual differences in groundwater discharges to streams in the Sacramento River
Basin between the GWP and Base cases. The y-axis is in units of thousand acre-feet per year. Groundwater
discharges to steams are reduced in all years. Over the 37 years of this project, we see a long-term and fairly
steady reduction in groundwater discharges to streams. By the third decade, the annual reduction in
groundwater discharges to streams is approximately 7,000 AF/year, or over one third of the 18,000 AF/year
extracted by the three pumps.

Summary

This scenario demonstrates how we can use the C2VSim model to investigate the complex hydrologic
interactions within the integrated land surface, groundwater and surface water flow system of the Central
Valley. In this scenario, three new wells were added, each pumping 2,000 AF/m for three months, or 6,000
AF/yr. The additional pumping impacts the groundwater aquifer, resulting in changes in groundwater storage
and groundwater discharges to streams. In this simplified example, we did not reduce surface water
diversions, so the increased pumping causes agricultural water supplies to exceed demands. This excess water
ripples through the hydrologic system, affecting return flows, root-zone soil moisture, deep percolation, and
stream flows.

Each of the pumps has some impact on river flows. The pumps are located varying distances from rivers, and
we can see from the surface water hydrographs that the impact of each pump on river flows is affected by the
distance from the river. Operation of pump A, screened in the unconfined aquifer less than a mile from the
Sacramento River, significantly reduces river flows. Operation of pump B, located some distance from the Yuba
River, increases river flows in wet years through increased return flows, and reduces river flows in dry years.
The use of pump C, located in the western Sacramento Valley a significant distance from the Sacramento
River, provides net increases in river flows during summer months, and long-term net decreases in winter
flows.
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These pumps extract a very small water volume, and yet have a noticeable impact on the hydrologic system.
This basic scenario can be modified to investigate the impacts of more realistic operations. For example, the
pumping rates could be increased to 10,000 AF/mo or even 20,000 AF/mo to more closely model the pumping
rates of typical irrigation district operations. The pumps could also be operated only in selected years, for
example only in historically dry hears, to better simulate the effects of groundwater recovery over multiple
years.
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Scenario 2 - ASR: Aquifer Storage and Recovery Example

Description: This is a fictional case study of an aquifer storage and recovery project. A surface water diversion
from the Sacramento River will be increased by 1,000 AF/mo for the six months November through April each
year and the water will be recharged through a recharge basin. For the three months June-August, the surface
water diversion will be decreased by 2,000 AF/mo and a new pump adjacent to the recharge basin will pump
2,000 AF/mo.

This example will show how to modify the Diversion Specification File and Diversion Data File to add a surface
water diversion; how to modify the Well Specification File, Pumping Specification File and Pumping Data File
to add a new well; and how to analyze simulation results. We will modify diversion #27 at River Node 282 on
the Sacramento River north of Colusa, which delivers water to Subregion 3 for agricultural use. An additional
1,000 AF/mo will be diverted each month from November through April (6 months = 6,000 AF) and will be
recharged in element #206, west of the Sacramento River. The diversion volume will be reduced by 2,000
AF/mo for June through August, so the annual diversion volume will remain constant. We will assume the
winter diversion has evaporative losses of 5% and that 95% of the diverted water is recharged in the recharge
basin. A pump will be placed near the recharge basin, and 2,000 AF/mo will be pumped for agricultural use in
the months June through August.

Initial Steps

The first steps are to set up the project folders, and identify the coordinates of the new pumping wells and
nearby river nodes.

Set up the project folders

The first step is to create folders for the aquifer storage and recovery scenario and the unmodified base case.

1) Create a folder in a convenient place (such as the top directory of the D: drive) called
ASR Case Study. This folder will hold subfolders with two versions of the model — one for the case
study and one for the unmodified base case.

2) Copy the folder C2VSim CG 1972IC R369 into the folder ASR Case Study and rename it
ASR_Case. The C2VSim files in this folder will be modified to represent the scenario.

3) Copy the folder C2VSim CG 1972IC R369 into the folder ASR Case Study again, and rename it
Base Case. Only the C2VSim ‘CVprint.dat’ file in this folder will be modified.
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=il
‘@(_)v @| . = Computer - Local Disk (D:) ~ ASR_Case_Study ~ Base_Case - w ml Search B... \ﬂ

File Edit WView Tools Help

Organize * Indudeinlbrary *  Sharewith v Burn  New folder 4=z = m I@I
[ [ ASR_Case_Study ;I Mame “ Date modified | Type
[ . ASR_Case
bin J bin 1172013 11:48 AM File folder
| Budget . Budget 1/17/2013 11:48 AM File folder
) Excel J Excel 1/17/2013 11:48 AM  File folder
| Preprocessor | Preprocessor 1/17/2013 11:48 AM  File folder
! Results | Results 1/17/2013 11:43 AM  File folder
b Simuiation | Simulation 1/17/2013 11:48 AM  File folder
, Z-Budget
. Z-Budget 1/17/2013 11:48 AM File folder
= . Base_Case )
bin Run_CZ\-'Sim.bat 11/15/2012 3:13FPM Windows Batch File
. Budget
) Excel
. Preprocessaor
) Results
J Simulation
J Z-Budget LI | | LI

Find the location of the recharge basin and pumping well using ArcMap

Next, we will use the feature classes in a C2VSim geodatabase to locate the recharge basin and pumping well.
We know the recharge basin will be in element 206, and the well will be inside the same model element. We
can use ArcMap to find element 206, and then find the latitude and longitude of the well within this element.

Double-click on the ArcMap project file C2VSim_CG_19721C_R369.mxd to open it, if it is not already open.
Right-click on ‘Element’ in the ‘Table of Contents’ pane and select ‘Open Attribute Table'.

Use the ‘Element_ID’ column to find the row that contains element 206 and left-click in the gray box on the
left end of the row to select the row.

S 1% BREE X
OBJECTID* | Shape* | Element D | Shape_Length | Shape_Area| |
203 [Polygen 202 0.187859|  0.001758
204 | Folygen 203 0184158 0002274
205 |Folygen 204 0.178118| _ 0.001851
208 |Folygen 205 0224679  0.002008
» 207] Polygen 208 0.25031 0.003261
208 |Folygen 207 0.242045|  0.003814
203 |Folygen 208 0.230517 0.00325
210 |Folygen 208 0.19825| 0002335
211 |Folygen 210 0241873  0.003259 J
212 |Polygon 211 0.201759 0.00184
213 | Folygen 212 0157316  0.001048
214 |Folygen 213 0232458  0.002625
215 |Folygen 214 0217957 0.002649

Right-click in the gray box with the black triangle on the left end of the row, and select "Zoom to selected'.
ArcMap will center the window on element 206.
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& C2vsim_CG_19721C_R367.mxd - ArcMap - ArcInfo i |EI|£|
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The figure above shows the ArcMap window with one possible location for the ASR well, labeled ‘ASR’. The
cursor (which does not appear in the figure) is over this well, and the latitude and longitude are visible in the
lower right. Note the subregion number in red, element boundaries and numbers in grey, river nodes and river
node numbers in dark blue, and river reaches and river reach numbers in light blue.

Use the mouse to find the latitude and longitude of a well located near the center of the element. The latitude
and longitude of the pointer appear in the lower right-hand corner of the ArcMap window. Write the latitude
and longitude in the table.

Well Latitude Longitude

When you are finished, your table should be similar to this:

Well Latitude Longitude
ASR 39.37 -122.06

Find the well coordinates in UTM zone 10

We need to enter the well coordinates into the C2VSim model using the UTM zone 10N coordinate system.
However, the feature classes in this map document are not projected; that is, they are described in decimal
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degrees of latitude and longitude. We need to convert the latitude-longitude coordinates to UTM zone 10N
northing and easting coordinates.

The file Tools.zip contains an £xce/workbook utmconversions.xls, developed by Steve Dutch at the
University of Wisconsin at Green Bay. This workbook is also available at
http://www.uwgb.edu/dutchs/usefuldata/utmconversions1.xls. With this workbook, we can convert the well
coordinates to the format required by the C2VSim model.

Open the utmconversions.xls workbook and choose the tab ‘Main Page’. The top section, in red and pink,
will convert latitude and longitude to UTM coordinates. The middle section, in yellow, will convert UTM
coordinates to latitude and longitude.

Use this workbook to determine the UTM 10N coordinates of your well. Compare these to the coordinates of
the ASR well.

Well Latitude Longitude Easting Northing

ASR 39.37 -122.06 580971 4358258

Modify C2VSim for the Case Study

This section shows how to change the C2VSim input files to model the case study. First, the Preprocessor files

will be modified, and the Preprocessor program will be run. Next, the Simulation files will be modified and the
Simulation program will be run. Finally, groundwater and surface water hydrographs and Budget output tables
will be imported to £xce/workbooks and analyzed.

Modify the C2VSim Preprocessor Files

We need to add the coordinates and screen interval of the new well to the Preprocessor Well Data File. Make
the following modifications to the files in the folder ASR_Case Study\ASR Case\Preprocessor:

Modify the main Preprocessor Control File
1) Rename the Preprocessor Control File CVpreproc.in to CVpreproc_ASR.in
2) Open the file CVpreproc_ASR.in in 7extPad
a) Add a comment line describing the project
b) Change the title line to describe the project

Leave this file open in 7extPad while we work on the Preprocessor Well Data File.
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E‘:‘ TextPad - D:\ASR_Case_Study\ASR_Case\Preprocessor\CVpreproc_ASR.in = IEIILI
J File Edit Search View Tools Macros Configure Window Help |
[DsdBERE| s BBoEF 20| LR ew ).

CVpreproc_ASR.in I -

X

1276:C -]
1350C Project: C2VSIM: California Central Valley Groundwater-Surface Water Simulation Model _I
1450C Filename: CVpreproc ASR.in

1 C Version: R368 2013.01.30

1 C

1 C Arguifer Storage and Recovery Case Study

1 C

e ad R T T T e T T T T T T T T T LI
SEOOC ARRRRRRRRRRRRRRRRRRRRR ;I
& Workshop ASR Case Study

=) Central Valley, California _I
58 Preprocessor v.R368 2013.01.30

SO kR RRRRRRRRRRRRRRRRRR -
14 | _>|_/|

| 61 | 46 |Read ’F Blodk |Sync ’E Caps g

Add the new pumping well to the Preprocessor Well Data File

We need to add the well to the Preprocessor Well Data File. We will use the Easting value calculated above as
the X value and the Northing value as the Y value. PERFTOP and PERFBOT are the altitude in feet of the top
and bottom of the screened interval. When you add a real well to the model, you will usually use well logs to

determine the screen interval. For this exercise we are using a fictitious well, so the screen interval is

arbitrarily chosen. The well radius has no significant impact on the simulation results for this model because

the element width is much larger than the well radius, so RWELL is set to 1.

1) Rename the Well Data File CVWells.dat to CVWells_ASR.dat
2) Open CVWells_ASR.dat in 7extPad
a) Add a comment line describing the project
b) Increase the value of NWELL by 1 from 133 to 134
¢) Add one line at the bottom of the file with the well descriptions:

WelllD X Y RWELL  PERFTOP PERFBOT Comment

134 580971 4358258 1 -250 -350 | ASR Extraction Well

3) Save and close the file

113



C2VSim Hands-On Tutorial

< =[5

J File Edit Search View Tools Macros Configure \Window Help |

Iosd BSRE s RRoe 20]QY 4R RLH] ene .

CVWells_ASR.dat | -
63500C -]
54T VALUE DESCRIPTICH

ST

BT 133 / NWELL

&7 134 / HWELL #% Add one ASR well

68 3.2808 / FACTCX

69 1.0 / FACTRW J
T 1.0 / FACTLT

T LT

T2 o e e e e e e e e e e e e e e e e e e e o e e e e e e e e o e e e e e e e e e e e e e o e o e e e e e e e e e e e e e e e e e e e e

T3C

TaxC ID: Well identification number

TS XWELL, YWELL; ¥-¥ coordinates for each well: (L)

Tl RWELL; Well diameter; (L)

TTHAC PERFT,PERFB; Elevations of the top and bottom perforations; (L)

8T

T 2T

20T ID XWELL YWELL RWELL PERFICP PERFECT

210C LI

213 132 8644960 3921620 1 100 0 / Bakersfield ;I

214 133 853740 3913770 1 100 0 / Bakersfield

215 134 580971 4358258 1 —-250 -350 / ** BSR well

216 Jj
Kl | H s

|File: cvwiells_ASR.dat, 12421 bytes, 215 Ines, PC, ANSI 210 | 46 [Read |owr [Block [Sync [Rec [caps 4

Make changes to file CVpreproc ASR.in
Once the CVWells_ASR.dat file has been changed, the names of the input and output files in the
Preprocessor Control File have to be changed.

—_

Change file name CVWells.dat to CVWells_ASR.dat
Change file name Cvpreout.bin to CVpreout_ASR.bin
Change file name Cvpreproc.in to CVpreproc_ASR.in
Save and close the file

B W N
= = — ~—

. TextPad - D:\ASR_Case_Study\ASR_Case\|Preprocessor\CVpreproc_ASR.in — IEllil

e Edit Search View Tools Macos Configure Window Help |

2
J

il
NedHgeRBE tERlo==2a @y 4R @R e ».

CVWells_ASR.dat CVpreproc_ASR.in | - X
~a C j
75 C FILE NAME UNHIT DESCRIFTION
T8 C
T7 Cvpreout ARSR.bin / 4: BINARY CUIPUT FCR SIMULATICN (CUTPUI, REQUIREL
78 Cvpreproc_ASR.in / 5: CONTRCL INPUT FILE (INPUT, REQUIRED)

79 / &: *** (Not used in this wversion) *#**

0 CVelement.dat / T: ELEMENT CONFIGURATICN FILE (INPUT, REQUIRED)
CVnode.dat / 8: NODE X-Y COCRDINATE FILE (INPUT, REQUIRED))
CVatrat.dat / 9: STRATIGRAPHIC DATA FILE (INPUT, REQUIRED)) J
CVrivers.dat /10: STRERM GECMETRIC DATA FILE (INPUT, OPTIONAL)
CVlake.dat /11: LAKE DATAR FILE (INPUT, OPTIONAL)

CVWells ASR.dat f12: WELL DATA FILE (INPUT, OPTICONAL)
CWcharac.dat /13: ELEMENT CHARACTERISTIC DATER FILE (INEUT, R]EQUIR]EID]v
~

sty

| 61 | 46 |Read m Blodk |Sync ’E Caps g

114



C2VSim Hands-On Tutorial

Modify the Preprocessor Batch File
The command to run the Preprocessor program is “PreProcessor3_02.exe CVpreproc_ASR.in". We generally
recommend using a batch file to run the IWFM programs. A batch file is provided, but we have to change the
name of the Preprocessor Control File before we can use it.

1) Open the file Run_Preprocessor.bat in 7extPad
2) Change the Preprocessor Control File name in Run_Preprocessor.bat to CVpreproc_ASR.in
3) Save and close the file

E—‘;TextPad - :\ASR_Case_Study\ASR_Case\Preprocessor\Run_Preprocessor.bat _IEIIiI

File Edit Search View Tools Macros Configure Window Help

|
lnzdgspEli2elac|==29]0y 4@ @GR e .

Run_Preprocessor.bat X I CVWeIIs_ASR.datl CVpreproc_ASR.in |

. .\bin\PreProcessor3_02.exe CVpreproc ASR.in j
2 pause‘

d P

Run the C2VSim Preprocessor Program

Now we can run the Preprocessor:
1) Double-click on the file Run_Preprocessor.bat

The Preprocessor program should run to completion in a few seconds. It creates two files,
PreprocessorMessages.out and CVpreout_ASR.bin.

Review the Preprocessor results
Open the file PreprocessorMessages.out in 7ex/Pad and review it. The new well appears in the last two
tables, the ‘Well Inventory’ and the list of ‘Adjustment Coefficients for Partial Well Penetration’.

The ‘Well Inventory’ table repeats the X and Y coordinates from the Well Data File. It is generally good
practice to review this information to assure it is correct. This table also lists the element and subregion each
well is in. Compare these to the element and subregion we determined using ArcMap. The numbers to the
right in parentheses indicate how the pumping volume will be apportioned between the nodes of each
element.

The ‘Adjustment Coefficients for Partial Well Penetration’ table lists the element and how the pumping volume
will be apportioned to model layers. These numbers generally do not add up to 1.0, and can be adjusted by
changing the well perforation interval.
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€. TextPad - D:\ASR_Case_Study\ASR_Case\Preprocessor\PreprocessorMessages.out - 1ol =l
J File Edit Search View Tools Macros Configure \Window Help |
InEHBEsRE B2eaca==290% 4R ECH]| eue ».

PreprocessorMessages.out XI - X
4202 131 2825552.5 12882573.0 1324 21 (1314 0.49) (1317 0.12) (1315 0.39) ;I
132 2838120.4 12866050.9 1325 21 (1317 ©0.26) (1327 0.26) (1328 0.24) (1315 0.24)

133 2820635.0 12859981.4 1328 21 (1317 ©0.30) (1326 0.34) (1327 0.38)
134 1906049.7  14298572.8 206 3 { 214 0.30)( 218 0.17}{ 220 0.19}({ 221 0.33} o
P =
5041 131 1324 0.227 0.000 0.000 ;I
13z 1325 0.286 0.000 0.000
133 1328 0.310 0.000 0.000
134 206 0.000 0.478 0.000
R R R R R R R R R R R R R R R R R R R R R AR R R KRR AR R RR AR R AR R RA R
TOTRL RUM TIME: 0O.&03 SECCHDS
o o R o R R o R R o R R o o R o R R R o R o o R o R il
| vl

5049 ’_l Read W Block |Sync ’E

f]

Caps

4

Trouble-shooting the Preprocessor program

If the Preprocessor program does not run to completion, there is probably a typo in one of the modified input
files. First, see if the program prints out an error message that points to the error. For example, (a) the file
name in CVpreproc_ASR.in may not be the same as the actual file name, (b) there may be an extra blank
line in one of the modified files, or (c) there may be missing or extra characters in one of the modified files.

Check your work and see if you can find and fix the error.

If you can't find the reason the program fails, you can use the ‘Compare files’ tool in 7extPad'to compare each
of your modified files to the files in the folder ASR_Example Complete\ASR Case\Preprocessor. Once you find

and fix the error, the Preprocessor program will run to completion.
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Modify the C2VSim Simulation Files

Next, we will change the Simulation program input files to incorporate the new pump, a new surface water
diversion, and changes to an existing surface water diversion. This will involve changing the Simulation
Control File, Pumping Specification File, Pumping Data File, Diversion Specification File, Diversion Data File
and Print Specification File.

Make the following modifications to the files in the folder ASR _Case Study\ASR Case\Simulation:

Modify the Simulation Control File
1) Rename the Simulation Control File CVsim.in to CVsim_ASR.in
2) Open the CVsim_ASR.in with 7extPad
a) Add a comment line describing the project
b) Change the title line to describe the project

¢) Change the name of the Preprocessor output file to CVpreout_ASR.bin, the file created above
with the Preprocessor.

€. TextPad - D:\ASR_Case_Study\ASR_Case)\Simulation\CVsim_ASR.in =13l
J File Edit Search View Tools Macros Configure Window Help ‘
oW B8RE| BB ==E2900 HR®REH] e ».

CVsim_ASR.in X | - X

1204C s
Project : California Central Valley Groundwater-Surface Water Simunlation Model (CZVSim]_J
Filename: CWVsim ASR.in

Version: R368 2013.01.30

Arguifer Storage and Recovery Case Study

aonOoOoo0non

g]

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Workshop ASR Case Study
Central Valley, California
Simulation wv.R368 2013.01.30

Modify the Pumping Specification File

One new well was added in the Preprocessor Well Data File. We use the Pumping Specification File to say how
this well will be used.

1) Rename the Pumping Specification File from CVPuSp.dat to CVPuSp_ASR.dat
2) Open CVPuSp_ASR.dat with 7extPad

a) Add a comment line describing the project

b) Add the new pump to the Pumping Specification File

The top section of the Pumping Specification File holds information on the wells specified in the
Preprocessor Well Data File. This includes which column of the Pumping Data File holds the

pumping volumes for each well, and which land use type and subregion the water is supplied to.
We will add one row for the new well.
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The first item in each row is the well ID number from the Preprocessor Well Data File.

The second item is the column of the Pumping Data File associated with each well. We will
place the pumping rate for the new pump in a new data column in the Pumping Data File.
The original Pumping Data File has 42 columns of data, so we will use column 43 for the new
pump. The ICOLWL value is 43 for the new well.

The third item specifies the land use type the water is delivered to. This is specified by listing
the appropriate column of the Irrigation Fraction Data File. In the Irrigation Fraction data file
CVirFr.dat, column 22 is to deliver 100% to urban use, and column 23 is to deliver 100% to
agricultural use. The water from the new pump will all go to agricultural use, so the
ICFIRIWGL value is 23.

The fourth item specifies the percentage of the pumping value to be extracted from this well.
FRACWL is 1 (or 100%).

The fifth item specifies the subregion the water will be delivered to. The water will be used
within the subregion the well is in, so we can set IRGWL to *-1'.

The last three items specify whether the pumping rates will be automatically adjusted at run-
time. We do not want to adjust the pumping rates, so we set ICADJWL to zero. We also have
to specify values for the last two items (which will be ignored by the program if ICADJWL is
zero). We will copy values from the second and fourth columns. We set the data column
containing the maximum pumping rate (ICWLMAX) to the data column containing the
specified pumping rate (ICOLWL) and the fraction (FWLMAX) to the specified pumping
fraction (FWLMAX).

3) Save and close the file CVPuSp_ASR.dat

The final values are:

ID ICOLWL ICFIRIWGL FRACWL IRGWL ICADJWL ICWLMAX FWLMAX

134 43 23 1 -1 0 43 1

And when this is entered in the file it looks like this:

€ TextPad - D:\ASR_Case_Study\ASR_Case\Simulation\CVPuSp_ASR.dat o ] 4
J File Edit Search View Tools Macros Configure Window Help |
Jlozd|esREltmeloc|==a2 9@y 4R G m ene » .
CvPusp_AsRdat x| - x
SEC -
S8 C ID ICOLWL ICFIRIGWL FRACWL IRGHWL ICADJWL ICWLMAX FWLMAX
c =l
232 13z 22 0.3243 -1 1 42 0.4865 ;I
233 133 42 22 0.3243 -1 1 42 0.4865 _I
234 134 43 23 1 -1 1] 43 1
235 C
DEE R R R R R R R R R R R R R R R A R R R R A R R R R R R R A R R R R R R R R R R R R R R R -
|41 | H 4
|F|Ie: CVPuSp_ASR.dat, 74068 bytes, 1655 lines, PC, ANSI 239 2 |Read |Ovr |Block |Sync [Rec |Caps g4
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Modify the Pumping Data File
We need to modify the Pumping Data File by adding a data column for the new pump.

We will add the new pumping rates to the Pumping Data File in three steps. First, we will copy the pumping
rates from the Pumping Data File to £xce/ The pumping data is tab-delimited, and will be automatically
parsed to columns in the worksheet. Next, we will add three new data columns corresponding to the three
new wells. Finally, we will copy the modified pumping values from Exce/and paste them into the Pumping
Data File, replacing the old rates. The data from £xce/is pasted as tab-delimited text.

1) Rename the Pumping Data File CVpump.dat to CVpump_ASR.dat
2) Open the file CVpump_ASR.dat with 7extPad
a) Add a comment line describing the project
b) Increase the value of NCOLPUMP by one from 42 to 43
3) Place your cursor in the left-most position of the row with ‘C Column’ (near row 102).
4) Select everything from here to the end of the file (You can hold down the <Shift> and <Ctrl> keys
together and press the <End> key)
5) Cut this text <Ctrl-X>
6) Open anew £xce/workbook
7) In Excet
a) Putthe cursor in cell A1 of the first worksheet ‘Sheet1’ and paste the pumping data <Ctrl-V>
) Put the cursor in cell B4 and freeze panes with date and header showing
) Locate worksheet column AR (data column 43) and color yellow
d) Add scenario pumping rates for water year 1922 in cells AR4 through AR15. We use negative
rates to represent groundwater withdrawals from the aquifer.
i.  Type ‘0" in the rows for October-May (AR4-AR11)
ii.  Type '-2"in the rows for June-August (AR12-AR14)
ii.  Type '0"in the row for September (AR15)
e) Place the cursor in cell AR16 and type the formula ‘=AR4' then hit <Return>
f)  Copy this cell to all cells in the block between AR16 and AR1059. This will copy the pumping
rates for each month of water year 1922 to the same month of each water year from 1923 to
2009
g) Copy everything from £xce/by placing the cursor in cell A1, then holding down both the
<Shift>and <Ctrl> keys as you press <Right arrow> and then <Down arrow> to select all of the
data, then <Ctrl-C>
h) Switch to CVpump_ASR.dat in 7extPad. Your cursor should still be at line 102.
i) Paste all of the pumping data with <Ctrl-V>
8) Save and close the file CVpump_ASR.dat

oo

Modify the Diversion Data File
The Diversion Data File CVDiversions.dat has 265 data columns. Columns 1-246 hold diversion rates for
diversion 1-246, columns 247-250 are not used (all data is zeroes), columns 251-262 hold bypass rates for
bypasses 1-12, columns 263-264 are not used (all data zeroes), and column 265 holds a flag '-99.0' that is
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read when surface water rates are automatically adjusted. We can place the modified diversion rates in the
unused data columns 247 and 248.

We will modify the diversion rates for the existing diversion #27, and split it into two new diversion data
columns #247 and #248. Column #247 will hold the diversion rates for the new aquifer storage area, 1,000
AF/mo for November-April. Column #248 will hold the old diversion rates, reduced by 2,000 AF/mo for the
months June-August.

1)
2)

Rename the Diversion Data File from CVDiversions.dat to CVDiversions_ASR.dat
Open CVDiversions_ASR.dat with 7extPad
Place the cursor in the left-most position of the row that begins 'C Diversion No." (near row 375)
Select everything from here to the end of the file (You can hold down the <Shift> and <Ctrl> keys
together and press the <End> key)
Cut this text <Ctrl-X>
Open a new £xce/workbook
In Excelt
a) Putthe cursor in cell A1 and paste the diversion rates <Ctrl-V>
b) Put the cursor in cell B4 and freeze panes with date and header showing
¢) Locate worksheet columns IN and |0 (data columns 247 and 248) and color yellow
d) Add the ASR diversions for water year 1922 to worksheet column IN
i.  Type ‘0" in the cell for October (IN4)
ii.  Type '1"in the cells for November-April (IN5-IN10)
ii.  Type ‘0" in the cells for May-September (IN11-IN15)
iv.  Type the formula '=IN4’ in cell IN16, then hit <Return>
v.  Copy this cell to the bottom of column IN. This will copy the diversion rates for each month
of water year 1922 to the same month of each water year from 1923 to 2009.
e) Place the modified diversion 27 values in worksheet column 10. These values will the original
diversion less 2,000 AF for June through August, and the original diversion for all other months.
We can use a complex Exce/equation to do this.
i.  The data for diversion 27 is in column AB. Place the cursor in cell 04, type the formula
‘=IF(AND(MONTH(A4)>5,MONTH(A4)<9),MAX(AB12-2,0),AB12)’, and press <Return>
e The function ‘'MONTH(A4)' returns an integer value for the month of the date in cell A4.
For example, if the value in cell A4 is ‘“10/31/1921’, then the formula returns the value
“10'
e The function AND(MONTH(A4)>5,MONTH(A4)<9) returns ‘1" if the month is 6, 7 or 8
(June — August)
e The IF function uses the equation MAX(AB12-2,0) if the AND returns “1’, otherwise it
uses ‘AB12’. In other words, it returns the original diversion minus 2,000 AF in June —
August, and the original diversion in all other months. (The rates are in thousand acre-
feet, so ‘2’ represents 2,000 AF. We use the ‘maximum’ formula so we do not divert at a
negative rate if the original diversion rate is less than 2,000 AF/mo.)
ii.  Copy this cell to the bottom of column I0.
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f)  Copy everything from £xcel. Select all the data in the worksheet by placing the cursor in cell A1,
then holding down the <Shift>and <Ctrl> keys while you press the <Right arrow> key and then
the <Down arrow> key, then press <Ctrl-C>

g) Switch to CVDiversions_ASR.dat in 7extPad.

h) Paste all of the diversion data <Ctrl-V>

8) Save and close the file CVDiversions_ASR.dat

Modify the Diversion Specification File

We will modify the specification for diversion #27 to link it to the modified diversion data in column #247 of
the Diversion Data File. We will also add a new surface water surface water diversion that links the data in
column #248 of the Diversion Data File to deliveries to a recharge basin. To accomplish this we will make
some changes to the Diversion Specification File.

The first change will be to add a new diversion #247. The second change will be to change the diversion data
column of diversion #27 to point to the new data column in the Diversion Data File that holds the modified
rates for diversion #27. The third change will be to add the recharge zone for the new diversion.

1) Rename the Diversion Specification File from CVDivSpec.dat to CVDivSpec_ASR.dat
2) Open CVDivSpec_ASR.dat with 7extPad

a) Add a comment line describing the project

b) We will add one diversion, so increase the value of NRDV from 246 to 247

¢) Add the new aquifer storage diversion #247, pointing to diversion data column 247

i.
ii.
iii.
iv.
V.
vi.
vii.

viii.

Find diversion number 27, near row 237

Copy the four lines of diversion 27, including the comment lines

Scroll down to diversion number 246, near row 1334.

Place the cursor below the last line of diversion 246 and paste

Change the comment to describe the ASR diversion

Change the diversion ID from ‘27’ to ‘247"

Change ICOLRL from ‘27" to ‘247" and FRACRL to ‘0.95". This means the recoverable loss
(ASR recharge) will be 95% of the value in column 247 of the Diversion Data File.

Change ICOLNL from ‘27" to ‘247" and FRACNL to ‘0.05". This means the non-recoverable
loss (evaporation loss) will be 5% of the value in column 247 of the Diversion Data File.
Change ICOLDL from ‘27" to ‘247" and FRACDL to ‘0.00". This means the water delivery will
be 0% of the value in column 247 of the Diversion Data File, or no water will be delivered.
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€. TextPad - D:\ASR_Case_Study\ASR_Case\Simulation\CVdivspec_ASR.dat i =] 5
J File Edit Search View Tools Macros Configure \Window Help

DEHASRE| s BBo=Z 2| HRIRCH] en ).

Cvdivspec_ASR.dat XI - X
100XC:
101%3%»C Description
102C ID IRDV ICDVMAX FDVMAX ICCLRL FRACRL ICCLNL FRACNL HNDLDV IRGDL ICCLDL FRACDL ICFS
10350C

1332 € Tule River to Friant-Kern Canal

C

246 iz 283 1 246 0.00 246 0.00 1 [+] 246 1.00 23

C Sacramento River diversions to Subregion 3 for Ag - for ASR recharge in element 206
C

247 247 0.85 247 0.05 1 3 247 0.00 23

Y]
[N
o
w
=

L4l | 1
|For Help, press F1 239 84 |Read E Block |Sync ’E Caps g

d) Modify diversion #27 to point to column 248 of the Diversion Data File
i.  Find diversion number 27, near row 237

ii.  Copy the line and paste the copy below the existing line

ii.  Putan asterisk "*" in the first character of the top copy to comment it out. This allows us to
keep a copy of the original diversion specification in the file for future reference.

iv.  In the bottom copy, change the value of each of the items ICOLRL, ICOLNL and ICOLDL from
27" to '248’. This makes the recoverable loss rate, non-recoverable loss rate and diversion
rate all come from column 248 of the Diversion Data File.

€. TextPad - D:\ASR_Case_Study\ASR_Case\Simulation\CVdivspec_ASR.dat o ] 4
J File Edit Search View Tools Macros Configure Window Help ‘
RECIEEEE R R EE ER I E T
Cvdivspec_ASR.dat XI - X
1 C -
10134:C Description
102xC ID IRDV ICDVMAEX FDVMAX ICCLRL FRACRL ICOLNL FRACNL NDLDV IRGDL ICCLDL FRACDL ICFS:
103%5C =]
232 28 28l 285 1 28 0.03 28 0.02 1 3 28 0.395 23 ;I
233 C
T S . -
235 C BSacramento River diversions to Subregion 3 for Ag
236 C
237 * 27 282 285 1 27 0.10 27 0.02 1 3 27 0.88 23
238 * modified for ASR
239 27 282 265 1 248 0.10 248 0.02 1 3 248 0.88 23
24 f C
oo -
I<I | oW
| 235 84 |Read [Ovr |Block |Sync |Rec [Caps 2z

e) Add the recharge zone for new aquifer storage diversion #247

i.  Find the lines that hold the recharge zone definition for diversion #246 (near line 3802 of this
file)

ii.  Copy the four lines of the diversion #246 recharge zone definition, and paste them below the
diversion #246 definition

ii.  Modify the definition to represent the recharge zone of ASR diversion #247
= Change the comment field to describe the ASR diversion
= Change the diversion ID to ‘247’
= Specify 1 element (NRELS = ‘1), element number 206 (IERELS = ‘206"), and this element

receives all of the recharge (any number is OK, but it is clearest to use FERELS = "1’)
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f) Save the file CVdivspec_ASR.dat

€. TextPad - D:\ASR_Case_Study\ASR_Case\Simulation\Cvdivspec_ASR.dat 1ol =l
J File Edit Search View Tools Macros Configure \Window Help |
lnzHgarE i2eloc|==la 92y 4@t R o ».
Cvdivspec_ASR.dat XI - X
— = d
C ID HERELS IERELS FERELS J
1 C |
1 Cmm === = = m e m e e e e e e e e e e e e e e e m e m mm - — - - - -]
C Tule River diversions to Friant-Kern Canal
C
246 [+] [+] [+]
o
C #* ASR diversion
C
247 1 206 1 _I
[T e e B e e B e B B R e BB e B B B R B B e B B R e B B R e B R R R B R R R R B R R R R BB R R R R R R R R -
| H o4
| 3811 54 |Read |Owr [Block [Sync |Rec |Caps g

Modify the Print Specification File

The Print Specification File lists the locations of the hydrographs that are printed when the model runs. We will
add one groundwater hydrograph and one surface water hydrograph to this file.

—_

Rename the Print Specification File CVprint.dat to CVprint_ASR.dat

Open CVprint_ASR.dat with 7extPad

Add a comment line describing the project

Add one new groundwater hydrograph at the same location as the new pumping well

a) Increase the value of NOUTH by 1 from 1387 to 1388

b) Add the location of the new well in a new row. The first item in each row is IOUTHL, the model
layer for the hydrograph (1 for the water table), the second item is the X coordinate and the third
item is the Y coordinate. (You can optionally add an ID and the element number as comments.)

B W N
= = — ~—

€. TextPad - D:\ASR_Case_Study\ASR_Case\Simulation\CVprint_ASR.dat

< =10l x|
J File Edit Search View Tools Macros Configure Window Help |
lozd askEl i Belocs=loa2Y 4@ @R e > .
Cvprint_ASR.dat X | - x
s C -]
63 C VALUE DESCRIFTICH _I
0 C
1 C 1387 / NOUTH
T2 1388 / NOUTH
T3 3.2808 / FRCT
c -
1471 3 582087 4384622 Ve_L3 A 1381 ;I
1472 2 565743 4386253 VT_L2 A 1382
1473 2 597351 4398364 ve_Lz2 A 1384
1474 2 563212 4431603 vo_Lz2 A 1386
1475 1 580971 4358258 ASE_Well A 206 —I
147655C _|LI
[+ | Bz
1 1 |Read |Ovr |Block (Sync [Rec [Caps gz
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5) Add one new surface water hydrograph below the diversion point. Using ArcMap, we see river node
282 (where the diversion occurs) is co-located with river node 293, and river node 294 is the next
downstream node. We will print a hydrograph for river node 294.

a) Increase the value of NOUTR by one from 34 to 35
b) Add the location of the new hydrograph in a new row. The only required item is the river node
number IOUTHR. You can optionally add a tag and a comment.

6) Save and close the file CVprint_ASR.dat

€. TextPad - D:\ASR_Case_Study\ASR_Case\Simulation\CVprint_ASR.dat =] 3]
JEiIe Edit Search \View Tools Macros Configure Window Help |

lnzHgarE i2eloc|==la 92y 4@t R o ».

CVprint_ASR.dat x| - X
1485 C =]
1486 C VALUE DESCRIPTICH
1487 C
1488 C 34 / WOUTR
1489 35 / WOUTR
1490 [+] / IHSQR —J
1491 C d|
1530 59 5JB S5an Joaquin River near Biola :J
1531 67 5JD San Joaguin River near Dos Palos

89 SJE S5an Joaquin River near E1 Nido

351 YaM Yuba River at Marysville

294 BSR #% Downstream from ASR diversion point .J
15350 C hd
Kl | _>|_/|

Make changes to file CVsim ASR.in

Change the input file names in the Simulation Control File CVsim_ASR.in to match the modified file names
above.

—_

Change the name of the Pumping Specification File to CVPuSp_ASR.dat
Change the name of the Pumping Data File to CVpump_ASR.dat

Change the name of the Diversion Specification File to CVDivSpec_ASR.dat
Change the name of the Diversion Data File to CVdiversions_ASR.dat
Change the name of the Print Specification File to CVprint_ASR.dat

B W N
= = Y ~— ~—

Ul

Modify the surface water and groundwater hydrograph output file names in the Simulation Control File
CVsim_ASR.in by adding ‘'_ASR' to the root name.

6) Change CVSWhyd.out to CVSWhyd_ASR.out
7) Change CVGWhyd.out to CVGWhyd_ASR.out

In the example below, the comment '/** ASR' has been added to the right of the modified file names in the
Simulation Control File.
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_{olx]
J File Edit Search View Tools Macros Configure \Window Help ‘
EECIEEINCIEETE HERIE TRl L R
Cvsim_ASR.in | - X
FILE NAME DESCRIPTICH
S 2: *%% (Hot used in this version)***
S 3: **% (Hot used in this version)***
. .\Preprocessor\CVpreout ASR.bin J* LSR J/ 4: BINARY INPUT GENERATED BY PRE-PROCI
J B: **% (Hot used in this version)***
J &: **% (Hot used in this version) ***
CVparam.dat / 7: PARAMETER FILE (INPUT, REQUIRED)
CVbound.dat J/ 8: BOUNDARY CONDITION DATZ FILE (INPUT, REQUIREI]
J/ 9: TIME SERIES BOUNDARY CONDITICOHNS (INPUT, OPTI(
CVPrint ASR.dat /* BER J10: PRINT CONTROL FILE (INPUT, OPTICHAL,
CVinit_ 1872.dat J11: INITIAL CONDITION DATZ FILE (INPUT, REQUIRED!
CWV=zupplyadj.dat J12: SUPPLY ADJUSTMENT SPECIFICATION DATZ FILE (II
CWVlandus=e.dat /13: LAND USE DATA FILE (INPUT, OFTIONAL)
CWVcropacre.dat J/14: CROP ACREAGE DATA FILE (INPUT, OFTIOHAL)
CVprecip.dat J15: PRECIPITATION DATA FILE (INPUT, OFTIOHAL)
CWVevapot.dat J16: EVAPOTRANSPIRATION DATZA FILE (INPUT, OPTICHAI
CWVtiledrn.dat /17: TILE DRAINS PARAMETER DATA FILE (INPUT, OPTI(
CVurkbanspec.dat J18: URBLN WATER USE SPECIFICATION DATZ FILE (INPEI
/19: AGRICULTURAL WATER SUPPLY REQUIREMENT DATZ |
CVurbandem.dat /20: URBAN WATER DEMAND FILE (INPUT, OFTICHAL)
CVinflows.dat /21: STREAM INFLOW DATA FILE (INPUT, OFTIONAL)
CVeropdem. dat /22: CROP DEMAND PARAMETER DATL (Reqg'd for CURW e:
CVPuSp_ RSR.dat /* BER /23: PUMPING SPECIFICATION DATZ FILE (IMI
CVpump LSR.dat /* BER /24: PUMPING DATA FILE (INPUT, OFTICHAL)
CVdivspec ASR.dat /* BER /25: SURFACE WATER DIVERSION SPECIFICATI(
CvVdiversions ASR.dat /* BER /26: SURFACE WATER DIVERSION DATZ FILE (:
CVIrFr.dat /27: IRRIGATION FRACTION DATZ FILE (INPUT, OPTICHI
CVmaxlake.dat J28: MAXIMUM LAKE ELEVATIONS DATZ FILE (INPUT, OF:
111 CWruf.dat /29: IRRIGATION WATER RE-USE FACTOR DATLA FILE (IN]ﬂ
126 /44: BOUNDARY FLOW COUTPUT FILE (QUTPUT, CPTICHAL) d
127 ..\Results\CVtiledrn.out /45: TILE DRAIN/SUBSURFACE IRRIGATICNH HYDROGRAPH (
. .\Results\CVSWhyd ASR.out /% BSR /46: STREAM FLOW HYDROGRAPH COUTPUT FILE
. .\Results\CVGWhyd ASR.out /% BSR /47: GW LEVEL HYDROGRAPH COUTPUT FILE (O
.\Results\CVGWheadall.out /48: GW LEVEL OUTPUT AT EVERY MCDEL NCDE (CQUTPUT,
/49: LAYER VERTICAL FLOW CUTPUT (CQUTPUT, OPTIONRiij
N

| 138 77 |Read W Block |Sync ’E Caps 4

Turn the pumping adjustment off.

8) Near the end of the Simulation Control File, set the value of KOPTDV to ‘00’
9) Save and close the file.

TextPad - D:\AS i = 3]
JEiIe Edit Search View Tools Macros Configure Window Help |

IRt E I e 0| DY 4R @R ey,

CVsim_ASR.in x| - X
: =
€ VALUE DESCRIPTION
c

1 / KOPTDM
0o / EOBPTDV
14 / HCROP

-
1| | H 4

|File: Cvsim_aSR.in, 17955 bytes, 297 lines, PC, ANSI 289 | 7 [Read [Ovr [Block [Sync [Rec [Caps gz

Modify the Simulation Batch File
The command to run the Simulation program is “Simulation3_02.exe CVSim_ASR.in". We have to change the
name of the Simulation Control File in the batch file before we can use the batch file.
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1) Open the file Run_Sim.bat in 7extPad
2) Change the Simulation Control File name in Run_Sim.bat to CVSim_ASR.in
3) Save and close the file

E—‘;TextPad - :\ASR_Case_Study\ASR_Case\Simulation\CVSim.bat _I_I- ] ﬁl
J File Edit Search View Tools Macros Configure Window Help |

lozdaspEl s eeo =520 HR(ECH| e,
Cvsimbat x| - X
--\bin\Simulation3 02.exe CVSim ASR.in j

2 pause

H .z
1 1 |Read ’C_ Block |Sync ’E Caps gz

Run the Simulation Program for the Scenario

Now we can run the Simulation program:
1) Double-click on the file Run_Sim.bat

The Simulation program should run to completion in a few minutes. It creates two files in the Simulation
folder, SimulationMessages.out and CVfinallist.out. It also creates a number of files in the Results
folder, including several files with the .bin extension and several files with the .out extension. The .bin files
are read by two post-processors, the Budget and Z-Budget programs. The .out files are text files that can be
opened with 7extPad.

Open the file SimulationMessages.out in 7ex/Pad and review it. The first section has the title section from
the CVSim_ASR.in file, followed by a list of the files that were used in the simulation. This is followed by a
line stating what components were adjusted in this simulation (surface water diversions and groundwater
pumping); nothing should be adjusted in this simulation. The remainder of the file lists the solver convergence
iterations for each time step. The last entry states the model run time.

Trouble-shooting the Simulation program
If the Simulation program does not run to completion, there is probably a typo in one of the modified input
files. First, see if the program prints out an error message that points to the error. For example,

a) the file name in CVSim_ASR.in may not be the same as the actual file name,
b) there may be an extra blank line in one of the modified files, or
¢) there may be missing or extra characters in one of the modified files.

Check your work and see if you can find and fix the error.

If you can't find the reason the program won’t run, you can use the ‘Compare files' tool in 7extPad'to compare
each of your modified files to the corresponding files in the folder
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ASR Example Complete\ASR Case\Simulation. Once you find and fix the error, the Simulation program will
run to completion.

Run the Budget Program

Switch to the ASR _Case Study\ASR Case\Budget folder.

Open the Budget Control File CVBudget.in file with 7extPad. There is a list of binary files with the .bin
extension starting near line 70. The Budget program reads each of these binary files, and produces a text file
with the same root name and the .BUD extension. For example, the Budget program reads the
..\Results\CVlandwater.bin file and produces the ..\Results\CVlandwater.BUD file.

. TextPad - D:\ASR_Case_Study\ASR_Case\Budget\CVBudgeLin =] 3]

v
JEiIe Edit Search View Tools Macros Configure Window Help |

NeHEsRE tERloclE==lar2y HRIEEH] e >,

CVBudget.in x| - X
§7 C Ej
62 C  FILE NAME UNIT DESCRIPTICH
g2 C
70 ..\Results\CVlandwater.bin / 1 : BINARY FILE GENERATED BY SIMULATION FCR LAND
71 ..\Results\CVstream.bin / 2 : BINARY FILE GENERATED BY SIMULATION FOR STRER
72 ..\Results\CVrootzn.bin / 3 : BINARY FILE GENERATED BY SIMULATION FCR RCOT |
7% ..\Results\CVground.bin / 4 : BINARY FILE GENERATED BY SIMULATION FCR GROUN
74 / 5 : BINARY FILE GENERATED BY SIMULATION FCR ELEME
75 ..\Results\CVsmwshed.bin / & : BINARY FILE GENERATED BY SIMULATION FOR SMALL
76 ..\Results\CVlake.bin / 7 : BINARY FILE GENERATED BY SIMULATION FOR LAKE
77 ..\Results\CVstreamrch.bin / & : BINARY FILE GENERATED BY SIMULATION FOR STRER
78 ..\Results\CVdiverdtl.bin / @ : BINARY FILE GENERATED BY SIMULATION FCR DIVER
79 / 10: DSS OUTEUT FILE TO STCRE THE WATER BUDGET DAT
80 (T e e e e e e e e o e e e e o e e e e o o e e e o e e e e e e e e e e e e e e o e e e o o e e e e e e e e e e e e e e o e e e e e il
I« | AW

|File: CvBudget.in, 9576 bytes, 189 ines, PC, ANST [1] 1 [Read [ovr [Block [Sync [Rec [Caps 4

1) Double-click on the file Run_Budget.bat
The Budget program should run to completion in less than a minute.

Switch to the ASR Case Study\ASR Case\Results folder. You should see eight new files with the .BUD
extension.

Create Budget Workbooks with Excel

Open £xcel 2007 or Excel 2012to a new, blank worksheet. On the “IWFMTools" menu, use the drop-down
menu next to “IWFM Version” to select ‘3.02".
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(D))
_g/- Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools
e
===l == | WRMuersion 1= (@ about
= | ‘—
Space WY-Maonth
Delimited Text ‘igz
Diata Export Tabultate Budget o ﬁ;.;;' IWFM Tools i i
= _i.;__i] B jﬁhlj FAr Press F1 for more help. AamI=E==7 B U &
A1 - |
A B C D E F G H | J
of ]
- ]
7
3
A

A window with the label ‘Budget to £xce/(3.02)" will open. Use the ‘Browse’ button to go to the
ASR Case Study\ASR Case\Budget directory and select the CVBudget.in file. The available budget files will
be listed under ‘Choose Budget Table" in the same order they are listed in the CVBudget.in file.

Budget To Excel (v3.02) ;lﬂlﬁl
Choose Budget Input File
|D:"-ASR_Case_Study"-ASR_Case"-Budget"-.CVBudget.ln Browse... I
Choose Budget Table
Land and water use budget ﬂ Transfer to Excel |
Stream budget
Root zone budget
Groundwater budget LI
Ready...

Land and Water Use Budget
Create a new Exce/workbook (Office Button -> New -> Blank Workbook).

In the lower pane of the ‘Budget to £xce/(3.02)" window, select ‘Land and water use budget’, near the bottom
of the list, and then click the ‘Transfer to Exce/ button. This will add 22 worksheets to the workbook, one for
each of the 21 model subregions, and one (labeled ‘Subregion 22°) for the entire model area.

Save the workbook to the ASR _Case Study directory as ASR_Land_and_Water_Budget.xlsx.

Root Zone Budget
Create a new Exce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Root zone budget’ and then click the ‘Transfer to £xce/ button.
This will add 22 worksheets to the workbook, one for each of the 21 model subregions, and one (labeled
‘Subregion 22') for the entire model area.

Save the workbook to the ASR _Case Study directory as ASR_Root _Zone Budget.xlsx.
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Stream Reach Budget
Create a new £xce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Stream reach budget’, near the bottom of the list, and then
click the ‘Transfer to Exce/ button. This will add 75 worksheets to the workbook, one for each of the 75
C2VSim river reaches.

Save the workbook to the ASR _Case Study directory as ASR_Stream_Reach_Budget.xlIsx.

Groundwater Budget
Create a new Exce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Groundwater budget’ and then click the ‘Transfer to £xce/
button. This will add 22 worksheets to the workbook, one for each of the 21 model subregions, and one
(labeled ‘Subregion 22") for the entire model area.

Save the workbook to the ASR _Case Study directory as ASR_Groundwater_Budget.xlsx.

Modify the Base Case files

The easiest way to see the results of the changes in the case study is to compare the scenario results to the
unchanged base case. We can replace the Print Specification File CVprint.dat in the base case with our
modified Print Specification File CVprint_ASR.dat. When the Simulation program is run with this Print
Specification File, groundwater and surface water hydrographs will be created for the new locations specified
in this file. Make the following modifications to the files in the folder ASR Case Study\Base Case\Simulation.

Copy the Print Specification File CVprint ASR.dat
Copy the modified Print Specification File CVprint_ASR.dat in the folder
ASR Case Study\ASR Case\Simulation and paste it into the folder ASR Case Study\Base Case\Simulation.

Make changes to the Simulation Control File
Make the following changes to the Simulation Control File in the folder
ASR Case Study\Base Case\Simulation:

1) Rename the Simulation Control File CVsim.in to CVsim_base.in
2) Open CVsim_base.in with 7extPad
3) Change the Print Specification File name to CVprint_ASR.dat

129



C2VSim Hands-On Tutorial

€. TextPad - D:\ASR_Case_Study\Base_Case\Simulation\CVsim_base.in i =] 5
J File Edit Search View Tools Macros Configure \Window Help ‘
lozdlasrEl ieelsc|l==292y 4R @t H e ».

CVsim_base.in | - X
72 C ZI
g0 C FILE NAME DESCRIPTICH
81 C
g2 S 2: **% (Hot used in this version) ***

83 J 3: **% (Hot used in this version) ***

g4 . .\Preprocessor\CVpreout.bin / 4: BINARY INPUT GENERATED BEY PRE-PRCCESSCR (INET
85 J B: **% (Hot used in this version) *** J
g6 J &: **% (Hot used in this version) ***

87 CVparam.dat / 7: PARAMETER FILE (INPUT, REQUIRED)

88 CVbound.dat / 8: BOUNDARY CONDITICH DATA FILE (INPUT, REQUIREI
ga / 9: TIME SERIES BOUNDARY CONDITICHNS (INPUT, COPTI¢
90 CVPrint ASR.dat f*% LER /10: PRINT CONTRCL FILE (INPUT, CPTICHI
91 CVinit_1572.dat /11: INITIAL CONDITICH DATA FILE (INPUT, REQUIRED:
g2 CWV=upplyadj.dat /12: SUPPLY ADJUSTMENT SPECIFICATICH DATA FILE (Il
93 CWVlanduse.dat /13: LAND USE DATA FILE (INPUT, OFTICHAL)

o4 CWVcropacre.dat /14: CROP ACREAGE DATA FILE (INPUT, OFTICHAL)

=1 CVprecip.dat /15: PRECIPITATICN DATA FILE (INPUT, OFTICHAL)

=13 CWVevapot.dat /16: EVAPOTRANSPIRATICN DATA FILE (INPUT, CPTICHAI
a7 CWVtiledrn.dat /17: TILE DRAINS PARAMETER DATA FILE (INPUT, COPTI¢
og CVurbanspec.dat /18: URBAN WATER USE SPECIFICATICN DATA FILE (INPl
1+ | _>DI

fFor rielp, press F1 T L] @ [reed [on [Bock [orme e [Come g

Turn the pumping adjustment off.

4) Near the end of the Simulation Control File, set the value of KOPTDV to ‘00’
5) Save and close the file.

. TextPad - I:\ASR_Case_Study\Base_Case\Simulation\CVsim_base.in =] 3]

o
JEiIe Edit Search View Tools Macros Configure Window Help |

NTEH BSRE|2alag==21]0Y 4R G| eue ».

DESCRIPTICH

/ EOPTDM
/ EOPTDV
/ HCROP

S
| oz

| 287 ’_7 Read IW Block |Sync ’E Caps gz

Modify the Simulation Batch File
The command to run the Simulation program is “Simulation3_02.exe CVSim_ASR.in". We have to change the
name of the Simulation Control File in the batch file before we can use the batch file.

1) Open the file Run_Sim.bat with 7extPad
2) Change the Simulation Control File name in Run_Sim.bat to CVSim_base.in
3) Save and close the file

130



C2VSim Hands-On Tutorial

€. TextPad - D:\ASR_Case_Study\Base_Case\Simulation\CVSim.bat i =] 5
J File Edit Search View Tools Macros Configure \Window Help
lozdlasrEl ieelcsc|l==292y 4R @t H e ».

- X

VSim.bat X I CVsim_base.in |
|

.. \bin\Simulation3 02.exe CVSim base.in

2 pause

4V
|_3|_1 Read ’F Block |Sync ’E Caps 2z

File: CVSim.bat, 48 bytes, 2 lines, PC, ANSI

Run the Simulation Program for the Base Case

Now we can run the Simulation program:
1) Double-click on the file Run_Sim.bat

The Simulation program should run to completion in a few minutes.

Create Budget Workbooks with Excel

Open Excel 2007 or Excel 2012 to a new, blank worksheet. On the “IWFMTools” menu, use the drop-down
menu next to “IWFM Version” to select '3.02".

!"ﬂg: \
_“y Home Insert Page Layout Formulas Data Review View Developer Add-Ins

== TWEM version [+ lig) About

7] ===
Space WY-Manth
Delimited Text igz
Data Export Tabulate Budget T6 e 5 WFM_Tools
= (& u'._:"’g __‘f' 3&'13: FAr= 5 Press F1 for more help. co By
A - 5|

A B C D

L 1

IWFM Tools

]
il
(1
hy
=
=]
&

=

E F G H I

EHEERESRI

A window with the label ‘Budget to £xce/(3.02)" will open. Use the ‘Browse’ button to go to the
ASR Case Study\Base Case\Budget directory and select the CVBudget.in file. The available budget files will
be listed under ‘Choose Budget Table" in the same order they are listed in the CVBudget.in file.
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Budget To Excel (v3.02) ;IEIEI

Choose Budget Input File
ID."'-ASR_Case_Sludy"‘-Base_Casa"-.Eudgei"'.C\c"Budge1.ir| Browse... I
Choose Budget Table

Land and water use budget ﬂ Transfer to Excel |

Stream budget

Root zone budgst

Groundwater budget LI

Ready...

Land and Water Use Budget
Create a new £xce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Land and water use budget’, near the bottom of the list, and
then click the ‘Transfer to £xce/ button. This will add 22 worksheets to the workbook, one for each of the 21
model subregions, and one (labeled ‘Subregion 22°) for the entire model area.

Save the workbook to the ASR _Case Study directory as Base_Land_and_Water Budget.xlsx.

Root Zone Budget
Create a new Exce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Root zone budget’ and then click the “Transfer to £xce/ button.
This will add 22 worksheets to the workbook, one for each of the 21 model subregions, and one (labeled
‘Subregion 22') for the entire model area.

Save the workbook to the ASR_Case Study directory as Base_Root_Zone_Budget.xlsx.

Stream Reach Budget
Create a new £xce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Stream reach budget’, near the bottom of the list, and then
click the ‘Transfer to Exce/ button. This will add 75 worksheets to the workbook, one for each of the 75
C2VSim river reaches.

Save the workbook to the ASR _Case Study directory as Base_Stream_Reach_Budget.xlsx.

Groundwater Budget
Create a new Exce/workbook (Office Button -> New -> Blank Workbook).
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In the ‘Budget to £xce/(3.02)" window, select ‘Groundwater budget’ and then click the ‘Transfer to £xce/
button. This will add 22 worksheets to the workbook, one for each of the 21 model subregions, and one
(labeled ‘Subregion 22") for the entire model area.

Save the workbook to the ASR _Case Study directory as Base_Groundwater Budget.xlsx.

Review and Interpret Results

This section shows how to import hydrograph files to £xce/workbooks, and how to compare hydrographs
between the ASR Case and the Base Case to see the impacts of the three new groundwater pumping wells.

Create Hydrograph Workbooks with Excel

First, we'll bring the ASR Case groundwater and surface water hydrograph output into £xce/. Then we'll bring
in the Base Case hydrographs. Next, we will create new hydrographs of the differences between the ASR Case
and Base Case hydrographs. In the final step, we will graph these results.

Start by creating the £xce/workbook that will hold all of the results. Open a new Exce/workbook, and save it
in the directory ASR_Case Study as ASR_Results.xlsx.

ASR Case Groundwater Hydrographs
First, we will import the groundwater hydrographs of the ASR Case to an Exce/worksheet.

7) Gotothe ASR Case Study\ASR Case\Results folder, and open the file CVGWhyd_ASR.out with
TextPad.

2) Select all <Ctrl-A> and copy <Ctrl-C>

3) Switch to the £Exce/workbook

4) Put the cursor in cell A1 of tab 'Sheet1’ and paste <Ctrl-V>

5) Next, we use ‘Text to Columns’ to put each hydrograph in a separate column

a) Move the cursor to cell A5 and select all cells in the range A5-A451 by holding the <Ctrl> and
<Shift> keys and pressing <Down arrow>

b) With these cells highlighted, go to the ‘Data’ menu and select ‘Text to Columns'. This opens a
window labeled ‘Convert Text to Columns Wizard — Step 1 of 3’

c) Select the radio button next to ‘Fixed Width', click ‘Next" and then click ‘Finish’. Now, dates are in
column A and each groundwater hydrograph is in a separate column.

6) Next, we can use ‘Find and Replace’ to convert the IWFM time-date code to something £xce/can

recognize.

a) Use <Ctrl-H> to open the ‘Find and Replace’ panel.

b) Next to ‘Find what', enter ' 24:00'.

c) Leave the ‘Replace with’ field blank.

d) Click ‘Replace All'.
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e) Exce/should open an alert showing the number of replacements, and column A should contain
dates. Close the alert and the ‘Find and Replace’ panel.

7) Rename the worksheet by double-clicking the tab label ‘Sheet1’ and replacing it with
‘GWhyd_ASR_Case’
8) Put the cursor in cell B8 and go to the ‘View' menu, select ‘Freeze Panes’, and choose the top item on
the drop-down menu ‘Freeze Panes'.
9) Scroll to the right to column BAK to see the three new groundwater hydrograph we added in the Print
Specification File.
10) Save the Exce/workbook.
"I’E;' ASR_Results.xlsx - Microsoft Excel B X
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10 12/31/1972| 139.9080 2545663 54.3224
11 1/311973] 139.9229 2546036 56.2982
12 2/28/1973| 140.2686 254.5164 56.4122
13 3/3111973| 1406653 254.3458  55.5057
14 4/30/1973| 1381204 2536245 542505
15 5/311973| 137.0962 252.2904 54.3481
16 6/30/1973| 134.603 250.9487 54.0647
17 T/31/1973| 132.2583 249.522 53.9469
18 8/311973| 131.7222 248.7045 53.8642
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ASR Case Surface Water Hydrographs

Next, we will create an Exce/worksheet with the surface water hydrographs of the ASR case.

7)

Go to the ASR Case Study\ASR Case\Results folder, and open the file CVSWhyd_ASR.out with

TextPad.

Select all <Ctrl-A> and copy <Ctrl-C>

Switch to the £xce/workbook

Put the cursor in cell A1 of tab ‘Sheet2’ and paste <Ctrl-V> (If there is no blank worksheet, crate one

by clicking in the small area to the right of the worksheet tabs that shows this symbol: [&=4)

Use ‘Text to Columns’ to put each hydrograph in a separate column

a) Move the cursor to cell A6 and select all cells in the range A6-A450 by holding the <Ctrl> and
<Shift> keys and pressing <Down arrow>

b) With these cells highlighted, go to the ‘Data’ menu and select ‘Text to Columns'. This opens a
window labeled ‘Convert Text to Columns Wizard — Step 1 of 3'

c) Select the radio button next to ‘Fixed Width’, click ‘Next" and then click ‘Finish’. Now, dates are in
column A and each surface water hydrograph is in a separate column.
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6) Next, we can use ‘Find and Replace’ to convert the IWFM time-date code to something £xce/can
recognize.
a) Use <Ctrl-H> to open the ‘Find and Replace’ panel.

) The ‘Find what' box should still contain _24:00'. If not, enter *_24:00' in the box.

) Leave the ‘Replace with' field blank.

) Click ‘Replace All'.

) Excelshould open an alert showing the number of replacements, and column A should contain

dates. Close the alert and the ‘Find and Replace’ panel.

7) Rename the worksheet by double-clicking the tab label ‘Sheet2" and replacing it with
‘SWhyd_ASR_Case'

8) Put the cursor in cell B7 and go to the ‘View' menu, select ‘Freeze Panes’, and choose the top item on
the drop-down menu ‘Freeze Panes'.

9) Scroll to the right to column AJ to see the new surface water hydrograph we added in the Print
Specification File.

10) Save the Exce/workbook.

o 0O T

e

ASR_Results.xlsx - Microsoft Excel —-

&)

fy Home Insert Page Layout Formulas Data Review View Developer Add-Ins TWFM Tools Acrobat W - =7 X
HA8 > B0AB B EE NN Q AR 00 =E==780 5 A & cu Al
| AJT - ( | 828479 27
A AH Al AJ AK AL Al AN AO AP AQ AR B

B

2 *

B

4 *

- g

6 * TME 89 351 294

7 10/31/1972 185454 162164 4] 82847921

8 | 11/301972| 95051 1833759 1086172

9 | 12/311972| 2879573 1971129 1043885

10 1/31/1973| 119806.9 340230.3 1894888
11 2/28/1973| 253860 3080426 1867724
12 3/31/1973| 109177.2 305833 1304418
13 4/30/1973| 136846.6 1420537 695026
14 5/31/1973| 68530.58 41313.28 T10613.3
15 6/30/1973| 100161.6 32128.01 5875826
16 TI311973| 42603.89 54117.75 6471328
17 B8/31/1973| 29980.21 84155.14 592064.4
18 9/30/1973| 12643.08 98880.23 550526.5

144 b ¥ Githyd ASR_Case | SWhyd_ ASR_Case < &d
Ready | P2 ([ aees =) U (s

Base Case Groundwater Hydrographs
Now we will add an £xce/worksheet with the groundwater hydrographs of the base case.

1) Gotothe ASR Case Study\Base Case\Results folder, and open the file CVGWhyd.out with
TextPad.

Select all <Ctrl-A> and copy <Ctrl-C>

Switch to the Exce/workbook (and create a new worksheet ‘Sheet3’ if needed)

Put the cursor in cell A1 of tab ‘Sheet3’ and paste <Ctrl-V>

Next, we use ‘Text to Columns’ to put each hydrograph in a separate column

Ul B W N
—_ = — ~—
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a) Move the cursor to cell A5 and select all cells in the range A5-A451 by holding the <Ctrl> and
<Shift> keys and pressing <Down arrow>
b) With these cells highlighted, go to the ‘Data’ menu and select ‘Text to Columns'. This opens a
window labeled ‘Convert Text to Columns Wizard — Step 1 of 3’
c) Select the radio button next to ‘Fixed Width’, click ‘Next and then click ‘Finish’. Now, dates are in
column A and each groundwater hydrograph is in a separate column.
6) Next, we can use ‘Find and Replace’ to convert the IWFM time-date code to something £xce/can
recognize.
a) Use <Ctrl-H> to open the ‘Find and Replace’ panel.
) The ‘Find what' box should still contain ‘_24:00". If not, enter *_24:00' in the box.
) Leave the ‘Replace with' field blank.
) Click ‘Replace All'.
) Excelshould open an alert showing the number of replacements, and column A should contain
dates. Close the alert and the ‘Find and Replace’ panel.
7) Rename the worksheet by double-clicking the tab label ‘Sheet3’ and replacing it with
‘GWhyd_Base_Case’
8) Put the cursor in cell B8 and go to the ‘View' menu, select ‘Freeze Panes’, and choose the top item on
the drop-down menu ‘Freeze Panes'.
9) Scroll to the right to column BAK to see the new groundwater hydrograph we added in the Print
Specification File.
10) Save the Exce/workbook.
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9 11/30/1972| 1403866 254.2831 54.4212

10 12/31/1972| 139.9089 254.5663 54.1053
11 1/311973| 139.9229 2546036 55.9916
12 2/28/1973| 140.2686 2545164 56.0229
13 3/311973| 1406653 254.3458 550409
14 4/30/1973| 138.1204 2536245 53.7155
15 5/31/1973| 137.0962 2522904  53.865
16 6/30/1973| 134.693 250.9487 53.7186
17 7/311973| 132.2583 249522 53.7411
18 8/31/1973| 131.7222 2487045 53.7934
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Base Case Surface Water Hydrographs
We can also create an Exce/worksheet with the surface water hydrographs of the base case.
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Go to the ASR Case Study\ASR Case\Results folder, and open the file CVSWhyd_ASR.out with
TextPad.

Select all <Ctrl-A> and copy <Ctrl-C>

Switch to the Exce/workbook (and create a new worksheet ‘Sheet4’ if needed)

Put the cursor in cell A1 of tab ‘Sheet4’ and paste <Ctrl-V>

Use ‘Text to Columns’ to put each hydrograph in a separate column

Move the cursor to cell A6 and select all cells in the range A6-A450 by holding the <Ctrl> and
<Shift> keys and pressing <Down arrow>

With these cells highlighted, go to the ‘Data’ menu and select ‘Text to Columns’. This opens a
window labeled ‘Convert Text to Columns Wizard — Step 1 of 3’

DowW N
N N S
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column A and each surface water hydrograph is in a separate column.
Next, we can use Find and Replace’ to convert the IWFM time-date code to something £xce/can
recognize.
a) Use <Ctrl-H> to open the ‘Find and Replace’ panel.
) The ‘Find what' box should still contain *_24:00'. If not, enter *_24:00' in the box.
) Leave the ‘Replace with' field blank.
) Click ‘Replace All'.
) Exce/should open an alert showing the number of replacements, and column A should contain
dates. Close the alert and the ‘Find and Replace’ panel.
Rename the worksheet by double-clicking the tab label 'Sheet4" and replacing it with
‘SWhyd_Base_Case’

o O O T

the drop-down menu ‘Freeze Panes’'.

Scroll to the right to columns AJ through AL to see the three new surface water hydrographs we
added in the Print Specification File.

10) Save the Exce/workbook.
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Compare Hydrographs with Excel

We now have an £xce/workbook that contains four worksheets. Each worksheet contains one of the
hydrograph output files from a C2VSim run. The easiest way to see the difference between the Base Case and
GWP Case is to take the difference between the groundwater hydrographs of the two runs, and the difference
between the surface water hydrographs of the two runs.

Show Groundwater Head Differences

We will add a new £xce/worksheet, and then use a formula to subtract each ASR Base Case groundwater
hydrograph from the corresponding ASR Case groundwater hydrograph.

In the ASR_Results.xIsx workbook, create a new worksheet and name it ‘GWHyd_Difference’.
Switch to worksheet ‘GWHyd_ASR_Case’, select all <Ctrl-A> and copy <Ctrl-C>

Switch to worksheet ‘GWHyd_Difference’, place the cursor in cell A1, and paste <Ctrl-V>. This copies
the structure and values of the ‘'GWHyd_ASR_Case’ worksheet. We will keep the structure and
replace the values with formulas.

We will use an £xce/formula to calculate the difference between hydrograph values for each time

step

a)
b)

Place the cursor in cell B8 of worksheet ‘GWHyd_Difference’.

Enter the '=" sign, and (without hitting any key) select the tab for the ‘GWHyd_ASR_Case’
worksheet and place the cursor in cell B8.

Enter the "-' sign, and (again without hitting any key) select the tab for the ‘GWHyd_Base_Case’
worksheet and place the cursor in cell BS.

Hit <Return>

You should have the formula =GWHyd_ASR_Case!B8-GWHyd_Base_Case!B8 in cell B8 of
the ‘GWHyd_Difference’ worksheet. The cell value should be ‘0’

Copy the formula through the rest of the ‘GWHyd_Difference’ worksheet

a)
b)

o]

Select cell B8, and copy with <Ctrl-C>.

Select all of the hydrograph cells by holding down the <Shift> key and pressing <Right arrow>,
the holding sown the <Shift> key and pressing <Down arrow>

Paste the formula with <Ctrl-V>
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6) Create a graph of the difference between the ASR Case and Base Case for the groundwater
hydrograph at Well A, in column BAK of the ‘GWHyd_Difference’ worksheet.
a) Place the cursor in cell BAK8 and use <Shift><Down> to select the cells BAK8 through BAK451
b) Under the ‘Insert’ menu, select ‘Scatter’ and then ‘Scatter with Straight Lines’. This will place a
graph in the worksheet.
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¢) Right-click inside the new graph and select ‘Move Chart..." to open the ‘Move Chart’ window,
then select ‘New Sheet’ and name it ‘GWHyd'
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The graph shows that the head difference between the ASR Case and Base Case fluctuates between a
maximum of around 0.6 ft and a minimum of around -0.2 ft. We need to add more information to the graph.

d)

€.

V.
vi.
vii.
viii.

f.

Flrst we will add dates to the x-axis and a title to the graph.

Use the left mouse button to select the line inside the graph, then use the right mouse button
to select ‘Select Data. ..’

Click on the ‘Edit..." button

Under ‘Series name:’, click the square button on the right, with the red arrow, navigate to the
‘GWHyd_Difference’ workbook, and select cell BAK6

Under ‘Series X Values:', click the square button on the right, with the red arrow, navigate to
the 'GWHyd_Difference’ workbook, and select cells A8 through A451

Click on the ‘OK" button, then click the ‘OK" button of the ‘Select Data Source’ window

Format the x-axis to be more readable

Right-click on the x-axis and choose ‘Format axis..."

We want to set the minimum x-axis value to 10/31/1972 and the maximum value to
09/30/2009.

Under ‘Axis Options’, for ‘Minimum’, click the radio button next to ‘Fixed" and enter the
numerical value of 10/31/1972, which is ‘26603’

For ‘Maximum’, click the radio button next to ‘Fixed" and enter the numerical value of
09/30/2009, which is ‘40086’

For ‘Major Unit', click the radio button next to ‘Fixed" and enter ‘365.25’

In the left panel, choose ‘Number’, then uncheck the box next to ‘Linked to source’
Change the ‘Format Code’ from ‘m/d/yyyy’ to ‘mm/yy’ and then click the ‘Add’ button
In the left panel, choose ‘Alignment’, and use the drop-down menu next to ‘Text direction’ to
choose ‘Rotate all text 90”

Add titles to the axes

Select the ‘Layout’ menu, then ‘Axis Titles', then ‘Primary Horizontal Axis Title’, then 'Title
Below Axis’
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ii.  Type 'Month’ and hit <Return>

ii.  Select the ‘Layout’ menu, then ‘Axis Titles', then ‘Primary Vertical Axis Title’, then ‘Rotated
Title’

iv.  Type ‘Head Difference (ft)' and hit <Return>
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This groundwater hydrograph is located in the top model layer, directly above the ASR well, which is located
in the middle model layer. This graph shows that the water table altitude of the ASR Case rises (relative to the
Base Case) when water is recharged and then falls when groundwater is pumped. In the initial 13 years, the
ASR Case's lowest water table altitude each year is slightly higher than the Base Case. However, over the 37-
year simulation, the lowest ASR water table altitude drops below the Base Case water table each year.

g) We can make a copy of this graph, and use it to focus on several years
i.  Right-click on the tab ‘GWHyd' and select ‘Move or Copy..." to open the 'Move or Copy’

window

ii.  Check the box next to ‘Create a copy’ in the lower left, then highlight ‘GWHyd" in the
window ‘Before sheet’ and click ‘OK’. This creates a copy called ‘GWHyd (2)".

ii.  Right-click on the x-axis and choose ‘Format axis..."

iv.  We want to look at a three-year period, so we will set the minimum x-axis value to
10/31/1972 and the maximum value to 09/30/1975.
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v.  Under ‘Axis Options’, for ‘Minimum’, we will keep the numerical value of 10/31/1972, which

is ‘26603’
vi.  For 'Maximum’, we will enter the numerical value of 09/30/1975 is ‘27698’
vii.  For ‘Major Unit’, click the radio button next to ‘Fixed" and enter ‘30’
viii.  Place the cursor over the line, right-click, and select ‘Format data series..." to open the

Format Data Series window.
ix.  Select the second item in the left panel, ‘Marker Options’, select the button next to
'Automatic’, and then click ‘Close’ in the lower left corner.
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Head Difference (ft)

Month

Here we can see the monthly difference in groundwater heads between the ASR Case and Base Case for the
first three years of the simulation. The groundwater head of the ASR Case rises as water is recharged, and
then falls when the pumps are turned on. This pattern is repeated each year.

Show Surface Water Flow Differences
We can also use a similar process to create an £xce/worksheet and graph to show the difference between
each ASR Case surface water hydrograph and the corresponding Base Case surface water hydrograph.

7) In the ASR_Results.xIsx workbook, create a new worksheet and name it ‘SWHyd_Difference’.
2) Switch to the worksheet ‘SWHyd_ASR_Case’, select all <Ctrl-A> and copy <Ctrl-C>
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3) Switch to the worksheet ‘SWHyd_Difference’, place the cursor in cell A1, and paste <Ctrl-V>. This
copies the structure and values of the 'SWHyd_ASR_Case’ worksheet. We will keep the structure and
replace the values with formulas.

4) We will use an £xce/formula to calculate the difference between hydrograph values for each time

step

a)
b)

Place the cursor in cell B7 of worksheet ‘SWHyd_Difference’.

Enter the '=" sign, and (without hitting any key) select the tab for the ‘SWHyd_ASR_Case’
worksheet and place the cursor in cell BS.

Enter the "-' sign, and (again without hitting any key) select the tab for the ‘SWHyd_Base_Case’
worksheet and place the cursor in cell B8.

Hit <Return>

You should have the formula =SWhyd_ASR_Case!B7-SWhyd_Base_Case!B7 in cell B8 of
the ‘GWHyd_Difference’ worksheet. The cell value should be ‘0’

5) Copy the formula through the rest of the ‘SWHyd_Difference’ worksheet
a) Select cell B7, and copy with <Ctrl-C>.
b) Select all of the hydrograph cells by holding down the <Shift> key and pressing <Right arrow>,
the holding sown the <Shift> key and pressing <Down arrow>
c) Paste the formula with <Ctrl-V>
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6) Create a graph of the difference between the ASR Case and Base Case for the surface water
hydrograph at river node 300, near Well A, in column AJ of the ‘SWHyd_Difference’ worksheet.

a)
b)

Place the cursor in cell AJ7 and use <Shift><Down> to select the cells AJ7 through AJ450
Under the ‘Insert’ menu, select ‘Scatter’ and then ‘Scatter with Straight Lines'. This will place a
graph in the worksheet.

Right-click inside the new graph and select ‘Move Chart..." to open the ‘Move Chart’ window,
then select ‘New Sheet’ and name it ‘'SWHyd'
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The graph shows that ASR Case surface water flows at river node 294 fall and rise in a repeating cycle. We
need to add more information to the graph and set the range of the x axis.

d) First, we will add dates to the x-axis and a title to the graph.
i.  Use the left mouse button to select the line inside the graph, then use the right mouse button
to select ‘Select Data. ..’
ii.  Click on the ‘Edit..." button
ii.  Under ‘Series name:’, click the square button on the right, with the red arrow, navigate to the
‘GWHyd_Difference’ workbook, and select cell AJ6
iv.  Under ‘Series X Values:’, click the square button on the right, with the red arrow, navigate to
the 'GWHyd_Difference’ workbook, and select cells A7 through A450
v.  Click on the ‘OK’ button, then click the ‘OK" button of the ‘Select Data Source’ window
e. Format the x-axis to be more readable
i.  Right-click on the x-axis and choose ‘Format axis..."
ii.  We want to set the minimum x-axis value to 10/31/1972 and the maximum value to
09/30/2009.
ii.  Under 'Axis Options’, for ‘Minimum’, click the radio button next to ‘Fixed" and enter the
numerical value of 10/31/1972, which is ‘26603’
iv.  For 'Maximum’, click the radio button next to ‘Fixed" and enter the numerical value of
09/30/2009, which is ‘40086’
v.  For '‘Major Unit, click the radio button next to ‘Fixed’ and enter '365.25'

vi.  Inthe left panel, choose ‘Number’, then uncheck the box next to ‘Linked to source’
vii.  Change the ‘Format Code’ from ‘m/d/yyyy’ to ‘mm/yy’ and then click the 'Add’ button
viii.  In the left panel, choose ‘Alignment’, and use the drop-down menu next to ‘Text direction’ to

choose ‘Rotate all text 90
f.  Add titles to the axes
i.  Select the ‘Layout’ menu, then ‘Axis Titles’, then ‘Primary Horizontal Axis Title', then ‘Title
Below Axis’
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ii.  Type 'Month’ and hit <Return>

ii.  Select the ‘Layout’ menu, then ‘Axis Titles', then ‘Primary Vertical Axis Title', then ‘Rotated
Title’

iv.  Type ‘Flow Difference (AF/mo)’ and hit <Return>
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This surface water hydrograph at river node 294, downstream from the ASR well and diversion, shows that
river flow under the ASR Case fluctuates in a fairly regular cycle that repeats each year of the simulation. The
ASR Case river flow is approximately 700-800 AF/mo lower than Base Case river flow for several months, then
rises to 1,600-1,700 AF/mo greater than Base Case flows for several months. The cycle repeats each year, and
appears to be very stable, suggesting it is insensitive to wet and dry periods.

-1000

g. We can make a copy of this graph, and use it to focus on several years, as we did with the

groundwater hydrograph
i.  Right-click on the tab ‘Chart2" and select ‘Move or Copy..." to open the ‘Move or Copy’

window

ii.  Check the box next to ‘Create a copy’ in the lower left, then highlight ‘SWHyd" in the window
‘Before sheet’ and click 'OK'. This creates a copy called ‘SWHyd (2)".

ii.  Right-click on the x-axis and choose ‘Format axis..."
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iv.  We want to look at a three-year period, so we will set the minimum x-axis value to
10/31/1972 and the maximum value to 09/30/1975.
v.  Under 'Axis Options’, for ‘Minimum’, we will keep the numerical value of 10/31/1972, which

is ‘26603’
vi.  For 'Maximum’, we will enter the numerical value of 09/30/1975 is ‘27698’
vii.  For ‘Major Unit’, click the radio button next to ‘Fixed" and enter ‘30’
viii.  Place the cursor over the line, right-click, and select ‘Format data series..." to open the

Format Data Series window.
iX.  Select the second item in the left panel, ‘Marker Options’, select the button next to
‘Automatic’, and then click ‘Close’ in the lower left corner.
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This graph shows the monthly river flow differences between the ASR Case and Base Case for the first three
years of the simulation. Although 1,000 AF/mo is diverted from the river at river node 280 each month from
November through April, the river flow drops by only about 700-800 AF/mo. We might guess that the
recharged groundwater raises the local groundwater heads adjacent to the river, which in turn increases
groundwater discharges to the river by 200-300 AF/mo, somewhat offsetting the diversion. In the next section,
we will use the Groundwater Budget to see if this is true.

The graph also shows that ASR Case river flows are significantly higher than Base Case flows during the three
months that the groundwater pumps are operating. This is an important finding if our goal was to increase
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summer flows by implementing the ASR program. However, we can see that reducing summer diversions by
2,000 AF/mo only resulted in flow increases of 1,500-1,700 AF/mo, or 75-85%.

We can also plot the difference in river flows in the Sacramento River at Freeport (river node 384, in column L
of the worksheet).
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This graph shows that project changes in Sacramento River discharges to the Sacramento-San Joaquin Delta
closely mirror the changes in flows at river node 294.

Compare Budget Tables

The graphs of project impacts on groundwater heads and stream flows above can help us identify the broad
impacts of the project. We can then use the detailed Budget tables to compare differences in individual flow
terms to gain a better understanding of project impacts. In this section, we will compare GWP Case and Base
Case Budget tables for the Land and Water Use, Root Zone, Groundwater, and Stream Reach Budgets.

This project simulated an aquifer storage and recovery project in Subregion 3, so we will review the Land and
Water Use, Root Zone and Groundwater budgets for Subregion 3, and the Stream Reach budget for reach 51.
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Compare Land and Water Use Budgets for Subregion 3
Case replaces 2,000 AF/mo of surface water with groundwater for the months June through August.

We can see the impact of this by comparing the Land and Water Use Budget tables for Subregion 3.

Open the two £xce/workbooks Base_Land_and_Water_Budget.xIsx and
ASR_Land_and_Water_Budget.xlsx.

Create a new £xce/ ASR_Land_and_Water_Compare.xlsx and save it in the folder

ASR Case Study.

Rename the worksheet ‘Sheet1’ to ‘Land Water SR3'.

We want to copy the format (dates, column titles, etc) of the Groundwater Budget tables to the
worksheet of the new workbook. Go to (for example) tab ‘Subregion 3 (DSA 12)’ of
ASR_Land_and_Water_Budget.xIsx. Click in the box in the upper left, above row label "1" and to
the left of column label ‘A’. This will select the entire worksheet. Use <Ctrl-C> to copy the column.
Go to tab ‘Land Water SR3’ of ASR_Land_and_Water_Compare.xlsx and put the cursor in cell
A1. Use <Ctrl-V> to paste the contents of worksheet ‘Subregion 3 (DSA 12)'.

Format the column headers

a) Click on the box with ‘5" on the left side of the workbook to select the row

Use <Ctrl-1> to open the ‘Format Cells’ panel

Select the ‘Alignment’ tab

Use the drop-down menu under ‘Horizontal’ to select ‘Center’

Use the drop-down menu under ‘Vertical’ to select ‘Center’

Check the box next to ‘Wrap text’

Click "OK’ to close the panel
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[-]
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1] +|Degrees
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7)

Next we want to replace the values in this worksheet with formulas to calculate the difference

between the ASR Case and Base Case for Subregion 3.

a) Place the cursor in cell B6 (to the right of date 10/31/1972) and press ‘=" to start a new formula.

b) Without hitting return or touching anything else with the cursor, select the ‘View' menu and use
the "Switch Windows' button to choose the Base_Land_and_Water_Budget.xlsx workbook.
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¢) Go to the tab labeled ‘Subregion 3 (DSA 12)".

d) Place the cursor in cell B6, then hit the <F4> key three times to remove the ‘$’ signs in the
formula.

e) Type the minus sign '-".

f)  Again, without hitting return or touching anything else with the cursor, select the ‘View' menu
and use the ‘Switch Windows' button to choose the ASR_Land_and_Water_Budget.xlsx

workbook.

Go to the tab labeled ‘Subregion 3 (DSA 12)".

Place the cursor in cell B6, then hit the <F4> key three times to remove the '$’ signs in the
formula.

i) Hit the return key.

=yl (e]
= =

The cell formula should be ="/ASR_Land and Water Budget.xlsx/Subregion 3 (DSA 12)'/B6-
[Base_Land_and_Water Budget.xlsx/Subregion 3 (DSA 12)'/B6. The cell value should be close to
zero.

8) Next, we will copy this formula to all the cells in the budget table.

a) Place the cursor in cell B6 and then move the cursor over the small black square that appears in
the lower right corner of the cell so the cursor changes to a black plus sign. Double-click on the

black square to copy the formulas down column B to the end of the column.

b) Then use <Ctrl-C> to copy the formulas in this column, <Ctrl><Shift><Right> to select the other

cells in the budget table, and <Ctrl-V> to paste the formula.

The Land and Water Use Budget reports the monthly balance between water demand and water supply. We
can visually see the major differences between the ASR Case and the Base Case. First, we can see the
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."’5;;\"- ASR_Lland_and_Water_Compare xlsx - Microsoft Excel -
_Ey Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools Acrobat 'Q) =2 X
= 1S &[5 B 1G] £ s EE Q- QA (COBIE=E=SLI BU H-A-A Ju -Al-
| B6 - ﬁr| ='[ASR_Land_and_Water_Budget.xIsx]Subregion 3 (DSA 12)'1B6- l
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1 IWFM (v3.02.0066) =
2 LAND AND WATER USE BUDGET IN AC.FT. FOR SUBREGION 3 (DSA 12)
3 AREA=689107.70 AC
4
.. Ag. Supply Urban
Time Ag. Area  Potential Requireme Ag. Ag. Ag. Ag. Re- Urban Supply Urk
(AC) CUAW n Pumping Diversion Shortage use Area (AC) Requirem Pumj
5 ent
6 | 10/31/1972 12:00 AM 0.001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 1173001972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 | 12/31/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 | 01/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 | 02/28/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 | 03/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 | 04/30/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 | 05/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 | 06/30/1973 12:00 AM 0.00 0.00 0.00 2000.01  -1760.01 -240.00 262 54 0.00 0.00
15 | 07/31/1973 12:00 AM 0.00 0.00 0.00 2000.01 -1674.88 -325.14 355.66 0.00 0.00
16 | 08/31/1973 12:00 AM 0.00 0.00 0.00 2000.01 -1759.37 -240.64 263.23 0.00 0.00
17 | 09/30/1973 12:00 AM 0.00 0.00 0.00 0.00 0.07 -0.07 0.08 0.00 0.00
4« » ] Land Water SR3 ,* Sheet2 ~ £l 0 o e i T e e e
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increased pumping rates of the ASR Case in column E, which is labeled ‘Ag. Pumping (+)". The difference in
groundwater supply between the two cases is ‘0.00' for October 1972 through May 1973, “2000.01" for June
through August 1973, and '0.00" for September 1973. These values are than repeated each year through 2009.

Next, the reduced surface water supply is in column F, labeled ‘Ag. Diversion (+)'. The difference in available
surface water is ‘0.00" for October 1972 through May 1973, *-1760.01" for June, ‘-1674.88" for July, -1759.37'
for August, and ‘0.00" for September. Similar values are than repeated each year through 2009. The values of -
1,675 to -1,760 AF/mo represent a 2,000 AF/mo reduction in the amount diverted from the river, after
incorporating recoverable and non-recoverable losses associated with the delivery system. It also appears that
July river flows may have been insufficient to supply the entire diversion amount under the Base Case.

When we designed this case study, we expected to replace a 2,000 AF/mo surface water diversion with 2,000
AF/mo of groundwater. However, owing to the delivery losses that accompany the surface water diversion, we
are actually supplying additional water, a surplus of supply over demand, which shows up as negative values
in column G ‘Ag. Shortage’. We will use the Root Zone Budget to see where this additional water goes.

Compare Root Zone Budgets for Subregion 5
The Root Zone Budget provides details of the monthly water inflows and outflow of the land surface process.
It shows how changes in water availability affect root-zone water storage, return flows and deep percolation.
We will compare the ASR Case and Base Case Root Zone Budget tables for Subregion 3.

1) Open the two Exce/workbooks Base_Root_Zone_Budget.xlsx and
ASR_Root_Zone_Budget.xlsx.

2) Create a new £Exce/workbook ASR_Root_Zone_Compare.xlsx and save it in the folder
ASR Case Study.

3) Rename the worksheet ‘Sheet1’ to ‘Root Zone SR3'.

4) We want to copy the format (dates, column titles, etc) of the Groundwater Budget tables to the
worksheet of the new workbook. Go to (for example) tab ‘Subregion 3 (DSA 12)" of
ASR_Root_Zone_Budget.xlsx. Click in the box in the upper left, above row label ‘1" and to the
left of column label ‘A’. This will select the entire worksheet. Use <Ctrl-C> to copy the column.

5) Go to tab ‘Root Zone SR3’ of ASR_Root_Zone_Compare.xlsx and put the cursor in cell A1. Use
<Ctrl-V> to paste the contents of worksheet ‘Subregion 3 (DSA 12)".

6) Format the column headers
a) Click on the box with ‘5" on the left side of the workbook to select the row

Use <Ctrl-1> to open the ‘Format Cells’ panel

Select the ‘Alignment’ tab

Use the drop-down menu under ‘Horizontal’ to select ‘Center’

Use the drop-down menu under ‘Vertical’ to select ‘Center’

Check the box next to ‘Wrap text’

g) Click "'OK’ to close the panel

7) Next we want to calculate the difference between the ASR Case and Base Case for subregion 3.

a) Place the cursor in cell B5 (to the right of date 10/31/1972) and press ‘=" to start a new formula.

LCHRS JRa RIS

=
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b) Without hitting return or touching anything else with the cursor, select the 'View' menu and use
the "Switch Windows' button to choose the Base_Root_Zone_Budget.xIsx workbook.

¢) Go to the tab labeled ‘Subregion 3 (DSA 12)".

d) Place the cursor in cell B6, then hit the <F4> key three times to remove the ‘$’ signs in the
formula.

e) Type the minus sign '-".

f)  Again, without hitting return or touching anything else with the cursor, select the ‘View' menu

and use the ‘Switch Windows' button to choose the ASR_Root_Zone_Budget.xIsx workbook.

Go to the tab labeled ‘Subregion 3 (DSA 12)".

Place the cursor in cell B6, then hit the <F4> key three times to remove the '$’ signs in the

formula.

i) Hit the return key.

= pi(e)
=

The cell formula should be ='/ASR_Root Zone_Budget.x/sx/Subregion 3 (DSA 12)’1B6-
/Base_Root Zone_Budget.x/sx[Subregion 3 (DSA 12)IB6. The cell value should be close to zero.

8) Next, we will copy this formula to all the cells in the budget table.

a) Place the cursor in cell B6 and then move the cursor over the small black square that appears in
the lower right corner of the cell so the cursor changes to a black plus sign. Double-click on the
black square to copy the formulas down column B to the end of the column.

b) Then use <Ctrl-C> to copy the formulas in this column, <Ctrl><Shift><Right> to select the other
cells in the budget table, and <Ctrl-V> to paste the formula.

-6-3\ ASR_Root_Zone_Compare.xsx - Microsoft Excel -BX
_B'i/J Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools Acrobat 'Q) - 2 X
I 3 & 5 1 1G]] A~ Sy EEE S EE il Q- RV(COBEES=SIZBUDH-A-AJu -A-
I B6& - ﬁr| ='[ASR_Root_Zone_Budget.xlsx]Subregion 3 (DSA 12)'|B6-'[Base_Root_Zone_Budget xlsx]Subregion '
A B C D E 5 G H | J K
1 |IWFM (v3.02.0066) =
2 ROOTZONE MOISTURE BUDGET IN AC.FT. FOR SUBREGION 3 (DSA 12)
3 |AREA=689107.70 AC
4
Ag. Net
Ag. Ag. Prime Ag. Ag. Total Ag. Ag. Gain Ag.
. Ag. Area T g. X . = from . . Ag.
Time Precipitat Applied Reused Applied Return Beginnin Infiltratio
(AC) . Runoff Land E
ion Water Water Water Flow g Storage . n (¥)
Expansio
n(+)
5
6 | 10/31/1972 12:00 AMI [},DD! 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00
7 | 11/30/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 | 12/31/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 | 01/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 | 02/28/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 | 03/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 | 04/30/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 | 05/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 | 06/30/1973 12:00 AM 0.00 000 0.00 240.00 262 54 502 54 20712 0.00 0.00 3289
15 | 07/31/1973 12:00 AM 0.00 0.00 0.00 32514 3556.66 680.80 280.59 0.00 0.00 44 55
16 | 08/31/1973 12:00 AM 0.00 0.00 0.00 240.64 263.23 503.87 20767 0.00 0.00 3297
17 | 09/30/1973 12:00 AM 0.00 0.00 0.00 0.07 0.08 0.16 0.06 0.00 0.00 0.01
A0 ADTIA TANTS AT-NN ARL falatal [aWalal nN_nin N_NC [aWal= n_A4n NNA (A WaTa) (AW aTa) N _ind
4 4 » M| RootZoneSR3 < Sheetz %1 I
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Review the Differences
The surplus supply from the Land and Water Use Budget shows up in column E, labeled ‘Ag. Prime Applied
Water'. The values in this column are identical to the values in the ‘Ag. Shortage’ column of the Land and
Water Use Budget, multiplied by -1. This represents the increase in available water for the ASR Case versus the
Base Case.

This additional water results in an increase in return flows to the river (column H, ‘Ag. Return Flow') and
infiltration (column K, ‘Ag. Infiltration’). The increase in return flow and infiltration equals the increase in
prime applied water. The increased infiltration, in turn, results in an identical increase in deep percolation
(column M). This increase in return flows is probably partly responsible for the increased river flows in the
summer months, noted in the surface water hydrographs above.

Compare Groundwater Budgets for Subregion 3
The groundwater system for the ASR Case experiences two changes relative to the Base Case. First, 1,000
AF/mo is directly recharged in the months of November through April, and second, an additional 2,000 AF/mo
of groundwater is pumped in the months of June through August. We also guessed that changes in
groundwater discharges to the rivers may be partly responsible for the fact that diverting an additional 1,000
AF/mo from the river causes only a 700-800 AF/mo drop in flows.

We can see the impact of the increased recharge and pumping on the groundwater aquifer by comparing the
Groundwater Budget tables for one or more subregions between the ASR Case and Base Case. The ASR
project is located in model subregion 3, so we will compare the Groundwater Budget tables for the two cases
for this subregion.

1) Open the two £xce/workbooks Base_Groundwater_Budget.xlsx and
ASR_Groundwater_Budget.xlsx.

2) Create a new £xce/workbook ASR_Groundwater_Compare.xlsx and save it in the folder
ASR Case Study.

3) Rename the worksheet ‘Sheet1’ to ‘Groundwater SR3'.

4) We want to copy the format (dates, column titles, etc) of the Groundwater Budget tables to the
worksheet of the new workbook. Go to (for example) tab ‘Subregion 3 (DSA 12)" of
ASR_Groundwater_Budget.xlsx. Click in the box in the upper left, above row label ‘1" and to the
left of column label "A”. This will select the entire worksheet. Use <Ctrl-C> to copy the column.

5) Go to tab ‘Groundwater SR3’ of ASR_Groundwater_Compare.xlIsx and put the cursor in cell A1.
Use <Ctrl-V> to paste the contents of worksheet ‘Subregion 3 (DSA 12)’.

6) Format the column headers
a) Click on the box with ‘5’ on the left side of the workbook to select the row

b) Use <Ctrl-1> to open the ‘Format Cells' panel

c) Select the ‘Alignment’ tab

d) Use the drop-down menu under ‘Horizontal’ to select ‘Center’
e) Use the drop-down menu under ‘Vertical’ to select ‘Center’

f)  Check the box next to ‘Wrap text’

g) Click 'OK’ to close the panel
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7) Next we want to calculate the difference between the ASR Case and Base Case for subregion 3.

Place the cursor in cell B5 (to the right of date 10/31/1972) and press ‘=" to start a new formula.

Without hitting return or touching anything else with the cursor, select the ‘View' menu and use

the ‘Switch Windows' button to choose the Base_Groundwater_Budget.xIsx workbook.

Go to the tab labeled ‘Subregion 3 (DSA 12)".

Place the cursor in cell B6, then hit the <F4> key three times to remove the ‘$’ signs in the

formula.

Type the minus sign '-'.

Again, without hitting return or touching anything else with the cursor, select the ‘View' menu

and use the "Switch Windows' button to choose the ASR_Groundwater_Budget.xlsx

workbook.

g) Go to the tab labeled ‘Subregion 3 (DSA 12)".

h) Place the cursor in cell B6, then hit the <F4> key three times to remove the ‘$’ signs in the
formula.

i) Hit the return key.

The cell formula should be ="/ASR_Groundwater_Budget.xlsx/Subregion 3 (DSA 12)'/B6-
[Base_Groundwater_Budget.xlsx/Subregion 3 (DSA 12)'186. The cell value should be close to zero.

8) Next, we will copy this formula to all the cells in the budget table.

a) Place the cursor in cell B6 and then move the cursor over the small black square that appears in
the lower right corner of the cell so the cursor changes to a black plus sign. Double-click on the
black square to copy the formulas down column B to the end of the column.

b) Then use <Ctrl-C> to copy the formulas in this column, <Ctrl><Shift><Right> to select the other
cells in the budget table, and <Ctrl-V> to paste the formula.

E;n ASR_Groundwater_Compare.xlsk - Microsoft Excel _mXx
}‘)‘I Home  Insert  Pagelayout  Formulas Data  Review  View  Developer  AddIns  IWFMTools  Acrobat @ - = x
= R R A e G HE- (2125 i Q- R SO EF=LBUS-A-X 0 u -[Alial B EEE e R
| B6 -\ J&| ='[ASR_Groundwater_Budget xlsx]Subregion 3 (DSA 12)'IB6-'[Base_Groundwater_Budget. xlsx]Subregion 3 (DSA 12)'1B6
| E
A B C D E F G H | J K L M N |
1 IWFM (v3.02.0066) ]
2 GROUND WATER BUDGET IN AC.FT. FOR SUBREGION 3 (DSA 12)
3 AREA=689107.70 AC
4
. . Subsurfa Tile Net
. Deep . Beginning Ending Net Dee;.) Gain from Recharg Gain Boundary Subsiden ce Drain  Pumping Subsurfa D
Time Pereolati Storage (¥) Storage (-} Percolati | Stream e(¥) from Inflow (+) ce (+} Irrigation Outflow (- (=) ce Inflow
5 oh on (+) (+) Lake (+) ) ) +
6 | 10/31/1972 12:00 AM| 0.00] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 11/30/1972 12:00 AM 0.00 0.00 565.55 0.00 -137.64  950.01 0.00 0.00 -0.33 0.00 0.00 0.00 -246.49
8  12/31/1972 12:00 AM 0.00 565.55 1094.94 0.51 -167.83  950.01 0.00 0.00 -0.29 0.00 0.00 0.00 -252.91
9  01/31/1973 12:00 AM 0.00 1094.94 1599.86 10.18  -194.55  950.01 0.00 0.00 -0.40 0.00 0.00 0.00  -260.31
10  02/28/1973 12:00 AM 0.00 1599.86 2092.31 1326 -202.30  950.01 0.00 0.00 -0.40 0.00 0.00 0.00 -268.11
11 03/31/11973 12:00 AM 0.00 2092.31 2562.75 -6.03 -20042  950.01 0.00 0.00 -0.39 0.00 0.00 0.00 -27273
12 04/30/1973 12:00 AM 0.00 2562.75 3028.17 -14.03 19118  850.01 0.00 0.00 -1.89 0.00 0.00 0.00 -277.49
13 | 05/31/11973 12:00 AM 0.00 3028.17 2897.15 -11.72 -83.35 0.00 0.00 0.00 -0.06 0.00 0.00 0.00 -35.89
14 | 06/30/1973 12:00 AM 32.89 2897.15 1491.30 -9.43 140.69  -200.00 0.00 0.00 21.14 0.00 0.00 2000.01 641.78
15 07/31/1973 12:00 AM 44.55 1491.30 204.54 -4.32 212.67 -194.96 0.00 0.00 35.09 0.00 0.00 2000.01 664.77
16 08/31/1973 12:00 AM 32.97 204.54 -1059.22 1.30 2568.09 -199.98 0.00 0.00 2.56 0.00 0.00 2000.01 674.29
17 089/30/1973 12:00 AM 0.01 -1059.22 -960.60 4.29 94.98 0.00 0.00 0.00 -10.13 0.00 0.00 0.00 948 o
TR Erl;uinidwa’teirislrliir ShEEtZ’ 7:&1 7777777777 o o o 7|_I|71_7| m— m— |||; — — — | 0 )w
Ready | ] [EEmETNe U o
Review the Differences

The differences between the ASR Case and Base Case appear in the second month of the simulation,
November 1972. In this month, an additional 1,000 AF are diverted from the river and applied to the recharge

153



C2VSim Hands-On Tutorial

basin. Column G, ‘Recharge (+)', shows the additional ASR recharge of 950 AF (the 1,000 AF diverted minus
50 AF of non-recoverable losses). This additional water is balanced by changes in column D ‘Ending Storage (-
), column F ‘Gain from Stream (+)’, column J ‘Subsidence (+)’, and column N ‘Net Subsurface Inflow (+)'. The
rise in the water table altitude results in a flow of 585.55 AF into groundwater storage, and elastic recovery
from subsidence results in the flow of an additional 0.33 AF into groundwater storage. Groundwater
discharges to streams increase by 137.64 AF (this column holds flows from the stream to the groundwater; a
negative value indicates the flow direction is from the groundwater to the stream). The remaining 246.49 AF
flows to adjacent subregions (again, the negative sign indicates flow out of the subregion). Over the months
of December through April 1973, the recharge basin receives 1,000 AF/mo, 950 AF/mo recharges, and this
results in continued flows to streams and adjacent subregions and increased groundwater storage. The
recharge basin does not operate in May 1973, and there is a small decrease in groundwater storage and a
reduction in flows to streams and adjacent subregions.

Groundwater pumping begins in June 1973, and the pumping rate appears in column M ‘Pumping (-)". This is
accompanied by a small reduction in recharge; the reduced surface water diversion is accompanied by a
proportionate reduction in recoverable losses. The 2,000 AF pumped from the aquifer is offset by inflow from
groundwater storage, and reductions in groundwater flows to streams and flows to adjacent subregions. This
is repeated in July and August, as water is withdrawn from the aquifer. By the end of August 1973, the ASR
project has reduced groundwater storage by 1,059 AF below the Base Case storage.

Excel allows us to quickly sum the values in a block without writing a formula. Select cells F6 through F16
(gain from stream from October 1972 through August 1973). The bar at the bottom of the Excel window
shows several properties of the number in the highlighted block, including the sum, minimum, maximum,
count and average.

l:“n ASR_Groundwater_Compare.xlsx - Microsoft Excel - =X
}E/'I Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools Acrobat - T X
19 & g (Bi5]] &| Gy HER B Rl QR 0% E==ST BUG-ACA LU Al FIHEAEE i
| F6 hd J‘:"l ='TASR_Groundwater_Budget xlsx]Subregion 3 (DSA 12)'IF&-[Base_Groundwater_Budget xlsx]Subregion 3 (DSA 12)'1F8
| E
A B Cc D E I= G H | J K L M N |
1 IWFM (v3.02.0066) B
2 |(GROUND WATER BUDGET IN AC.FT. FOR SUBREGION 3 (DSA 12)
3 |AREA= 689107.70 AC
4
. . Subsurfa  Tile Net
; Deep . Beginning Ending Net DEE'.’ Gain from Recharg Gain Boundary Subsiden ce Drain  Pumping Subsurfa D
Time Percolati Percolati  Stream from P
Storage (+) Storage (-) e (+) Inflow (+) ce (+) Irrigation Qutflow (- (-) ce Inflow
5 on on (+) (+) Lake (+) * ) *
6 10/31/1972 12:00 AM 0.00 0.00 0.00 0.00} 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7| 11/30/1972 12:00 AM 0.00 0.00 565.55 0.00] -137.64 950.01 0.00 0.00 -0.33 0.00 0.00 0.00 -246.49
8 | 12/3111972 12:00 AM 0.00 565.65 1094.94 051] -167.83] 950.01 0.00 0.00 -0.39 0.00 0.00 000 -252.91
9 | 01/3111973 12:00 AM 0.00 1094.94 1599.86 10.18] -194.55) 950.01 0.00 0.00 -0.40 0.00 0.00 0.00 -260.31
10 02/28/1973 12:00 AM 0.00 1599.86 2092.31 1326 -202.30 950.01 0.00 0.00 -0.40 0.00 0.00 000 -268.11
11 03/31/1973 12:00 AM 0.00 209231 2562.75 -6.03] -200.42] 950.01 0.00 0.00 -0.39 0.00 0.00 000 -272.73
12 04/30/1973 12:00 AM 0.00 2562.75 302817 -14.03] -191.18 950.01 0.00 0.00 -1.89 0.00 0.00 000 -277.49
13 05/31/1973 12:00 AM 0.00 3028.17 2897.15 -11.72) -83.35 0.00 0.00 0.00 -0.06 0.00 0.00 0.00 -35.89
14 06/30/1973 12:00 AM 32.89 2897.15 1491.30 -9.43 140.69| -200.00 0.00 0.00 21.14 0.00 0.00 2000.01 641.78
15 07/31/1973 12:00 AM 44 55 1491.30 204.54 -4.32 21267| -194.96 0.00 0.00 35.09 0.00 0.00 2000.01 B864.77
16 08/31/1973 12:00 AM 32.97 204.54 -1059.22 1.30] 258.001 -199.98 0.00 0.00 2.56 0.00 0.00  2000.01 674.29
17 09/30/1973 12:00 AM 0.01 -1059.22 -960.60 429 94.98 0.00 0.00 0.00 -10.13 0.00 0.00 0.00 948 o
W 4 v W] Groundwater SR3 < shestz 0 AN T T o i o o - o [
Ready | 2 Average: -51.44  Count11  Min: 20230 Max 258.09 Sum: -565.82 || (O] Al| 100% @ (1) @ i

We can see that under the ASR Case, an additional 585.82 AF of water exited the aquifer and flowed into the
river versus the Base Case. This represents nearly 10% of the water diverted from the river. Highlighting cells
N6 through N16 shows a net flow of 366.90 AF from adjacent subregions. Highlighting cells E6 through E16
shows that diverting 6,000 AF of surface water to the recharge basin results in a net increase in recharge of
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5,105.10 AF. The remaining 895 AF is due to a combination of evaporative losses in the recharge operation
and the removal of the summer diversion’s seepage losses.

Create a Water Year Summary
We can use the 'WY-Month’ tool on the ‘IWFM Tools" menu to see the differences between the ASR Case and
the Base Case for each flow term. We will demonstrate this by looking at the changes in ending groundwater
storage, labeled ‘Ending Storage (-)', in column D.

Under the ‘IWFM Tools' menu, select ‘'WY-Month’ to open the ‘'WY-Month’ panel.

1) Place the cursor in the ‘Date Range’ area and select the dates from column A, cells A6 to A449.

2) Place the cursor in the ‘Time Series Data Range’ area and select the data values from column D, cells
D6 to D449.

3) Put the cursor in the ‘Output range’ area and select cell S5.

4) In the ‘Unit Conversion’ section, click next to ‘AF’ under ‘Time Series Data’ and ‘TAF' under ‘Table'.

5) At the bottom of the WY-Month panel, click the boxes next to the graphs for monthly averages and
annual totals

6) Click ‘OK’ to create the table.

(wr-boath x|
Date Range: Inundwater SRIISASE:SAS449
Time Series Data Range: I:nundwater SR31$D56:5DS445
Output Range: IGrDundwaier SR¥15555

Unit Conversion

Time Series Data Table

" Hone " Hone

cfs  cfs

@ AF I AF

 TAF * TAF

 MAF  MAF
Decimal Digits: |1
™ Use 1000 Seperator
¥ Include Chart for Monthly Averages
¥ Include Chart for Annual Totals

OK | Cancel |

This will produce a table with the monthly difference in ending groundwater storage between the two cases
for subregion 3, with total annual difference in the right-most column. Average, minimum and maximum
values are listed at the bottom of this table.

Two graphs are also produced, to the right of the Water Year-Month table.
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The top graph shows the average monthly difference in groundwater storage between the two scenarios over
the entire simulation period. This graph shows that the ASR project results in the net removal of water from
groundwater storage. As we showed above, the ASR project resulted in increases in groundwater flows to
streams and in net subsurface flows to adjacent subregions. Thus when groundwater pumping commenced in
the summer, some of the recharged water was not available for extraction. Over time, these increased
discharges to rivers and horizontal flows result in a net loss of water from storage. The groundwater storage
recovers during the winter months at a rate below the recharge rate of 1,000 AF/mo, and declines in June
through August at a rate below the pumping rate of 2,000 AF/mo.
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The lower graph shows that the ASR project leads to a long-term, relatively steady but also very small decline
in groundwater storage. The decline in groundwater storage does not level off, even after 37 years. The
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annual rate of decline is probably insignificant, but this is a very small project and these losses could be
important for a larger project.

Compare Stream Reach Budgets for Reach 51

We used the difference between the ASR and Base case stream flow hydrographs to show the change in
stream flows at specific locations. We can use the Stream Reach Budget to show impacts on individual flow
terms. The ASR project modified a diversion on reach 51, so we will investigate the impact of the ASR project
on stream flow terms in this reach.

Open the two £xce/workbooks Base_Stream_Reach_Budget.xlsx and
ASR_Stream_Reach_Budget.xlsx.

Create a new £xce/workbook and save it in directory ASR_Case Study with the name
ASR_Stream_Reach_Compare.xlsx.

Rename the worksheet ‘Sheet1’ to ‘Stream reaches’.

We want to copy the format (dates, column titles, etc) of the Stream Reach Budget tables to the
worksheet of the new workbook. Go to the tab ‘Stream reach 51" of
ASR_Stream_Reach_Budget.xlsx. Click in the box in the upper left, above row label ‘1" and to
the left of column label ‘A’. This will select the entire worksheet. Use <Ctrl-C> to copy the column.
Go to tab ‘Sheet1’ of ASR_Stream_Reach_Compare.xlsx and put the cursor in cell A1. Use <Ctrl-
V> to paste the contents of worksheet 'Stream reaches’.

Format the column headers

a) Click on the box with ‘5" on the left side of the workbook to select the row

) Use <Ctrl-1> to open the ‘Format Cells’ panel

) Select the "Alignment’ tab

) Use the drop-down menu under ‘Horizontal’ to select ‘Center’

) Use the drop-down menu under ‘Vertical' to select ‘Center’

Check the box next to "Wrap text’

Click "OK’ to close the panel

eamo.ho‘
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."Ee;\'- ASR_Stream_Reach_Compare.xlsx - Microsoft Excel -0 X
::"y Home Insert Page Layout Formulas Data Review View Developer Add-Ins TWFM Tools Acrobat '@) - 8 X
= RN R0 ] wl EE sl slEl G Q- RO === B U H-A-Nan -[Al-
| B5 - ( #| 771453.64300834
A B & D E F G H J K
1 IWFM (v3.02.0066) =]
2 STREAM FLOW BUDGET IN AC.FT. FOR REACH 51
3
Downstrea _ . . Gain from Gain . .
Time r::;ls:\r:(a:; m Outflow I-:; rfll::l:?g Dr;r;:‘e( +) RL;:;:ﬁ FT::vu(T] Groundwa  from DI:E:'SID 2?;:?(5?
4 (-) ter (+) Lake (+)
5 10!31!19?212:00»&[‘«1' ??1453.64! 82011574 361570 0.00 0.00 0.00 4692941 0.00 1883.01 0.0
6 | 11/30/1972 12:00 AM 1075206.90 1085828.39 12833.88 0.00 0.00 0.00 -1212.39 0.00 1000.01 0.0
T 12311972 12:00 AM 103911010 1043257 49 648137 0.00 0.00 0.00 5075.07 0.00 100001 6409 0
8 | 01/31/1973 12:00 AM 2688443 65 1897913.73 25765.06 0.00 0.00 0.00 -53473.70 0.00 1000.01 7618212
9 | 02/28/1973 12:00 AM 2286596.79 186758595 19104.50 0.00 0.00 0.00 £6903.74 0.00 1000.01 444019.0
10 | 03/31/1973 12:00 AM 1419160.19 130142916 833859 0.00 0.00 0.00 3666551 0.00 100001 1617351
11 04/30M1973 12:00 AM 668051.08 £691209.87 0.00 0.00 0.00 0.00 3471587 0.00 11557.08 0.0
12 05/31197312:00 AM  721686.30 708500.74 0.00 0.00 0.00 0.00 11513.61 0.00 2469917 0.0
13 06/30/1973 12:00 AM 59506086 58524959 0.00 0.00 0.00 0.00 1012287 0.00 1993414 0.0
14 07/31197312:00 AM 665631.61 645599.94 0.00 0.00 0.00 0.00 1120.47 0.00 2115215 0.0
15 08/31/1973 12:00 AM 60366891 59111905 0.00 0.00 0.00 0.00 5801.27 0.00 1835113 0.0
16 | 09/30/1973 12:00 AM 54946523 549031.48 0.00 0.00 0.00 0.00 8839.31 0.00 9273.06 0.0,
W43 Stream reaches . Shects 50 ANimmiannis = T I ——T———— i
Reacy | & [EEErT e ) s
7) Next we want to calculate the difference between the ASR Case and Base Case for river reach 51.
a) Place the cursor in cell B5 (to the right of date 10/31/1972) and type ‘=’
b) Without hitting return or touching anything else with the cursor, select the 'View' menu and use
the "Switch Windows' button to choose the ASR_Stream_Reach_Budget.xlsx workbook.
¢) Go to the tab labeled ‘Stream reach 51°. Place the cursor in cell B5, then hit the <F4> key three
times to remove the ‘$’ signs in the formula
d) Type the minus sign '~
e) Again, without hitting return or touching anything else with the cursor, select the ‘View' menu
and use the "Switch Windows' button to choose the Base_Stream_Reach_Budget.xlsx
workbook.
f)  Go to the tab labeled 'Stream reach 51°. Place the cursor in cell B5, then hit the <F4> key three
times to remove the ‘$’ signs in the formula
g) Hit the return key.

8)

The cell formula should be ='/ASR_Stream_Reach_Budget.x/sx/Stream reach 51'/B5-
[Base_Stream_Reach_Budget.x/sx/Stream reach 57'/B5. The cell value should be zero.

Next, we will copy this formula to all the cells in the budget table.

a)

b)

Place the cursor in cell BS and then move the cursor over the small black square that appears in
the lower right corner of the cell so the cursor changes to a black plus sign. Double-click on the
black square to copy the formulas down column B to the end of the column.

Then use <Ctrl-C> to copy the formulas in this column, <Ctrl><Shift><Right> to select the other
cells in the budget table, and <Ctrl-V> to paste the formula.
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-"E“;\- ASR_Stream_Reach_Compare.xlsx - Microsoft Excel -0 X
}E/‘ Home Insert Page Layout Formulas Data Review View Developer Add-Ins TWFM Tools Acrobat @ - = X
= RN R0 ] | EE 2l 2l 5l il Q- RA(QOBH(EE=SL B UDI-A-X u -|A-
BS ML fx | ='[ASR_Stream_Reach_Budget xlsx]Stream reach 51'1B5-
'[Base_Stream_Reach_Budget.xIsx]Stream reach 51'1B5 =
A B C D E F G H J K
1 |IWFM (v3.02.0066) =
2 |STREAM FLOW BUDGET IN AC.FT. FOR REACH 51
3
) Upstream Downstrea Tributary  Tile Runoff  Return Gain from | Gain Diversio By-pass
Time inflow (+) ™ CUOW | dow (+) Drain(¥) (¥  Flow(#) Croundwa from n  Flow()
4 (-) ter (+) Lake (+)
5 | 10/31/1972 12:00 AM 0.001 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
6 | 11/30/1972 12:00 AM 0.00 -752.99 0.00 0.00 0.00 0.00 24702 000 100001 00
7 | 12/31/1972 12:00 AM 0.00 -729.84 0.00 0.00 0.00 0.00 270.16 0.00 1000.01 0.0
8 | 01/31/1973 12:00 AM 0.00 -721.92 0.00 0.00 0.00 0.00 278.08 0.00 1000.01 0.0
9 | 02/28/1973 12:00 AM 0.00 -714.89 0.00 0.00 0.00 0.00 28511 0.00 1000.01 0.0
10 | 03/31/1973 12:00 AM 0.00 -111.97 0.00 0.00 0.00 0.00 288.04 0.00 1000.01 0.0
11 | 04/30/1973 12:00 AM 0.00 -709.00 0.00 0.00 0.00 0.00 291.01 0.00 1000.01 0.0
12 | 05/31/1973 12:00 AM 0.00 48.04 0.00 0.00 0.00 0.00 48.04 0.00 0.00 0.0
13 | 06/30/1973 12:00 AM 1.14 1700.85 0.00 0.00 0.00 0.00 -300.31 0.00 -2000.01 0.0
14 | 07/31/1973 12:00 AM 0.00 157395 0.00 0.00 0.00 0.00 -426 06 000 -200001 00
15 | 08/31/1973 12:00 AM 0.00 1605.15 0.00 0.00 0.00 0.00 -494.86 0.00 -2000.01 0.0
16 | 09/30/1973 12:00 AM 0.00 -192.17 0.00 0.00 0.00 0.00 -192.17 0.00 0.00 0.0%
4 4 ¥ M| Stream reaches . Sheet2 %1 [ I ] 0
Ready | | EEEETENE) Y O

The cell values should be zeroes for the first month. Some values should change to non-zero numbers in the
second month when the two scenarios change.

We can see several differences between the ASR Case and Base Case in the first year. First, note that the
values in the column labeled ‘Diversion (-)" are the values we expect to see: we increased the diversion rate by
1,000 AF/mo for November through April, and decreased the diversion rate by 2,000 AF/mo for June through
August. We also see that the groundwater discharge to the stream (‘Gain from Groundwater (+)") mirrors the
flow direction of the values from the Groundwater Budget. The rates are less than the totals in the other
budget tables because the impacts are spread among multiple river reaches.

Also, note the small positive changes for some months in ‘Upstream Inflow (+)". This indicates the ASR Case
has increased stream flow in upstream reaches versus the Base Case. These increased flows are probably due
to some combination of increases in both groundwater discharges and return flows to these streams as a
result of the ASR project.

Review the Differences
We can use the "WY-Month’ tool on the ‘IWFM Tools" menu to see more closely analyze the differences
between the ASR Case and the Base Case. We will use the change in downstream outflows (column C,
‘Downstream Outflow (-)) as an example.

Under the ‘IWFM Tools' menu, select "WY-Month’ to open the ‘'WY-Month’ panel.

1) Place the cursor in the ‘Date Range’ area and select the dates from column A, cells A5 to A448.

2) Place the cursor in the ‘Time Series Data Range’ area and select the data values from column C, cells
C5 to C448.

3) Put the cursor in the ‘Output range’ area and select cell P5.

4) In the ‘Unit Conversion’ section, click next to ‘AF’ under ‘Time Series Data’ and ‘TAF" under ‘Table’.
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5) At the bottom of the WY-Month panel, click the boxes next to the graphs for monthly averages and
annual totals, and click ‘OK".

x
Date Range: IStrEam reaches 1SASE:SAS443
Time Senes Data Range: IStream resches'1$/55:5)5448
Output Range: IStream reaches'!SPS5

Unit Caonversion

Time Series Data Table

" MNone " MNone

T cfs C cfs

+ AF  AF

 TAF = TAF

 MAF  MAF
Decimal Digits: |1
¥ Use 1000 Seperator
¥ Include Chart for Monthly Averages
¥ Include Chart for Annual Totals

OK | Cancel

This will produce a table with the monthly difference in surface water diversions between the two cases for
river reach 51. The total annual difference is in the right-most column, and the monthly average, minimum
and maximum are in rows at the bottom of the table.

Ega y ASR_Stream_Reach_Compare.xlsx - Microsoft Excel - =X
_é-V Home | Insert | Page Layout | Formulas | Data Review | View  Developer AddIns | IWFMTools PDF Architect Acrobat IWFMTools @ -
b L 5 3 BRI || ~ I B EE- 48kl QR ([ OO% E=E=S7 80 H-A-X 4 -
| 05 -6 £ ¥
o P Q R S T u Vi w X Y z AA AB AC AR
4
5 I WY Oct Nov Dec Jan Feb Mar Ap May Jun Jul  Aug Sep Total
6 1973 o0 -08 07 07 07 07 -07 0.0 1.7 1.6 15 -02 03
7 1974 -01 -08 08 07 07 07 07 0.0 1.7 1.6 15 -02 0.0
8 1976 01 08 08 08 07 07 07 0.0 1.7 1.5 15 -02 0.1
9 1976 01 08 08 08 07 07 07 0.0 1.7 1.5 15 -02 0.2
10 1977 01 08 08 08 -08 07 07 0.0 1.7 1.5 15 0.2 02
11 i97¢ -01 08 08 08 -08 07 -07 0.0 1.7 1.5 15 -02 0.2
12 1979 01 08 08 08 -08 07 07 0.0 1.7 1.5 1.5 0.2 0.2
13 1980 01 08 08 08 08 07 07 0.0 1.7 1.5 1.5 0.2 0.3
14 191 -01 08 08 08 -08 -08 -07 0.0 1.7 1.5 15 0.2 0.3
15 %82 -01 08 08 08 -08 08 -07 0.0 1.7 1.5 15 -02 0.3
16 1983 01 08 08 08 08 -08 07 0.0 1.7 1.5 1.5 0.2 0.3
17 1984 01 08 08 08 08 08 07 0.0 1.7 1.5 1.5 0.2 0.3
18 1985 01 08 08 08 -08 -08 07 0.0 1.7 1.5 15 0.2 0.3
19 %8¢ -01 08 08 08 -08 08 -07 0.0 1.7 1.5 15 -02 0.3
20 1987 01 08 08 08 08 -08 07 0.0 1.7 1.5 1.5 0.2 0.3
21 988 01 08 08 08 08 08 07 0.0 1.7 1.5 1.5 0.2 0.3
W 4 ¥ ¥ Stream reaches . Shest2 7]
Ready | 2 U‘ 20050l o

Two graphs are also produced, to the right of the Water Year-Month table. The top graph shows the average
monthly difference in downstream outflows between the two scenarios. Increasing surface water diversions 1
TAF/mo for November through April results in reductions in downstream outflows of approximately 750-800
AF/mo, and reducing surface water diversions 2 AF/mo for June through August increases downstream
outflows by approximately 1.5-1.6 TAF/mo.
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The lower graph shows the difference in annual downstream outflows between the two cases. Annual
outflows are greater in the first few years, but then decline through time, never appearing to reach a stable

value. The total decline is only approximately 400 AF/yr after 37 years.
Total Annual Values

0.4

0.3 \

0.2 \

0.1 \

0.0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
01 1973\975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009
-0.2 \\

0.3 —_— ——
-0.4 —
0.5
Summary
This scenario demonstrates how we can use the C2VSim model to explore the complex hydrologic interactions

within t
glance,

he Central Valley's integrated land surface, groundwater and surface water flow system. At first
the ASR Case appears to be a simple project, storing water in the ground during the winter and

withdrawing it in the summer. However, this analysis shows that the recharged water does not sit still. It
moves around, and it cannot simply be recaptured in the summer. The recharged water displaces water in the
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aquifer, forcing it to flow laterally where it may discharge into a river or flow out of the reach of the project
pumps.

This scenario could be modified to gage the sensitivity of the hydrologic system to other project
configurations. Screening the well in the confined portion of the aquifer (model layer 2) may lead to greater
vertical groundwater flow, reducing discharges to streams. Locating the recharge basin a greater distance
from the river may also reduce discharge to streams. One of the strengths of C2VSim is the ability to quickly
model several potential project configurations to facilitate choosing the configuration that best meets overall
program objectives.
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Scenario 3 — GST: Groundwater-Substitution Water Transfer

Description: This is a fictional case study of a groundwater-substitution water transfer project. A surface
water diversion from the Sacramento River will be reduced by 2,000 AF/mo for the three months June through
August. The project proponent wants to transfer this water to a buyer located south of the Sacramento-San
Joaquin Delta. The project proponent will also pump groundwater to replace this surface water. A new well
will be added to the C2VSim model that will run for the three months June through August. We want to use
the C2VSim model to estimate how this project changes in-stream flows, and specifically how much of this
2,000 AF/mo flows past the Sacramento River at Freeport gage and is available for transfer.

This example will show how to modify the Diversion Specification File and Diversion Data File to add a surface
water diversion; how to modify the Well Specification File, Pumping Specification File and Pumping Data File
to add a new well; and how to analyze simulation results. This scenario will modify diversion #28 at River
Node 331 on the Sacramento River south of the Colusa Basin Drain, which delivers water to Subregion 4 for
agricultural use. The surface water diversion volume will be reduced by 2,000 AF/mo for June through August.
A pump will be placed in Subregion 4, and water will be pumped for June through August for agricultural use.

Initial Steps

The first steps are to set up the project folders, and identify the coordinates of the new pumping wells and
nearby river nodes.

Set up the project folders

The first step is to create folders for the groundwater-substitution water transfer scenario and the unmodified
base case.

1) Create a folder in a convenient place (such as the top directory of the D: drive) called
GST_Case_Study. This folder will hold subfolders with two versions of the model — one for the case
study and one for the unmodified base case.

2) Copy the folder C2VSim CG 1972IC R369 into the folder GST Case Study and rename it GST Case.
The C2VSim files in this folder will be modified to represent the scenario.

3) Copy the folder C2VSim CG 1972IC R369 into the folder GST Case Study again, and rename it
Base Case. Only the C2VSim ‘CVprint.dat’ file in this folder will be modified.
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. D:\GST_Case_Study\Base_Case ;IEIL'
“; ( )’v @| . = Computer - Local Disk (D:) ~ GST_Case_Study - Base_Case - - l‘ﬂ] I Search B... E.‘]‘
File Edit View Tools Help
Organize *  Incudeinlibrary +  Sharewith + Burm  New folder = - E] '9'
= ). GST_Case_Study ;I MName “ Date modified |T‘f|:ie
= . Base_Case
bin . bin 2/1/2013 2:11PM File folder
| Budget . Budget 2/1/2013 2:11PM File folder
| Excel . Excel 2/1/2013 2:11PM File folder
| Preprocessor . Preprocessor 2/1/2013 2:11PM File folder
! Results | Results 2/1/2013 2:11PM File folder
i Simulation | Simulation 2/1/2013 2:11PM File folder
. Z-Budget
. Z-Budget 2/1/2013 2:11PM File folder
[= ) GST_Case )
) Run_C2vSim.bat 11/15/2012 3:13PM  Windows Batch File
bin
| Budget
| Excel
. Preprocessor
J Results
J Simulation
J Z-Budget ;I 4| | LI

Find the well locations using ArcMap

We will use the feature classes in a C2VSim geodatabase to locate the new well, determine what model
subregion and element it is in, and what river reach and node it is closest to. For this exercise, we will use the
arbitrarily selected well location in this table:

Well Latitude Longitude
A 38.86 -121.72

Double-click on the ArcMap project file C2VSim_CG_19721C_R369.mxd to open it, if it is not already open.
Right-click on ‘Subregion’ in the ‘Table of Contents’ pane and select ‘Zoom to Layer’ to center the C2VSim
model on the screen.

When using ArcMap, the coordinates of the pointer appear in the lower right-hand corner.

|
I Table Of Contents “;] Catalog ]
£

-122.203 39.47 Decdmal Degrees

Use the ‘Zoom In’, ‘Pan’ and ‘Select Features by Rectangle’ tools to locate the well. Record the model element
and subregion. Record the node number of the nearest river node and river reach number. You can use the
river reach number and a table in the C2VSim User Manual to identify the river.

Well Latitude Longitude | Element | Subregion River Node River reach

A 38.86 -121.72
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®; C2vsim_CG_19721IC_R367.mxd - ArcMap - ArcInfo

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

RIS TR e T R R = ol BRI BT e 02\ g
QAEQil e RE-TI K@ 7

jaE&n 4 _|

Al R Al o™

3 g Table Of Contents

EERECE

=lofx|

= = Layers
= Tutorial_wwells

O calbrationwel
O ProductionWell
StreamhMode

lun| Node
StreamReaches
Element
Subregion
Small_Watersheds
World_Imagery

-121.72 38.86 Dedmal Degrees

N

The figure above shows the ArcMap window with the location of Well A. The cursor does not appear in the
screen-shot, but is located on the green dot labeled ‘A" (well A from scenario 1). The latitude and longitude of
the cursor (and therefore of the well) are displayed in the lower right. Note the subregion number in red, the
element boundary and element number in light gray, the river node and river node number in dark blue, and
the river reach and river reach number in lighter blue.

When you are finished, your table should be similar to this:

Well Latitude Longitude

Element

Subregion

River Node

River reach

A 38.86 -121.72

315

4

300

53 (Sacramento River)

Find the well coordinates in UTM zone 10

We need to enter the well coordinates into the C2VSim model using the UTM zone 10N coordinate system.
However, the feature classes in this map document are not projected; that is, they are described in decimal
degrees of latitude and longitude. We need to convert the latitude-longitude coordinates to UTM zone 10N

northing and easting coordinates.

The file Tools.zip contains an £xce/workbook utmconversions.xls, developed by Steve Dutch at the
University of Wisconsin at Green Bay. This workbook is also available at
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http://www.uwgb.edu/dutchs/usefuldata/utmconversions1.xls. With this workbook, we can convert the well
coordinates to the format required by the C2VSim model.

Open the utmconversions.xls workbook and choose the tab ‘Main Page’. The top section, in red and pink,
will convert latitude and longitude to UTM coordinates. The middle section, in yellow, will convert UTM
coordinates to latitude and longitude.

Use this workbook to determine the UTM 10N coordinates of each well. Compare these to the coordinates of
the GST well.

Well | Latitude | Longitude | Easting Northing

GST | 38.86 -121.72 611,057 | 4,302,019

Modify C2VSim for the Case Study

This section shows how to change the C2VSim input files to model the case study. First, the Preprocessor
Control Files will be modified, and the Preprocessor program will be run. Next, the Simulation Control Files
will be modified and the Simulation program will be run. Finally, groundwater and surface water hydrographs
and Budget output tables will be imported to £xce/workbooks and analyzed.

Modify the C2VSim Preprocessor Files

Make the following modifications to the files in the folder GST Case Study\GST Case\Preprocessor:

Modify the main Preprocessor Control File
1) Rename the Preprocessor Control File CVpreproc.in to CVpreproc_GST.in
2) Open file CVpreproc_GST.in in 7extPad
a) Add a comment line describing the project
b) Change the title line to describe the project

Leave this file open in 7extPadwhile we work on the Preprocessor Well Data File.
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E—‘;TextPad - D:\GST_Case_Study\GST_Case\Preprocessor\CVpreproc_GST.in -0 5'
File Edit Search View Tools Macros Configure Window Help |

|
loedlgsrBlre2elac==l=202Y 4@ @R 0w >,

CVpreproc_GST.in I - X
1136C |
1204C
1 C Project: C2VSIM: California Central Valley Groundwater-Surface Water Simulation Model —I
1450C Filename: CVpreproc ASR.in
1 C Version: R368 2013.01.30
1 C
1 C Groundwater-Substitution Water Transfer Case Study
1ot
e ad R T T T e T T T T T T T T T LI

T RRRRRRRRRRRRRRRARRRRRR ;I
Workshop GS5T Case Study
Central Valley, California _I
58 Preprocessor v.R368 2013.01.30
SO kR RRRRRRRRRRRRRRRRRR -
14 | vz

| 61 [ 46 |Read m Block |Sync ’E Caps g

Add the new pumping wells to the Preprocessor Well Data File
We need to add one well to the Preprocessor Well Data File. We will use the Easting value calculated above as
the X value and the Northing value as the Y value. PERFTOP and PERFBOT are the altitude in feet of the top
and bottom of the screened interval. If you add a real well to the model, you will use the well driller's log to
determine the screen interval. For this exercise we are using fictitious wells, so the screen intervals were
arbitrarily chosen. The well radius has no significant impact on the simulation results for this model because
the element width is much larger than the well radius, so RWELL is set to 1.

1) Rename the Well Data File CVWells.dat to CVWells_GST.dat
2) Open CVWells_GST.dat in 7extPad
a) Add a comment line describing the project
b) Increase the value of NWELL by 1 from 133 to 134
¢) Add three lines at the bottom of the file with the well descriptions:

WelllD X Y RWELL PERFTOP PERFBOT Comment
134 611057 4302019 1 -50 -100 / GST Well

3) Save and close the file
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€. TextPad - D:\GST_Case_Study\GST_Case\Preprocessor\CVWells_GST.dat =] 3]
J File Edit Search View Tools Macros Configure \Window Help |
InEHBEsRE 2eac==290% 4R ECH| eue ».

CVWells_GST.dat X | - X
€1 C =l
82 C VALUE DESCRIPTICH
83 C
84 C 133 / HWELL _I
&5 134 / HWELL #% Add one GS5T well
66 3.2808 / FACTCX
&7 1.0 / FACTRW
68 1.0 / FACTLT
69 C =l

210 131 861241 3926656 1 100 0 S Cildale ;I

211 132 8644960 3921620 1 100 0 / Bakersfield

212 133 853740 3913770 1 100 0 / Bakersfield

213 134 611057 4302019 1 -50 —100 / G5T well

214 -

NEA 2

|Fi|e: CVWells_GST.dat, 12364 bytes, 213 lines, PC, ANSI 59 53 |Read |Ovr |Block |Sync [Rec |Caps gz

Make changes to file CVpreproc GST.in
Once the Well Data File has been changed, the file names in the Preprocessor Control File have to be changed.

—_

Change file name CVWells.dat to CVWells_GST.dat
Change file name Cvpreout.bin to CVpreout_GST.bin
Change file name Cvpreproc.in to CVpreproc_GST.in
Save and close the file

w

N N
N N N S

€. TextPad - D:\GST_Case_Study\GST_Case\Preprocessor\CVpreproc_GST.in =]
JEiIe Edit Search View Tools Macros Configure Window Help |

NeHgsRE seERelacE==ar2Y 4RGSR e >,

CVWells_GST.dat CVpreproc_GST.in | -
e 3
75 C FILE NAME UNIT DESCRIPTICH
78 C
77 Cvpreout G5T.bin / 4: BINARY OUTPUT FOR SIMULATICH (OUTPUT, REQUL
78 CVvpreproc GST.in / B: CONTROL INPUT FILE (INPUT, REQUIRED)

=] S &: *** (Hot used in this version) #**%

80 CVelement.dat / T: ELEMENT CONFIGURATICH FILE (INPUT, REQUIRED)

81 CVnode.dat / 8: NODE X-Y COORDINATE FILE (INPUT, REQUIRED))

g2 CW=trat.dat / 9: STRATIGRAPHIC DATA FILE (INPUT, REQUIRED))

83 CWVrivers.dat /10: STREAM GECMETRIC DATA FILE (INPUT, CFTICHAL) J
84 CWVlake.dat /11: LAKE DATA FILE (INPUT, OFTICHAL)

85 CViWells GS5T.dat /12: WELL DATA FILE (INPUT, OFTICHAL)

g6 CWcharac.dat /13: ELEMENT CHARACTERISTIC DATA FILE (INPUT, REQUIR
87T C

oo L T hd

I« | a7

|Fi|e:CVpreproc_GST.in,GO‘IQbybes, 117 lines, PC, ANSI 61 | 46 |Read |Ovr |Block |Sync [Rec [Caps gz

Modify the Preprocessor Batch File
The command to run the Preprocessor program is “PreProcessor3_02.exe CVpreproc_GST.in". We generally
recommend using a batch file to run the IWFM programs. A batch file is provided, but we have to change the
name of the Preprocessor Control File before we can use it.

1) Open the file Run_Preprocessor.bat in 7extPad
2) Change the Preprocessor Control File name in Run_Preprocessor.bat to CVpreproc_GST.in
3) Save and close the file
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. TextPad - D:\GST_Case_Study\GST_Case\Preprocessor\Run_Preprocessor.bat =]

.
JEiIe Edit Search View Tools Macros Configure Window Help |
jnsdgsrEl ieelac==290r 4RSS R e » .

Run_Preprocessor.bat X I CVWeIIs_GST.datI CVpreproc_G5T.in I kel

1  ..\bin\PreProcessor3_02.exe CVpreproc G5T.in j
2 pause
-
.z
File: Run_Preprocessor.bat, 51 bytes, 2 lines, PC, ANSI 2 6 [Read |Owr [Block |Sync |Rec |Caps gz

Run the C2VSim Preprocessor Program

Now we can run the Preprocessor:
1) Double-click on the file Run_Preprocessor.bat

The Preprocessor program should run to completion in a few seconds. It creates two files,
PreprocessorMessages.out and CVpreout_GST.bin.

Review the Preprocessor results
Open the file PreprocessorMessages.out in 7extPad and review it. The new well appears in the last two
tables, the ‘Well Inventory’ and the list of ‘Adjustment Coefficients for Partial Well Penetration’.

The ‘Well Inventory’ table repeats the X and Y coordinates from the Well Data File. It is generally good
practice to review this information to assure it is correct. This table also lists the element and subregion each
well is in. Compare these to the element and subregion we determined using ArcMap. The numbers to the
right in parentheses indicate how the pumping volume will be apportioned between the nodes of each
element.

The ‘Adjustment Coefficients for Partial Well Penetration’ table lists the element and how the pumping volume
will be apportioned to model layers. These numbers generally do not add up to 1.0, and can be adjusted by
changing the well perforation interval.

€. TextPad - D:\GST_Case_Study\GST_Case\Preprocessor\PreprocessoriMessages.out =] 3]
J File Edit Search View Tools Macros Configure \Window Help |
losdgarBseelo==2008 HRRE R ene ».
PreprocessorMessages.out XICVWeIIs_GST.datI D
43 132 2838120.4 12866050.9 1325 21 (1317 ©0.26) (1327 0.26) (1328 0.24) (1315 0.24) ;I
133 2820635.0 12859981.4 1328 21 (1317 ©0.30) (1326 0.34) (1327 0.38)
134 2004755.8  14114063.9 315 4 { 315 0.08)( 327 0.74)( 328 0.16)( 316 0.02) |
i =
5041 131 132 0.227 0.000 0.000 B
5042 132 1325 0.286 0.000 0.000
5043 133 1328 0.310 0.000 0.000
5044 134 3 0.2494 0.000 0.000
¢
5047 TOTAL RUON TIME: 0.614 SECONDS
B R R R R R R R R R R R R R R R R R R R R KRR KRR R RR AR -
I4] | H o4
[ 1 1 |Read |Ovr |Block |Sync [Rec |Caps g
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Trouble-shooting the Preprocessor program
If the Preprocessor program does not run to completion, there is probably a typo in one of the modified input
files. First, see if the program prints out an error message that points to the error. For example, (a) the file
name in CVpreproc_GST.in may not be the same as the actual file name, (b) there may be an extra blank
line in one of the modified files, or (c) there may be missing or extra characters in one of the modified files.
Check your work and see if you can find and fix the error.

If you can't find the reason the program fails, you can use the ‘Compare files’ tool in 7extPad'to compare each
of your modified files to the files in the folder GST Example Complete\GST Case\Preprocessor. Once you find
and fix the error, the Preprocessor program will run to completion.

Modify the C2VSim Simulation Files

Next, we will change the Simulation program input files to incorporate the new pump and a modified surface
water diversion. This will involve changing the Simulation Control File, Pumping Specification File, Pumping
Data File, Diversion Specification File, Diversion Data File and Print Specification File.

Make the following modifications to the files in the folder GST Case Study\GST Case\Simulation:

Modify the Simulation Control File

1) Rename the Simulation Control File CVsim.in to CVsim_GST.in
2) Open the file CVsim_GST.in with 7extPad
a) Add a comment line describing the project
b) Change the title line to describe the project
¢) Change the name of the Preprocessor output file to CVpreout_GST.bin, the file created above
with the Preprocessor.

. TextPad - D:\GST Case Study\GST Case\Simulation\CVsim_GST.in ~=1ol %

File Edit Search View Tools Macros Configure \Window Help |

|
lozH srEltealacl==lz02Y 4@ ECH] 0w ».

CVpreproc_GST.in CVsim_GST.in Xl - K

1204C -
13 Project : California Central Valley Groundwater-Surface Water Simulation Model (C2VSim)
Filename: CVsim ASR.in

Version: R368 2013.01.30

Groundwater-Substitution Water Transfer Case Study

OoOooOo0o0n

Inlla

Workshop GS5T Case Study
Central Valley, California
Simulation wv.R368 2013.01.30

—;i c File Description v]
K| | op
| 70 l_l Read m Blodk |Sync ’K Caps |z
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Modify the Diversion Data File
The Diversion Data File CVDiversions.dat has 265 data columns. Columns 1-246 hold diversion rates for
diversion 1-246, columns 247-250 are not used (all data is zeroes), columns 251-262 hold bypass rates for
bypasses 1-12, columns 263-264 are not used (all data zeroes), and column 265 holds a flag '-99.0" that is
read when surface water rates are automatically adjusted. We can leave the original diversion rates for
diversion #28 in column 28, and place the new diversion rates for diversion #28 in the unused data column
247.

We will use £xce/to calculate the modified diversion rates and place them in column 247. To accomplish this,
we will copy the original rates to £xce/and use a formula to reduce the June-August values by 2,000 AF/mo.
Then we will copy the resulting table and paste it into the Diversion Data File.

1) Rename the Diversion Data File CVDiversions.dat to CVDiversions_GST.dat
2) Open CVDiversions_GST.dat with 7extPad
3) Place the cursor in the left-most position of the row that begins ‘C Diversion No." (near row 375)
4) Select everything from here to the end of the file (You can hold down the <Shift> and <Ctrl> keys
together and press the <End> key)
5) Cut this text <Ctrl-X>
6) Open anew £xce/workbook
7) In Excet
a) Putthe cursor in cell A1 and paste the diversion rates <Ctrl-V>
b) Put the cursor in cell B4 and freeze panes with date and header showing
¢) Locate worksheet column IN (data column 247) and color yellow
d) We want to create an Excel formula that uses the integer month (i.e. January = 1) as input. We
will put the integer months in an unused column to the right.
i.  Place the cursor on cell JH4, two cells to the right of column 265
ii.  Type the number ‘10, for the month in cell A4
ii.  Repeat this for cells JH5 through JH15, months 11 and 12 of 1921, and 1 through 9 of 1922
iv.  Enter the formula '=JH4' in cell JH16. The results should be the number 10
v.  Place the cursor in cell JH16 and copy the formula with <Ctrl-C>
vi.  Select all the cells in the range JH16 through JH1059, and paste the formula with <Ctrl-V>
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I.KE;‘.\ Book2 - Microsoft Excel -8 X
: _39 Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools Acrobat @) - & X
A& 5 B0AE00E AR M@ QRAQCOX/E=S=780 - A A4 - |
| JH16 ~( fe| =JH4
A JC JD JE JF JG JH J JJ JK JL J
1 |C Diversio
2 C blank blank blank FLAG
3 Column N 262 263 264 265
4 110/31/1921 0 0 0 -99 10
5 117301921 0 0 0 -89 1
6 [12/31/1921 0 0 0 -99 12
7 017311924 0 0 0 -99 1
8 02/28/1924 0 0 0 -89 2
9 |03/31/1924 1] 1] 1] -99 3
10 |04/30/1924 0 0 0 -99 4
11 05/31/1924 0 0 0 -99 5
12 |06/30/1924 0 0 0 -99 6
13 07/31/1924 0 0 0 -89 7
14 |08/31/1923 0 0 0 -99 8
15 09/30/1924 0 0 0 -99 9
16 |10/31/1924 0 0 0 -89 I 1[}!
17 |11/30/1924 1] 1] 1] -99 11
18 12/31/1924 0 0 0 -99 12
19 1017311927 0 0 0 -99 1
20 02/28/1921 0 0 0 -99 2
21 103/31/1923 0 0 0 -89 3
22 04/30/19824 0 0 0 -99 4
23 05311923 0 0 0 -99 5
24 |06/30/1923 0 0 0 -89 6
2E A7i24 11071 n n n nn 7
W 4 » M| Sheet1l Sheet? ¥l
Select destination and press ENTER or choose Paste um@ ) ﬁ-) sk

Place the modified diversion 28 values in worksheet column IN. These values will the original
diversion less 2,000 AF for June through August, and the original diversion for all other months.
We can use a complex Exce/equation to do this.

e)

The data for diversion 28 is in column AC of the Exce/workbook. Place the cursor in cell IN4,
type the formula ‘=IF(AND(JH4>5,JH4<9),MAX(AC12-2,0),AC12)’, and press <Return>

e The function AND(JH4>5,JH4<9) returns ‘1" if the integer value for the month is 6, 7 or
8 (June — August)
e The IF function uses the equation MAX(AC12-2,0) if the AND returns ‘1’, otherwise it

uses ‘AC12". In other words, it returns the original diversion minus 2,000 AF in June —
August, and the original diversion in all other months. (The rates are in thousand acre-
feet, so ‘2" represents 2,000 AF. We use the ‘maximum’ formula so we do not divert at a
negative rate if the original diversion rate is less than 2,000 AF/mo.)

Copy this cell to all cells in the range IN4 to IN1059

172



C2VSim Hands-On Tutorial

I.’E’;‘_ Book2 - Microsoft Excel - A X
_&E/‘ Home Insert Page Layout Formulas Data Review Wiew Developer Add-Ins TWFM Tools Acrobat © - = X
= e ] | G| EHE- 2125l i Q- QA O % (E==7 B U O-A-A 4
| IN4 - £ | =IF(AND(JH4>5,JH4<9) MAX(AC12-2,0) AC4)
A 1K IL IM IN 10 IP 1Q IR IS IT IIJE‘
1 C Diversio 244 245 246
2 C Kings Rive Kaweah R Tule River modified dimodified diblank blank Bypass 1 -Bypass 2 - Bypass 3 -Bypa
3 |Column N 244 245 246 247 248 249 250 251 252 253
4 10/31/1921 0 0 0| 6.443! 0 0 0 0 0 0
5 [11/30/1921 0 0 0 0 0 0 0 0 0 0
6 [12/31/1921 0 0 0 0 0 0 0 1.04 819 507
7 |01/31/1924 0 0 0 0.351 0 0 0 0 0 0
8 |02/28/1924 0 0 0 1.091 0 0 0 928 73.08 4524
9 03/31/1924 0 0 0 1.072 0 0 0 3.84 3024 18.72
10 |04/30/192 0 0 0 13.894 0 0 0 2.56 20.16 12.48
11 |05/31/1924 0 0 0 50 445 0 0 0 0 0 0
12 06/30/1924 0 0 0 0 0 0 0 0 0 0
13 |07/31/1924 0 0 0 0 0 0 0 0 0 0
14 08/31/1923 0 0 0 11.894 0 0 0 0 0 0
15 |09/30/1924 0 0 0 25515 0 0 0 0 0 0
16 [10/31/1929 0 0 0 6.443 0 0 0 0 0 0
17 11/30/1924 0 0 0 0 0 0 0 0 0 0
18 [12/31/1924 0 0 0 0 0 0 0 1.26 10.71 6.63
19 |01/31/1927 0 0 0 0.351 0 0 0 1.04 819 5.07
20 |02/28/1924 0 0 0 1.091 0 0 0 0 0 0
21 03/311924 0 0 0 1.072 0 0 0 0 0 0
22 |04/30/1923 0 0 0 13.894 0 0 0 16 126 78
23 05/31/11824 0 0 0 50 445 0 0 0 0 0 0
24 06/30/1923 0 0 0 0 0 0 0 0 0 0
AE N7 0721 n n n 2 NN n n n n n n 4
4 4 b M| Sheetl < Sheet2 < ¥1 0 [ e
Ready | [ ||@| 1003 (=) 0 O
f)  Copy the dates and data columns from Excel. Select all the data in the worksheet by placing the
cursor in cell A1, then holding down the <Shift>and <Ctrl> keys while you press the <Right
arrow> key and then the <Down arrow> key, then press <Ctrl-C>
g) Switch to CVDiversions_GST.dat in 7extPad,
8) Paste all of the diversion data <Ctrl-V>
9) Save and close the file CVDiversions_GST.dat

Modify the Diversion Specification File

To modify the diversion rates for diversion #28, we will make one small change to the Diversion Specification
File, to point diversion #28 to the new data column in the Diversion Data File.

1)
2)

Rename the Diversion Specification File CVDivSpec.dat to CVDivSpec_GST.dat
Open CVDivSpec_GST.dat with 7extPad

a)
b)

i.

.
iii.
iv.

Add a comment line describing the project

Modify diversion #28 to point to diversion data column 247
Find diversion number 28, near row 241.
Copy the line and paste the copy below the existing line
Put an asterisk "*" in the first character of the top copy to comment it out
In the bottom copy, change the value of each of the items ICOLRL, ICOLNL and ICOLDL from
‘28" to '247". This directs the Simulation program to read the recoverable loss rate, non-
recoverable loss rate and diversion rate from column 247 of the Diversion Data File

3) Save and close the file CVDivSpec_GST.dat
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|
lozH gsrEl tealac==202Y 42 ECh| o ».

Cvdivspec_GST.dat | Cvsim_GST.in | - *
=l=lece e -

100%>C Description
101xC ID IRDV ICDVMAX FDVMAX ICCLRL FRACRL ICCLNL FRACNL HNDLDV IRGDL ICCLDL FRACDL ICFS:
10255C x|
238 € - — = — = — = = — = = = = = = = — — — — — — — — — — — — — — o — — — — — = — = = = = — = = — — =] a|
233 C BSacramento River diversions to Subregion 4 for Ag J
2417 2865 1 28 0.10 28 0.02 1 4 28 0.88 23
24 dified G5T diversion uses data column 247
24 2865 1 247 0.10 247 0.02 1 4 247 0.88 23

14

| iy

Note that diversion #28 has a recoverable loss of 10% and a non-recoverable loss of 2%. FRACDL, the fraction
delivered, is only 88% of the amount diverted from the river. We will take this into account when we
determine the amount of water we need to pump.

Modify the Pumping Specification File

One new well was added in the Preprocessor Well Data File. We use the Pumping Specification File to say how
this well will be used.

1)
2)

Rename the Pumping Specification File CVPuSp.dat to CVPuSp_GST.dat
Open CVPuSp_GST.dat with 7extPad

a) Add a comment line describing the project

b) Add the new pump to the Pumping Specification File

The top section of the Pumping Specification File holds information on the wells specified in the
Preprocessor Well Data File. This includes which column of the Pumping Data File holds the
pumping volumes for each well, and which land use type and subregion the water is supplied to.
We will add one row for the new well.

The first item in each row is the well ID number from the Preprocessor Well Data File.

The second item is the column of the Pumping Data File associated with each well. We will
place the pumping rate for the new pump in a new data column in the Pumping Data File.
The original Pumping Data File has 42 columns of data, so we will use column 43 for the new
pump. The ICOLWL value is 43 for the new well.

The third item specifies the land use type the water is delivered to. This is specified by listing
the appropriate column of the Irrigation Fraction Data File. In the Irrigation Fraction data file
CVIrFr.dat, column 22 is to deliver 100% to urban use, and column 23 is to deliver 100% to
agricultural use. The water from the new pump will all go to agricultural use, so the
ICFIRIWGL value is 23.

The fourth item specifies the percentage of the pumping value to be extracted from this well.
FRACWL is 1 (or 100%).
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v.  The fifth item specifies the subregion the water will be delivered to. The water will be used
within the subregion the well is in, so we can set IRGWL to *-1'.

vi.  The last three items specify whether the pumping rates will be automatically adjusted at run-
time. We do not want to adjust the pumping rates, so we set ICADJWL to zero. We also have
to specify values for the last two items (which will be ignored by the program if ICADJWL is
zero). We will copy values from the second and fourth columns. We set the data column
containing the maximum pumping rate (ICWLMAX) to the data column containing the
specified pumping rate (ICOLWL) and the fraction (FWLMAX) to the specified pumping
fraction (FWLMAX).

3) Save and close the file CVPuSp_GST.dat

The final values are:

ID ICOLWL ICFIRIWGL FRACWL IRGWL ICADJWL ICWLMAX FWLMAX
134 43 23 1 -1 0 43 1

When this are entered in the file, it looks like this:

E—‘.:TextPad - D\GST_Case_Study\G5T_Case\Simulation\CVPuSp_GST.dat _|_|- jm] 5'
J File Edit Search View Tools Macros Configure \Window Help |
EEEIEER I N ER I P e T
CVPuSp_GST.dat | -
9855C ~|
99T ID ICCLWL ICFIRIGWL FRACWL IRGWL ICADJWL ICWLMAX FWLMAX
c =]
2 131 22 0.56807 -1 1 0.8411 ;I
232 132 42 22 0.3243 -1 1 42 0.4865 J
2 133 42 22 0.3243 -1 1 42 0.4865
234 134 4 23 1 -1 1 43 1.0000
233 C L4
I« | 1V
|Fi|e: CVPuSp_GST.dat, 74091 bytes, 1655 lines, PC, AMSI 238 36 [Read |Owr |Block |Sync |Rec [Caps gz

Modify the Pumping Data File
We need to modify the Pumping Data File by adding a data column for the new pump.

We will add the new pumping rates to the Pumping Data File in three steps. First, we will copy the pumping
rates from the Pumping Data File to £xce/ The pumping data is tab-delimited, and will be automatically
parsed to columns in the worksheet. Next, we will add three new data columns corresponding to the new
well. Finally, we will copy the modified pumping rates from £xce/and paste them into the Pumping Data File,
replacing the old data. The data from £xce/is pasted as tab-delimited text.

As we noted above, the surface water diversion has a recoverable loss of 10% and a non-recoverable loss of
2%. When 2,000 AF/mo is diverted from the river, only 88%, or 1,760 AF/mo, is available to meet agricultural
water demands. Thus when the surface water diversion is reduced by 2,000 AF/mo, the amount of water
delivered is only reduced by 1,760 AF/mo. To replace this, we need to pump an additional 1,760 AF/mo for the
months of June through August.

1) Rename the Pumping Data File CVpump.dat to CVpump_GST.dat
2) Open the file CVpump_GST.dat with 7extPad

175



C2VSim Hands-On Tutorial

a) Add a comment line describing the project

b) Change the value of NCOLPUMP by one from 42 to 43

Place your cursor in the left-most position of the row with ‘C Column’ (near row 102).

Select everything from here to the end of the file (You can hold down the <Shift> and <Ctrl> keys

together and press the <End> key)

Cut this text <Ctrl-X>

Open a new £xce/workbook

Put the cursor in cell A1 and paste the pumping data <Ctrl-V>

a) Put the cursor in cell A1 of the first worksheet ‘Sheet1’ and paste the pumping data <Ctrl-V>

) Put the cursor in cell B4 and freeze panes with date and header showing

) Locate worksheet column AR (data column 43) and color yellow

) Add scenario pumping rates for water year 1922 in cells AR4 through AR15. We use negative

rates to represent groundwater withdrawals from the aquifer.
i.  Type ‘0" in the rows for October-May (AR4-AR11)
ii.  Type '-1.76" in the rows for June-August (AR12-AR14)

ii.  Type ‘0" in the row for September (AR15)

e) Place the cursor in cell AR16 and type the formula ‘=AR4’ then hit <Return>

f)  Copy this cell to all cells in the block between AR16 and AR1059. This will copy the pumping
rates for each month of water year 1922 to the same month of each water year from 1923 to
2009

g) Copy everything from £xce/by placing the cursor in cell A1, then holding down both the
<Shift>and <Ctrl> keys as you press <Right arrow> and then <Down arrow> to select all of the
data, then <Ctrl-C>

h) Switch to CVpump_GST.dat in 7extPad. Your cursor should still be at line 102.

i) Paste all of the pumping data with <Ctrl-V>

o 0O T

8) Save the CVpump_GST.dat file

Modify the Print Specification File

The Print Specification File lists the locations of the hydrographs that are printed when the model runs. We will
add one groundwater hydrograph and one surface water hydrograph to this file.

B W N =

o = — ~—

Rename the Print Specification File CVprint.dat to CVprint_GST.dat

Open CVprint_GST.dat with 7extPad

Add a comment line describing the project

Add the new groundwater hydrograph at the same location as the new pumping well

a) Increase the value of NOUTH by one from 1387 to 1388

b) Add the location of the new well in a new row. The first item in each row is IOUTHL, the model
layer for the hydrograph (1 for the water table), the second item is the X coordinate and the third
item is the Y coordinate. (You can optionally add an ID and the element number as comments.)
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€. TextPad - D:\GST_Case_Study\GST_Case\Simulation\CVprint_GST.dat =13l
J Ele Edit Search View Tools Macos Configure Window Help ‘
losdlasaE s emaloz|==la2 0@y 42 @R e .
Cvprint_GST.dat | -x
BELCC ;I
L3=laer s VALUE DESCRIPTICH J
T 0T
13T 1387 / HOUTH
2 1388 / HOUTH
3 3.2808 J/ FACT
47 = j
1472 2 565743 4386253 VT_L2 A 1382 d
1473 2 597351 4398364 ve_L2 A 1384
14 2 569212 4431603 va_L2 A 1386
1475 1 611057 4302019 G5T_Well A 315 _I
1476 C _ILI
[l | B
|F|Ie: CVprint_GST.dat, 120924 bytes, 1682 lines, PC, ANSI 1478 63 |Read |Ovr |Block |Sync [Rec [Caps g

5) Add one new surface water hydrographs below the modified diversion point.
a) Increase the value of NOUTR by one from 34 to 35
b) Add the location of the new hydrograph at river node 332, one node downstream from diversion
#28. The only required item is the river node number IOUTHR. You can optionally add a tag and
a comment.
6) Save and close the file CVprint_GST.dat

€. TextPad - D:\GST_Case_Study\GST_Case\Simulation\CVprint_GST.dat o ] [
J File Edit Search View Tools Macos Configure Window Help ‘
EEEIEEN I R ER I P L I
Cvprint_GsT.dat | - x
148535C -]
1 C VALUE DESCRIPTICH
C
C 34 / HOUTR
35 / HOUTR
0 / THSQR o
]
&7 5JD San Joaguin River near Dos Palos ;I
83 SJE San Joaquin River near E1 Nido
351 YoM Yuba River at Marysville
332 GST ** Downstream from GST diversion point _I
1535 C -
141 I QW
|Fi|e: CVprint_GST.dat, 120924 bytes, 1682 lines, PC, ANSI 1537 14 |Read |Ovr |Block |Sync [Rec |Caps gz

Make changes to file CVsim GST.in
Change the input file names in the Simulation Control File CVsim_GST.in to match the modified file names
above.

—_

Change the name of the Pumping Specification File to CVPuSp_GST.dat
Change the name of the Pumping Data File to CVpump_GST.dat

Change the name of the Diversion Specification File to CVDivSpec_GST.dat
Change the name of the Diversion Data File to CVdiversions_GST.dat
Change the name of the Print Specification File to CVprint_GST.dat

A w N
= = = = —

Ul
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Modify the surface water and groundwater hydrograph output file names in the Simulation Control File
CVsim_GST.in by adding '_GST' to the root name.

6) Change CVSWhyd.out to CVSWhyd_GST.out
7) Change CVGWhyd.out to CVGWhyd_GST.out

In the example below, the comment '/** GST' has been added to the right of the modified file names in the
Simulation Control File.

€. TextPad - D:\GST_Case_Study\GST_Case\Simulation\CVsim_GST.in =13l

JEiIe Edit Search View Tools Macros Configure Window Help ‘

20OV HR TR e .

- X
= [
C FILE NAME DESCRIPTICH
C

/ 2: #%#% (Hot used in this wversion)***
/ 3: ###%(Hot used in this wversion)***

. .\Preprocessor\CVpreout G5T.bin J* G5T J/ 4: BINARY INPUT GENERATED BY PRE-PROCI
: ®#%% (Not used in this version) ¥#%#%
: ®#%% (Not used in this version) ¥#%#%
: PRRAMETER FILE (INEUT, REQUIRED)

CVparam.dat
: BOUMDARY CCONDITICH DATA FILE (INPUT, REQUIRE]_|

CVbound.dat

T T T e e
W m -1 ;o

: TIME SERIES BOUNDARY CONDITICHS (INPUT, COPTI(

CVPrint GST.dat f* GST J10: PRINT CONTROL FILE (INPUT, OPTICHAL,
CVinit_ 1872.dat J11: INITIAL CONDITION DATZ FILE (INPUT, REQUIRED!
CWV=zupplyadj.dat J12: SUPPLY ADJUSTMENT SPECIFICATION DATZ FILE (II
CWVlandus=e.dat /13: LAND USE DATA FILE (INPUT, OFTIONAL)
CWVcropacre.dat J/14: CROP ACREAGE DATA FILE (INPUT, OFTIOHAL)
CVprecip.dat J15: PRECIPITATION DATA FILE (INPUT, OFTIOHAL)
CWVevapot.dat J16: EVAPOTRANSPIRATION DATZA FILE (INPUT, OPTICHAI
CWVtiledrn.dat /17: TILE DRAINS PARAMETER DATA FILE (INPUT, OPTI(
CVurkbanspec.dat J18: URBLN WATER USE SPECIFICATION DATZ FILE (INPEI
/19: AGRICULTURAL WATER SUPPLY REQUIREMENT DATZ |
CVurbandem.dat /20: URBAN WATER DEMAND FILE (INPUT, OFTICHAL)
CVinflows.dat /21: STREAM INFLOW DATA FILE (INPUT, OFTIONAL)
CVeropdem. dat /22: CROP DEMAND PARAMETER DATL (Reqg'd for CURW e:
CVPuSp_ G5T.dat f* GST /23: PUMPING SPECIFICATION DATZ FILE (IMI
CVpump G5T.dat f* GST /24: PUMPING DATA FILE (INPUT, OFTICHAL)
CVdivspec GST.dat f* GST /25: SURFACE WATER DIVERSION SPECIFICAT:
CVdiversions GST.dat f* GST J/26: SURFACE WATER DIVERSION DATLA FILE
CVIrFr.dat /27: IRRIGATION FRACTION DATZ FILE (INPUT, OPTICHI
CVmaxlake.dat J28: MAXIMUM LAKE ELEVATIONS DATZ FILE (INPUT, OF:
CWruf.dat /29: IRRIGATION WATER RE-USE FACTOR DATLA FILE (ITLI

/44: BCUNDARY FLCW OUTPUT FILE (CUTPUT, CPTICHAL) j

. \Results\CVtiledrn.out /45: TILE DRAIN/SUBSURFACE IRRIGATICN HYDRCGRAPH (
. .\Results\CVSWhyd GST.out /* G5T /46: STREEM FLOW HYDRCGRAPH CUTPUT FILE
. .\Results\CVGWhyd GST.out /* G5T /47: GW LEVEL HYDRCGRAPH COUTPUT FILE (Ol
. .\Results\CVGWheadall.out /48: GW LEVEL OUTPUT AT EVERY MODEL NCDE (CUTPUT,
/49: LAYER VERTICAL FLCW CUTPUT (CUTPUT, OPTIONAjﬂ
N

| 139 69 |Read W Block |Sync ’E Caps 4

Turn the pumping adjustment off.

8) Near the end of the Simulation Control File, set the value of KOPTDV to ‘00’
9) Save and close the file.
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€. TextPad - D:\GST_Case_Study\GST_Case\Simulation\CVsim_GST.in =] 3]
File Edit Search View Tools Macros Configure \Window Help |

|
lozH asrE te2elacl==202Y 42 ECh| o ».

CVsim_GST.in x| - X
291 C ZI
292 € VALUE DESCRIPTION
c
1 / KOPTDM
00 / KOPTDV
14 / NCROP
297 €
298 A
1+ | H o
|File: Cvsim_GST.in, 17968 bytes, 297 lines, PC, ANSI 285 | 6 [Read |Ovr [Block [Sync [Rec [Caps gz

Modify the Simulation Batch File

The command to run the Simulation program is “Simulation3_02.exe CVSim_GST.in". We have to change the

name of the Simulation Control File in the batch file before we can use the batch file.

1) Open the file Run_Sim.bat in 7extPad
2) Change the Simulation Control File name in Run_Sim.bat to CVSim_GST.in
3) Save and close the file

€. TextPad - D:\GST_Case_Study\GST_Case\Simulation\CvSim.bat =] 3]
File Edit Search View Tools Macos Configure Window Help |

|
EEIEERE R R EEER I E AT T

cvsim.bat x| X
1 |..\bin\Simulation3 02.exe CVSim GST.in ZI
2 pause

-
Al A
File: CVSim.bat, 47 bytes, 2 lines, PC, ANSI [ 1] 1 [read [owr [Bodck [Sync [Rec [Caps 4z

Run the Simulation Program for the Scenario

Now we can run the Simulation program:

1) Double-click on the file Run_Sim.bat

The Simulation program should run to completion in a few minutes. It creates two files in the Simulation
folder, SimulationMessages.out and CVfinallist.out. It also creates a number of files in the Results
folder, including several files with the .bin extension and several files with the .out extension. The .bin files
are read by two post-processors, the Budget and Z-Budget programs. The .out files are text files that can be

opened with 7extPad.
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Open the file SimulationMessages.out in 7extPad and review it. The first section has the title section from
the CVSim_GST.in file, followed by a list of the files that were used in the simulation. This is followed by a
line stating what components were adjusted in this simulation (surface water diversions and groundwater
pumping); nothing should be adjusted in this simulation. The remainder of the file lists the solver convergence
iterations for each time step. The last entry states the model run time.

Trouble-shooting the Simulation program
If the Simulation program does not run to completion, there is probably a typo in one of the modified input
files. First, see if the program prints out an error message that points to the error. For example,

a) the file name in CVSim_GST.in may not be the same as the actual file name,
b) there may be an extra blank line in one of the modified files, or
¢) there may be missing or extra characters in one of the modified files.

Check your work and see if you can find and fix the error.

If you can't find the reason the program won't run, you can use the ‘Compare files’ tool in 7extPad'to compare
each of your modified files to the corresponding files in the folder

GST Example Complete\GST Case\Simulation. Once you find and fix the error, the Simulation program will
run to completion.

Run the Budget Program

Switch to the GST Case Study\GST Case\Budget folder.

Open the Budget Control File CVBudget.in file with 7extPad. There is a list of binary files with the .bin
extension starting near line 70. The Budget program reads each of these binary files, and produces a text file
with the same root name and the .BUD extension. For example, the Budget program reads the
..\Results\CVlandwater.bin file and produces the ..\Results\CVlandwater.BUD file.

€. TextPad - D:\GST_Case_Study\GST_Case\Budget\CVBudgetin =] 3]
JEiIe Edit Search View Tools Macros Configure Window Help |

DEHgESRE|LERoc|E=laa2y 4R ECR] e .

CvBudgetin X | X
— C j
C  FILE NRME UNIT DESCRIFTION
-
. .\Results\CVlandwater.bin / 1 : BINBRY FILE GENERATED BY SIMULATICN FOR LAND
1 ..\Results\CVstream.bin / 2 : BINBRY FILE GENERATED BY SIMULATICN FOR STRER
72 ..\Results\CVrootzn.bin / 3 : BINBRY FILE GENERATED BY SIMULATICN FOR ROOT
75 ..\Results\CVground.bin / 4 : BINBRY FILE GENERATED BY SIMULATICN FOR GROUN
/ 5 : BINBRY FILE GENERATED BY SIMULATION FOR ELEME
. .\Results\CVsmwshed.bin / 6 : BINBRY FILE GENERATED BY SIMULATION FOR SMALL
. .\Results\CVlake.bin / 7 : BINBRY FILE GENERATED BY SIMULATICN FOR LAKE
. .\Results\CVstreamrch.bin / & : BINBARY FILE GENERATED BY SIMULATICN FOR STRER
. .\Results\CVdiverdtl.bin / 9 : BINBRY FILE GENERATED BY SIMULATICN FOR DIVER
E / 10: DSS QUTPUT FILE TC STORE THE WATER BUDGET DAT
e ottt bedubeatebedetedatebedateotubutatetutubetatebotetetatubetetsiatubutateutubetateodeteiatetodeteiatubodateiatetutateiudetutatebudutetatutedein hd
1+ | H oz
|File: CvBudget.in, 9576 bytes, 189 lines, PC, ANSI [ 2] 1 [Read [owr [Blodk [Sync [Rec [Caps 4

1) Double-click on the file Run_Budget.bat
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The Budget program should run to completion in less than a minute.

Switch to the GST Case Study\GST Case\Results folder. You should see eight new files with the .BUD
extension.

Create Budget Workbooks with Excel

Open £xcel 2007 or Excel 2012 to a new, blank worksheet. On the “IWFMTools" menu, use the drop-down
menu next to “IWFM Version” to select ‘3.02".

(Oa)
_g/' Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools
=
m== IWFM version |=| | (@) About
- =SS ‘ ‘
Space WY-Manth
302
Delimited Text \40 I
|4
Data Export Tanu.l..a.tc Budget To e G_]_;y IWEM_Tools g
= _l;__ﬁ 3‘:- 3&513: 8 Fe 7 Press F1 for more help. DAMISE==7 B U Sy
A1 - |
A B C D E F G H I J
L 1

Fa | L | P |

A window with the label ‘Budget to £xce/(3.02)" will open. Use the ‘Browse’ button to go to the
GST Case Study\GST Case\Budget directory and select the CVBudget.in file. The available budget files will
be listed under ‘Choose Budget Table" in the same order they are listed in the CVBudget.in file.

Budget To Excel (v3.02) _I- _ID 5'
Choose Budget Input File
ID:"-.GWP_Casa_Study'-.GWP_Case"-Budget"-.C\«"Budget.in Browse... I
Choose Budget Table
Land and water use budget ﬂ Transfer to Excel |
Stream budget

Root zone budget
Groundwater budget

[~

Ready...

Land and Water Use Budget
Create a new Exce/workbook (Office Button -> New -> Blank Workbook).

In the lower pane of the ‘Budget to £xce/(3.02)" window, select elect ‘Land and water use budget’, near the
bottom of the list, and then click the ‘Transfer to £xce/ button. This will add 22 worksheets to the workbook,
one for each of the 21 model subregions, and one (labeled ‘Subregion 22) for the entire model area.

Save the workbook to the GST Case Study directory as GST_Land_and_Water_Budget.xlsx.
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Root Zone Budget
Create a new £xce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Root zone budget’ and then click the ‘Transfer to £xce/ button.
This will add 22 worksheets to the workbook, one for each of the 21 model subregions, and one (labeled
‘Subregion 22') for the entire model area.

Save the workbook to the GST Case Study directory as GST_Root_Zone_Budget.xlsx.

Stream Reach Budget
Create a new Exce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Stream reach budget’, near the bottom of the list, and then
click the ‘Transfer to Exce/ button. This will add 75 worksheets to the workbook, one for each of the 75
C2VSim river reaches.

Save the workbook to the GST Case Study directory as GST_Stream_Reach_Budget.xlsx.

Groundwater Budget
Create a new £xce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Groundwater budget’ and then click the ‘Transfer to £xce/
button. This will add 22 worksheets to the workbook, one for each of the 21 model subregions, and one
(labeled 'Subregion 22°) for the entire model area.

Save the workbook to the GST Case Study directory as GST_Groundwater_Budget.xlsx.

Modify the Base Case files

The easiest way to see the results of the changes in the case study is to compare the scenario results to the
unchanged base case. We can replace the Print Specification File CVprint.dat in the base case with our
modified Print Specification File CVprint_GST.dat. When the Simulation program is run with this Print
Specification File, groundwater and surface water hydrographs will be created for the new locations specified
in this file. Make the following modifications to the files in the folder GST Case Study\Base Case\Simulation.

Copy the Print Specification File CVprint GST.dat
Copy the modified Print Specification File CVprint_GST.dat in the folder
GST Case Study\GST Case\Simulation and paste it into the folder GST Case Study\Base Case\Simulation.
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Make changes to the Simulation Control File
Make the following changes to the Simulation Control File in the folder
GST Case Study\Base Case\Simulation:

1) Rename the Simulation Control File CVsim.in to CVsim_base.in
2) Open CVsim_base.in with 7extPad
3) Change the Print Specification File name to CVprint_GST.dat

. TextPad - D:\GST_Case_Study\Base_Case\Simulation\CVsim_base.in _IEIIﬂ

JEiIe Edit Search \View Tools Macros Configure Window Help |

NedasRE s e2alos

Sl2a|lay 4@ @&CH ene .

=

CVsim_base.in XICVpump_GST‘datl Cvdivspec.dat | CVdivspec_GST.dat | X
78 C ZI
80 C FILE NAME DESCRIPTICH
81 C
82 S 2: ®*%% (Not used in this version)*%#%

f 3: *%*% (Not used in this version)*%#%
. .\Preprocessor\CVpreout.bin / 4: BINARY INPUT GENERATED BY PRE-PROCESSOR (INPUT
f 5: *%% (Not used in this version)*%#% J
f &: *%*% (Not used in this version)*%#%
CVparam.dat / 7: PLREMETER FILE (INPUT, REQUIRED)
CVbound.dat / 8: BOUNDARY CONDITICH DATA FILE (INPUT, REQUIRED
/ 9: TIME SERIES BOUNDARY CONDITIONS (INPUT, OPTICH

CVPrint GST.dat /*% GBT /10: PRINT CCNTRCL FILE (INPUT, CPTICHAL
CVinit_1872.dat /11: TWNITTIAL CONDITICH DATA FILE (INPUT, REQUIRED
CVsupplyad] .dat /12: SUPPLY ADJUSTMENT SPECTFICATICH DATZ FILE (INF
CVlanduse.dat /13: LBND USE DATA FILE (INPUT, CPTICHAL)
CVcropacre.dat /14: CRCP RCRELGE DATZ FILE (INPUT, CPTICHAL)
CVprecip.dat /15: PRECIPITATICH DATA FILE (INPUT, CPTICHAL)
CVevapot.dat /16: EVAPOTRANSPTRATICH DATA FILE (INPUT, CPTICHAL)
CVtiledrn.dat /17: TILE DRATINS PARBMETER DATAZ FILE (INPUT, CFTICH,
a8 CVurbanspec.dat /18: URBRAN WATER USE SPECIFICATICN DATA FILE (INPUT _
[ ] I _»DI
[File: Cvsim_base.in, 17840 bytes, 295 lines, PC, ANSI ’_ll_l Read ’W ’M’S‘HT’E ’E v

Turn the pumping adjustment off.

4) Near the end of the Simulation Control File, set the value of KOPTDV to ‘00’
5) Save and close the file.

€. TextPad - D:\ASR_Case_Study\Base_Case\Simulation\CVsim_base.in =] 3]
File Edit Search View Tools Macros Configure \Window Help |

lozH srEltealacl==lz02Y 4@ ECH] 0w ».

- X
B
DESCRIPTION
/ KCOPTDM
/ KCOPTDV
/ HCROP
296 hd
K| | H o

| 287 ’_? Read ’W Block |Sync ’E Caps gz
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Modify the Simulation Batch File
The command to run the Simulation program is “Simulation3_02.exe CVSim_GST.in". We have to change the

name of the Simulation Control File in the batch file before we can use the batch file.

1) Open the file Run_Sim.bat with 7extPad
2) Change the Simulation Control File name in Run_Sim.bat to CVSim_base.in

3) Save and close the file

€. TextPad - D:\GST_Case_Study\Base_Case\Simulation\CVSim.bat =13l
J File Edit Search View Tools Macros Configure Window Help
lozdlasaE s emeloz|==lz 0@y 4R @t H e .

- X

VSim.bat X I CVsim_base.in |
|

. .\bin\Simulation3 02.exe CVSim base.in

2 pause

d V7

|_3|_1 Read ’F Block |Sync ’E Caps 4

File: CVSim.bat, 48 bytes, 2 lines, PC, ANSI

Run the Simulation Program for the Base Case

Now we can run the Simulation program:
1) Double-click on the file Run_Sim.bat

The Simulation program should run to completion in a few minutes.

Create Budget Workbooks with Excel

Open £xcel 2007 or Excel 2012to a new, blank worksheet. On the “IWFMTools" menu, use the drop-down
menu next to “IWFM Version” to select ‘3.02".

(O
fy Home Insert Page Layout Faormulas Data Review View Developer Add-Ins

— TWFM version =] (@) About

5 ===
Space WY-Maonth
Delimited Text igz
Data Export Tabulate BUdGEE TC -

m— . - == lﬁ:}' IWFM_Tools _—
= SRS NE = F 2 = i Press F1 for more help. 20 %
I A Q@ £

IWFM Tools

]
il
il
by
=
(=
&

&
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A window with the label ‘Budget to £xce/(3.02)" will open. Use the ‘Browse’ button to go to the
GST Case Study\Base Case\Budget directory and select the CVBudget.in file. The available budget files will
be listed under ‘Choose Budget Table' in the same order they are listed in the CVBudget.in file.

Budget To Excel (v3.02) _I- _ID 5'

Choose Budget Input File
ID:"-.GST_Case_Study"-Base_Casa"-.Eudget"-.C\«"Budge1.in Browse... I
Choose Budget Table

Land and water use budget ﬂ Transfer to Excel |

Stream budget

Root zone budget

Groundwater budget ;I

Ready...

Land and Water Use Budget
Create a new £xce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Land and water use budget’, near the bottom of the list, and
then click the ‘Transfer to £xce/ button. This will add 22 worksheets to the workbook, one for each of the 21
model subregions, and one (labeled ‘Subregion 22') for the entire model area.

Save the workbook to the GST Case Study directory as Base_Land_and_Water_Budget.xlsx.

Root Zone Budget
Create a new Exce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Root zone budget’ and then click the “Transfer to £xce/ button.
This will add 22 worksheets to the workbook, one for each of the 21 model subregions, and one (labeled
‘Subregion 22") for the entire model area.

Save the workbook to the GST Case Study directory as Base_Root_Zone_Budget.xlsx.

Stream Reach Budget
Create a new Exce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Stream reach budget’, near the bottom of the list, and then
click the ‘Transfer to Exce/ button. This will add 75 worksheets to the workbook, one for each of the 75
C2VSim river reaches.

Save the workbook to the GST Case Study directory as Base_Stream_Reach_Budget.xlsx.
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Groundwater Budget
Create a new £xce/workbook (Office Button -> New -> Blank Workbook).

In the ‘Budget to £xce/(3.02)" window, select ‘Groundwater budget’ and then click the ‘Transfer to £xce/
button. This will add 22 worksheets to the workbook, one for each of the 21 model subregions, and one
(labeled 'Subregion 22°) for the entire model area.

Save the workbook to the GST Case Study directory as Base_Groundwater_Budget.xlsx.

Review and Interpret Results

This section shows how to import hydrograph files to £xce/workbooks, and how to compare hydrographs
between the GST Case and the Base Case to see the impacts of the three new groundwater pumping wells.

Create Hydrograph Workbooks with Excel

First, we'll bring the GST Case groundwater and surface water hydrograph output into £xce/ Then we'll bring
in the Base Case hydrographs. Next, we will create new hydrographs of the differences between the GST Case
and Base Case hydrographs. In the final step, we will graph these results.

Start by creating the £xce/workbook that will hold all of the results. Open a new Exce/workbook, and save it
in the directory GST Case Study as GST_Results.xlsx.

GST Case Groundwater Hydrographs
First, we will import the groundwater hydrographs of the GST Case to an Exce/worksheet.

7) Goto the GST Case Study\GST Case\Results folder, and open the file CVGWhyd_GST.out with
TextPad.

2) Select all <Ctrl-A> and copy <Ctrl-C>

3) Switch to the Exce/workbook

4) Put the cursor in cell A1 of tab ‘Sheet1’ and paste <Ctrl-V>

5) Next, we use ‘Text to Columns’ to put each hydrograph in a separate column

a) Move the cursor to cell A5 and select all cells in the range A5-A451 by holding the <Ctrl> and
<Shift> keys and pressing <Down arrow>

b) With these cells highlighted, go to the ‘Data’ menu and select ‘Text to Columns'. This opens a
window labeled ‘Convert Text to Columns Wizard — Step 1 of 3’

c) Select the radio button next to ‘Fixed Width', click ‘Next' and then click ‘Finish’. Now, dates are in
column A and each groundwater hydrograph is in a separate column.

6) Next, we can use ‘Find and Replace’ to convert the IWFM time-date code to something £xce/can
recognize.
a) Use <Ctrl-H> to open the ‘Find and Replace’ panel.
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Next to ‘Find what', enter '_24:00'.
Leave the ‘Replace with’ field blank.

9)

10)

Click ‘Replace All'.

Excelshould open an alert showing the number of replacements, and column A should contain
dates. Close the alert and the ‘Find and Replace’ panel.

Rename the worksheet by double-clicking the tab label 'Sheet1’ and replacing it with
‘GWhyd_GST_Case’

Put the cursor in cell B8 and go to the ‘View' menu, select ‘Freeze Panes’, and choose the top item on
the drop-down menu ‘Freeze Panes'.

Scroll to the right to column BAK to see the new groundwater hydrograph we added in the Print
Specification File.

Save the Exce/workbook.
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GST Case Surface Water Hydrographs

Next, we will create an £xce/worksheet with the surface water hydrographs of the GST case.

7)

Go to the GST Case Study\GST Case\Results folder, and open the file CVSWhyd_GST.out with

TextPad.

Select all <Ctrl-A> and copy <Ctrl-C>

Switch to the £xce/workbook

Put the cursor in cell A1 of tab ‘Sheet2’ and paste <Ctrl-V> (If there is no blank worksheet, crate one

by clicking in the small area to the right of the worksheet tabs that shows this symbol: [==4)

Use ‘Text to Columns’ to put each hydrograph in a separate column

a) Move the cursor to cell A6 and select all cells in the range A6-A450 by holding the <Ctrl> and
<Shift> keys and pressing <Down arrow>
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b) With these cells highlighted, go to the ‘Data’ menu and select ‘Text to Columns'. This opens a
window labeled ‘Convert Text to Columns Wizard — Step 1 of 3’
c) Select the radio button next to ‘Fixed Width', click ‘Next’ and then click ‘Finish’. Now, dates are in
column A and each surface water hydrograph is in a separate column.
6) Next, we can use ‘Find and Replace’ to convert the IWFM time-date code to something £xce/can
recognize.
a) Use <Ctrl-H> to open the ‘Find and Replace’ panel.
) The ‘Find what' box should still contain *_24:00'. If not, enter *_24:00' in the box.
) Leave the ‘Replace with’ field blank.
) Click ‘Replace All'.
) Exce/should open an alert showing the number of replacements, and column A should contain
dates. Close the alert and the ‘Find and Replace’ panel.
7) Rename the worksheet by double-clicking the tab label ‘Sheet2" and replacing it with
‘SWhyd_GST_Case’
8) Put the cursor in cell B7 and go to the ‘'View' menu, select ‘Freeze Panes’, and choose the top item on
the drop-down menu ‘Freeze Panes'.
9) Scroll to the right to column AJ to see the new surface water hydrograph we added in the Print
Specification File.
10) Save the Exce/workbook.

o O O T
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15 6/30/1973| 100161.6 32125.8 472685.9

16 7/31/1973| 42603.89 54114.75 500972.6

17 8/31/1973| 29980.21 84152.93 477742.9

18 9/30/1973| 12643.08 98880.23 531479

19 10/31/1973| 17699.51 118829.4 533106.2
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Base Case Groundwater Hydrographs
Now we will add an £xce/worksheet with the groundwater hydrographs of the base case.

1) Go to the GST Case Study\Base Case\Results folder, and open the file CVGWhyd.out with
TextPad.
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Select all <Ctrl-A> and copy <Ctrl-C>

Switch to the Exce/workbook (and create a new worksheet ‘Sheet3’ if needed)

Put the cursor in cell A1 of tab ‘Sheet3’ and paste <Ctrl-V>

Next, we use ‘Text to Columns’ to put each hydrograph in a separate column

a) Move the cursor to cell A5 and select all cells in the range A5-A451 by holding the <Ctrl> and
<Shift> keys and pressing <Down arrow>

b) With these cells highlighted, go to the ‘Data’ menu and select ‘Text to Columns'. This opens a
window labeled ‘Convert Text to Columns Wizard — Step 1 of 3'

c) Select the radio button next to ‘Fixed Width’, click ‘Next" and then click ‘Finish’. Now, dates are in
column A and each groundwater hydrograph is in a separate column.

Next, we can use ‘Find and Replace’ to convert the IWFM time-date code to something £xce/can

recognize.

a) Use <Ctrl-H> to open the ‘Find and Replace’ panel.

) The ‘Find what' box should still contain *_24:00'. If not, enter *_24:00' in the box.

) Leave the ‘Replace with' field blank.

) Click ‘Replace All'.

) Exce/should open an alert showing the number of replacements, and column A should contain

dates. Close the alert and the ‘Find and Replace’ panel.

Rename the worksheet by double-clicking the tab label 'Sheet3’ and replacing it with

‘GWhyd_Base_Case’

Put the cursor in cell B8 and go to the ‘View' menu, select ‘Freeze Panes’, and choose the top item on

the drop-down menu ‘Freeze Panes'.

Scroll to the right to column BAK to see the new groundwater hydrograph we added in the Print

Specification File.

o 0O T

e

10) Save the Exce/workbook.
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Base Case Surface Water Hydrographs

We can also create an Exce/worksheet with the surface water hydrographs of the base case.

7)

B W N
- = = —

Ul

Go to the GST Case Study\GST Case\Results folder, and open the file CVSWhyd_GST.out with

TextPad.

Select all <Ctrl-A> and copy <Ctrl-C>

Switch to the Exce/workbook (and create a new worksheet ‘Sheet4’ if needed)

Put the cursor in cell A1 of tab 'Sheet4’ and paste <Ctrl-V>

Use ‘Text to Columns’ to put each hydrograph in a separate column

a) Move the cursor to cell A6 and select all cells in the range A6-A450 by holding the <Ctrl> and
<Shift> keys and pressing <Down arrow>

b) With these cells highlighted, go to the ‘Data’ menu and select ‘Text to Columns'. This opens a
window labeled ‘Convert Text to Columns Wizard — Step 1 of 3'

¢) Select the radio button next to ‘Fixed Width’, click ‘Next" and then click ‘Finish’. Now, dates are in
column A and each surface water hydrograph is in a separate column.

Next, we can use ‘Find and Replace’ to convert the IWFM time-date code to something £xce/can

recognize.

a) Use <Ctrl-H> to open the ‘Find and Replace’ panel.

) The ‘Find what' box should still contain *_24:00'. If not, enter *_24:00' in the box.

) Leave the ‘Replace with’ field blank.

) Click ‘Replace All'.

) Excelshould open an alert showing the number of replacements, and column A should contain

dates. Close the alert and the ‘Find and Replace’ panel.

Rename the worksheet by double-clicking the tab label 'Sheet4" and replacing it with

‘SWhyd_Base_Case’

Put the cursor in cell B7 and go to the ‘View' menu, select ‘Freeze Panes’, and choose the top item on

the drop-down menu ‘Freeze Panes'.

Scroll to the right to column AJ to see the new surface water hydrograph we added in the Print

Specification File.

o 0O T

e

10) Save the Exce/workbook.
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Compare Hydrographs with Excel

We now have an £xce/workbook that contains four worksheets. Each worksheet contains one of the
hydrograph output files from a C2VSim run. The easiest way to see the difference between the Base Case and
GWP Case is to take the difference between the groundwater hydrographs of the two runs, and the difference
between the surface water hydrographs of the two runs.

Show Groundwater Head Differences
We will add a new Exce/worksheet, and then use a formula to subtract each GST Base Case groundwater
hydrograph from the corresponding GST Case groundwater hydrograph.

7) Inthe GST_Results.xlsx workbook, create a new worksheet and name it ‘GWHyd_Difference’.
2) Switch to worksheet ‘GWHyd_GST_Case’, select all <Ctrl-A> and copy <Ctrl-C>
3) Switch to worksheet ‘GWHyd_Difference’, place the cursor in cell A1, and paste <Ctrl-V>. This copies
the structure and values of the ‘GWHyd_GST_Case’ worksheet. We will keep the structure and
replace the values with formulas.
We will use an £xce/formula to calculate the difference between hydrograph values for each time
step

a) Place the cursor in cell B8 of worksheet ‘GWHyd_Difference’.

b) Enter the ‘=" sign, and (without hitting any key) select the tab for the ‘GWHyd_GST_Case’
worksheet and place the cursor in cell B8.

Enter the -’ sign, and (again without hitting any key) select the tab for the ‘GWHyd_Base_Case’
worksheet and place the cursor in cell B8.

0)
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d) Hit <Return>
e) You should have the formula =GWHyd_GST_Case!B8-GWHyd_Base_Case!B8 in cell B8 of
the ‘GWHyd_Difference’ worksheet. The cell value should be ‘0’

5) Copy the formula through the rest of the ‘GWHyd_Difference’ worksheet
a) Select cell B8, and copy with <Ctrl-C>.
b) Select all of the hydrograph cells by holding down the <Shift> key and pressing <Right arrow>,
the holding sown the <Shift> key and pressing <Down arrow>
¢) Paste the formula with <Ctrl-V>
!'/lig;\ GST_Results.xsx - Microsoft Excel - Em X
39 Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools Acrobat @ - 7 X
B &S BH-E00E BE ML #HQ A/ GO0 S=E=rBu d-A-Avu -~ |
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15 5/31/1973 0 0 0 0
16 6/30/1973 0 0 0 -0.3183
17 7/31/1973 0 0.0001 0 -0.4422
18 8/31/1973 0 0.0001 0 -0.5083
19 9/30/1973 0 0.0002 0 -0.2399
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Select destination and press ENTER or choose Paste

O O e ]

6) Create a graph of the difference between the GST Case and Base Case for the groundwater

hydrograph at the pumping well, in column BAK of the ‘GWHyd_Difference’ worksheet.

a) Place the cursor in cell BAK8 and use <Shift><Down> to select the cells BAK8 through BAK451

b) Under the ‘Insert’ menu, select ‘Scatter’ and then ‘Scatter with Straight Lines’. This will place a
graph in the worksheet.
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¢) Right-click inside the new graph and select ‘Move Chart..." to open the ‘Move Chart’ window,
then select ‘New Sheet’ and name it ‘GWHyd'

100 200 300 400 500
-0.1 ~

-0.2 -

-0.3 -
e Seriesl

-0.7

The graph shows that once groundwater pumping starts, the groundwater head of the GST Case is always
lower than the groundwater head of the Base Case at the well location. The head falls to 0.45 ft lower for a
brief period in the first year before recovering, and drops further in each successive year before stabilizing at a
maximum of approximately 0.6 ft and a minimum of approximately 0.2 ft lower. This appears to be a very
small impact. We need to add more information to the graph to better interpret it.

d) First, we can add dates to the x-axis and a title to the graph.
i.  Use the left mouse button to select the line inside the graph, then use the right mouse button
to select ‘Select Data...'
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ii.  Click on the ‘Edit..." button

ii.  Under 'Series name:’, click the square button on the right, with the red arrow, navigate to the
‘GWHyd_Difference’ workbook, and select cell BAK6

iv.  Under ‘Series X Values:’, click the square button on the right, with the red arrow, navigate to
the ‘GWHyd_Difference’ workbook, and select cells A8 through A451

v.  Click on the ‘OK’ button, then click the ‘OK" button of the ‘Select Data Source’ window

e) Format the x-axis to be more readable
i.  Right-click on the x-axis and choose ‘Format axis..

ii.  We want to set the minimum x-axis value to 10/31/1 972 and the maximum value to
09/30/2009.

iii. Under ‘Axis Options’, for ‘Minimum’, click the radio button next to ‘Fixed' and enter the
numerical value of 10/31/1972, which is ‘26603’

iv.  For ‘Maximum’, click the radio button next to ‘Fixed' and enter the numerical value of
09/30/2009, which is ‘40086’

v.  For 'Major Unit', click the radio button next to ‘Fixed" and enter '365.25'

vi.  Inthe left panel, choose ‘Number’, then uncheck the box next to ‘Linked to source’
vii.  Change the ‘Format Code’ from ‘m/d/yyyy’ to ‘mm/yy’ and then click the ‘Add’ button
viii. In the left panel, choose ‘Alignment’, and use the drop-down menu next to ‘Text direction’ to

choose ‘Rotate all text 90
f) Add titles to the axes
i.  Select the ‘Layout’ menu, then ‘Axis Titles’, then ‘Primary Horizontal Axis Title', then ‘Title

Below Axis’

ii.  Type 'Month’ and hit <Return>

ii.  Select the ‘Layout’ menu, then ‘Axis Titles', then ‘Primary Vertical Axis Title', then ‘Rotated
Title'

iv.  Type ‘Head Difference (ft)' and hit <Return>
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This groundwater hydrograph at the pumping well shows that each year, the water table in the GST Case falls
sharply (relative to the Base Case) over a short period of time, and then recovers over a longer period of time.
This cycle is repeated each year. The groundwater head difference changes for several years, then becomes a
relatively stable repeating cycle after around six years.

g) We can make a copy of this graph, and use it to focus on several years

vi.
Vii.

Right-click on the tab ‘GWHyd' and select ‘Move or Copy..." to open the ‘Move or Copy’
window

Check the box next to ‘Create a copy’ in the lower left, then highlight ‘GWHyd'" in the
window 'Before sheet’ and click ‘OK’. This creates a copy called ‘GWHyd (2)".
Right-click on the x-axis and choose ‘Format axis..."

We want to look at a three-year period, so we will set the minimum x-axis value to
10/31/1972 and the maximum value to 09/30/1975.

Under ‘Axis Options’, for ‘Minimum’, we will keep the numerical value of 10/31/1972, which
is 26603’

For ‘Maximum’, we will enter the numerical value of 09/30/1975 is ‘27698’

For "Major Unit', click the radio button next to ‘Fixed' and enter ‘30’

Place the cursor over the line, right-click, and select ‘Format data series..." to open the
Format Data Series window.
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viii.  Select the second item in the left panel, ‘Marker Options’, select the button next to
‘Automatic’, and then click ‘Close’ in the lower left corner.
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By focusing on a shorter period of time, we can get a better understanding of the monthly difference in
groundwater heads between the GWP Case and Base Case for the first three years. The groundwater head of
the GST Case declines during the three months when the pumps are turned on, then recovers in the following
nine months. This pattern is repeated each year. We can see that the groundwater head did not fully recover
after the first year, and the head difference between the two cases increases in each subsequent year of the
GST project. The GST Case groundwater head is approximately 0.08 ft lower than the Base Case head in May
1974, and approximately 0.12 ft lower than the Base Case after two years.

Show Surface Water Flow Differences
We can also use a similar process to create an £xce/worksheet and graph to show the difference between
each GST Case surface water hydrograph and the corresponding Base Case surface water hydrograph.

7) Inthe GST_Results.xIsx workbook, create a new worksheet and name it ‘'SWHyd_Difference’.
2) Switch to worksheet ‘SWHyd_GST_Case’, select all <Ctrl-A> and copy <Ctrl-C>
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3) Switch to worksheet ‘SWHyd_Difference’, place the cursor in cell A1, and paste <Ctrl-V>. This copies
the structure and values of the ‘SWHyd_GST_Case’ worksheet. We will keep the structure and replace

the values with formulas.

4) We will use an £xce/formula to calculate the difference between hydrograph values for each time

step

a) Place the cursor in cell B7 of worksheet ‘SWHyd_Difference’.

b) Enter the ‘=" sign, and (without hitting any key) select the tab for the ‘SWHyd_GST_Case'
worksheet and place the cursor in cell BS.

¢) Enter the -’ sign, and (again without hitting any key) select the tab for the 'SWHyd_Base_Case’

worksheet and place the cursor in cell B8.
d) Hit <Return>

e) You should have the formula =SWhyd_GST_Case!B7-SWhyd_Base_Case!B7 in cell B8 of

the 'GWHyd_Difference’ worksheet. The cell value should be ‘0’
5) Copy the formula through the rest of the ‘SWHyd_Difference’ worksheet
a) Select cell B7, and copy with <Ctrl-C>.

b) Select all of the hydrograph cells by holding down the <Shift> key and pressing <Right arrow>,

the holding sown the <Shift> key and pressing <Down arrow>
c) Paste the formula with <Ctrl-V>

5 . GST_Results.xlsx - Microsoft Excel - B X
)
fy Home Insert Page Layout Formulas Data Review View Developer Add-Ins IWFM Tools Acrobat '@ - 8 X
=13 &5 g 5] |5 Gy EE A QA QOB EE=SIRBU H-A-Adun - =
| AJT ~( fz| =SWhyd_GST_CaselAJ7-SWhyd_Base_CaselAJ7
A AH Al Al AK AL AM AN AD AP AQ, AR AS é

1

2 *

3

4 |*

5 |+

6 * TIME 89 351 332

7 10/31/1972 0 of ol

8 11/30/1572 0 ) 0

9 12/31/1572 0 0 0

10 1/31/1573 0 0 0

11 2/28/1573 0 0 0

12 3/31/1573 0 0 0

13 4/30/1973 0 0 0

14 5/31/1973 0 0 0

15 6/30/1573 0 0 87432

16 7/31/1573 0 0.01 553.97

17 8/31/1573 0 0.01 443.95

18 9/30/1573 0 0 -464.52

W 4 ¥ M| GWHyd . GWHyd (2) . GWhyd Difference | SWhyd_Difference .~ ¥ 1

Ready | 23 [EEFT e 1) o

6) Create a graph of the difference between the GST Case and Base Case for the surface water
hydrograph at river node 300, near the pumping well, in column AJ of the ‘SWHyd_Difference’
worksheet.

a) Place the cursor in cell AJ7 and use <Shift><Down> to select the cells AJ7 through AJ450

b) Under the ‘Insert’ menu, select ‘Scatter’ and then ‘Scatter with Straight Lines’. This will place a

graph in the worksheet.

197



0

C2VSim Hands-On Tutorial

Right-click inside the new graph and select ‘Move Chart..." to open the ‘Move Chart’ window,
then select ‘New Sheet’ and name it ‘'SWHyd'
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This graph shows that the difference in surface water flows between the two cases fluctuates each month,
cycling between a period when the GST Case has higher flows and a period when the GST Case has lower
flows than the Base Case. Perhaps the most startling thing we can see is that reducing surface water
diversions by 2,000 AF/mo increased river flows by less than 1,000 AF/mo for this case. We can add more
information to the graph to better understand this.

d)

e)

Vi.

Flrst we will add dates to the x-axis and a title to the graph.

Use the left mouse button to select the line inside the graph, then use the right mouse button
to select ‘Select Data...

Click on the ‘Edit..." button

Under ‘Series name:’, click the square button on the right, with the red arrow, navigate to the
'‘GWHyd_Difference’ workbook, and select cell AJ6

Under ‘Series X Values:’, click the square button on the right, with the red arrow, navigate to
the ‘GWHyd_Difference’ workbook, and select cells A7 through A450

Click on the ‘OK’ button, then click the ‘OK" button of the ‘Select Data Source’ window

Format the x-axis to be more readable

Right-click on the x-axis and choose ‘Format axis..

We want to set the minimum x-axis value to 10/31/1 972 and the maximum value to
09/30/2009.

Under ‘Axis Options’, for ‘Minimum’, click the radio button next to ‘Fixed" and enter the
numerical value of 10/31/1972, which is ‘26603’

For 'Maximum’, click the radio button next to ‘Fixed" and enter the numerical value of
09/30/2009, which is ‘40086’

For ‘Major Unit', click the radio button next to ‘Fixed' and enter '365.25’

In the left panel, choose ‘Number’, then uncheck the box next to ‘Linked to source’
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Change the ‘Format Code’ from ‘m/d/yyyy’ to ‘mm/yy’ and then click the ‘Add’ button

In the left panel, choose ‘Alignment’, and use the drop-down menu next to ‘Text direction’ to
choose ‘Rotate all text 90”
f) Add titles to the axes
i Select the ‘Layout’ menu, then ‘Axis Titles', then ‘Primary Horizontal Axis Title’, then 'Title
Below Axis’

Type ‘Month’ and hit <Return>

Select the ‘Layout’ menu, then ‘Axis Titles', then ‘Primary Vertical Axis Title’, then ‘Rotated

Title’

Type ‘Flow Difference (AF/mo)’ and hit <Return>
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Now we can see that this surface water hydrograph is the flow difference at river node 332, one node
downstream from the modified diversion, and near the groundwater-substitution pumping well. The maximum
flow rate of the GST Case is approximately 950 AF/mo higher than the Base Case for a period, then falls
sharply to 400-500 AF/mo less than the Base Case, and then gradually recovers to be nearly equal to the Base
Case before the cycle repeats. This cycle is repeated each year, with a slight drop in the GST Case flows over

time.

g) We can make a copy of this graph, and use it to focus on several years, as we did with the

groundwater hydrograph
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Right-click on the tab 'SWHyd" and select ‘Move or Copy..." to open the ‘Move or Copy’
window

Check the box next to ‘Create a copy’ in the lower left, then highlight ‘SWHyd' in the window
‘Before sheet’ and click ‘OK'. This creates a copy called ‘SWHyd (2)".

Right-click on the x-axis and choose ‘Format axis..."
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We want to look at a three-year period, so we will set the minimum x-axis value to
10/31/1972 and the maximum value to 09/30/1975.
v.  Under ‘Axis Options’, for ‘"Minimum’, we will keep the numerical value of 10/31/1972, which
is ‘26603’
vi.  For 'Maximum’, we will enter the numerical value of 09/30/1975 is ‘27698’
x.  For 'Major Unit', click the radio button next to ‘Fixed" and enter ‘30’
Xi. Place the cursor over the line, right-click, and select ‘Format data series..." to open the
Format Data Series window.
xii.  Select the second item in the left panel, ‘Marker Options’, select the button next to
‘Automatic’, and then click ‘Close’ in the lower left corner.
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Here we can see the monthly surface water flow difference at river node 332, downstream from the point of
the modified diversion, for the first three years of the simulation. This shows that the stream flow for the GST
Case is greater than that of the Base Case in the months June through August, then falls sharply to a rate
lower than the Base Case in September, and the recovers to near the Base Case flow rate by May. The surface
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water diversion for the GST Case was reduced by 2,000 AF/mo each month, from June through August, but the
increase in river flows is less than half this amount. As we will see below, the remainder flows into the
groundwater through changes in the stream-groundwater flows.

We can also plot the difference in river flows in the Sacramento River at Freeport (river node 384, in column L
of the worksheet).
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The flow difference at the Sacramento River at Freeport gage appears to be nearly identical to that at river
node 332. This shows that when the surface water diversion is replaced by groundwater pumping, less than
half of the water left in the river actually flows from the basin and is available for transfer.

Compare Budget Tables

Graphs of project impacts on groundwater heads and stream flows can help us identify the broad impacts of
the project. We can then use the detailed Budget tables to compare differences in individual flow terms to
gain a better understanding of project impacts. In this section, we will compare GWP Case and Base Case
Budget tables for the Land and Water Use, Root Zone, Groundwater, and Stream Reach Budgets.
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We saw from the groundwater hydrograph and surface water hydrographs that although the GST Case
reduced surface water diversions by 2,000 AF/mo for three months each year, the river flows during these
months increased by less than half this amount. Also, we saw that river flows were reduced in the other nine
months of the year, with the deficit increasing over time.

We can use the budget output tables to check that we simulated the correct surface water diversion and
groundwater pumping rates, and also to explore the impacts of the GST project on individual flow terms.

Compare Land and Water Use Budgets for Subregion 4
We can see the impact of the changes in the surface water diversion and groundwater pumping by comparing
the Land and Water Use Budget tables for one or more subregions between the GST Case and Base Case. The
GST pump is located in model subregion 4 and surface water diversion #27 delivers water to subregion 4, so
we will compare the GST Case and Base Case Land and Water Use Budget tables for this subregion.

1) Open the two £xce/workbooks Base_Land_and_Water_Budget.xlsx and
GST_Land_and_Water_Budget.xlsx.

2) Create a new Exce/workbook and save it as GST_Land_and_Water_Compare.xlsx in directory
GST_Case Study.

3) Rename the worksheet 'Sheet1’ to ‘Land Water SR4".

4) We want to copy the format (dates, column titles, etc) of the Land and Water Use Budget tables to
the worksheet of the new workbook. Go to (for example) tab ‘Subregion 4 (DSA 15)" of
GST_Land_and_Water_Budget.xlsx. Click in the box in the upper left, above row label ‘1" and to
the left of column label "A’. This will select the entire worksheet. Use <Ctrl-C> to copy the column.

5) Go to tab ‘Land Water SR4’ of GST_Land_and_Water_Compare.xIsx and put the cursor in cell
A1. Use <Ctrl-V> to paste the contents of worksheet ‘Subregion 4 (DSA 15)'.

6) Format the column headers
a) Click on the box with ‘5" on the left side of the workbook to select the row

b) Use <Ctrl-1> to open the ‘Format Cells" panel

c) Select the ‘Alignment’ tab

d) Use the drop-down menu under ‘Horizontal’ to select ‘Center’
e) Use the drop-down menu under ‘Vertical’ to select ‘Center’

f)  Check the box next to ‘Wrap text’

g) Click ‘OK’ to close the panel
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7) Next we want to replace the values in this worksheet with formulas to calculate the difference
between the GST Case and Base Case for subregion 4.

a)
b)

i)

Place the cursor in cell B5 (to the right of date 10/31/1972) and press ‘=" to start a new formula.
Without hitting return or touching anything else with the cursor, select the ‘View' menu and use
the ‘Switch Windows' button to choose the GST_Land_and_Water_Budget.xlsx workbook.
Go to the tab labeled ‘Subregion 4 (DSA 15)".

Place the cursor in cell B6, then hit the <F4> key three times to remove the '$’ signs in the
formula.

Type the minus sign '-'.

Again, without hitting return or touching anything else with the cursor, select the 'View' menu
and use the ‘Switch Windows' button to choose the Base_Land_and_Water_Budget.xlsx
workbook.

Go to the tab labeled ‘Subregion 4 (DSA 15)".

Place the cursor in cell B6, then hit the <F4> key three times to remove the ‘$’ signs in the
formula.

Hit the return key.

The cell formula should be ='/GST_Land_and_Water_Budget.xlsx/Subregion 4 (DSA 15)°1B6-
[Base_Land_and_Water_Budget.xlsx]Subregion 4 (DSA 15)186. The cell value should be close to

Zero.

8) Next, we will copy this formula to all the cells in the budget table.

a)

Place the cursor in cell B6 and then move the cursor over the small black square that appears in
the lower right corner of the cell so the cursor changes to a black plus sign. Double-click on the
black square to copy the formulas down column B to the end of the column.

b) Then use <Ctrl-C> to copy the formulas in this column, <Ctrl><Shift><Right> to select the other

cells in the budget table, and <Ctrl-V> to paste the formula.
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Review the Differences
The Land and Water Use Budget reports the monthly balance between water demand and water supply. We
can visually see the major difference between the GST Case and the Base Case: The values in column E, which
is labeled ‘Ag. Pumping (+)’, are 1,760 AF/mo for June through August 1973, representing the additional
pumping of the GST Case. The values in column F, ‘Ag. Diversion’, are -1,760 AF/mo for June through August
1973, representing the delivery portion of the surface water diversion that was reduced by 2,000 AF/mo. These
values confirm that the GST Case is correctly simulating the project.

’l:;ﬂ‘ GST_Land_and_Water_Compare xlsx - Microsoft Excel -\ X
_;1;) Home Insert Page Layout Formulas Data Review View Developer Add-Ins TWFM Toals Acrobat @) - T X
el 1O G [ | 15 )| | Gy EHE (28 QA COBES=I B UG- A-A 4
B6 - Jfe | ='[GST_Land_and_Water_Budget xIsx]Subregion 4 (DSA 15)'1B6-
'[Base_Land_and_Water_Budget xlsx]Subregion 4 (DSA 15)'1B6 :.
A B Cc D E 1= G H J 3
1 |IWFM (v3.02.0066) o
2 |LAND AND WATER USE BUDGET IN AC.FT. FOR SUBREGION 4 (DSA 15)
3 |AREA=351575.63 AGQ
4
Ag. Urban
Time Ag. Area Potential Supply Ag. Ag. Ag. Ag. Re-  Urban Supply
(AC) CUAW Requirem Pumping Diversion Shortage use Area(AC) Require |
5 ent ment
6 | 10/31/1972 12:00 AM] E}_DD! 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 | 11/30/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 | 12/31/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 | 01/31/1973 12:00 AM 0.00 000 0.00 0.00 0.00 000 0.00 0.00 0.00
10 | 02/28/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 | 03/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 | 04/30/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 | 05/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 | 06/30/1973 12:00 AM 0.00 0.00 0.00 1760.01 -1760.01 0.00 0.00 0.00 0.00
15 | 07/31/1973 12:00 AM 0.00 0.00 0.00 1760.01 -1760.01 0.00 0.00 0.00 0.00
16 | 08/31/1973 12:00 AM 0.00 0.00 0.00 1760.01 -1760.01 0.00 0.00 0.00 0.00
17 | 09/30/1973 12:00 AM 0.00 000 0.00 0.00 0.00 000 0.00 0.00 000 o
M 4 » M| Land Water SR4 - Sheetz 71 0| Al ] 4
Ready | IEEEFT e U CEle

Compare Root Zone Budgets for Subregion 4
The Root Zone Budget provides details of the monthly water inflows and outflow of the land surface process.
It shows how changes in water availability affect root-zone water storage, return flows and deep percolation.
We will compare the Base Case and GST Case Root Zone Budget tables for Subregion 4.

1) Open the two £xce/workbooks Base_Root_Zone_Budget.xlsx and
GST_Root_Zone_Budget.xlsx.

2) Create a new blank workbook GST_Root_Zone_Compare.xIsx. Name the first worksheet ‘Root
Zone SR4'.

3) We want to copy the format (dates, column titles, etc) of the Groundwater Budget tables to the
worksheet of the new workbook. Go to (for example) tab ‘Subregion 4 (DSA 15)" of
GST_Root_Zone_Budget.xlsx. Click in the box in the upper left, above row label ‘1" and to the
left of column label ‘A", This will select the entire worksheet. Use <Ctrl-C> to copy the column.

4) Go to tab ‘Root Zone SR4' of GST_Root_Zone_Compare.xlsx and put the cursor in cell A1. Use
<Ctrl-V> to paste the contents of worksheet ‘Subregion 4 (DSA 15)'.

5) Format the column headers
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a) Click on the box with ‘5’ on the left side of the workbook to select the row
b) Use <Ctrl-1> to open the ‘Format Cells’ panel

¢) Select the ‘Alignment’ tab

d) Use the drop-down menu under ‘Horizontal’ to select ‘Center’

e) Use the drop-down menu under ‘Vertical’ to select ‘Center’

f)  Check the box next to ‘Wrap text’

g) Click 'OK’ to close the panel

6) Next we want to calculate the difference between the GST Case and Base Case for Subregion 4.

a) Place the cursor in cell B5 (to the right of date 10/31/1972) and press ‘=" to start a new formula.

b) Without hitting return or touching anything else with the cursor, select the ‘'View' menu and use
the ‘Switch Windows' button to choose the GST_Root_Zone_Budget.xlsx workbook.

¢) Go to the tab labeled ‘Subregion 4 (DSA 15)".

d) Place the cursor in cell B6, then hit the <F4> key three times to remove the ‘$’ signs in the
formula.

e) Type the minus sign '-".

f)  Again, without hitting return or touching anything else with the cursor, select the ‘View’ menu
and use the ‘Switch Windows' button to choose the Base_Root_Zone_Budget.xIsx
workbook.

g) Go to the tab labeled ‘Subregion 4 (DSA 15)".

h) Place the cursor in cell B6, then hit the <F4> key three times to remove the '$’ signs in the
formula.

i) Hit the return key.

The cell formula should be ="/GST_Root Zone_Budget.xlsx/Subregion 4 (DSA 15)°/B6-
/Base_Root Zone_Budget.xlsx/Subregion 4 (DSA 15)/B6. The cell value should be close to zero.

7) Next, we will copy this formula to all the cells in the budget table.

a) Place the cursor in cell B6 and then move the cursor over the small black square that appears in
the lower right corner of the cell so the cursor changes to a black plus sign. Double-click on the
black square to copy the formulas down column B to the end of the column.

b) Then use <Ctrl-C> to copy the formulas in this column, <Ctrl><Shift><Right> to select the other
cells in the budget table, and <Ctrl-V> to paste the formula.

Review the Differences
The Land and Water Use Budget showed us that there is no difference in total available water between the
GST Case and the Base Case. This means there should be no changes in the Root Zone Budget, and we can
see that this is indeed the case. The values in column E, ‘Ag. Prime Applied Water’, are ‘0.00’, verifying that
there is no difference in applied water between the two cases.
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-"E“;\- G5T_Root_Zone_Compare.xlsx - Microsoft Excel -8B X
}E/‘ Home Insert Page Layout Formulas Data Review View Developer Add-Ins TWFM Tools Acrobat @ - = X
= RN A= i G EHE- 2l 2l &l dh Q- QA (GO EEE LB U H-A-A 4 -
B6 ML fe | ='[GST_Ruoot_Zone_Budget xlsx]Subregion 4 (DSA 15)'1B6-
'[Base_Root_Zone_Budget xIsx]Subregion 4 (DSA 15)1B6 =
A B C D E E G H J 3
1 |IWFM (v3.02.0066) L
2 ROOTZONE MOISTURE BUDGET IN AC.FT. FOR SUBREGION 4 (DSA 15)
3 |AREA=351575.63 AG
4
Ag. Net
Ag. Ag. Prime Ag. Ag. Total Ag. Ag. Gain
" Ag. Area . . . . o from
Time Precipitat Applied Reused Applied Return Beginnin It
(AC) . Runoff Land
Water Water Water Flow g Storage .
Expansio
n(#)
5
6 | 10/31/1972 12:00 AMJ O_DO! 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 | 11/30/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 | 12/31/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 | 01/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 | 02/28/1973 12:00 AM 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 | 03/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 | 04/30/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 | 05/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 | 06/30/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 | 07/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 | 08/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17 | 09/30/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 o
4 4 b M| RootZoneSR4 < Sheetz <% [ m ] 3
Ready | 23 ||m| 100% E) U @ It

(There are slight differences in some years, such as 1976, when the original surface water diversion is less
than 2,000 AF/mo in some months. These differences are minor, and for the purposes of this tutorial will not
be addressed. In practice, the groundwater pumping rates for these months could be modified from 1,760
AF/mo and set to exactly match the actual reduction in surface water deliveries.)

Compare Groundwater Budgets for Subregion 4
We can see the impact of the increased pumping on the groundwater aquifer by comparing the Groundwater
Budget tables for one or more subregions between the GST Case and Base Case. The GST pump is located in
model Subregion 4, and we can compare the Groundwater Budget tables for the two cases for this subregion.

1) Open the two Exce/workbooks Base_Groundwater_Budget.xlsx and
GST_Groundwater_Budget.xIsx.

2) Create a new £xce/workbook GST_Groundwater_Compare.xlsx and save it in the directory
GST Case Study.

3) Rename the worksheet ‘Sheet1’ to ‘Groundwater SR4'.

4) We want to copy the format (dates, column titles, etc) of the Groundwater Budget tables to the
worksheet of the new workbook. Go to (for example) tab ‘Subregion 4 (DSA 15)" of
GST_Groundwater_Budget.xlsx. Click in the box in the upper left, above row label ‘1" and to the
left of column label "A’. This will select the entire worksheet. Use <Ctrl-C> to copy the column.

5) Go to tab ‘Groundwater SR4’ of GST_Groundwater_Compare.xlsx and put the cursor in cell A1.
Use <Ctrl-V> to paste the contents of worksheet ‘Subregion 4 (DSA 15)".

6) Format the column headers
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a) Click on the box with ‘5’ on the left side of the workbook to select the row
b) Use <Ctrl-1> to open the ‘Format Cells’ panel

¢) Select the ‘Alignment’ tab

d) Use the drop-down menu under ‘Horizontal’ to select ‘Center’

e) Use the drop-down menu under ‘Vertical’ to select ‘Center’

f)  Check the box next to ‘Wrap text’

g) Click 'OK’ to close the panel

7) Next we want to calculate the difference between the GST Case and Base Case for Subregion 4.

a) Place the cursor in cell B5 (to the right of date 10/31/1972) and press ‘=" to start a new formula.
b) Without hitting return or touching anything else with the cursor, select the ‘'View' menu and use
the ‘Switch Windows' button to choose the Base_Groundwater_Budget.xlsx workbook.

¢) Go to the tab labeled ‘Subregion 4 (DSA 15)".

d) Place the cursor in cell B6, then hit the <F4> key three times to remove the ‘$’ signs in the
formula.

e) Type the minus sign '-".

f)  Again, without hitting return or touching anything else with the cursor, select the 'View' menu
and use the ‘Switch Windows' button to choose the GST_Groundwater_Budget.xlsx
workbook.

g) Go to the tab labeled ‘Subregion 4 (DSA 15)".

h) Place the cursor in cell B6, then hit the <F4> key three times to remove the '$’ signs in the
formula.

i) Hit the return key.

The cell formula should be ="/GST_Groundwater_Budget.xlsx/Subregion 4 (DSA 15)'1B6-
[Base_Groundwater_Budget.xlsx/Subregion 4 (DSA 15)'186. The cell value should be close to zero.

8) Next, we will copy this formula to all the cells in the budget table.

a) Place the cursor in cell B6 and then move the cursor over the small black square that appears in
the lower right corner of the cell so the cursor changes to a black plus sign. Double-click on the
black square to copy the formulas down column B to the end of the column.

b) Then use <Ctrl-C> to copy the formulas in this column, <Ctrl><Shift><Right> to select the other
cells in the budget table, and <Ctrl-V> to paste the formula.

Review the Differences
We can visually see several differences between the GST Case and Base Case. First, we see that the values in
the column labeled ‘Pumping (-)" are ‘0.00" for October 1972 through May 1973, '1760.01' for June through
August 1973, and ‘0.00' for September 1973. These values mirror what we specified in the Pumping Data File,
and are than repeated each year through 2009. We also see that the values in the column labeled ‘Recharge
(+)" are ‘0.00" for October 1972 through May 1973, approximately -200 for June through August 1973, and
‘0.00" for September 1973. This represents the reduction in recoverable losses that occurred as a result of the
reduction in the surface water diversion rate. Thus the net loss to the groundwater aquifer is 1,760 AF
extracted by the pump plus 200 AF less recharge, for a total of 1,960 AF/mo, or 5,880 AF/yr.
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In order to have a water balance for the aquifer, this 1,960 AF/mo net reduction in water volume has to be
offset with 1,960 AF/mo from other sources. Looking at the row for June 1973, we see that 943 AF was
removed from groundwater storage (when the water table dropped), 982 AF less water was discharged to
streams, 1 AF was removed from storage due to land-surface subsidence, and 34 AF flowed into the subregion

from adjacent subregions (due to the changed groundwater head gradient).

The values in the column ‘Gain from Stream (+)" are even larger in July and August, and continue to be greater
than zero for the rest of the simulation. We have found the reason why the surface water flows of the GST
Case are only about 1,000 AF/mo greater than the Base Case, even though the surface water diversion was
reduced by 2,000 AF/mo. The pump lowers the groundwater head adjacent to the stream, which in turn

changes the flow rates between the stream and the aquifer.

GST_Groundwater_Compare.xisx - Microsoft Excel

1 IWFM (v3.02.0066)
2 GROUND WATER BUDGET IN AC.FT. FOR SUBREGION 4 (DSA 15)
3 AREA=351575.63 AC

'm_%/\ Home Insert Page Layout Formulas Data Review Wiew Developer Add-Ins IWFM Toals Acrobat @) - = X
= RN e s ER = B EHE 24 Q- RO EE=EL B U O-A-A 4 -

F14 - fx | ='[GST_Groundwater_Budget.xlsx]Subregion 4 (DSA 15)'1F14-

'[Base_Groundwater_Budget. xIsx]Subregion 4 (DSA 15)'1F14 B

A B [ D E F G H J

E

. Deep . Beginning Ending Net DEE? Gain from Recharg Boundary Subside¢
Time Percolati Storage (+) Storage (-) Percolati Stream (+) e (+) from Inflow (+) ce (+)
5 on on (¥) Lake (+)
6 | 10/31/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
7 | 11/30/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
8 | 12/31/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
9 | 01/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
10 | 02/28/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
11 | 03/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
12 | 04/30/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0
13 | 05/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
14 | 06/30/1973 12:00 AM 0.00 0.00 -943.45 0.00| 981.84| -200.00 0.00 0.00 0.
15 | 07/31/1973 12:00 AM 0.00 -943.45 -1853.77 -1.58 1308.68] -200.74 0.00 0.00 1.
16 | 08/31/1973 12:00 AM 0.00 -1683.77 -2035.65 4.84 1424.261 -200.00 0.00 0.00 0.
17 | 09/30/1973 12:00 AM 0.00 -2035.65 -1515.88 13.71 486.97 0.00 0.00 0.00 0.5
M 4 » W] Groundwater SR4 - Sheet2 e 5 [ — il — e 0
Ready | Average: 123826 Count:3  Min:981.84 Max 142426  Sum: 371477 ||ﬁ|ﬁ| ) 1005 (=) [ (+)

We can highlight 'Gain from Stream’ values for the three months June through August to quickly see the
impact of the groundwater substitution water transfer project on stream-aquifer flows in these months. We
see from the value on the lower edge of the £xce/window that groundwater discharges to the river are
reduced by 3,715 AF during these months, 62% of the 6,000 AF reduction in surface water diversions. This
suggests the project is only increasing river flows by 38% of the expected increase, and confirms the flow

rates we observed in the surface water hydrographs.
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GST_Groundwater_Compare.xlsx - Microsoft Excel —-

I.’Qm‘..
_&E/‘ Home Insert Page Layout Formulas Data Review View Developer Add-Ins TWFM Tools Acrobat 'Q) - B8 X
i 335 B0 ]E B EE MU RIQRA 20 B
F14 - fx | ='[GST_Groundwater_Budget.xIsx]Subregion 4 (DSA 15)'IF14-
'[Base_Groundwater_Budget xIsx]Subregion 4 (DSA 15)'1F14
A B c D E F G H J
1 IWFM (v3.02.0066) 1
2 GROUND WATER BUDGET IN AC.FT. FOR SUBREGION 4 (DSA 15) 1
3 AREA=351576.63 AC
4
. Deep . Beginning Ending Net DEE? Gain from Recharg Gain Boundary Subside¢
Time Percolati Storage (+) Storage (-) Percolati Stream (+) e (+) from Inflow (+) ce (+)
5 on on (+) Lake (+)
6 10/31/11972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
7 11/30/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
8 | 12/31/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
9 | 01/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
10 | 02/28/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
11 | 03/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
12 | 04/30/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
13 | 05/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.
14 | 06/30/1973 12:00 AM 0.00 0.00 -043.45 D.Uﬂl 981.84' -200.00 0.00 0.00 0.
15 | 07/31/1973 12:00 AM 0.00 943.45 -1553.77 -1.58 1308.68] -200.74 0.00 0.00 1.
16 | 08/31/1973 12:00 AM 0.00 1553.77 -2035.65 484 1424.26 200.00 0.00 0.00 0.
17 | 09/30/1973 12:00 AM 0.00 2035.65 -1515.88 13.71 486.97 0.00 0.00 0.00 -0.
18 | 10/31/1973 12:00 AM 0.00 151588 -1287 53 6.44 204.53 0.00 0.00 0.00 -0.
19 | 11/30/1973 12:00 AM 0.00 1287.53 -1165.97 -2.45 106.89 0.00 0.00 0.00 0.
20 | 12/31/1973 12:00 AM 0.00 1165.97 -1088.39 -8.73 69.22 0.00 0.00 0.00 -0.
21 | 01/31/1974 12:00 AM 0.00 1088.39 -1024.09 -0.25 49.80| 0.00 0.00 0.00 -0.
22 | 02/28/1974 12:00 AM 0.00 1024.09 -061.43 16.19 3513 0.00 0.00 0.00 -0.
23 | 03/31/1974 12:00 AM 0.00 961.43 -905.55 17.43 28.53 0.00 0.00 0.00 -0.
24 | 04/30/1974 12:00 AM 0.00 905.55 -858.76 11.87 24.53 0.00 0.00 0.00 -0.
25 | 05/31/1974 12:00 AM 0.00 858.76 -824.09 -3.07 23.15 0.00 0.00 0.00 -0.
26 | 06/30/1974 12:00 AM 0.00 824 09 -1765.61 -63.01 1020.20 200.00 0.00 0.00 0o
14 4 v V| Groundwater SR4 < Sheet? . tJ ANt DA | ——TT S— o §ill
Ready | 5 Average:395.46  Count:12  Min: 2453 Max 142426  Sum: 474553 || [0] (11| 100% (=——U ()

We can also highlight 12 months of ‘Gain from Stream’ values to quickly see the annual change in stream-
aquifer flows under the GST Case. We see from the value on the lower edge of the £xce/window that
groundwater discharges to the river are reduced by 4,746 AF in the first year of the project. This is 80% of the
6,000 AF/yr reduction in surface water diversions. This also implies that although the surface water diversion
was reduced by 6,000 AF/yr, only 1,254 AF/yr of this water is actually available for delivery to other water
users. The rest of the water was essentially removed from the river in a complex chain reaction when the
pumps were operated.

Create a Water Year Summary
We can use the "WY-Month’ tool on the ‘IWFM Tools" menu to see the differences between the groundwater
pumping case and the base case for each flow term. We will demonstrate this by looking at the changes in
stream-aquifer flows, labeled 'Gain from Stream (+)’, in column F.

Under the ‘IWFM Tools' menu, select ‘'WY-Month’ to open the ‘'WY-Month’ panel.

1) Place the cursor in the ‘Date Range’ area and select the dates from column A, cells A6 to A449.

2) Place the cursor in the ‘Time Series Data Range’ area and select the data values from column F, cells
F6 to F449.

3) Put the cursor in the 'Output range’ area and select cell S5.

4) In the ‘Unit Conversion’ section, click next to ‘AF’ under ‘Time Series Data’ and ‘TAF' under ‘Table'.
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5) At the bottom of the WY-Month panel, click the boxes next to ‘Use 1000 Separator’ and the graphs
for monthly averages and annual totals, and click ‘OK'.

x
Date Range: IDundwater SR41SASE:SAS44T
Time Senes Data Range: Imundwater SR4'ISFS6:8F5445
Output Range: IGmundwEner SR4'8536

Unit Caonversion

Time Series Data Table

" MNone " MNone

T cfs C cfs

+ AF  AF

 TAF = TAF

 MAF  MAF
Decimal Digits: |1
™ Use 1000 Seperator
¥ Include Chart for Monthly Averages
¥ Include Chart for Annual Totals

OK | Cancel |

This produces a table with the monthly difference in stream-aquifer flows between the two cases for
Subregion 4, with total annual difference in the right-most column. Average, minimum and maximum values
are listed at the bottom of this table. Two graphs are also produced, to the right of the Water Year-Month

table.

Average Monthly Values
1.6
14
1.2
1.0
0.8
0.6
0.4 t
0.2 ~
0.0—]...-.-.-.-.-.-. . . .
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

The top graph shows the average monthly difference in stream-aquifer flows between the two scenarios. This
shows the greatest difference in the months of June to August when the pumps are operating, with smaller
values in the months when the pumps are not operating. The value is always positive, indicating that the
aquifer does not completely recover to Base Case conditions in less than a year.
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The lower graph shows the annual difference in stream-aquifer flows between the two cases. The flow
difference starts around 4,000 AF/year in the first year and increases to over 5,000 AF/yr by the fifth year,
staying at this level through 2009. This suggests that after the fifth year of the project, most if not all of the

5,280

AF/yr in additional groundwater pumping is replenished directly from the rivers.

Compare Stream Reach Budgets for Reach 53

The new pump is located near reach 53. We can see the impact of the pumping portion of the GST Case on the
adjacent portion of the river by looking at the Stream Reach Budget for reach 53.

Open the two £xce/workbooks Base_Stream_Reach_Budget.xlsx and
GST_Stream_Reach_Budget.xIsx.

Create a new £xce/workbook and save it in directory GST _Case Study with the name
GST_Stream_Reach_Compare.xlsx.

Rename the worksheet ‘Sheet1’ to ‘Stream Reach 53'.

We want to copy the format (dates, column titles, etc) of the Stream Reach Budget tables to the
worksheet of the new workbook. Go to tab ‘Stream reach 53’ of
GST_Stream_Reach_Budget.xIsx. Click in the box in the upper left, above row label “1" and to
the left of column label "A’. This will select the entire worksheet. Use <Ctrl-C> to copy the column.
Go to tab ‘Sheet1’ of GST_Stream_Reach_Compare.xlsx and put the cursor in cell A1. Use <Ctrl-
V> to paste the contents of worksheet ‘Stream reach 53'.

Format the column headers

a) Click on the box with ‘5’ on the left side of the workbook to select the row

Use <Ctrl-1> to open the ‘Format Cells’ panel

Select the ‘Alignment’ tab

Use the drop-down menu under ‘Horizontal’ to select ‘Center’

Use the drop-down menu under ‘Vertical’ to select ‘Center’

Check the box next to 'Wrap text’

segoaoz
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g) Click 'OK’ to close the panel

Next we want to calculate the difference between the GST Case and Base Case for river reach 67.
Place the cursor in cell B5 (to the right of date 10/31/1972) and press ‘=" to start a new formula.
Without hitting return or touching anything else with the cursor, select the ‘View’ menu and use
the “Switch Windows' button to choose the Base_Stream_Reach_Budget.xlsx workbook.
Go to the tab labeled ‘Stream reach 53'.

Place the cursor in cell B5, then hit the <F4> key three times to remove the ‘$’ signs in the
formula.

Type the minus sign -,

Again, without hitting return or touching anything else with the cursor, select the ‘View' menu
and use the ‘Switch Windows' button to choose the GST_Stream_Reach_Budget.xlIsx
workbook.

Go to the tab labeled 'Stream reach 53'.

Place the cursor in cell B5, then hit the <F4> key three times to remove the ‘$’ signs in the
formula.

i) Hit the return key.

The cell formula should be ="/Base_Stream_Reach_Budget.xlsx/Stream reach 53'/B5-

[GST _Stream_Reach_Budget.xlsx/Stream reach 53'/B5". The cell value should be close to zero.

8) Next, we will copy this formula to all the cells in the budget table.

a) Place the cursor in cell B5 and then move the cursor over the small black square that appears in
the lower right corner of the cell so the cursor changes to a black plus sign. Double-click on the
black square to copy the formulas down column B to the end of the column.

b) Then use <Ctrl-C> to copy the formulas in this column, <Ctrl><Shift><Right> to select the other
cells in the budget table, and <Ctrl-V> to paste the formula.

."’EE_;'-‘ GST_Stream_Reach_Compare.xlsx - Microsoft Excel -8 X
_&_i/ Home Insert Page Layout Formulas Data Review Wiew Developer Add-Ins IWFM Toals Acrobat 'Q) - = X
= RN e s ER = By HE (414 E i Q-RA([0O% (=E==718B0 H-A-A 4 -
BS - fx | ='[GST_Stream_Reach_Budget.xlsx]Stream reach 53'1B5-
'[Base_Stream_Reach_Budget.xlsx]Stream reach 53'1B5
A B C D E F G H J é
1 |IWFM (v3.02.0066)
2 |STREAM FLOW BUDGET IN AC.FT. FOR REACH 53
3
Downstrea Gain Gain
Time Upstream m Outflow Tributary Tile Runoff Return from from Diversio
Inflow (+) Inflow (+) Drain (+) (+) Flow (+} Groundw n(-)
(-) Lake (+)
4 ater (+)
5 | 10/31/1972 12:00 AN [}_DD! 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 | 11/30/1972 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 | 12/31/1972 12-:00 AM 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 | 01/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 | 02/28/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 | 03/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 | 04/30/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 | 05/31/1973 12:00 AM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 | 06/30/1973 12:00 AM -18.53 -961.18 0.00 0.00 0.00 0.00 -94265 0.00 0.00
14 | 07/31/1973 12:00 AM -21.80  -1281.23 0.00 0.00 0.00 0.00 -1259.44 0.00 0.00
15 | 08/31/1973 12:00 AM -22 56  -138952 0.00 0.00 0.00 000 -1366096 0.00 0.00
16 | 09/30/1973 12:00 AM -4.39 -464.24 0.00 0.00 0.00 0.00 45985 0.00 0.00 &
M 4 b | StreamReach53 ¥ 0| I ] »
Ready | [ [EEEFtNe— el
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The cell values should be zeroes for the first few months, then change to non-zero numbers beginning in June
1973.

Review the Differences
We can use the ‘WY-Month’ tool on the ‘IWFM Tools' menu to see the differences between the GST Case and
the Base Case. For this example, we will look at how the downstream flows from the river reach change. (This
could also be accomplished by adding a hydrograph at this river node to the Print Control File and re-running

the Simulation program.)

Under the ‘IWFM Tools' menu, select "'WY-Month’ to open the ‘WY-Month’ panel.

1) Place the cursor in the ‘Date Range’ area and select the dates from column A, cells A5 to A448.

2) Place the cursor in the ‘Time Series Data Range’ area and select the data values from column C, cells
C5 to C448.

3) Put the cursor in the ‘Output range’ area and select cell P5.

4) In the ‘Unit Conversion’ section, click next to ‘AF’ under ‘Time Series Data’ and ‘TAF" under ‘Table’.

5) At the bottom of the WY-Month panel, click the boxes next to the graphs for monthly averages and
annual totals, and click ‘OK’.

wr-ronth =]
Date Range: I:ream Reach 531$A85:5A5448
Time Series Data Range: I:rearn Reach 5318C85:2C5448
Output Range: IStream Reach 5318P55
Unit Conversion

Time Series Data Table

" None " None

i cfs  ofs

* AF  AF

 TAF * TAF

 MAF  MAF
Decimal Digits: |1
™ Use 1000 Seperator
¥ Include Chart for Monthly Averages
¥ Include Chart for Annual Totals

OK | Cancel |

This will produce a table with the monthly downstream outflow difference between the two cases for river
reach 53. This difference downstream outflow will incorporate much of the differences in flows resulting from
the reduced diversions and increased pumping; some impacts might also occur on other river reaches.
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(o G5T_Stream_Reach_Compare.xlsx - Microsoft Excel -8B X
l@ Home Insert Page Layout Formulas Data Review View Developer Add-Ins TWFM Tools Acrobat @ - B8 X
EIRT e IR B EE N @#QRACOL|IE==27810 5 A-Ax - |
Qs -Q f| 0
P Q R S T U V' W X Y z AA AB AC AD

4

5 Wy Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total
ﬂ 1973' D_D! 0.0 0.0 0.0 0.0 0.0 0.0 oo 10 -13 -14 05 -41

7 1974 02 -01 -0.1 0.0 0.0 0.0 0.0 oo 10 13 -14 05 486

8 1975 -02  -041 -0.1 0.0 0.0 0.0 0.0 oo 10 13 14 -05 47

9 1976 02 -0+ -0.1 0.0 0.0 0.0 0.0 oo 10 -13 14 05 47

10| 1977 02 -0 -0.1 -0.1 0.0 0.0 0.0 0o -10 -13 -14 -05 -48

11 1978 -02 -01 -0.1 -0.1 0.0 0.0 0.0 oo 10 13 -14 -05 -48

12| 1979 02 01 -0.1 -0.1 0.0 0.0 0.0 oo 10 13 -14 05 -48

13| 1980 02  -01 -041 -041 -041 0.0 0.0 0o 10 13 14 05 -48

14| 1981 02 01 -0.1 -0.1 0.0 0.0 0.0 oo 10 13 14 05 48

15| 1982 -02 -0 -0.1 -0.1 0.0 0.0 0.0 oo 10 -13 -14 05 -48

16| 1983 02 -0 -0.1 -0.1 0.0 0.0 0.0 oo 10 13 -14 -05 -48

17| 1984 02 01 -0.1 -0.1 0.0 0.0 0.0 oo 10 13 -14 05 -48

18| 1985 -02 -01 -041 -041 0.0 0.0 0.0 0.0 . . . . -4.8

L] u&ruma;chﬂy@ o o o o o o o8

Ready | 2 |

This table makes it easier to compare the monthly values from year to year. We can see that the monthly
values are relatively stable from year to year, suggesting that the project impacts are insensitive to water
availability (i.e. wet year or dry year). Two graphs are also produced, to the right of the Water Year-Month
table.

Average Monthly Values
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The top graph shows the average monthly difference in downstream flows between the two scenarios. This
confirms the information in the Groundwater Budget and suggests that the majority of the change in stream-
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groundwater flows occurs in the reach closest to the pump. The pattern is also similar to that observed in the
stream hydrographs above.

Total Annual Values
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The lower graph shows the annual differences in outflows from Reach 53 between the two cases. The flow is
reduced by approximately 4,800 AF/year after the fifth year of the project. The 6,000 AF/year project therefore
produces only approximately 1,200 AF/year in additional inflows to the Sacramento-San Joaquin Delta.

Summary

This example scenario shows how the C2VSim model can be used to analyze a proposed project that will
impact both the surface water and groundwater flow systems. Decision 1641 of the State Water Resources
Control Board requires that Sacramento River flows are sufficient to meet Sacramento-San Joaquin Delta
inflow requirements. DWR and the USBR want to assure that each proposed water transfer out of the
Sacramento River Basin does not require these agencies to release additional water to meet these flow
requirements.

The stated goal of this project is to reduce surface water diversions at an upstream location, and to sell this
water to a buyer located down-stream from the Sacramento River at Freeport gage. It seems logical to assume
that when a surface water diversion in the Sacramento River Basin is reduced by 6,000 AF over three months,
the downstream flow will be increased by this amount, or by something close to this amount. However, the
groundwater substitution component of this project has significant impacts on river flows. The groundwater
withdrawn from the aquifer has to come from somewhere. And in this case study, much of this water comes
from a reduction in groundwater discharges to the river.

The net effect of this groundwater-substitution water transfer project is that only a small portion of the 6,000
AF actually reaches the Sacramento River at Freeport gage. If the entire 6,000 AF in reduced surface water
diversions were sold to a downstream user, then another entity (most likely DWR or the USBR) would need to
release additional water from upstream reservoirs to meet Delta inflow requirements.

215



C2VSim Hands-On Tutorial

This scenario could also be used to investigate the impacts of different pump locations on river flows. The
pump is screened in the water table layer in this scenario. Surface water flow reductions during summer

months may be reduced by screening the pump in the confined portion of the aquifer (model layer 2) or by
locating the pump several miles away from any rivers.
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