GMS 10.1 Tutorial

MODFLOW - Saving Native Text
Save a MODFLOW Simulation in Native Text Format
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Objectives

This tutorial explains how to save MODFLOW simulations in MODFLOW's native text format. GMS
provides functionality that saves native text files that also include MODFLOW documentation. These
files are easy to read and clarify the contents of the file.

Prerequisite Tutorials Required Components Time
e MODFLOW - Grid e Grid Module e  25-40 minutes
Approach ¢ MODFLOW
e Text Editor Software
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1 Introduction

GMS uses a modified version of MODFLOW that can read data from HDF5* files. Large
portions of the MODFLOW inputs are stored in an HDF5 file when creating a
MODFLOW model in GMS. Large MODFLOW models are stored much more
efficiently using HDF5. Compression ratios of 95% are common when compared to text
files. The read/write times for HDF5 files are also much faster.

Even though using HDF5 files with MODFLOW is extremely efficient, many users like
to also save MODFLOW simulations in the native MODFLOW format. This is
particularly true when archiving a completed a modeling project.

Native MODFLOW text files can be saved from GMS. Since version 10.0, these text
files contain documentation comments that more clearly identify the contents of each
line in the MODFLOW input file. Parameter definitions are also included in the text
files.? This tutorial discusses and demonstrates the native text exporting options available
in GMS using various MODFLOW simulations (including one with parameters and one
with pilot points), as well as changing the array saving options before saving the
simulation in native text format.

1.1 Getting Started

Do the following to get started:

1. If necessary, launch GMS.

! See www. hdfgroup.org. HDF5 is a binary, cross-platform file format for storing data

2 Earlier versions of GMS also exported native text files, but these files only removed references to
the HDF5 file. No documenting comments and parameters were written to the text files.
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2. If GMS is already running, select File | New to ensure that the program settings
are restored to their default state.
2 Importing the Simulation

First, import a MODFLOW simulation. This is one of the example files that ships with
the USGS MODFLOW source code.

1.
2.

Click Open Zto bring up the Open dialog.

Select “MODFLOW Name Files (*.mfn;*.nam)” from the Files of type drop-
down.

Browse to the Tutorials\MODFLOW\text\imnw1 directory and select
“mnwl.nam”.

Click Open to close the Open dialog and bring up the MODFLOW Translator
dialog.

This dialog appears when importing MODFLOW native text files. When OK is clicked,
MODFLOW will run and export a new set of files, including an HDF5 file. GMS will
work with these files, preserving the original native text model files. The MODFLOW
translator allows valid MODFLOW simulations to be imported into GMS.

S.
6.

Select MODFLOW 2000 (the default option).

Click OK to initiate the translator. The MODFLOW Translator dialog will
disappear briefly, then reappear to show the progress of the translation.

When the file conversion is complete, click Done to close the MODFLOW
Translator dialog.

A MODFLOW model similar to Figure 1 should appear.

L R TN B A N R A I TR I N R I S A S R N

Figure 1  Imported MODFLOW model
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2.1 Saving the Project

Now it is possible to save the project as if MODFLOW were going to be run.
1. Select File | Save As... to bring up the Save As dialog.

Browse to the Tutorials\MODFLOW\text directory.

Select “Project Files (*.gpr)” from the Save as type drop-down.

Enter “mnw1.gpr” as the File name.

o M v D

Click Save to save the project and close the Save As dialog.

When a project is saved in GMS, a GPR file is created. The GPR file contains GMS
specific data. If a MODFLOW simulation is in the current project, then a folder is
created that has all of the MODFLOW inputs. The new folder name will use the name of
the current project name with “_ MODFLOW?” added to the end. In this project, a new
folder called “mnwl MODFLOW” was created.

2.2 Viewing MODFLOW Files

To quickly view the MODFLOW input files, do the following:

1. Right-click on the B4 MODFLOW?” item in the Project Explorer and select
Open Containing Folder... to bring up a new window in Windows Explorer.

A file browser showing the directory where the MODFLOW files are stored will appear.
Files similar to those in Figure 2 should be present.

=HACE X |
uu [ <« Tutorials » MODFLOW » text » mnwl MODFLOW + [ 42 ][ Search mnw1_MODFLOW o
File Edit View Tools Help
Organize » Include in library + Share with + Burn MNew folder =~ i i@l
+ ¢ Favorites MNarne Date modified Type Size
L mnwl.asp 2PM ASP File 1KE
> |7 Libraries L | mnwl.ba6 2PM BAG File 1KB
L mnwl.beh 2PM  BCGFile 1KB
> M Computer L mnwl.chd 2PM  CHDFile 1KB
L mnwl.dis 2PM  DISFile 1KB
’*‘i,-l Metwork L mnwl.drn 2 PM DRN File 1KB
mnwl.h5 M HDF5 File 235KB
L mawl.mfn 2PM  MFN File 1KB
L mnwl.mfr 2PM MFR File 1KB
L mnwl.mfs 2PM MFS5 File 1KB
L mnwl.mnw 2PM MMNW File 1KB
L mnwl.oc 2PM OCFile 12 KB
L mnwl.pcg 2PM PCG File 1KE
| mawl.rch 3/15/2016 3:32 PM  RCH File 1KB
14 items
14 iterns

Figure 2  MODFLOW input files saved from GMS
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All of the files in this directory are text files except for the “mnw1.h5” file. The next step

is to examine the contents of the files.

2. Using a text editor, open the “mnw1.bc6” file.

This is the BCF package file. This file contains information on the hydraulic properties
of the grid cells (Figure 3). Notice the lines that begin with “HDF5”. When MODFLOW
reads these lines, it will get data from the “mnw1.h5” file. These lines are arrays that
define the aquifer properties (Storage, Hydraulic Conductivity, and Transmissivity).

o h
/| mnwl.bch - Notepad E@g
File Edit Format View Help
MO 90.0 0 0.0 O O

10

CONSTANT 1.0

HDF5 1.0 -1 "mrwl.h3" "Arrays/sFl_1" 1 0 294

HDF5 1.0 -1 "mnwl.h5" "Arrays/HYCOND_1" 1 0 294

HDF5 1.0 -1 "mrwl.h5" "Arrays/LEAK_1" 1 0 294

HDF5 1.0 -1 "mnwl.h5" "Arrays/sF1_2" 1 0 294

HDFS 1.0 -1 "mnwl.h5" "Arrays/TRAN_2" 1 0 294

1 F
e

Figure 3 MODFLOW BCF package file saved from GMS

There are many free viewers available to browse the contents of HDF5 files. Figure 4
shows “mnw1.h5” as seen in HDFView?, an application provided by the developers of

HDF5 that allows viewing and editing of HDF5 files.

r
IF HDFView 211 [E=E
File Window Tools Help
> 5
Recent Files |C'\Users\Jmnnson\ann\nads\GMSTumria\51n 1.0\Tutorials\MODFLOWtextmnwi_MODFLOW\mnw1.h5 ‘v Clear Text
= —
BJ mnw1.hg 1 @ 07. Property at /Multi-Node Well/ [mnw1.h5 in C:\Users\jmonson\Downloads\GMSTutorials 10.1.0\Tutorials\MODFLOWMextimnw1_WMO.. O1 (5
[ s Table kil | s (26
o~ (2] Drain 0-based
o= (23 Drain Return | ‘
o~ C)ET
~CIETS o 1 2 3 5 [ 7 8 9
‘ o 1.0 1.0 1.0 1.0 10 1.0 1.0 1.0 1.0 10
File Type 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 File Version 10 10 0.0 0.0 40 40 0.0 0.0 0.0 0.0
r 395.0 200.0 3040 2400 175 175.0 3020 2300 180.0 1450
@ Ceneral Head 4 |05 05 0.0 50000 |05 05 0.0 05 05 05
@MFHﬁVEFS\Un 1.0 1.0 1.0 1.0 10 1.0 1.0 1.0 1.0 10
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
v
> QoW T 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
o C|Multi-Node Well 8 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 00
o ) Recharge 9 -1.0 1.0 1.0 -1.0 1.0 1.0 1.0 1.0 1.0 1.0
10 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00
o CaRiver 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
o) suUB 12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
— 13 0.0 00 0.0 0.0 00 00 0.0 0.0 0.0 00
o Q) Speciied Head 14 [10 1.0 [ 0.0 10 10 0.0 0.0 0.0 0.0
o) Stream
& () Stream (SFR2) = 4 1l ] D
07. Property (29752, 2) -
64-bit floating-point, 15x17x5 =
Log Info L Metadata ‘
1§

Figure 4

HDFView of “‘mnw1.h5”

® See http://www.hdfgroup.org/products/java/hdf-java-html/hdfview/.
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Now look at the original MODFLOW files. The original BCF file contains similar
information as in the BC6 file. However, the information is in a different format.

3. Right-click on the B8 MODFLOW?” item in the Project Explorer and select
Open Containing Folder... to bring up a new window in Windows Explorer.

4. Browse to the Tutorials\MODFLOW\text\mnw1 directory.

This is the directory containing the original MODFLOW files. Files similar to those in
Figure 5 should be present.

F ~

=Sl X
@k;}ﬂ |« GMSTutonials101.0 » Tutorials » MODFLOW » text » mnwl ~ [ %3 |[ Search mnw1 2|
File Edit View Tools Help
Organize v Include in library = Share with » Burn MNew folder ==« 0 .;@.
 Favorites MName : Date modified Type Size
|| mnawd.bas 10/27/201512:41 ... BASFile 1 KB
- Libraries | mnwl.bef 10/27/201512:41 ...  BCFFile 1KB
|| mnwl.chd 10/27/201512:41 ...  CHD File 2 KB
1% Computer L| mnwl.dis D15 File 1KB
| mnwl.dm DRM File 1KB
G‘I_d MNetwork L | mawl.maw MMNW File 6 KB
| mnwl.nam 1KB
|| mnwl.oc 10/27/201512:41 ...  OC File 6 KB
| mnwl.pcg 10/27/201512:41 ...  PCGFile 1KB
|| mnwd.rch 10/27/201512:41 ...  RCHFile 1KB
10 items
|
10 itemns
Figure 5  Original MODFLOW input files
5. Open “mnwl.bcf” in a text editor (Figure 6).

' p— -
| mnw1lbcf - Notepad = | E |t
File Edit Format View Help

0 90.0 0O 0.0 0 0 Item 1l: IBCFCE HDRY IWDFLG WETFCT IWETIT IHDWET .
01 00 Item 2: Ltype
CONSTANT 1.0 Item 3: TRPY
CONSTANT 0.05 Item 4: 5, layer 1 (Specific vield)
CONSTANT &60. Item 6: K, layer 1
CONSTANT . 20E-03 Item 7: WCONT, Tlayer 1
CONSTANT  1.0E-04 Item 4: 5, layer 2
CONSTANT  15000. Item 5: T, layer 2
a4 2
L

Figure 6 MODFLOW BCF file

When the two files are compared, notice that the numbers on lines 1 and 2 of the file are
the same. However, in the original files, some text is on the right side of the file.
MODFLOW will ignore this text because it is only expecting to read numbers on those
lines. Also notice that instead of referencing an HDF5 file for the aquifer properties, the
values for these arrays are listed in this file.
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2.3

Exporting Native Text from GMS

2.4

Now export the simulation in MODFLOW native text format.
1. Close the text editor and Windows Explorer windows and return to GMS.

2. Select MODFLOW | Global Options... to bring up the MODFLOW
Global/Basic Package dialog.

3. Inthe MODFLOW version section, turn on Save native text copy.
4. Click OK to exit the MODFLOW Global/Basic Package dialog.
5. Select File | Save to save the project.

By turning on the Save native text copy option, an additional set of MODFLOW input
files are saved in the native text format.

Viewing the Native Text Files

The next step is to go look at the BCF package file in the native text files that were just
saved.

6. Right-click on the “B8 MODFLOW?” item in the Project Explorer and select
Open Containing Folder... to bring up a new window in Windows Explorer.

7. Browse to the Tutorials\MODFLOW\textimnwl MODFLOW _text directory to
bring up the MODFLOW native text files (Figure 7).

=[5 ] |
@-u-v‘ « Tutorials » MODFLOW » tet » mnwl MODFLOW text = [ 43 ][ search mnw1 MODFLOW text Pl
Eile Edit VYiew Tools Help
Organize « Include in library + Share with + Burn MNew folder ==+ i 'Z@Z'
. Sk Favorites Name Date modified Type Size
| mnwl bab 3/15/2016 4:51 PM  BAG File 1 KB
=l Libraries L_| mrowd bcb 3/15 1PM BCE File 1KB
| mnwl.chd 3715 1PM CHD File 4 KB
> 1M Computer L_| mnwl.dis 3715 1PM DIS File 2KB
| mnwd.drm 3/15 54:51 PM DRN File 2KB
-G‘! Metwork | mnwd.mfn 3/15 6 4:51 PM MFM File 1KB
| mnwl.mnw 3715 6 4:51 PM MMNW File 15 KB
| mnwd.ec 3/15/2016 4:51 PM  OCFile 69 KB
L| mnwd.pcg 3/15 64:51 PM PCG File 1KB
| mnwd.rch 3/15/2016 4:51 PM RCH File 1 KB
10 items
10 items

Figure 7  Native text MODFLOW files saved From GMS

8. Using a text editor, Open the “mnw1.bc6” file (Figure 8).
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-

| mnwl.bch - Notepad = | (S |
Eile Edit Format Wiew Help

40 90.0 0 0.0 0O O # 1. IBCFCB HDRY IWDFLG WETFCT IWETIT IHDWET .
01 00 # 2. Ltype(NLAY)

CONSTANT 1.0 # 3. TRPY({NLAY)

CONSTANT 0.05 # 4. sfi1(NCoL,NROW) LAY 1

CONSTANT 60.0 # 6. HY(NCOL,NROW) LAY 1

CONSTANT 0.0002 # 7. vcont (NCOL,NROW) LAY 1

CONSTANT 0.0001 # 4. sf1(NCOL,NROW) LAY 2

CONSTANT 15000.0 # 5. Tran{NCOL ,NROW) LAY 2

4 [

Figure 8  MODFLOW BCEF file saved in native text format From GMS

Notice that this file is very similar to the original MODFLOW text file. There are some
minor differences such as the format of the numbers. Look at the comments on the right
side of the file. These all begin with the “#” symbol. The number on this line indicates
the MODFLOW input dataset number for the BCF file.

After the number, notice the documented variable name that is read from this line. These
dataset numbers and variable names come straight from the MODFLOW documentation
so they will be those mentioned in the Online Guide to MODFLOW BCF documentation
(Figure 9).* Notice the dataset numbers and the variable names. These are the items
written in the comments on the right side of the BCF file shown above.

[“Eile Edit View History Bookmars Iools Help = | B [

ZZ Online Guide to MODFLOW % | +

€ i ater.usgs.gov/nrp/ gwsoftware/madflon2000/MFDOC /indexhtmI?bcf.htm e Search wBa O 4% a0 A = - L =

| 2 Groundwater Flow Process > Growudwater Flow Packages: |

]BCFG - Block-Centered Flow Package EEEE

e v i

Data Set [Lype(NLAY)
2 Read one value for each layer. These values are free format if the word FREE is specified in Item 1 of the Basic Package input file; otherwise, they have fixed-format
fields. The fixed format fields are each 2 characters wide with 40 values per line. Use only as many lines as required for the number of model layers

In MODFLOW-2005 v 1.5 and earlier versions of MODFLOW-2005, Ltype must always be in free format.
= Ltype

Data Set [TRPY(NLAY) - UIDREL
3 = TRPY

A subset of the following two-dimensional variables are used to describe each layer. The variables needed for each layer depend on the layer-type code (LAYCON, which is
defined as part of the Item-2 Ltype). whether the simulation has any transient stress periods (at least one stress period defined in the Discretization File specifies Ss/Tras “TR”),
and if the wetting capability is active (WDFLG not 0). If a variable is not needed. it must be omitted. In no situation will all variables be required. The required variables (tems
4-9) for layer 1 are read first; then the variables for layer 2 and so forth.

Data Set |[STLONCOL.NROW)]-U2DREL
4 If there is at least one transient stress period.
® Sf1

Data Set |[Tran(NCOL.NROW)] — U2DREL
5 IFLAYCON is 0 or 2 (see Ltype ), then read item 5

® Tran

Data Set |[HY(NCOL.NROW)] -- U2DREL
6 Otherwise, if LAYCON is 1 or 3 (see Ltype), read item 6.
= HY

I

Data Set |[Veont(NCOL NROW)] -- U2DREL
7 1f not the bottom layer.

# Veont

Data Set |[SE2NCOL NROW)] - U2DREL
8 If there is at least one transient stress period and LAYCON (see Ltype) is 2 or 3
@ Sf2

Figure 9  Online Guide to MODFLOW

* See http://water.usgs.gov/nrp/gwsoftware/modflow2000/MFDOC/index.html?bcf.htm
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Feel free to view some of the other MODFLOW input files at this point. When finished,
close the text editors and file browser and return to GMS.

3 Importing the Simulation with Parameters

Now it is necessary to import another MODFLOW simulation that has parameters.

1.

2.

Select File | New to clear the current project and start a new one.
Click Open o bring up the Open dialog.

Select “MODFLOW Name Files (*.mfn;*.nam)” from the Files of type drop-
down.

Browse to the Tutorials\MODFLOW\text\etsdrt directory and select
“etsdrt.nam”.

Click Open to close the Open dialog and bring up the MODFLOW Translator
dialog.

Select MODFLOW 2005 as the version to use and click OK to initiate the
translator.

Once the translator is finished, click Done to close the MODFLOW Translator
dialog.

A MODFLOW model similar to Figure 10 should be visible.

Figure 10 MODFLOW model of etsdrt simulation
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3.1

8. Select MODFLOW | Parameters... to bring up the Parameters dialog.

Four parameters imported as part of the simulation will be visible (Figure 11).

-
@ Parameters u
Parameters
Show all columns Ise multiplier amays
MName Value Min Mazx Use | Num. Clusters Mum. Define
clusters (MCLLI Instances | clusters
DRT<Cond |20 :l' 1.0e-010 [2000 T 0 0
HydCond | 0.05 j 1.0e-010 (1000 ™ 1 1
Recharge | 0.001 j 1.0e-010 [100.0 T 0 0
ETS-Max = r 0 0

[ MNew || oDekete || Deeteal iniialize From Model | | import Optimal Values... |
e
Figure 11  MODFLOW parameters

9. Click OK to exit the Parameters dialog.

When exporting the native text files, the parameters will be included in the text files as
well.

Exporting Native Text from GMS

To save this simulation in native text format, do the following:

1. Select MODFLOW | Global Options... to bring up the MODFLOW
Global/Basic Package dialog.

In the MODFLOW version section, turn on Save native text copy.
Click OK to exit the MODFLOW Global/Basic Package dialog.
Select File | Save As... to bring up the Save As dialog.

Select “Project Files (*.gpr)” from the Save as type drop-down.
Browse to the Tutorials\MODFLOW\text directory.

Enter “etsdrt.gpr” as the File name.

L N o g &~ w N

Click Save to export the files and close the Save As dialog.
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3.2

Viewing the Native Text

Now view the text files to see how the parameters were included in the files.

1. Right-click on the B8 MODFLOW?” item in the Project Explorer and select
Open Containing Folder... to bring up a new window in Windows Explorer.

2. Browse to the Tutorials\MODFLOWA\text\etsdrt MODFLOW _text directory.

The files shown in Figure 12 should be present.

P

=NR X
: | |« Tutorials » b text » etsdrt | text - Search etsd
l\_/l T I MODFLOW drt_MODFLOW 3 o |
Eile Edit View Tools Help
Organize « Include in library + Share with + Burn New folder =« [ .@.
& Favorites MName Date modified Type Size
|| etsdrt.bab 3/16/2016 1:57 PM  BAG File 2KB
. Libraries || etsdrt.dis 3/16/2016 1:57 PM  DISFile 1KBE
|| etsdrt.drt 3/16/2016 1:57 PM  DRT File 1KB
1% Computer || etsdrt.ets 3/16/2016 1:57 PM  ETS File 1KBE
|| etsdrt.lpf 3/16/2016 1:57 PM  LPF File 1KB
'&"[I Metwork || etsdrt.mfn 3/16/2016 1:57 PM MFN File 1KB
|| etsdrt.milt 3/16/2016 1:57 PM MLT File 1KB
|| etsdrt.oc 3/16/2016 1:57 PM OC File 1KE
|| etsdrt.pcg 3/16/2016 1:57 PM PCG File 1KB
|| etsdrt.pval 3/16/2016 1:57 PM VAL File 1KBE
|| etsdrt.rch 3/16/2016 1:57 PM  RCH File 1KB
|| etsdrt.zon 3/16/20161:57 PM ZON File 1KE
12 items
12 items & Computer
Figure 12  MODFLOW native text files

Next, look at some of the files that have parameters defined. The ETS, DRT, RCH, and
LPF packages all have parameters defined. First look at the ETS package.

3. Using a text editor, open the “etsdrt.ets” file (Figure 13).

r

j etsdrt.ets - Notepad

File Edit Format View Help
¥
1 40 1 # 1. NETSOP IETSCE NPETS NETSEG
ETS-Max ETS 0.01 1 # 3. [PARMAM PARTYP Parval NCLU [INSTANCES NUMINST]]
ETS_1 ETS_1 -30 # 3b. [Mltarr Zonarr IZ]
1 1 1 1 # 4. INETSS INETSR INETSX [INIETS [INSGDF]]
CONSTANT 100.0 # 5. ETSS({NCOL,NROW)
ETS-Max # 7. [Pname [Iname] [IETSPF]]
CONSTANT 36.0 # B. ETSX(NCOL,NROW)
CONSTANT 0.5 # 10. PXDP(NCOL ,NROW)
CONSTANT 0.1 # 11. PETM(NCOL ,NROW)
4

%

Figure 13  ETS package file
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Notice that the parameter “ETS-MAX” has been included in the file (see lines 3and 7).
Next, look at the DRT file.

4. Using a text editor, open the “etsdrt.drt” file.

The file should look like the following figure.

" etsdrtdrt - Notepad = | B S|
[Ele Edit Format View Help |
¥
1 40 1 1 RETURNFLOW AUX IFACE AUX CONDFACT AUX CELLGRP
2.0 1

DRT-Cond DRT -
1 5 & 60.0 1.0 1 7 3 0.4 6
1

MXADRT IDRTCB NPDRT MXL [option]
. [PARNAM PARTYP Parval NLST [INSTANCES NUMINST
Elevation condfact [

11
Layr RowR colr Rfprop] [xyz]
o

DRT-Cond

H
°
N
ok
w
Y-
B
4
»
2
n

Figure 14  DRT package file

Notice lines 2, 3b, and 6. These lines define the parameter and its usage in the
simulation. Also notice that the total width of the text in this file is much greater than the
text in other files previously examined. The documentation comments are all aligned on
the right side of the file and a small buffer is placed between the comments and the
MODFLOW inputs. This makes reading the documentation easier than with non-aligned
comments.

4 Importing the Simulation with Pilot Points

Next, read in a MODFLOW simulation that uses pilot points® with an array parameter.
1. Select File | New to clear the current project and start a new one.

Click Open F to bring up the Open dialog.

Select “Project Files (*.gpr)” from the Files of type drop-down.

Browse to the Tutorials\MODFLOW\text\pilot directory and select “pilot.gpr”.

a > wn

Click Open to import the file and close the Open dialog.

A model similar to Figure 15 should appear.

® Pilot Points are used with PEST as part of automated model calibration. To learn more about
Pilot Points, complete the” MODFLOW — PEST Pilot Points” tutorial.
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Figure 15  MODFLOW model with pilot points

4.1 Exporting Native Text from GMS

To save this simulation in native text format, do the following:

1. Select MODFLOW | Global Options... to bring up the MODFLOW
Global/Basic Package dialog.

Notice that the Save native text copy option is not available in the MODFLOW version
section. This option will only work when Forward is selected in the Run options section.
Typically, a model calibration would be completed, then a final forward run model
would be completed with the calibrated parameter values. The native text would then be
exported. With the stochastic option, a switch back to a forward run is necessary in order
to save the native text.

2. In the Run options section, select Forward.

In the MODFLOW version section, turn on Save native text copy.

4. Click OK to exit the MODFLOW Global/Basic Package dialog.
5. Select File | Save As... to bring up the Save As dialog.
6. Select “Project Files (*.gpr)” from the Save as type drop-down.
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4.2

7. Browse to the Tutorials\MODFLOW \text directory.

8. Enter “pilot.gpr” as the File name.

9.

Viewing the Native Text

Click Save to export the files and close the Save As dialog.

Now view the text files and see how the parameters were included in the files.

1.
2.

3.

Expand the “3D Grid Data” folder and the “grid” item in the Project Explorer.

Right-click on B8 MODFLOW? and select Open Containing Folder... to
bring up a Windows Explorer window.

Browse to the Tutorials/MODFLOW/text/pilot. MODFLOW _text directory.

The files shown in

Figure 16 should be present.

-

e
K3\ J=[ | « Tutorisls » MODFLOW » text » pilot MODFLOW text - [ 42| search pita.. P
Eile Edit VMiew Tools Help

Organize * Include in library - Share with « Burn Mew folder =~ [0 I@I

A Favorites Mame . Date modified Type Size
|| pilot.bab 3/16/2016 6:23 PM  BAG File 33KB

- Libraries || pilot.chd 3/16/2016 6:23 PM  CHD File 2KB
|| pilot.chob 3/16/2016 6:23 PM  CHOE File 3KB

1M Computer || pilot.dis 3/16/2016 6:23 PM DIS File 53 KB
|| pilot.hob 3/16/2016 6:23 PM  HOEB File 3KB

€ Network || pilot.Imt 3/16/2016 6:23 PM  LMTE File 1KB
|| pilot.Ipf 3/16/2016 6:23 PM LPFFile 6 KB
|| pilot.mfn 3/16/2016 6:23 PM MFN File 2KB
|| pilot.mlt 3/16/2016 6:23 PM  MLT File 1319KB
|| pilot.obs 3/16/2016 6:23 PM  OBS File 1KB
|| pilot.oc 3/16/2016 6:23 PM  OCFile 1KB
|| pilot.peg 3/16/2016 6:23 PM  PCG File 1KB
|| pilot.rch 3/16/2016 6:23 PM  RCH File 2KB
|| pilot.riv 3/16/2016 6:23 PM  RIV File 16 KB
|| pilot.rvob 3/16/2016 6:23 PM  RVOB File 27 KB
|| pilot.wel 3/16/2016 6:23 PM  WEL File 1KB
|| pilot.zon 3/16/2016 6:23 PM ZON File 30 KB

17 items
17 items
Figure 16  MODFLOW native text files

Now review at some of the files that are related to the pilot points, beginning with the
LPF package:
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4. Using a text editor, open the “pilot.Ipf” file (Figure 17).

F 5

" pilotIpf - Notepad = | B e
Eile Edit Format View Help

740 -8BBB.0 33 0 ILPFCE HDRY NPLPF [Options] -
1 Ltype(NLAY)

0 LAYAVG(NLAY)

-1.0 CHANI(NLAY)

0 LAYVEKA(NLAY)

0 LAYWET(NLAY)

ppl_1 HK 0.33416353
1 ppl_1 HK_1 -30
ppl_2 HK 0.3356953
1 ppl_2 HE_1 -30
ppl_3 HK 0.6361167
1 ppl_3 HK_1 -30
ppl_4 HK 0.4489954
1 ppl_4 HK_1 -30
ppl_5 HK 0.4000607
1 ppl_5 HK_1 -30
ppl_6 HK 0.7258828
1 ppl_6 HK_1 -30
ppl_7 HK 0.4001452
1 ppl_7 HK_1 -30
ppl_8 HK 0.4727968
1 ppl_8 HK_1 -30
ppl_9 HK 0.9242411
1 ppl_9 HE_1 -30
ppl_10 HK 0.2094655 1
1 ppl_10 HK_1 -30
ppl_11 HK 0.1311216 1
1 ppl_11 HK_1 -30
ppl_12 HK 0.5033053 1
1 ppl_12 HK_1 -30
ppl_13 HK 1.106962 1
1 ppl_13 HK_1 -30
ppl_14 HK 0.214915 1
1 ppl_14 HK_1 -30
ppl_15 HK 0.15348136 1
1 ppl_15 HK_1 -30
ppl_16 HK 0.2690279 1

[PARNAM PARTYP Parval NCLU]
[Layer Mltarr Zonarr IZ]
[PARNAM PARTYP Parval NCLU]
[Layer Mltarr Zonarr IZ]
[PARNAM PARTYP Parval NCLU]
[Layer M1tarr Zonarr IZ]
[PARNAM PARTYP Parval NCLU]
[Layer Mltarr Zonarr IZ]
[PARNAM PARTYP Parval NCLU]
[Layer M1tarr Zonarr IZ]
[PARNAM PARTYP Parval NCLU]
[Layer Mltarr Zonarr IZ]
[PARNAM PARTYP Parval NCLU]
[Layer Mltarr Zoparr IZ]
[PARNAM PARTYP Parval NCLU]
[Layer Mltarr Zonarr IZ]
[PARNAM PARTYP Parval NCLU]
[Layer Mltarr Zonarr IZ]
[PARNAM PARTYP Parval NCLU]
[Layer M1tarr Zonarr IZ]
[PARNAM PARTYP Parval NCLU]
[Layer Mltarr Zonarr IZ]
[PARNAM PARTYP Parval NCLU]
[Layer M1tarr Zonarr IZ]
[PARNAM PARTYP Parval NCLU]
[Layer Mltarr Zonarr IZ]
[PARNAM PARTYP Parval NCLU]
[Layer Mltarr Zonarr IZ]
[PARNAM PARTYP Parval NCLU]
[Layer Mltarr Zonarr IZ]
[PARNAM PARTYP Parval NCLU]

e i e
m

kS S S N S T S e e S S e S S N S N Y e S N e N S e e
PORPORONOROEORORORORNONOROEOEOEOESNRWNE

F] ¥

Figure 17  LPF package file

Notice that all the lines in the file have the 8 and 9 line numbers. These lines define the
pilot point parameters. The pilot point parameters are named pp#_#, where the first # is
the index of the pilot point set (it is possible to have multiple sets of pilot point
parameters) and the second # is an index for the point number.

The next file to review is the multiplier file. This is where the multiplier arrays related to
each pilot point are written.

5. Using a text editor, open the “pilot.mit” file (  Figure 18).

A multiplier array is created for each pilot point. When MODFLOW runs, the value at
each point is multiplied by its multiplier array, resulting in one array for each pilot point.
All of these arrays are then combined (added together) to create the final value at each
cell. Looking at text files with array data can be difficult since the arrays contain such
large amounts of data.

GMS has exporting options to allow arrays to be external from the MODFLOW package
files. One of these options is demonstrated here.
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_| pilot.mit - Notepad =HECH X
File Edit Format View Help
[EX # 1. NML -
pl_1 # 2. MLTNAM [FUNCTION]
INTERNAL 1.0 (FREE) -1 # 3. RMLT(NCOL,NROW)
0.4524204 0.4764135 0.5036269 0.534635 0.5699849 0.608506 0.6524527
0.4370615 0.4605612 0.4874508 0.5184587 0. 5544469 0.5955738 0.6425753
0.4190888 0.4415055 0.4673041 0.4973134 0.5325905 0.5744399 0.6229309
0.3986097 0.4193331 0.4432147 0.471094 0.5040993 0.54374086 0.5915936
0.3760809 0.3943266 0.4154944 0.4401075 0.4691854 0.5041625 0.5470618
0.3532616 0.3669691 0.3847604 0.4051405 0.428827 0.4568407 0.4906753
0.328796 0.33864986 0.3518989 0.3674214 0.384763 0.4042717 0.4263954
0.3031912 0.3100784 0.3179644 0.3284599 0.3392352 0.3499188 0.3597919
0.2769797 0.2809948 0.285008 0.2897983 0.2945343 0.2973458 0.2967035
0.2506698 0.2520772 0.2529335 0.2528696 0.2525294 0.249291 0.2413027
0.2247053 0.2238919 0.2221511 0.2190795 0.214387 0.2071643 0.19517
0.1994409 0.1968617 0.193146 0.1879332 0.1807277 0.1711373 0.1577041
0.1749268 0.1712647 0.1661849 0.1596184 0.1512254 0.1406262 0.1272449
0.1513587 0.1472126 0.1413682 0.134108 0.1252798 0.1147128 0.102126
0.1297976 0.1249436 0.1186932 0.1112682 0.1025512 0.09249799 0.08117442
0.1102835 0.1050637 0.09861825 0.09092573 0.08273003 0.07351995 0.06339527
0.09279871 0.08749263 0.08115093 0.07375134 0.06553737 0.05743517 0.0486924
0.07728247 0.07210799 0.06609159 0.0592541 0.05167988 0.04390205 0.03670932
0. 06415506 0.05934633 0.05388155 0.04780571 0.04122262 0.03430039 0.02726842
0.05293427 0.04856782 0.04370716 0.03840929 0.03278428 0.02699855 0.0212696
0.0423389 0.0389216 0.03518716 0.03072448 0.02597813 0.02118638 0.01654144
0.03283818 0.02970307 0.02657236 0.02327184 0.0198708 0.0160822 0.01233858
0.02550824 0.02247859 0.0198678 0.01663286 0.01394467 0.01133849 0.008618358
] T b

Figure 18  MLT package file

Exporting Native Text from GMS with External Arrays

The next step is to save this simulation in native text format again with external arrays.
1. In GMS, select Edit | Preferences... to bring up the Preferences dialog.

2. Select “MODFLOW?” from the list on the left and turn on Save copy of
MODFLOW simulation in native text format.

3. Select “Write external arrays to ‘arrays’ folder” from the drop-down and click
OK to exit the Preferences dialog.

4. Select File | Save to export the files.

Return to the Windows Explorer window where the native text files are shown. A new
directory called “arrays” should have been created. First, look at the MLT file again and
then it will possible to examine the arrays that were created in the “arrays” folder.

5. Using a text editor, Open the “pilot.mit” file.

Instead of seeing large amounts of floating point numbers in this file, there are simply
references to external files (Figure 19). This is accomplished through the
“OPEN/CLOSE” statement on each row in the file. Notice the format of the names of the
array files. External arrays are placed in their own text files and are named using the
following pattern: “myProject_array PACKAGE_VARIABLE_LAYERorSP”.

In this example, the first pilot point multiplier array is named

“pilot_array MLT ppl 1.txt”. So “pilot” is the project name. “MLT” is the package.
And “ppl” is the variable (or parameter). Lastly, “1” refers to the pilot point index. Here
are two more examples:

e The ibound array for layer 1 would have the following name:
“myProject_array BAS IBOUND_1.txt”.
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e The recharge array for stress period 3 would have the following name:
“myProject_array RCH_RECH_3.txt”.

_| pilot.mit - Notepad = | B |
Eile Edit Format VNiew Help
B4 # 1. NML -
ppil_1 # 2. MLTNAM [FUNCTION]
OPEN/CLOSE pilot_array MLT_ppl_1.txt 1.0 (FREE) -1 # 3. RMLT(NCOL,NROW) L
ppl_2 # 2. MLTNAM [FUNCTION] |=
OPEN/CLOSE pilot_array MLT_ppl_2.txt 1.0 (FREE) -1 # 3. RMLT(NCOL,NROW)
ppl_3 # 2. MLTNAM [FUNCTION]
OPEN/CLOSE pilot_array MLT_ppl_3.txt 1.0 (FREE) -1 # 3. RMLT(NCOL,NROW)
ppl_4 # 2. MLTNAM [FUNCTION]
OPEN/CLOSE pilot_array _MLT_ppl_4.txt 1.0 (FREE) -1 # 3. RMLT(NCOL,NROW)
ppl_5 # 2. MLTNAM [FUNCTION]
OPEN,/CLOSE pilot_array_MLT_ppl_5.txt 1.0 (FREE) -1 # 3. RMLT(NCOL,NROW)
ppl_6 # 2. MLTNAM [FUNCTION]
OPEN/CLOSE pilot_array_MLT_ppl_6.txt 1.0 (FREE) -1 # 3. RMLT(NCOL,NROW)
ppl_7 # 2. MLTNAM [FUNCTION]
OPEN/CLOSE pilot_array_MLT_ppl_7.txt 1.0 (FREE) -1 # 3. RMLT(NCOL,NROW)
ppl_8 # 2. MLTNAM [FUNCTION]
OPEN/CLOSE pilot_array_MLT_ppl_8.txt 1.0 (FREE) -1 # 3. RMLT({NCOL,NROW)

]

Figure 19  MLT package file with external arrays

6. Return to Windows Explorer and open the arrays directory. Notice all of the
external arrays created when the native text files were saved.

To export the arrays, it was necessary to turn on a preference that will remain turned on
in any new GMS project unless it is reset. To reset this preference setting:

Select Edit | Preferences... to bring up the Preference dialog.
Select “MODFLOW?” from the list on the left.

Turn off Save copy of MODFLOW simulation in native text format.

A w0 o

Click OK to exit the Preference dialog.

5 Conclusion

This concludes the “MODFLOW - Saving Native Text” tutorial. The following topics
were discussed and demonstrated:

o HDF5 is a binary, cross-platform file format.
e GMS stores most of the MODFLOW data in an HDFS5 file.
e GMS can export native text format MODFLOW files.

e Native text format MODFLOW files from GMS also include useful
documentation comments.

e Itis possible to export native text format MODFLOW files from GMS with
external arrays.
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