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GSFlow Training Class Material: Instructions for GSFLOW

Model Input Preparation

Overview

Purpose and Scope

This report describes the input preparation process for GSFLOW, version 1.1, specifically, the
creation of the PRMS Data File, the GSFLOW maps, the PRMS Parameter File, and the MODFLOW
Input Files.

These instructions are not the only way to prepare input for GSFLOW, but are intended to serve
as a procedural guide. Clearly, any single step from the outline below, could involve (and may require)
much more effort, study, and expertise from a GSFLOW modeler or modeling team. Anyone
considering a GSFLOW modeling project is encouraged to work through this outline and complete the
example problem to gain insight into what will be required to develop a full application.

The USGS has corporate policies about the hardware and software tools which are made
available to its employees and cooperators. These instructions reflect these policies and are not intended
to endorse any particular trade, product, or firm. These instructions can (and have been) successfully

carried out with many alternative hardware and software configureations.

Software Requirements

The following software packages are required to prepare input for GSFLOW:
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USGS Downsizer (available only on USGS computers)

ESRI ArcMap and Workstation (version 9.3), including a license for the Spatial Analyst extension
CRWR ArcHydro extension to ArcMap

XTools Pro extension to ArcMap

Microsoft Excel

USGS PRMS Paramtool

USGS ModelMuse

Hardware Requirements

The following represents a minimum hardware configuration to prepare input for GSFLOW:
PC with Windows XP Operating System
2.0 GHz PC (or higher) Processor
1 GB (or higher) RAM
100 GB (or higher) Hard Disk
SVGA, 1024x768 resolution, 16 bit color (or better) Monitor

32 MB RAM (or higher), 24 bit true color Graphics Card

Download Example Problem Data Sets

The data for the following example is available here

(ftp://brrftp.cr.usgs.gov/pub/mows/data/gsflowTrainingMaterial.zip).
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These steps should be completed in order, as later steps may require maps or data produced in

earlier steps.

Making PRMS Data File

Create a PRMS Data File (for time series climate and stream flow data)

Creating a PRMS Data File with the USGS Downsizer

Start the Downsizer by navigating to the download directory and double click on client.bat.

The Downsizer client window is the parent container from which all Downsizer functionality is
accessible. This window contains (1) the desktop area, (2) the tool bar, and (3) the menu bar. These

parts are described below.
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Use the icons on the toolbar on the right side to go through the steps in order:

Set the time period for the data pull

Click on the Period icon in the toolbar. Set the start period to 1994-10-1. Set the end period to

2009-01-30
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«® MoWSs Downsizer Client 2.2.0.941 ;lglﬂ
File iew Help
Year Manth
start (1994 x| 10 =] |1
s ERS] [ =10 =]

avalable period: 1652/09/01 - 2009/01/30

| 0l || EXTTENIN =i ol xi

Set the PRMS Data File name and format

Click on the Output File icon in the toolbar. Set the File Format to PRMS Format. Set the File

Path by browsing to the classProblem\input folder. Name the file sagehen.data
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w® MoWS Downsizer Client 2,2.0,941 | =10l x|
File  Viaw Help

-Igix
File Format IF\RMS Farmat vl

File Path |C:1,markstm'|,gsFlanrahingEﬂD§'l,GSFlowvl MelassPrablenynputisagehen.datfs Browse. ., |

File Description [Created by Downsizer

Quality Cortrol
BT sl x| g
[ Station REVIETN=TEA| [ 2 units NN TE=TEA] |~ Guality CommrTI=Tk EI=T fun

Selecting the stations for the PRMS Data File

Click on the Station Addition icon in the toolbar. Set the North Lat to 39.456; West Lon to -

120.336; East Lon to -120.197; and South Lat to 39.382
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Click the Add stations button to bring up the Station Review window.



GSFlow Training Class Material: Instructions for GSFLOW Model Input Preparation

»® MoWs Downsizer Client 2.2.0.941 =10 x|
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Also notice that the locations of the stations are shown in the World Wind window.
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@wordwind =10] x|

Controls...

SOUTH AMERICA

2000 Km

Altitude 16,413 km Lat 56,3957° Lon -83.6253° Eley -106 meters

Zoom in, with the mouse wheel, to better see the selection.
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@wordwind -lofx|

. Controls...

= e

047641: SAGEHEN CREEK]

o 2mnp

Altitude 15 km Lat 39.4317° Lon -120,2406° Elev 1,938 meters Downloading

The World Wind window can be used to set the extent of the lat/lon selection box in the Station
Addition window. It can also be used to select/deselect individual station in the tables in the Station

Review window.

Set the Units for the PRMS Data File

Click on the Units icon in the toolbar. Set the Temperature to F and Precipitation to in (inches).

10
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Look at the Flags for Quality Control Checks

Click on the Quality Control icon in the toolbar. This is where different flags can be set to look

for "bad data.” This tool will set bad data values to the missing data value

Run the Downsizer

Click on the Run icon in the toolbar. Click on the Run button.

11
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¥ MoWS Downsizer Client 2,2.0.941 a.l.g.lﬁl
File  View Help

Downsizing data started at Thu Apr 02 10:51:14 MDT 2009,

Prepating climate data readars,
Prepating gage data readars,
Downloading gage daily walues for 10343500 from the web.
Preparing FRMS output fie.
Reading climate data for the period 1994,10/01 - 2009/01/30.

Reading gage data for the period 1994,/10/01 - 2009/01/30. -~
wiriting data for the period 1994/10/01 - 2009/01/30. q

Station Addician

wiriting surmmary file to disk.
Packing, transmitting, and unpacking results.

Downsizing data ended at Thu Apr 02 10:51:39 MDT 2009,
The following result fles were successfuly created:

- downsizer Jog
- sapehen.data. summary
- sagehen.data

= Run | x Cancel | Gualty Contral

Look at the sagehen.data file that was made by the Downsizer.

12
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€. TextPad - C:'\\markstro' gsflowTraining2009' GSFLOWy 1.1 classProblem’,input’ sagehen.data ‘Jﬂjﬂ
=El-5m5umw1mlsums;wnnmmm
FH BESRE LB EE2T QY HUR RER e g

- sagehen.data - X

Created by Downsizer

PSS SIS a

#7 Station metadata {listed in the same order as the data):

7 1D Type Latitude Longitude Elevation

s 047641 tasmax 39.431667 -120 240555 1931 517&

s/ 047641 tasmin 39.431667 -120. 240555 1931 5176

s 047641 precip 39 431667 -120. 240555 1931 5176

A7 10343500 runoff 39.431572 -120.237976

FELELILILI P ISP ISP ISP ISP ISP IL ISP ISP IS IS PSS IS IS

77 Unit: temperature = 4°F, precipitation = in, runcff = cis

FELE L L LSS LSS

tmax 1

tmin 1

precip 1

salrad 0

pan_esvap 0

form_data 0

runaff 1

########################################

1994 00ao =999 1.3

1994 1U 2 000 70 29 =999 1.3

1994 10 3 0 0 0 71 26 =999 1.3

1994 10 4 0 0 0 39 32 0D.46 1.6

1994 10 S 0 0 0 49 25 0.11 1.7

1994 10 6 0 0 0 55 26 -999 1.6

1994 10 7 0 0 0 60 24 =999 1.5

1994 10 8 0 0 0 70 23 -999 1.4

1994 10 9 0 0 0 66 26 =999 1.4

1994 10 10 0 0 0O 64 29 =999 1 .4

1994 10 11 0 0 O 60 35 =999 1.4

1994 10 12 0 0 O 54 32 -999 1.4

1994 10 13 0 0 O 54 21 -999 1.4

1994 10 14 0 0 O 50 26 =999 1.4

1994 10 15 0D 0O D 39 23 0.18 1.5

1994 10 16 0 0O O 42 19 -999 1.5

1994 10 17 0 0O O 55 19 -999 1.5

1994 10 18 0 0 O 58 21 -999 1.5

1994 10 19 0D 0 O 58 20 -999 1.5 =
1< _'lJ

27 31 Read Owr Block Sync Rec G g

Look at the sagehen.data.summary file that was made by the Downsizer.

F od - C\re asflow T FaingZ009 GSFLOWYL.1 | chassProblen input \segehen.datasunamnary =10 ]
Be [® Sewch Bew ok Meos Cofgre Wrdw beb
DEE SRE ' BB OC B2 @V HR ECH o ) g
‘sagehen.dat a summary -3
STIIIIIIFIITTTIIITIE AL LIS ELIALLIIIELIELE 4 =
SUMMARY FOR CLIMATE DATA =
PLPIEILLPIIILIEIPIIRLELIEISIILEPPPIEEP LS
| Flags |—
Kame Type Latitude ILomgitude Elevatiom ([Missing ~ Total 1 & B E J S T [ )
047641 CAGEHEN CREEX tasmax 39 432 -120.241 1931 S18 1339 # §236 0 0 ) 1 116§ 0 0 0 200 3857
047641 SCAGEHEN CREEX tasmin 39 437 =-120.241 1931 518 1339 # 5236 0 0 2 6 1244 0 0 0 147 824
047641 SAGEHEN CREEX precip 39 432 =120 241 1931 518 233 ~ §236 17 0 0 0 1614 60 5 0 0 2029

BOTE: # missing (7th colun) were counted after (C was performed

Data Heesurcaent Flogs
hocumulated amcunt since last measurement
hocumulated amcunt includes estimated values (since last msasurement)
Estinated
Value bas bees manually validated
Missing
Incluﬂea in a subsaguent value
Trace
Expert system edited valno not uhdatad
Expert system spproved sdited w

o ] U I e I

— Other valuss occasionally appsar in Data surament Flags for vhich documentation iz mot currestly available

Data Quality Flags
Valid data element
Valid data element (from “unknown® source. pre-1982)

Invalid data element (subsecuent value reclaces criainal vlhlcl

| ~—

BOTE
= Flag wvalues of 5 and A usually occur in nﬁ;:s (ie a ?ulv wvalus vill have Flag assigned as S and the next daily value vill have Flag assigned as L) For some dai

o

B

80 Resd Ow Mok Sme R Caps o

13
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Creating a PRMS Data File with a text editor

Create the PRMS Data File according to the description on pages 139 - 142 of GSFLOW -
Coupled Ground-Water and Surface-Water Flow Model Based on the Integration of the Precipitation-
Runoff Modeling System (PRMS) and the Modular Ground-Water Flow Model (MODFLOW-2005)
(http://pubs.er.usgs.gov/publication/tméD1).

People have successfully created this file on Linux based systems using the cut, paste, and awk
utilities. Also, people have successfully created this file on PC based systems using text editors and/or

spreadsheet programs.

Computation of Lapse Rates/Monthly Means using Excel
Start MS Excel. Select Data->From Text and browse to the PRMS Data File (sagehen.data).

Choose "Delimited™ in Step 1 of the Text Import Wizard.

Text Import Wizard - Step 1 of 3 2lx|
The Text Wizard has determined that your data is Fixed Width,

If this is correct, choose Mext, aor choose the data bype that best describes your data,

riginal data type

wpe that best describes vour data:
(O] d: - Characters such as commas or tabs separate each Field.

" Fiwed width - Fields are aligned in columns with spaces between each Field.

Skart impork at row; |1 3" File origin: 437 1 OEM United States j

Preview of file CimarkstrolgsflowTraining2009,G3FLOW 1, 11 cassProblemiinputisagehen. data,

Fagehen Data File: Independence Lake and Sagehen Creek data staions

! INDEPENDENCE LAEE
! SAGEHEN CREEE -

| »

Cancel | < Back | Mext = I Finish |

1
z
3|/ tmax stations are:
4
5
4

Check on "Space" in Step 2 of the Text Import Wizard.

14
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Text Import Wizard - Step 2 of 3 2=l

This screen lets wou set the delimiters wour data contains. You can see how your bext is affected in the preview
belaw,
~Delimiters

v T1ab

[~ Semicolon

[ Comma
fmi Text gualifier: |[" -
o : =]

r gther: I_

[v Treat consecutive delimiters as one

rData preview

agehen [ata ile: ndependence [Lake d agehen Lreek Hata [t{*
£ man tations pre:

£ NDEPENDENCE [LAEE

! AGEHEN REEE -

Cancel | < Back | Mext = I Einish

Click on Finish in Step 3 of the Text Import Wizard.

Column K is the precipitation values for Independence Lake SNOTEL and column L is the
precipitation values for Sagehen Creek COOP. Click on the column K label heading and then click on

Data-> Filter. Choose Number Filter->Less Than or Equal To for column K. Enter 0.0 into the box next

to is less than or equal to.

Custom AutoFilter ed A

Show rows where;

Iis less than or equal to j IIZI.IIIl ;l
& and © or

| = =

Il=e ¥ ko represent any sindle characker
Il=e * ko represent any series of characters

15
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Right click on column K header and select Clear Contents. This blanks out all cells which are

less than or equal to zero. Repeat this process for column L too.

Mean precipitation amount can be computed from these two columns for days with precipitation.

‘,.' Gj oo E Bookl - Microsoft Excel ) -=
T’ﬁe "‘E“ﬁ' Pageéjyout Fovlns w Rfﬁw Act%jal © - o X
¢ From Access | \ T _g]Connedions A j { Clear = - - = pata Validation ~ L 58 GF] it -
-3 From §] 2 Properties 2l 4k ? G Reapply ;—-—‘j = = [FaConsolidate ﬂ;] AL" j—l 3
2 er | Exst Refresh S f\l Sort Filter V Textto Remove = S Group Ungroup Subtotal
1 onnections || All= =2 EditLinks 7 Advanced | Cojumns Duplicates =2 What-If Analysis > 2
Get External Data Connections Sort & Filter Data Tools Outline
{ 113 ~Q £ ]
| A B D E F G H | K L M N
23 1380 10 1 0 0 0 -901 85 -901 30 23
24| 1580 10 2 0 o0 0 %01 81 -%01 32 23
25| 1580 10 3 0 0 0 -501 83 -901 30 23
26 1980 10 4 0 0 0 -901 80 -%01 32 23
22 1980 10 5 0 0 0 -901 80 -901 32 2.3
28 1980 10 6 0 0 0 -901 79 -901 31 23
29| 1980 10 7 0 0 0 -901 79 -901 29 2.2
30 1980 10 8 0 0 0 -901 78 -901 28 2.2
31| 1980 10 9 0o o 0 -901 74 -901 28 23
32 1980 10 10 0 0 0 -901 71 -901 26 2.3
33 1980 10 1 0 0 0 -901 64 -901 35 23
34| 1980 10 12 0 0 0 -901 52 -901 35 0.2] 0.59) “
35 1980 10 13 0 0 0 -901 48 -901 26 0.1 2.9
36 1980 10 14 0 0 0 -901 38 -901 28 03] 0.2 3.2
37 1980 10 15 0 0 0 -901 34 -901 26 0.04] 3.1
38 1380 10 16 0 0 0 -901 39 -901 25 0.06] 3.2
39 1980 10 17 0 0 0 -901 49 -901 18 0.4] 3
40 1980 10 18 0 0 0 -901 58 -901 20 0.3} 29
41 1980 10 13 0 0 0 -901 61 -901 21 2.8
42 1980 10 20 0 0 0 -901 65 -901 22 27
43 1980 10 21 0 0 0 -901 60 -901 23 2.7
44 1980 10 22 0 0 0 -901 59 -301 24 2.7
45 1980 10 23 0 0 0 -901 64 -301 22 2.6
46 1980 10 24 0 0 0 -901 60 -901 25 2.6
47 1580 10 25 0 0 0 -901 53 -901 27 0.29] 3.3
48 1980 10 26 0 0 0 -901 44 -301 20 012 3.4
45 1980 10 27 0 0 0 -901 43 -301 29 0.4} 3.1
50| 1980 10 28 0 0 0 -901 51 -901 19 2.8
51 1980 10 29 0 0 0 -901 62 -301 17 2.8
52 1380 10 30 0 0 0 -901 61 -901 18 2.7
53| 1980 10 31 0 0 0 -901 61 -901 32 2.7
54 1980 11 1 0 0 0 -901 57 -901 33 2.6
55 1380 11 2 0 0 0 -901 60 -901 24 2.6
56 1980 11 3 0 0 0 -901 68 -901 25 2.6
57 1980 1 4 0 o0 0 %01 70 -901 24 2.6
W 4> M| Sheeti Sheet2 Sheets . {J : 0 — m . " :
Ready Average: 0398512152 Count:1687 Sum:672.29 |(EH @ W

For example, to compute mean monthly precipitation for January, filter column B to show the values for

month 1 only. The average value for a station will be the average precipitation (on days with

precipitation) for the selected month. These averages can vary greatly depending on which years are

included in the analysis, so be sure and choose years that are representative of the simulation time

period.

16
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The results of this for both stations, for all months have already been computed and are located

in the Excel worksheet sagehenLapseRates.xls.

17
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Making GSFLOW maps

Before Starting

GOAL: Make sure that the GIS software and the basic spatial data sets are ready to go.
Arcmap with Archydro and XTool Pro installed

General notes about ArcMap:

e If tools/windows give an unexpected error, shorten the path names

e If tools/windows give an unexpected error, exit and restart ArcMap.

e In general, anything produced by ArcMap should be moved, copied, deleted, etc. with ArcCatalog.
Start the ArcMap application by double clicking on the gis\sagehenGIS.mxd. This will start the

Sagehen GIS project with the necessary starting data preloaded. Check to make sure that the ArcHydro

extension is installed (requires admin rights) and ArcHydro toolbox is added to the ArcToolbox (does

not requires admin rights).

http://lwww.crwr.utexas.edu/giswr/hydro/ArcHOSS/index.cfm

http://support.esri.com/index.cfm?fa=downloads.dataModels. filteredGateway&dmid=15

18
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If the ArcHydro toolbar is not visible Click: View->Toolbars->Arc Hydro Tools 9

If ArcHydro toolbox is not present in the ArcToolbox, add the Archydro Tool box, right click on the

ArcToolbox root node and choose Add Toolbox.
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Check to make sure that the XTools Pro extension is installed (requires admin rights) and XToolsPro
toolbox is added to the ArcToolbox (does not requires admin rights). The USGS has an enterprise
license for this extension. If you are a USGS employee, have your system administrator install and

configure XToolsPro for you.
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Confirm that the XTools Pro extension is turned on. Tool->Extensions->XTools Pro
If the XTools Pro toolbar is not visible Click: View->Toolbars-> XTools Pro
If XTools Pro toolbox is not present in the ArcToolbox, add the XTools Pro Toolbox, right click on the

ArcToolbox root node and choose Add Toolbox.

21



GSFlow Training Class Material: Instructions for GSFLOW Model Input Preparation

Loaok in: |‘__'| T oolbowx %‘EE
EXTDDIS A EJ;aEt-:aIng
(L Program Files
[C] DataEast
(] XToolsPro 5.3
L] Toolbox
@
i EN
Add Toolbox %]
Loak ir: ||:| j H ;,'}| |_| e ?EE|
%KTDDB Pro

=
Shew of ype: [T aclbaves | Cancel

This example problem uses an ESRI "Personal Geodatabase.” There are many reasons for this, but ease

of set up, distribution, and use are primary ones. Also, it is possible to query the spatial data directly

with the Microsoft Access application.

Set the "Environments" for the ArcMap Project

Here's ESRI's webpage describing environment settings:

http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=An_overview_of geoprocessing_env

ironments
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If the Environment is set for the ArcMap project, it will retain those settings during any
geoprocessing within the project, i.e. Toolbox, toolbars (such as Spatial Analyst), ModelBuilder, etc. If
the Environment is set only with the Toolbox, the settings will be retained during any geoprocessing
within the toolbox. Also, environments can be set for individual tools as well. For this example, make

sure that the environments are set for the entire project.

Within the environments, it is possible to set the current and scratch workspace (workspaces for
inputs and outputs), the extent, and output coordinate system. More importantly, the cell size (especially
for MODFLOW models) and the snap raster can be set. The snap raster setting is what lines everything
up, so subsequent maps don't have slivers. Usually, it is a good idea to set the snap raster to the original

DEM:

http://webhelp.esri.com/arcgisdesktop/9.3/index.cfm?TopicName=How_Snap_Raster_works
However, the MODFLOW cells the DEM are rarely the same size. So, the cell size can be fixed as a
ratio of the original DEM or the cell size can be set to the desired model cell size and interpolation will
be used to adjust the cells to that specified size as it is being snapped to the raster.

Now, on how to physically set the environments. To set the environments within the ArcMap project,
Tools>Options>Geoprocessing>Environments. Once in the Environment Settings dialog box, the Snap

Raster can be set under General Settings.
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Check the Digital Elevation Model (DEM) raster map
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A DEM which covers the model domain is required. The DEM for the Sagehen example
problem is located in Start Data->dem. DEMs for other basins can be obtained from the USGS

"Seamless" server (http://ned.usgs.gov/downloads.asp).

Check the streamgage map
In this exercise, a point corresponding to a streamgage location will be used to help define

the model domain. Load this point with is located in Start Data->streamgage.
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Data Bin raster maps

The Data Bin folder contains raster maps of information that will be needed to estimate spatially
distributed parameters for GSFLOW. This includes: (1) available water holding capacity of the soil
(awclk), (2) clay content of the soil (clayavlk), (3) vegetation density (density1k), (4) land use/land

cover (lulclk), (5) soil depth to bed rock (rockdeplk), and (6) sand content of the soil (sandavelk).
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DEM Reconditioning

GOAL.: Process the DEM so it is ready for GSFLOW modeling.

Fill the DEM
Sinks may exist in the DEM. These must be filled using Fill (Spatial Analyst) tool. Access all
tools using the ArcMap Search window. Use Raw dem as the input. Browse to the raster\ folder and

name the new raster map fil. Click OK.
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Determine Flow Direction

For each raster cell in fil the flow direction is calculated. These must be done using the Flow

Direction (Spatial Analyst) tool. Name the map fdr.
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Determine Flow Accumulation
For each raster cell in fdr, the flow accumulation is calculated. This is done using the Flow

Accumulation (Spatial Analyst) tool. Name the map fac.
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After all of these map have been created, save the Sagehen ArcMap project by clicking File->Save.
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Delineation of Spatial Modeling Features for GSFLOW

Natural Watershed Boundary

Use the Watershed (sa) tool to determine the natural watershed boundary. Use the fdr and

streamgage maps as input.
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Name the output natbnd. Use the Raster to Polygon (conversion) tool to make a feature map. Name the

output natbndf. Make sure the Simplify polygons box is unchecked.
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After this map has been created, save the Sagehen ArcMap project by clicking File->Save.

Generation of the Stream Segment map

Find the location of the streams using the flow accumulation (fac) surface. Use the Con (sa) tool
to create a new raster map that has a value of 1 in every cell that has a flow accumulation over 1500

cells, and NO DATA in all other cells. Name the output raster str.
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Use the Con (sa) tool to get rid of streams outside of Natural Boundary. Use the settings as shown

below. This makes the raster map Stream.
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Use the Stream Link (sa) tool to break the stream raster map into stream segments. This makes the

raster map StrLnk.
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Use the ArcMap tool Stream to Feature (sa) tool to make features and add connectivity and flow

direction. Click off the check box to Simplify polygons. Name the output strseg.
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Right click on strseg in the ArcMap tree and select Open Attribute Table.
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OBJECTID * | Shape * | mc:ll| GRID_CODE imn=mn£i10=mi Shape_Length |
b 1]Polyine 1 4 3 5 420177254
| 2 |Pokyiine 2| 5] 5 4| 488 706464 |
r 3 |Palyline 3| 3 4 6| 937 539967
r 4 [Polyiine 4 B 6| 7] 1102303354 |
| % |Polyline 5| 2] 2] 7] 1417 543796 |
u 6 |Polyline 6| 10 7] 8| 385710995 |
r 7 [Polyline 7 7 ] 5| 2448972619
| B |Polyiire B 12| B 10 03777114 |
r 9 |Polyfine 3| 1 1] 10| 1965776525
| 10 |Palyline 10 13| 10/ 11 43563118 |
| 11 [Polyline 11 14| 1 12 277 441955 |
| 12 Polyline 12 11 | 13 8 £21.945592 |
r 13 |Polyline 13 ] 14 6 1725723017
| 14 |Palyfine 14 B 15 4 241020885 |
r 15 |Polyline 15 15 18 11 1303194092 |

Record: 14 «| o show: [ Al Snlnctedl Records (0 out of 15 j

The values in the GRID_CODE column will be used as the stream segment IDs. Click on the Down
Arrow (in the lower-right corner of the Attributes window) and select Add Field from the pop-up

window. Add the new attribute ID as shown below.

Add Field EE
Hame: [IDI
Iype: |Sh|:-rl Inbeged j
Field Propeities
| Alias
Allow NULL Values e
Detaull 'value

0K Cancel
| |

Copy the values from GRID_CODE to ID using the Field Calculator.
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Field Calculator

Fields:

QBJECTID
ARCID
GRID_CODE
FROM_NODE
TO_NODE
Shape_Length
D

D=

[GRID_COOE]

Bl Attributes of strseqg Hi=] E3 I

ih

OBJECTID® | Shape® | ARCID | GRID_CODE | FROM_MODE | TO_NODE | Shape_Length
r 1 [Polyline 1] 4 3] 8| 420177254
r 2 |Polyline 2| 5 5| a 438706484
] 3 [Polyfine 3 3 4 B 937 830967
| 4 |Polyline 4 8 3 7| 1102308954
[ 5 |Polyine 5 2] 2| 7| 1417 543796
] B [Polyline B 10 7] B 385710895
| 7 |Polyline 7| 7] 3| 5 2446 972619
8 [Polyfine B 12 B 10 203777114
[ | 3 |Polyline 9| 1] 1] 10| 1965776525
| 10 |Polyline 10| 13 10 1] 43583119 |
r 11 |Polyline 1| 14 1 12| 277 441955
B 12 | Polyiine 12 1 13 B 521 345592
r 13 |Polyline 13 a| 14 6| 1725723017
[ 14 |Polyline 14| B 15 4| 2410 20695
15 | Polyiine 15 15 16 1 1303.194002
Record: |4|4| o »fm show: [ Al Sdududl Records (0 out of 15 Selected)

Option

After this map has been created, save the Sagehen ArcMap project by clicking File->Save.

Strseg is the stream segment feature set.
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Generation of the MODFLOW Grid Cell map

Use the Create Fishnet (management) tool to create the MODFLOW Grid. The fishnet origin,

number of rows, and number of columns have been computed so that the MODFLOW Grid will totally

cover the natbndf natural watershed boundary. Use the following settings for the example problem:

Set the Output Feature Class to mfgrid

Set the Fishnet Origin Coordinate to X = -2052121.286 and Y = 2082652.955
Set the Y-Axis Coordinate to X = -2052121.286 and Y = 2082662.955

Set the Cell Size Width = 200

Set the Cell Size Height = 200

Set the Number of Rows = 34

Set the Number of Columns = 37

Uncheck the Create Labels box

Click OK.
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Dutput Festure Class !‘ Create Labels E
[ \merkstrolgsflowTraiingZ005sagehen_gs_workisagehen_start,mdblbasemapsinfarid = (optional)
Template Extent (optional)
[ =l E] Specify whether or not a
Tap paint feature class will be
| created containing label
points at the center of each
| Left Right fishnet cell. Labels are
Btz generated by default.
Clear
I —I » LABELS

Fishnet Crigin Coordinate
¥ Coordinate ¥ Coordinake
| 052121286 | 2062652955 » NO_LABELS
¥-Auls Conrdinate
® Coordinate ¥ Coordinate:
| -052121.286 | 2062662 955
Cell Size Width

200
Cell Size

200
Nurnber of Rows
[ 3
Nurnber of Columng

37
Opposite corner of Fighnet (optional)
¥ Coordinate ¥ Coordinate
| |
r i Labels [opticnal]
I id |
[Tox ] cancel | Enviorments..| <<iderep | ToolHep

sagehenmid - Arc™ap - Arcinfo

| Bl Bt View fookmarks Insst Selection Tooks Wredow el |

| sotial natvat = Layer [ IEe

] ? 9 ,vwmvmrmvwmnvm'ﬁ-l\REIFJWJQQ::::Q'?.##@B k O #M
|08 "BY o & || & @ O 3| W | e v b | £~ 7 [Sosmrien e = | raos: |

|

Dipty [Easeo] Soucen] an@ e : o
|oawo~ b 0 O~ Av i fams  C[0 c] B 7 u|Av N~ b o]
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Use the Feature to Polygon (management) tool to create the MODFLOW Grid Cells. Set Input Features

to mfgrid. Set Output Feature Class to mfcells. Click OK.

Input Festures ! Feature To Polygon H
=
[ = =
Creates an output polygon
< migrid ﬂ feature class from input ling
and/or polygon features. If
IJ lines are used as inputs
each distinct "closed” area
ﬂ will be & feature in the
output polygon feature
ﬂ class
INPUT
Output Festurs Class
| CHimnarkstrol gsflowTraining 200 sagehen_gis_worksagehen_start mdbibasemapsimfcels ﬂ
®Y Tolerance (optional)
[ Meters j
[ Presetve stirbules [optional] +
Label Features {optional) DUTPUT
! zl 3 \":7
i,
——
4] =
I o | Canicel | Ermmul <= Hide Help I Tool Help |

Add the attribute ROW to the table in the Attributes of mfcells window. The row index can be

calculated according to:

Index — 1 )

Rowindex = NumberQfRows — Int (N
umberQfColumns

This is what it looks like in the Field Calculator.
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Field Calculator

Ejalds: Type:
F|

QBIECTID '3 Humber

Shape_Length

Shape_Area " String

RO

r Date

ROW = ™ Advanced

34 - Ink ({ [OBIECTID] -1)f37)

[¥ Caloulate selscted pecords only

Add the attribute COL to the table in the Attributes of mfcells window. The row index can be calculated according to:

Collndex = Index — (Number0fRows — RowIndex) » Number@f Columns

This is what it looks like in the Field Calculator.
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Field Calculator

Eields: Type:

= |
OBIECTID '3 Humber
Shape_Length
Shape_Ares 1 slying
ROW
oL " pate
COL = I Advanced

[CBIECTID] - 34 -[ROW]) *37

[# Caloulate selected pecords only

Add the attribute CELL_ID to the table in the Attributes of mfcells window. The cell index can be

calculated according to:

CELL_ID = (RowliIndex — 1) ¥ NwmnberQf Colimnns + Collndex

This is what it looks like in the Field Calculator.
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Field Calculator

Eields: Type:

F|
QBIECTID '3 Humber
Shape_Langth
Shape_Area " String
RO
oL ™ Date
CELL_ID
CELL_ID) = I fdvanced

{ [ROMW] - 1) *37 + [CoL)

Add the attribute CELL_AREA to the table in the Attributes of mfcells window. Copy the values from

the Shape_Area attribute using the Field Calculator:

I Attributes ol micells

00| Shape® | Shape Length | Shape Area | Row | cou [ el o | CELL AREA | ﬂ

- 1222 Pobygon | oo | 40000 | 1] 1) 1 40000

u 1223 |Poiygon B0 | 40000 | 1] i 2 4
1224 | Poygon B00 40000 1 3 3 40000

I 800 | 40000 | 1] 4 4] A0000 |

(] 123 Paygen | apooa| 1| & 5| 40000 |

[ | 1237 Pabpon 800 | 40000 1 [ 3 40000

| | 128 Patygon 800 | 40000 | i 7 7 40000

I 800 | a1 8 8 0000 |

- 1230 Poygon oo | 40000 | 1] 9 ] 40000
1231 |Potygon A00 40000 7 10 T 40000

I BOO | 40000 | 1| n " 40000

| 125 Patvpen B00 | 40000 | 1| 12 12 40000

IEE 800 | 40000 | 1] 13 12 40000 |

[ | 123 Pabvpen 800 | 40000 1 14 14 40000

| | 1238 Patygon 800 | 40000 | 1] 15 i5 40000

| I23F_p{trg'_n ml:l_ lll.'.l:lIlII_ 1_ 6 i6 'lIIlII_
1238 | Podypon 80O 40000 1 17 17 40000

| 1235 Potygon 00| 40000 | 1| 18 18 40000 |

EEET T Ann | anonn | 11 18l 18] anom | =l
recard: 14 4 [ 0 e|m|  Show:[ Al Selected | Records (0 ouk of 1258 Selected) options - |

After this map has been created, save the Sagehen ArcMap project by clicking File->Save.

The feature set mfcells is the vector version of the MODFLOW grid cell map.
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Generation of "Clipped" Model Domain and Active Cells Maps
Choose Selection-> Select By Location from the top level ArcMap menu bar. Choose the
options specified below:

Select By Location E3

Lets vou seleck Features From one or more lavers based on where they are
located in relation ko the Features in another layer,

I wank ko

Iselect features from j
the Following layver(s):

O mfgrid

[ strseg

mfcels

O natbndr

[ & Start Data
O streamgage

™ only show seleckable lavers in this list
that:

Ihave their centroid in j

the Features in this laver:

I™ | Use selected Features {0 Features selected)

™ apply a buffer ko the Features in natbndf
of: [o.000000 [nknown Urits [~

Help | ok | Apply I Close
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® gagehen.mmsd - Arcap - Areinfo
Fle Edt Yiew Bockmarks [roert Selection Jook Wndow Help
Spatial fnabyst v Lager: [ ok -8
Terran Prepracessing = Termain Morphology ™ Wakershed Frocessing ™ Attrbute Tock ™ NetworkTock = spitikies * 5. 2 &, S CH A ~ v |G S H 2N PR @ k O M
DEES M B | v | & AL Y= R A R [cresten ’ = [
m | =]
= ; Layers -
= O gl Tyt in the bisgavsced b find:
feshae o p
# B strseg
= B mhesks bt (2] 2
]} etumudste Inciamentsl TimeSen | | I 1 |. I i T
0 sheink Euslll-.aj ! ] !
¥ atbrck ocH [sa] 14
S ; Add deribpe Irdex [management LITTe =EFEER
§ e Add CAD Fields joomversion| AT | F NN
® 0w dd Coded Vaue To Doman (ma ]
# [ start Dsta sk Coloumag fmanagemnt] H
® O natked Add Faatuse Clatz bo Tenan [3d] il
%0 fx 48 Faatusn Clats Tor Togeoboy b -
e O fd A Fiekd ) I [
*0H #chd Fiekd to Anayniz Lapet Ina] v
#43d Globl 1D's |management] H
Acid e [arc] 1
AddJoin [managemer - um
Acdd Locatons [na) [ 114 11
Add Flepressntation [casography H
#udd Flude To Topology (manager — L]
Ad Spaial Indes imanagemend] - u
i Subbype Imanagemen) == 1 |
B3 Termamn Pt [ 3] H -
B3 Terrain Pyvamad Levvel [3d] i
Add Y Coondinsbes [arc] TTIErt
A Y’ Cooedmnates (mansgemer
Aot Calchment Processing (an
At 30 Z [marageneni]
Advanced Tiger Comeesonfaec) || TP S
Agegate [2a]
Aggegate Polgors (4] 1 =
goregate Polsgors imanagemer I mi
bgn Muarker To Shoke O Fil jca 1
e Verser [managemen] 1B : FH ey (HH
Arhyze |managemenk|
Append fac] -
K I i
Locate |
=
_Dinplay [ Source | Selcien | Favins inen [Sovch[Ronts] 30 2w o | »f
gewgr R ) O A~ i<|[aam =0 =] B s yu|Ar e g
-OHATIZ67 2001920.288 Unkrown Links

Right click on the mfcells map in the tree. Choose Data->Export Data to make a new feature class of the

active cells. Name this activeCells.

Egortbata @R

Export: ISelected features j

Ilze the same coordinate syskem as:

{* this laver's source data;

" the data frame

£ the feature dataset vouexport the data into
(only applies if vou expark o & feature dataser in a geodatabase)

Cutput shapefile or Feature class;

flovaT raining 2003 zagehen_aiz_wark\zagehen_start mdbhactiveCells Iirwl

Ik I Cancel

48



GSFlow Training Class Material: Instructions for GSFLOW Model Input Preparation

® sagehen.mwd - Arctap - Arelnfo

| Bin Edt wow Bocimuks Inswt Selscton Took Window b

| spatia gt = Mfﬁ%l}l

| Terrain Preprocessing = Termain Morphology = Watershed frocessing = Attrbute Took  Netwerk Took = Acitites * 5. # & I QR @ B ~# mp]f&@ NI PEs B k OM

|DEES * h@> v S ] £SO W e b - [ e ]| e
% =l

= B Al

# B stremg

o B activeCsls -
| | i

= O wicells
]

# O strivk
# B natbrd L
# O sresm o 1
# O ar = ]
# [ Start Dats

# O ratbrd
# 0 fac - =
# 0O fdr St
# O A _ [

P
3,

_Display [ Source | Selection | an @ 4 | _.|d
|k (0| O A~ |faime [0 3] B 7 U A~ B~ B o~

| -204440.93 2087237, 22 Unknown Links &

Next, dissolve all of the active cells into one big feature to get the map of the "Clipped” Model Domain.

Use the Dissolve(management) tool to do this. Name the output feature class modelDomain.
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Dissolyve Cl

Input Features

| activeCels
Output Feature Class

3 @

| CiimarkstrolgsflowTrainingZ005lsagehen_gis_workisagehen_start mdbimodeDoman
Diszobve Fiekd(s) (optionai)

=]

Ocexctm
O shape_Length
Oshepe_area

Select Al I l.nuhnﬂll Bdd Feld |
Statishics 3
| |
Field [ Statistic Type ﬂ
ad
il
3
1| |+

o]

Cancel

-

=l

Envronments... | <<Hdetelp |

Statistics Field(s)
{optional)

Choose the statistics and
fields with which to
summanze attnbutes. Text
attnbute fields may be
summanzed using the
statistics First or Last.
Mumenc attribute fields
may be summarnzed using
any statistic. Nulls are
excluded from all statistical
calculations

s FIRST—Finds the
first record in the
Input Table and uges
its specified field
value

+ LAST—Finds the
last record in the
Input Table and uses
its specified field
walue,

Mumeric attribute fields
may be summarnized

using any statishc:
Tool Help |

|»

=

mud - Arc*ap - frcinfo

| e R Yew [eokmarks Jnsert Jelection Dok Window el

Spatial gnatyst = Lager. [k z'. hl
Tersan Br g = Terrsn Morghokogy = hesd P *-OMTm*mmk'wv"Sdtm'ﬂ'u-zuq“ﬂ@)::::ﬂ‘.ﬁ‘ﬁl k O M
!
DFE& @ @B o +* hut ;£ ﬁJ. B3| NP | ooy =| & | # = Tic: [Creste Hew Featire = [ racoe |
i ™ |
& Layers Type i the keyswoud i inct
O migrd
B shreeg |c|1
o [
= Doman To Table (management| = |
A activecsls Drvaanage Lire biom Shesm [aroby
O rofceds Dvarage Lirss Piocassng [schyc
m ] ik Drvanage Port Procesng jachy F
- — Dvap Inddes (2] ;
g v Ihem farc)
# O strsam Drop Aepesantation [catography -
= O str £ Spriaiunes sa] - |
B O Start Dats Edit TN [3d) ) h
# O nacbed Elrrmute |wc) r LY
w0 fa E:::HIN?WJ e \
o el d
- E:: Eual To Frequency [sa] J r o o
E Evave |araban] r. ——— ™ |
Evane jarc] _ A o\, ||
ESRI Mastsdsts Trantdston fcome 1 "
Euckdsan Alocakon [1a] T / el /
Euchdaan Direction 1) Il _J" P .
Euchdaan Dtance fea) | | b
Ewp (38} , [ "
E=pifea]l f r
Ewp [sa] 'JI \I| [
Expand (24 o s s
e e L | L |
Ewpart Dists Changs Metesgs [m -
E gl Fagbom Adtbada by ASCI | 1 N
Ewport Pasher Cataslog Paths jmar S
Expont Risthes Woid Fis [marigs -
Ewport Rephca Schema (manager —
Enport o DA [corveemon) L
Espait To Dela imanagsnsn|
Esport To DLG janc) -
Espedi b ICPR Giesrs arad Al F
Ewpart o ICFA Green ard Ampt F =
1' L]
|
|
Display [ Setsca | Sslecton| Favaber indes [Semch] Ress] 151 a0 4 | .,rl
Dowg™ & 0 G0 [ O~ A~ = [0]an st =zl B r g A &~ 4~ o~
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After this map has been created, save the Sagehen ArcMap project by clicking File->Save.
The feature class modelDomain is the vector version of the model domain map. This map defines
that areal extent of the Sagehen example problem. The feature class activeCells is the vector

version of the cells which are active in the MODFLOW model.

Generation of PRMS HRU map
Make sure that the Spatial Analyst extension is turned on: Tools->Extensions. Check Spatial
Analyst. Use the Catchment Grid Delineation (archydro) tool. Specify the flow direction (fdr) and the

stream link (strink) grids as input. Name the output grid Cat. Click OK.

* Catchment Grid Delineation M= E3
Trgt Flow Direction Grid =l Output Catchment B
| C\markstro\gsflowTrainingz005|sagehen_gis_workisagehen_start. mdbifdr =] ﬂ Grid
Input Link Grid
|C:'|markstruLusfluwTrurianDD‘?lsuuchcn_w_wurhismhnjlvt-mclb'lstri'ﬁ ;l E] Output catchment gnd
Output Catchment Grid obtained by delineating with
|{;',m.ykslro'l,usfluwTrm’inuMsaudﬂﬂ_qs_wk'u-mm"cn_stat.rndbl.Cat E] the link gnd »s saurce.

oK cancel | Enviorments... | <<Hderelp | ToolHeb

Here is the resulting Cat grid.
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= wagehen.md - Arc™Map - Arcinlo
Fie Edi Wew Bockmarks [roert Jelection Took Window Help
Spatil Anayst = | Laper [oork 1Y
Ter s Praprocessing = Teman Morphology = Wekersted Processing = Attrtads Took = Network Took = Apltiies » 5. @ &, I RE R ~ v S G N IO @@ 1B 0 k O M
DEE&S » “@x | v~ & - A Y = L AT R [Crome tiow Foate = |
= - x| =]
& Loyers Type e keyword i fnd
O miigrd ]
B strasg |cd
[m
[ sctivecels Capchmend God Dolneshion [wckyd) &
O mfosls Catchmenl Folgon Fiocessng [achydea]
B ol Saalithes feal
11 Coniral Foaturs |stals)
-z Charge Priviege: [managemen|
Charge Tenasn Reference Sosls [3d]
- Chesck Geometry (management] J
L} Chesck: In imanagement]
s Chech: In From Deka jmansgement]
L5} Chack Dl nanisgesnent]
Chaas Prouabelity [£4]
1] e [
= Clea 'Waorkapacs Cacke [mansgsmant|
Ciip [anadysis]
Mo i aec]
i Clip [reanagement|
[ _§H Chasten arod Duer Arusbysss sl Local Mo
|_JE Clusitei Thtiesi Arsheiss el Rendsing [itts)
[}t Collapen Dual L To Canterire |mc)
ms Collapsn Dual Lt To Cenberirs [managerms
Coect Events [seais]
0 stk Collect Evens vath Rerdedng [stalz]
O natbot Comtsnatorisl &nd (18]
B O stream Combanatonial Or [z}
w0 str Combanatorial 0 [l
i O Start Dasta Combars (28]
% [ natbnd Comibur Siseam Link and Sk, Lirnk |anchydic
# [ fa Compict |manigaman |
e Compane Fapkca Schema [managemen]
= Compcaits Bands [management]) -
AR Comgren: [managemerd]
Comgress File Gecdatsbare [ ala imanageme
Compube Green and Ampl Eucens Flainfal [
Compubs Ginen snd Ampl Fasmsber: | sichpc » |
4 ]
Locahe
Dl [Sarce] Sotocion] Tovaies_inge [Seach] Foni] sojaw | o
e~k 0 | O * = || Anal 'I“'J'n-f'llﬁ" LR L LR
~ZATE55. 231 2085776, 0.2 Linknown Links &

These are the natural HRUs. Note that the HRU Grid code matches the corresponding stream segment
that was used to define it. This is because the Catchment Grid Delineation (archydro) tool generates

HRUs based on only the contributing area to each stream segment.

Move the modelDomain feature class to the top of the ArcMap tree stack and make it "hollow". In some

areas, the HRUs need to be clipped, while in others, the HRUs need to be extended to the model domain

edge.
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= sagehenumd - ArcMap - Arcinfo

Ehe Gt Yo Qoolmars [réewt Jalaction ook Window Lo .

P T ]

Terran Pregeocessing  Terrain Morphology  Watershed rocessing  Altrkube Tooks ™ Netwark Tocks » dgliies * 5. # &, R R A 2 v G QRN B@HE O k O M

DEES ' @Y o  cE] A0 W x| b | L~ ek G = | reo |
W

2l

Display [ Sunrce [ Seection | a0 a4 | ;I—I
pawgw b 00| O~ A~ 0 |[oa o=l B s g A B~ d~ =~

-2051514,767 2088680, 17 Unkrawn Uniks

Use the Expand (sa) tool to fill in the HRUs that don't quite go to the edge. Set the Number of cells to

20 and fill in the Zone values with all 15 categories (HRU IDs). Name this grid CatExpand.

_ﬁlﬂ

Input raster Output raster
oo = @
Output raster The raster 1o be created.
| C:Amarkstrl gsFlowTraining2009!sagehen_gis_worklsagehen_start, mdblcatexpand
umber of cells
20
Zone values
1 -
: |
3
3 x|
5
. 1
7
8 +
e 3
10 -
4| | »

oK Cancel Ervdronments. .. =< Hide Help I Tool Help
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Here is the resulting catexpand grid.

= gagehen.mwd - ArcMap - Arcnfo

Bie BB e Bikehs Dl Sebebon Took Wedow Heks

spatgrayst v | Lwee [ ] @R

Teran Praprocessing ¥ Terrsn Morphology ™ Wabsrshed Frocsssing ™ Attribute Todks ™ NetworkTook * dpltities * 5. @ &, TSP R 7 hep QN O Pw D 2 0 k O M
DEES el R 2 AL 1= L | create tow Feature =) [

= |

& Layers

=1 B modelDoman
# O whorid
5 B strseg
5 [ actvecels
O micels
=)=}

-

[
|kl
h

s
L]
mr
L}

-,
[_JU
-

1z
[_J5)
[t
115
# [ cat
w O steink
% O natbnd
% O strean
5 O str
# [ StartData
# [ natbnd
# O fac
= O e
=0 n

_Display | Sousce | Seleciion | TTIEE] | o
pavig~ k 0 O~ A~ = ([0 i ST mr g A e g e

-20H37Z0. 768 20E5805. 158 Linknown Lnkts

Now there are no holes between the HRUs and the modelDomain.

Use the Raster to Polygon(conversion) tool to make a feature set from catexpand. Set output polygon

feature to hruexpand and uncheck Simplify polygons.
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* Raster to Polygon

Input raster Field {optional)
[catexuaml j ﬂ
Bekl The field used to assign

=l values from the cells in the
Output polygon Features input raster to the polygons
[ Cr\markstrolgsfiowTrainngz009\sagehen_gis_weorkisagehen_start mdbihruexpand ﬂ in the output dataset
™ Simplfy polygons (optional) It can be an infeger or a

]
string field
[k | conce | Enveorments... | <<tidetep | ToclHelp |

Use the Clip (anylsis) tool to make the output feature class hrus. Set the Input Features to hruexpand and

the Clip Features to modelDomain.

Input Features ! Clip Features %
[hrusxpand j ﬂ
Clip Feabures The features used to clip
| modeiDomain | g the input features
Output Festure Class
[ C:\markstrolgslowTr ainng2009 s agehen_gis_work|sagehen_start . mdbihrus ﬂ
%Y Tolerance (optional)

Matars :I

I [
[Tk ]| cancel | Enveorments..| <cridsrelp | Tool Help
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sagehen.med - Arctap - Arcinfo

Bl Bt Vew Bockmarks [set Selection Tods Widow bep |
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Open the Attributes of hrus window and Sort Ascending on the GRIDCODE attribute. This attribute

will be used as the HRU ID.

i X
OBJECTID* | Shape' | ID | GRIDCODE | Shape_Length | Shape_Area

r 5 [Polygon 5 1 11866.825 | 3392624 060407
3 |Polygon 3 2 103981128 2779960974317
1 |Polygon 1 3 5822419 1433081 574598
B 2 |Polygon 2 4 76184062 1784665 623361
4 Polygon 4 5 B1798202| 931341 233256
15 |Potygon 15 6 11607 185 4765394 516891
r 13 [Polygon 13 7 10477 3778 | 2437192289679
11 |Polygon 1 8 6240854 951269850619
16 | Polygon 16 9 100111978 | 2102893 458762
r 10 Polygon 10 10 §2234918| 988088327766
[ 14 |Polygon 14 1 768945524 1623771.026204
8 |Polygon 8 12 42213924 | 467369539626
[ 3 |Polygon g 13 4403807 | 520445751011
u 12 |Polygon 12 14 )525182] 325812151518
6 |Polygon G 15 109 G464 751 395815
7 |Palygon 7 15 109 6464 751 395815
17 |Polygon 17 15 9513384 | 2894466 768137

Record: |4|1| 0 n|n| m:[Tsdm.ﬂ Records (0 out j
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There are 17 features, but there are only 15 HRUSs. This means that some HRUSs are split. Notice that
there are 3 features assigned to the GRIDCODE attribute values of 15 and that two of these features
have a very small comparative area (751 square meters compared to 2,894,467 square meters). Find

these small features by selecting them from the Attributes of hrus table.
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Select the hrus feature class in the ArcMap tree and then choose the XTools Pro -> Start Editing

Selected Layer menu option. Select the features with OBJECTID values of 9, 6, and 7.
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B Attributes of hrus Mi=] E1 |

OBJECTID* | Shape® | ID | GRIDCODE | Shape_Length Shape_Area
11868825 3392624 060407

| 5 [Palygon 5
r 3[Potygon | 3| 103991128 | 2779960 974317 |
r 1 |Polygon 1] 5622419| 1433081574598

2 |Polygon 2 78184062 1784685 623361 |

1
2
3
4
4 |Polygon | 4| 5| B1798202] 931341 293256 |
15 Polygon | 15| 5| 11607 185 4765394 518891 |
| [ 19] : |
B

: 13 |Palygon 13 104773778 2437182289673 |
r 1 [Polygon | 11| . 6249854 951269850619
r 16 |Polygon 16 E 100111978 2102893 458762
| 10|Polygon | 10| 10] B2234918| 968088 327766 |
r 14 [Polygon | 14| T 78045524 | 1823771 026204 |

8Polygon | 8| 12| 42213924 | 467369 539826 |
’ 3JPolygon | 8| 13 4403807 520445751011 |
r 12 |Polygon 12 14 36525182 325912151518

& Polygon | 6 15| 109 6464 751 305815
B 7 |Polygon [ 7 15] 1096464 | 751 .3’95815|

17 [Polygon | 17| 15| 9513.384 | 2894466 768137 |

record: 1| [ 13 »|m|  shows[ Al Selected | Records Gout |

Choose the Editor->Merge menu option. Choose hrus 9 in the Merge window. This will dissolve the
two small features into the big adjacent one. Click OK.

Merge n[ﬂ
Choose the Feature with which other features will be marged: E

hrus - & Cancel |
hrus - 7

hnus = 9

1 | 2]

Choose the Editor->Stop Editing to save the edits. The hrus map should look like this:
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= £F Layers
# B modellomain
@ O streeg
= 2 [
# O hruespand
® O mfgrid
@ O activeCells
# O mfcells
# O catexpand
= 0O cat
# O strink
® O natbndf
® O stream
=0 str
# [ Start Data
® O natbnd
= 0O fa
0O fde
=0 F

_Display | Source | Selecton | a0 &0 4
| trawno <[ 0 @ |0 = A~ 2= [0 aa S8z u A& e o
[ F2045177.778 2085371.42 Unknown Units 4

Click on Editor->Stop Editing when finished.

Add the attribute HRU_ID to the hrus feature class in the Attributes of hrus window. Copy the values

from the GRIDCODE attribute to the new HRU _ID attribute.
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Field Calculator

Eields:
QBJECTID

jia]

GRIDCODE
Shape_Length
Shape_fArea
HRL_ID

HRU_ID =
[GRIDCODE]

OBJECTID® | Shape’ | ID | GRIDCODE | snuw;mi Shape_Area IIE‘II:!

| 5 |Polygon 5] 1] 11868 625 3332624 060407 | 1]
] 3 |Poygon 3 2| 103991128 2779960 974317 2
] 1 |Polygon 1 3 5622419 1433081 574598 3
r 2[Polygon | 2| 4| 76184062 17684685 623361 | 4
4 [Polygon 4 5 B1798202| 931341 293258 5

[ 15 Polygon | 15| 6| 11607185 | 4765394 518891 | 3
r 13 Polygon | 13 7| 10477 3778 2437132269673 | 7|
[ 1 [Polygon | 11] 8| 6249854 951269850613 | 8|
|| 16 |Polygon 16 9 100111978 2102693 455762 )
r 10 [Polygon | 10| 10| 82234918 988068 327766 | 10|
[ 14 [Polygon | 14| 1] 7894 5524 | 1623771 026204 | 11]
B 8Polygon | 8| 12| 42213024 467360 538826 12
C 9Polygon | 9| 13 4403807 | 521948 550064 | 13
r 12 [Potygon | 12| 14 | 36525182 325912151518 14
17 |Polygon 17 15 9513.384 | 2804466 768137 15

Record: u|4| 0 b|n| show: [ Al mm| Records (0 out of 15 j

Calculate X and Y coordinates for each HRU using XTools Pro Toolbar-> Table Operations ->Add

X,Y,Z Coordinates. Select hrus Layers, uncheck Add Z coordinate, and modify X and Y field if desired.
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Add %.¥.2 Coordinates EHE
~Layers | ¥ Add ¥ coordinate

modelDamain e o

ﬂrﬁ : |

b cpand I¥ add ¥ coordinate

mifgrid P

activeCels Feld : IY

miceds 3

niatbndf T jdd Z coordinate!

streamgage Fiedrane: |2

r lee celerted Features F iy For 30 chapes

Oukpit projection: ‘What painit should be taken From?
Multipoint  [Cerser point =
Pakyine | center point =|

F:'I t project data M...l

[ Corvert angular units to |r--1: -I a Icm” pont EI

heb | o ] cocel |

Add the attribute HRU_AREA to the table in the Attributes of hrus window. Copy the values from the

Shape_Area attribute using the Field Calculator:

i Attributes of hrus _ O] x|
Shape _Area | HRUD | % | ¥ | HAL_ARER, |
|| 3392624 DE0A0T | 1 204568382 .MEE? 11-311-I 3392624 0E0M07 |
| | 2773960974317 2| -2047127 N | 2067630431 2779960974317 |
| | 1433081 574508 | 3| -2048074 .09 | 2087165230 | 1433081 574588
[ | 1784685 523351 [ 4| 2050010 85 | 2086745 325 | 1784685 E2351 |
| | 991341 28325 | 5| -2048959 22 | 2086867 218 | 931341 793256 |
| | 4765394 51889 | 6| -2049190 82 | 2085003 576 | 4765394 518581
[ | 2437192280870 [ 7| -2050833 55 | 2085716178 | 2437102 255670 |
| | 951269850813 | 8| -2047305.45 | 2085981 417 | 951269 850619 |
| | 2102893458782 | 9| -2047746 68 | 2084833 353 2102893 458782
| | 988088 327765 | 10| -2045381 44 | 2086428 821 | 988088 327766 |
| | 1623771026204 | 11 -2046642 66 | 2084663 233 | 1623771 026204 |
| | 467389.533828 12| -2046089 57 | 2085810147 467369 539625
| | 521948 550884 | 13 -2045581 31 | 2085577 356 | 521948 550864 |
| | 325912151518 14204514305 | 2085426012 | 325912151518 |
| | 2694466768137 | 15 -2046004 55 | 2083991 408 2094466 765137
4] [+]
nm:l:ﬂj| 0 _“Jﬂ show: [ Al Sdu:tudl Records (0 ot of 15 ﬂ

After this map has been created, save the Sagehen ArcMap project by clicking File->Save.

The feature class hrus is the HRU map.
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Generation of GSFLOW Gravity Reservoir (GVR) map
Use the Union (analysis) tool to cut the feature class activeCells with the feature class hrus.

Click off the Gaps Allowed check box. Name this feature class gvrs. Click OK.
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Use the Delete Field (management) tool. Set input table to grvs and select fields to delete. Delete the

attributes FID_hrus, ID; GRIDCODE; and FID_activeCells. Click OK.

Ingut Table 5 Delete Field %

| gves ¥l !_Z‘J
Crop Field Deletes one or more fields
MFo_activeceds - from a table of 3 feature
Clrow class, feature layer, and/or
Oca raster catalog

Oceu o

Ocew_area

H('l_l”rlls =
Mo

GRIDCOOE

l",mi_s Fiv =
Select A1 | Unselect A1 | |

= =
ok | concel | Enviorments...| <<Hdeneb | Toolkeb |

Add attribute GRV_ID to the gvrs feature class. Use the Field Calculator to copy the values from the

OBJECTID attribute to the new GRV_ID attribute.

Calculate X and Y coordinates for each gvrs using XTools Pro Toolbar-> Table Operations ->Add

X,Y,Z Coordinates. Select gvrs Layer, uncheck Add Z coordinate, and modify X and Y field if desired.

Note make sure to overwrite existing values, as they are remnants and don't represent the correct values.
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K E

Add X,Y,Z Coordinates

| (¥ Add ¥ coordinate
Field name: |x
-V add ¥ coordinate
K
T~ Add Z coordinate
Field name; I
¥ Cnly.for 20 shapes
‘What point should be taken from?
Mutipoint  |Center point ~|
Polylne lCerte( point j
W Do notptojectdsts  Specky ... I
I™ Convert angular units to Ic,vms vl Polygon | Center point =]

4] 1 [Polygon | 15] -2046821206| 2082952955 800, 39999.993999 1
i 2 |Polygon 15 .2046621286| 2082952955 800, 40000 2
h 3 Palygon 15] -2046521286| 2083152955 800 39999 999999 3
g 4 Polygon | 15 -2046621286| 2083152955 800 39999999959 4
LR S [Polygon 15| 2046421286 2083152955 800 39999.999999 | 5
]  ©Polygon 15 2046221286 2083152855 800 40000 6
1) 7 Polygon 15| -2046021286| 2083152955 | 800 39999999999 7
I 8 [Polygon 15] -2045821 2881 2083152955 | 800 39999999999 ]
]  9Polygon | 15| 2045621286 2083152955 800 39999999999 9
& 10 Polygon | 15 2045421286  2083152.955 | 800 39999999959 10
O 11 Polygon | 91 -2047421286 | 2083352955 | 800 40000000001 | 1
[ | 12/Polygon | 8] -204721286| 2083352955 | 800| 40000000001 12
[ | 13/Polygon | 11| 2047029262451 | 2083396635743 677.0366| 16215921222 13
5] 14 Polygon | 9| -2047101.415259| 2083334 576806 4896024 6940745193 | 14
[ | 15Polygon | 15| 2046380587271 | 2083316549085 6726952 16843333585 15,
[ |16 Polygon " ? -2046816.6505| 208344353015 | 562414 174755569 16
i 17 Palygon 15| 2046820867535 2083352557551 | 800 39825244432 17
[ | 18Polygon | ’,5 | -2048621 2 ?93 2083352955 800 40000000001 | ,1*1
19 Polvaon | &l N4R4N AR ONARAS? 954 ANN | 4nnnn nnnnnt =~
record: 14] < »|.| Show: [ Al Selected | Records (0 out of 922 Selected) options_~ |

After the feature class gvrs has been created, save the Sagehen ArcMap project by clicking File->Save.

The feature class gvrs is the gravity reservoir map.
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Adding modeling attributes to the GSFLOW maps

HRU map

PRMS HRU Parameters (these sections come from unpublished document by Gregg Lamorey).

Several of the PRMS parameters are determined using a DEM and other GIS coverages
including coverages of vegetation and soil data. The GIS coverages used in parameterization are
available for the US on a 1 km grid. The required coverages are: vegetation type (lulc), vegetation
density (density), available water-holding capacity (awc), soil depth (rockdep), sand content (sandave)
and clay contents (clayav). These coverages should be projected into the same projection, same extent
and same cell resolution as the local DEM used to delineate the basin. The "Environments" setting
should be set to the extent and cell size used in the DEM for all coverages generated.

Note: the clipping steps have already been done for the Sagehen example problem and are
located in Sagehen Data Bin in the ArcMap tree. All ArcMap analysis tools can be accessed using the

ArcMap Search window.

This shows LULC clipped to the extent of the DEM.
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Remap tables used to reclassify coverages are also used in the parameterization. The necessary
tables are in the folder gis\startData\SagehenDataBin\remap. The cov-den-winter2.rmp, prms-
intcp_snow.rmp, prms-intcp_srain.rmp, and prms-intcp_wrain.rmp remap tables are in percent or
hundredths of an inch and need to be divided by 100 to obtain the correct values while the temp_adj.rmp
remap table is in tenths of degrees and needs to be divided by 10 to obtain the correct values (this was

done because of problems reclassing an integer to a real number in ArcMap).

cov_type

The coverage type (0 for bare, 1 for grass, 2 for shrub, 3 for deciduous trees, and 4 for
coniferous tress) is determined from the vegetation type coverage. This can be calculated in ArcMap by
first using "Spatial Analyst Tools > Reclass > Reclass by ASCII file" with the vegetation species
coverage "lulc" as the input raster, "cov-type_new.rmp" as the "Input ASCII remap file", and

"cov_type" as the "Output raster."
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The values for each HRU can be determined using the Zonal Statistics (Spatial Analyst) tool in
ArcMap with the HRU shapefile specified as the "Input raster or feature zone data", the HRU id field as
the "Zone field", and "cov_type" specified as the "Input value raster”. The output from the zonal

statistics is a .dbf file that can be opened in a spreadsheet.

*****Do not modify the .dbf file in excel it will corrupt the data *****

Make a new field "cov_type" in the HRUs shapefile. Join the table made above and bring up the
attribute table. Copy the values from the joined "MAJORITY™ field into the cov_type field. Unjoin the

table from the HRUs shapefile.

covden_sum

The vegetation coverage density in the summer is the mean value of the vegetation density. This
can be calculated Zonal Statistics (Spatial Analyst) tool with the HRU shapefile specified as the "Input
raster or feature zone data”, the HRU id field as the "Zone field", and "SagehenDataBin\density1k"
specified as the "Value raster.”

Use the Zonal Statistics as Table tool:

Trout raster o feskure sane dta : B Output table
{heus shapefie =] BJ‘
Torm ekt = Outpet table that wil
HRU_IC - cortan the summary of the
Treut vehse raster values in each zono
[\t Ol gl howe T i 2009, Savgeber O abiedensty i | @j
Curpust table =
[C imarkstroigslow Tr snnacn0s gs)taties|covden,_sum _tathe j
¥ Igrore NoD st in caudafions foptions)
B |
| coxe | Eweormerts. | <<criderel | Tod oo |
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Be sure to set Environments->Raster Analysis Settings -> Cell Size to Same as layer dem. This sets the
cell size in the analysis to 27.4... This is important because this tool converts the HRU shapefile to a
raster to do the analysis. If the Input value raster is too coarse (in this case it is 1 km2) the HRUs will

not be able to be represented and the zonal statistics will be messed up. If the generated zonal statistics

table does not have a valid row for each HRU, this is what happened.

Choose the MEAN value from the joined table and using the Field Calculator, divide by 100 (to

make decimal fraction out of percent) and copy it into a new field called covden_sum (type double), as

for parameter cov_type.

¥ General Settings
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¥ Coverage Settings

¥ Geodatabase Settings
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musmmwwwamtmmsmet&somm
for example, symbolize the layer's features using this data

What do you want to join to this layer?
{3oin attributes from a table ~|

1. Choose the field in this layer that the join will be based on:

[HRU_ID =
2, Choose the table to join to this layer, or load the table from disk:
Im covden_sum_table L] E‘

[V Show the sttribute tables of layers in this list
3. Choose the field in the table to base the join on:

% Keep al records

All records in the target table are shown in the resulting table,
Unmatched records will contan null values for all fields being
appended into the target table from the join table,

" Keep only matching records

If & record in the target table doesn't have a match in the join
table, that record is removed from the resulbing target table,

About Joining Data | ok | comel |

To see the HRUs colored by the parameter values (do this for every parameter), bring up the properties

for the HRUs shapefile and set the Symbology to something similar to what is shown:
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Repeat the above steps (reclass, zonal statictics, table join, copy out the parameter values into

fields in the HRU shape file) for the rest of the PRMS parameters (steps 4.13 through 4.1.18)

covden_win

The vegetation coverage density in the winter is the mean value of the product of the vegetation
density and the leaf keep factor. The leaf keep factor is determined by reclassing the coverage type
(cov_type) using a table that relates coverage type to leaf keep factor (cov-den-winter2.rmp).

Use the Raster Calculator (Spatial Analyst) tool to multiply the vegetation

(SagehenDatabin\density1k) and leaf keep factor coverages (divide by 100.0 to keep it as a percentage).
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Then use the Zonal Statistics as Table (Spatial Analyst) tool to determine the mean value for each HRU.
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soil_moist_max

The soil moisture maximum is the product of the Available Water Content (awc) and the rooting

depth.
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The rooting depth is calculated as the minimum of the root depth and the soil depth. The root
depth is determined by reclassing from vegetation species (SagehenDataBin\lulc1k) to root depth using

the Reclass by ASCII file (Spatial Analyst) tool with the remap table, prms_rt_depth.rmp.

Inget ractes Output raster

| C\markstrolgstionTr snng2009 SagehenDat sbirhuk 1 5] &

Irgns ASCH reng e The raster 10 be crested
[ Cinakstrolgs_presigem-r_depth g EJ

CuRput raster guon

| Cmarkstrolgefiow Traring2n07gs tables\stapth_table j

™ Changs masng vakass o NoD ata |oponsl)

£4 |

ok | cael | Eeooeants... | ccrderel | Teci o |

The minimum of root depth and bed rock depth (SagehenDataBin\rockdeplk) coverages can be
generated using the Cell Statistics (Spatial Analyst) tool and specifying the two coverages as the input

rasters and setting the "Overlay statistic” to "Minimum".
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Input rasters of constant Vahses ! Cell Statistics 3
l 3 &
Calculales & per-cel
1t Lable i] statistic from multiple
- prarkstrolgafionwTr snng200N Segetme Dt Sy oc e 1 o

x|

1

£
CuUp raster
| CimarkstrlgiowTr snngan0g\gs taties\sidpth _tatle ﬂ
iNlMMH =

= =
o | coe | Ewwcrments. | <cruderer | Tecb |

The product of the awc and minimum depth rasters can be determined with the Raster Calculator

(Spatial Analyst) tool.

8 Raster Calculator E1E3
Layers.
H - L =
- = 7| 8| s ¢ | And
leafKeep
natbnd / 4 5 6 > >u | Or
tdpth_table
Sty - 1 2 3 < <= | Yoo
stream
StiLnk ~1| 0 : (| )| Net
[awclk] * [soildp_table] =~
=
About Buldng Expressions I I Evaluate l Cancel I > |

A zonal mean of this raster for each HRU can be calculated using the Zonal Statistics as Table (Spatial

Analyst) tool.
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2onal Statistics as Table

Irput raster o festure 20ne data

[Peus shepatie

i HRU_ID

gt vokow raster

| Cakadation
Cutput tatle

| C markstrolgsfionTranng00s\ gsishapes|on_max_tabiel
W Igrore NoData m cakculstions foptonad]

Output table

Oulpat 1able that will
contan the summary of the
values in each zone

¥ General Settings

¥ Arc Mydro Settings

¥ Cartography Settings

¥ Coverage Settings

¥ Geodatabave Settings

¥ Goostatistical Analysis Settings
* Raster Analysis Settings

2
I;

T A1 RTIN

=

Q
|
|

=]

!‘ Cell Size =

=

e | Dowre>> |

The output cell &2e, or
resohtion The defaudt
output resokfiion, when a
featues class 15 vsed as
Input, 15 the wadth of the
height {whichéver &
shortest) of the extent of
the feature class dmded by

o Maxenum of inputs -
The largest cell size
of all input datasets
Thas 15 the default

o Mesmam of Inputs -
The smallest cell
5120 of 3 input
catasets

o Ag Specifed Below -
Speciy the exact
cell size value

o Same a8 Layer-

Specdy an vt <
raster layer on which
to base the cell :J

Tedhey |
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Join Data n l»Ii 1

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data,

What do you want to join ko this layer?
IJo‘un attributes from a table _'_]

1, Choose the field in this layer that the join will be based on:

{HRU_ID k2|
2. Choose the table to join to this layer, or load the table from disk:
lm sm_max_table :J _D’:'

[V Show the attribute tables of layers in this list
3. Choose the field in the table to base the join on:

(+ Keep al records

All records in the target table are shown in the resulting table.
Unmatched records will contain null values for all fields being
appended into the target table from the join table,

" Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table,

About Joining Data | ok | cancel |

Copy the zonal MEAN value to sm_max (PRMS parameter soil_moist_max) in HRUs shapefile.

soil_rchr_max

The soil recharge zone maximum value is the minimum of the rooting depth and 18 inches
multiplied by AWC. First, the minimum of the rooting depth (determined under soil_moist_max) and 18

inches is calculated usingthe Cell Statistics (Spatial Analyst) tool.
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Irpuk rasters o constant valuss ! s} =

verlay statistic -
| =] $| {optional)
‘7:‘4&“" ﬂ Statistic type 10 be
calculated
x|
-ﬂ o MEAN — Calculates
the mean (aerags)
_‘J of the inputs
o MAJORITY -
Calculates the
Qutput raster magoetty (value that
| © marhstrolgsiowTranng2o09\gs tatles\rech_LB ﬁl oCCurs most often)
of the inputs g
im =l
o MAXIMUM -
Calkculates the

maxeum (laegest
value) of the inputs

o MEDIAN -
Calculates the
median of the
nputs

MNMUM —
Calculates the

e (Emaliest

;l walim) of the inride :J
[T ] coxe | Eeorments... | ccrderst | Tea et |

Next, the resulting coverage is multiplied by awc using "Spatial Analyst > Raster Calculator”.

## Raster Calculator K E3 I

: 7 8 9 - < | And

/ 4 5 ) > > Or

1 2 3 < <= | Yot

+ 0 . ( ) Not

[awclk] * [rech_18] |

=
About Buldng Expressians | [ Evaate | cancel | > |

A zonal mean of this raster for each HRU can be calculated using Zonal Statistics as Table (Spatial

Analyst) tool
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Irguk raster o feature 200e dsta ! Output table a

{brus shapefie -l E'

Outpat 1abie that will
imu_][» :] contam the summary of the
Irgas vohon raster values in each zone

> P
[Cakadation I3 2!
Catput table

[&]

I-: narkstrolgsFiow Tranmng003 g i ablesyche _max

W Igrone NoD e in cakculstions loptionel]

£ |
o | cuel | Bweoomens. | ccrdersn | Tedreo |

¥ ! Cell Size =

General Settings

¥ Arc Mydro Settings
The output cek s2e or
¥ Cartography Settings resohtion The defait
¥ Sntti outpu! resoktion, when a
foature class I3 used as
¥ Geodatabase Settings Input, 15 ke width or the
¥ Geostatistical Analysis Settings halgit Gitnhevet S8
shertest) of the extent of
2 Raster Analysis Settings the feature class dmded by
Cell Soe 20
3 &
| 27 411639452790 . i':""‘“"‘ of Inputs -
The lacgest cell size
Mok 44 of all input datasets
[ :] DI Thes 13 the default
¥ Raster Storage Settings

o Mesmum of Inputs -
The smallest cell
5120 of 3l input
datasels

o As Specifed Below -
Specdy the exact
coll size value

o Same 58 Layer -
Specty an vout
raster layer on which

;J to base the cell ..J
o | Caced | Powrel > | Teal Hop |

Copy the zonal MEAN value to rchr_max (PRMS parameter soil_rchr_max) in HRUs shapefile.
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W ELAW
;
6 TOROW

2.1 2500 0 91485 ® 2088 434905 o

necet wo| of T 0 ofm]  Sew W Seleded | Recoss ot of 18 Semted) i |

soil_type
The soil type (1 for sand, 2 for loam, and 3 for clay) is determined by first calculating the zonal
means of the sandave and clayav coverages for each HRU using the Zonal Statistics as Table (Spatial

Analyst) tool.

W ELAW
;

6 TOROW

14 Povgn

necet wo| of T 0 ofm]  Sew W Seleded | Recoss ot of 18 Semted) i |

If sandav is greater than 50% then the type is 1, if clayav is greater than 40% then the type is 3,
otherwise the type is 2. This calculation can be implemented by hand by sorting the means and setting

the corresponding cells.

snow_intcp
The snow interception storage capacity is determined by reclassing from vegetation species
(lulc) to snow interception storage capacity using the Reclass by ASCII File (Spatial Analyst) tool with

the remap table prms-intcp_snow.rmp.
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i ! Output raster §

| C\marketyogstion Tranng200% Sageheriiat sbnijuk 1k 2 E’

Irgas ASCH renvap e The raster 10 be created
[C\marbstrclgn prewiormn-rtcp_srow rve 2“]

CARpAR raster

I-I narkstrolgsfiow Tranng2005 g asters | snow_intc

I Changs masng vakues 1o NeData loptonal)

2 =

o | cael | Ewecoments.. | ccruderiep | Teansn |

A zonal mean of this raster for each HRU can be calculated using the Zonal Statistics as Table (Spatial

Analyst) tool.
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¥ ! Coll Size =

General Settings
¥ Arc Mydro Settings
The output cel s2e, or
¥ Cartography Settings resolction The defauit

¥ Coverage Settings cutput resokgion, when a
feature class 15 used as

¥ Geodatabase Settings input, 15 the width or the
¥ Goostatistical Analysis Settings height (whichever is
shortest) of the extent of
% Raster Analysis Settings the feature class dmded by
Cel 500 20
T |
[ 27411639452 7750 o Maxenum of inpats -
The lacgest cell size
ok of 3l input datasets
| :] sl s 15 the defah

Mesrean of Inputs -
The smallest cell
sz of 3l input
datasels

As Specifed Below -
Specfy the exact
coll size valye

o Same ad Layer -
Spechy s rpt
raster fayer on which

;j to base the cell :J
[T ] coes | sowree>> | reanss |

Irgut rastes or fegture 20ne dita 5 Output table a

—

{hvus shapefie ] g
Outpet table that wil
HRU_ID =l cortan the summary of the
Irpast vohsn raster values in each zono
[srom rtcp I | G‘
Cupest table
| C \markstroigsion Tranng200Rigs)tablesisnow_inko_table gl

¥ Igrors NoD wta in cakadefion: (options]

2 =
o | cave |[Buwcomerts ]| <ccrderep | Teahen |

Divide these values by 100.0 when copying the zonal mean field into the snow _intcp field.
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wrain_intcp

The winter rain interception storage capacity is determined by reclassing from vegetation species
(lulc) to winter rain interception storage capacity using the Reclass by ASCII File (Spatial Analyst) tool
with the remap table prms-intcp_wrain.rmp. A zonal mean of this raster for each HRU can be calculated
using the Zonal Statistics as Table (Spatial Analyst) tool. Divide these values by 100.0 when copying

the zonal mean field into the wrain_intcp field.

srain_intcp

The summer rain interception storage capacity is determined by reclassing from vegetation
species (lulc) to summer rain interception storage capacity using the Reclass by ASCII File (Spatial
Analyst) tool with the remap table prms-intcp_srain.rmp. A zonal mean of this raster for each HRU can
be calculated using the Zonal Statistics as Table (Spatial Analyst) tool. Divide these values by 100.0

when copying the zonal mean field into the srain_intcp field.

hru_lat

The latitude of the centroids of the HRU's can be determined by first converting the polygon
coverage of the HRU's to centroids using the Feature to Point (Data Managment) tool. The centroid
coverage can be projected to latitude and longitude using the Project (Data Management) tool and
specifying the output coordinate system (by clicking on the button next to "Output Coordinate System"
and selecting the "Select" button on the resulting "Spatial Reference Properties” dialog box) to be
"Geographic > North America > North American Datum 1983.prj". The new coordinates can be added

to the coverage attribute table using the Add XY Coordinates (Data Management) tool.
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B Attributes of hrus_centroids Project!

sand_pct POINT X | POMT_Y
D| 43455354 18514499 2 10 5 5 0| -120277548| 39439629
[ | #5151 17 34965 2] 10] 5! 5 1 120298134 | 39431655
| 43455550 18914499 2 10 5 5 2| 120269197 | 39 445852

43805038 18713977 2 10 5 5 3| 120285909 | 39435166
: 43456354 18914499 2] 10] 5 s 4| 120252456 | 39 449634
| | 43459354 18914499 2] 10] 5 5 5| 12025104 | 3943237
[ | 43455354 183514490 2] 10] 5] 3 6| 120244705 3943124
| | 43450354 18514499 2| 10] 5 5 7] 120256152 | 39437111 |
| | 43450354 18814498 2] 10] 5 5 8| 120265348 | 39.431151
| | 43459554 1851443 2] 10] 5 5 8| 120233523 39431346
| | 52675301 13565943 | 1] 10] 5 5 10 12030488 | 39420885
| | 47618589 16502296 2] 10 5 s 1] 120283837 | 394185
| | 434sease] 18914439 2| 10] 5 5 12| 120255184 394208
| | 434554 18914400 2 10 5 5 13| 120265938 | 39420245
| | 43455354 1891443 2 10 5 5 14| 120244575 | 39416741
El| 3

pecord: 14| ¢ v ob|m|  show[Al selected | Records (0.cut of 15 Selected) optors <

hru_elev

The hru elevation is determined as the zonal median elevation instead of mean elevation because
the median is less sensitive to outliers such as a few very high elevation points. To calculate the median
elevation, the DEM used to delineate the basin (Fil) must first be converted to an integer coverage using
the Int (Spatial Analyst) tool. The zonal median for each HRU can be calculated from this coverage

using the Zonal Statistics as Table (Spatial Analyst) tool.
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Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

what do you want to join to this layer?
| Join attributes from a table |

1. Choose the fizld in this layer that the join will be based on:

{HRU_ID X
2. Choose the Lable to join to this layer, or load the table from disk:
Iﬁ elev_table ;I E_I

[V Show the attribute tables of layers in this list
3. Choose the field in the table to base the join on:

~ Jon Options
(% Keep ol records

All records in the target table are shown in the resulting table,
Unmatched records will contain null values for all fields being
appended into the target table from the join table,

" Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table,

About Joining Data o« | concel
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hru_slope

The hru slope can be calculated from Fil using the Slope (Spatial Analyst) tool and select the
output measurement as "percent_rise". The zonal mean for each HRU can be calculated from this
coverage using the Zonal Statistics as Table (Spatial Analyst) tool. Divide these values by 100.0 when

copying the zonal mean field into the hru_slope field.
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hru_aspect
The hru aspect can be calculated from Fil using the Aspect (Spatial Analyst) tool. To calculate
the median aspect, the Aspect map just created must first be converted to an integer coverage using the

Int (Spatial Analyst) tool. The zonal median for each HRU can be calculated from this coverage using

the Zonal Statistics as Table (Spatial Analyst) tool.
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tmax_adj
tmax_adj is an adjustment made to the hru maximum temperature based on the aspect of the hru.

This parameter is estimated with the equation:

tmax_adj = -1.8 cos(hru_aspect * 0.0175)

Use the Field Calculator to fill in the tmax_adj field. The multiplier 0.0175 converts degrees to radians.

In addition to the tmax_adj method calculated above a more simple method can be employed.

Degree Direction tmax_adj
337.5-22.5 North -1.7
22.5-67.5 Northeast -1.0
67.5-112.5 East 0.0

112.5-157.5 Southeast 1.0
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157.5-202.5 South 1.7
202.5-247.5 Southwest 1.0
2478.5-292.5 West 0.0
292.5-337.5 Northwest -1.0

This is the method employed in the original GSFLOW Sagehen example problem.

Field Calculator Ei1E3 <
Fields: Type: Functions:
2
FID - S Abs( ) -
0 B Atn ))
GRIDCODE " String Cos
AREA Exp( )
HRU_ID " pate Fix( )
g k()
¥ ;og(( ))
in
cov_type Sar ( v
covden_sum A% —I
covden_win
I o 01
rche_max ;I
tmax_adj = I advanced HEIE]
-1.8* Cos ( [hru_aspect]*0.0175 ) ;]

£
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tmin_ad;

tmin_adj is an adjustment made to the hru minimum temperature based on the aspect of the hru.

The values are the same as calculated for tmax_adj.

hru_area

The area of the hru's is already a field in the hru polygon shapefile. The area listed in this field is
the number of cells in each hru. This must be converted to acres by first converting to map units (square

meters if in UTM) then converting to acres (1 acre = 4047 m2).
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Field Calculator E3
Fields: Type: Functions:
FID al* & pumber 2{’:(()) &
D
GRIDCODE " String Cos( )
Exp( )
:ngAID @ Date Fix( )
Ao Ik ()
S Log{ )
Y Sin( )
cov_type Sar( ) Ll
covden_sum
covden_win
SIN_max " ] &
rche_max ;I J —J _]
hru_area = I advanced LJ _l :.I
[AREA] /4047.0 =
Load... I
Save...
_ teo |
i
r Cancel |
jh_coef_hru

This air temperature coefficient used in Jensen-Haise potential evapotranspiration computations
can be calculated for each HRU using the following equation: jh_coef_hru = 27.5-0.25*(high_sat -
low_sat)-(hru_elev/1000) where high sat is the saturation vapor pressure, in millibars, for the mean
maximum air temperature for the warmest month of the year and low_sat is the saturation vapor
pressure, in millibars, for the mean minimum air temperature for the warmest month of the year. The
saturation vapor pressure can be calculated using sat function = 6.1078exp”[(17.269(x)/(x + 237.3)
where X is the temperature. .Assume the minimum temperature is 10 C and maximum temperature is 25
C so that low_sat is 10.02 and high_sat is 31.67. This parameter can be calculated with a spreadsheet
since it is only a function of hru_elev. So, if hru_elevation is in meters, the equation is: jh_coef hru =

22.0 - (hru_elev * 0.00328)
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Fields:
sand_pct
clay_pct
soil_type
snow_intcp
wrain_intc
srain_intc
heu_sley
hru_slope
hru_aspect
tmax_adj
tmin_adj
hru_area

jh_coef_hr =
22.0 - ( [hru_elev] * 0.00328)
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rad_trncf

The transmission coefficient for short-wave radiation through the winter vegetation canopy can
be calculated as
rad_trncf = 0.9917 * exp(-2.7557 * covden_win).

This parameter can be calculated with the Field Calculator since it is only a function of covden_win.

Field Calculator EiE3
Fields: Type: Functions:
=
FID - " Number Abs { ) -
0 Atn( )
GRIDCODE " String Cos
AREA _
HRU_ID " pate ';;E;
3 Log( )

Sin( )
coy_type Sar( ) lj
covden_sum
covden_win

2::?2??7 ~ ;l Ll i’
= E =

rad_tmcf = [ Advanced
0.9917 * Exp (-2.7557 * [covden_win] ) =]
toad... |
_teb |
d e
S Cancel I

MODFLOW Grid Cell map (shapefile mfcells)
Add fields X (double) and Y (double) use Calculate Geometry to fill them in. Add fields ALT

(integer), PRECIP (double), ACTIVE (integer), IRUNBND (integer).
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CoL

ol [ S 1. 205171205, 2085062565 o o o) o}
g 3l -y 2 27 205197 208 2083952 365 0 0 0 ()
E 3 1| 3 3] 2051771205 2089352965 o o) 0l o}
E A AL 095208 208306208 | o 0 0 0|
] 5 1] s 51 2051371286 2085052965 o 0 (] o
=t sl 1] o € 2051171208 2083982565 0 0 [ o)
A 1 7 7. 2050471 266 2085352 955 | ol 0 0] o)
E 8 1 [ 8 2050771208 2083352 555 0 0 0 0}
= o] 1| o 9 2050571208 2069052955 0] o/ 0 o)
B 1] 1 w0 10| 2050371206 2088052965 | ) o o/ o
<} 1 1" 19| 2090171 298 2085552 55 0 ) 0 0
& 2] 1] 12 12| 2049971206 2089352955 | ol 0 0! a)
&} Bl N 13] 2049771206 2085052 955 | 0] 0 0 a)
€l a1 1 14 2049571 205 2089352 965 | ol o 0! 0|
B 3 S T 18] 2048371 206 003362 555 9] o 0! ol
B ® 1| 16 16 2040171 208 2055352955 | ol 0 0 9|
g 7l 17 2048971206 2083052965 | 0 o) o ol
B 8 1 m' 18 2048771 268 2089352 955 0| 0 0 (Il'
¢l w1 19 19 2048571206 2089352965 | o o 0! o}
B o 1 A 7 20461 208 2083352855 | 0] 0 0 a|
7] Al 1| A 21 2048971206 2089352955 o 0 0 ]
Z 2l 1| @ 2 204208 063352365 | o] ) o] 0l
5 Bl V| A B 0TI 20899529565 | ol 0 0 9
B 2 1 N M7 4751 206 2083052965 | o o] o} [}
I B 1| ) 25 2047371 288 2089352 955 0] 0 0] 0
= & 1] 2 25] -204N71208] 2009052955 | 9 o Ldi o)
E 3 ) I 21 2046971 208 0352 965 | o 0 0] 0| o

. 1 R » SNMETTY R WRGICT G8E n n n 0l
£ l-f_l

Record: 14 « 0 a[n|  show[A selcted | mecods (Dol 120 Seected)  _ Optors o]

Fill in the cell altitude attribute (ALT)

The fiield ALT is the cell top altitude and is determined as the zonal median altitude. To
calculate the median altitiude, use the integer version of the DEM (Int_Fil) that was created to
determine the parameter hru_elev. The zonal median for each cell can be calculated from this coverage

using "Spatial Analyst > Zonal Statistics".
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* Zonal Statistics as Table

Tnput raster or feature zone data

| mécells
Zone field

[ seqnm
Input valus raster

|1nt_Fi
Output table

| C\markstro\geflowTraining2009\gis_finalitables\cell_sh_table

¥ Ignore NoData in calculations foptional)

L2}
<<rldaHabJ

M= E3

Output table

Output table that will
contain the summary of the
values in each zone

ToolHelp |

Click on the Environments button to set the Raster Analysis Settings Cell Size
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¥ General Settings
¥ Arc Hydro Settings
¥ Cartography Settings

¥ Coverage Settings
¥ Geodatabase Settings
¥ Geostatistical Analysis Settings

2 [P 3Analysis Settings
Cell See

27.411639452739%8

|
¥ Raster Storage Settings

=
concel | Showmep >> |

[ ]

! Cell Size =

The output cell size, or
resolution. The default
output resolution, when a
feature class is used as
Input, is the width or the
height (whichever is
shontest) of the extent of
the feature class dmded by
250

o Maximum of Inputs -
The largest cell size
of all input datasets
This is the default

o Minirmum of Inputs -
The smallest cell
size of all input
datasels

o As Specified Below -
Specify the exact
cell size value

e Same as Layer -

Specify an input on
raster layer on which
to base the cell -

Tool e |

Join the table in the mfcells shapefile to the cell_alt_table attribute table.
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Join Data 3 |

Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join ko this layer?

lJoin attributes from a table _'J

1. Choose the field in this layer that the join will be based on:
fSEQNUM |

2. Choose the table to join to this layer, or load the table from disk:

|E cell_alt_table = El

[V Show the attribute tables of layers in this list

3. Choose the field in the table to base the join on:

— Join Options

{* Keep all records

All records in the target table are shown in the resulting table.
Unmatched records will contain null values for all fields being
appended into the target table from the join table.

" Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table.

About Joining Data QK Cancel

Assign the MEDIAN into the ALT field with the Field Calculator:
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Field Calculator 2% |

Fields: Type: Functions:
cell_alt_table: COUNT _‘J:J {* Number Abs ()
cell_alt_table:AREA - Atn ( )
cell_alt_table:MIn " String cosled
cell_alt_table:Max E-XD( )
cell_alt_table:RANGE " Date 'I:DEE g
cell_alt_table:MEAN L';g( )
cell_alt_table:5TD Sing )
cell_alt_table:5umM Sar( )

cell_alt_table:YARIETY
cell_alt_table:MAJORITY

I T

cell_alt_table:MINORITY 2 | / I
icell_alt_table:MEDIAN : v
-+ - =
mfcells. ALT = [ advanced | |
[cell_alt_table:MEDIAN] Z]
Load... I
Save... I
Help |
-
™ Calculate selected records onfy
Cancel |

Identify the active cells (ACTIVE)
The field ACTIVE defines the active and inactive MODFLOW cells. 1= active cell; 0 = inactive
cell. Use the Selection->Select By Location tool to select the active cells in the mfcells shapefile with

the modelDomain shapefile.
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Select By Location [ 2] X] |

Lets vou select features from one or more layers based on where they are
located in relation to the features in another layer.

I want to:
|select features from _'J

the Following layer(s):

O hrus_points_Project
O hrus_points
[ strseq
O gwrs
O hrus shapefile
O modelDomain
O activecCells
[ natbnd shapefile
mfcells
= §g Original GIS Data
O streamgage point

™ Only show selectable layers in this list
that:

Ihave their centroid in LI
the features in this layer:

™ Use selected features (0 features selected)

[~ apply a buffer to the Features in natbnd shapefile

of: I:],U[njl:uj[l Ir-.«;er_,;.,r._: ;j
Help l oK ” Apply l Close

The selection looks like this.
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Bring up the Attributes of mfcells table. Make sure that all of the values in the ACTIVE field are set to
0. Click on the Show: Selected button at the bottom of the window. Use the Field Calculator to set the

selected (ACTIVE) cells to 1.
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8 Attributes of micells M=l
oW | Cot | SEoNUM X v ALY PRECIP ACTIVE | WUNBND -
I S| 18 187 2049371 286 2088552955 2118 342529 0 0 0
Ll sl e 188 2049171 286 2068552 955 2118342528 0 0 0
o 169 2049971 266| 2088552355 | 2118342529 0 0 0
[l 5| 18 170 2048771 286 2088552955 2118342528 | 0 0 0 it
[ s 171 2048571 288 2088552 955 2116 508769 | 0 0 0
Bl s » 172 2048371 286| 2088452955 2132501221 | 0 0 0
N 173 2048171286 2066552955 2158 283203 0 0 0
5| 2] 176 2047971 266 2088552 955 2176 623883 0 0 0
DRI 75| 2047771206 2086552955 | 2187 032958 [ 0] 1 0!
Y 176 2047571206 2080552955 | 2185 233457 0 1] 0
[ | 5| 25| 1] oaTaniee| 2088552955 2178372314 | 0 1] 0
L] 5| 28] 178 20471171288 2088552955 2159.940674 | 0 0 0
Ll sl & 179 2046371 266 2066552 955 2152087402 | 0| 0 0
[ | 5] 2] 180 .2es771288] 2088952955 2151 337968 | 0| 1] 0
a5 3| 181 2046571286, 2086552955 2145 435791 | 0 1| 0
B G 182, -2046371206| 2060552955 | 2126 450684 | 0 1] 0
T S 183 -2046171.286| 2088552955 | 2109744365 | 0 1] 0
ol 5 9| 184 -2045071286| 2069552955 | 2113769043 | o 1] 0
Bl s S| 185 2045771286| 2086552955 2124 332061 | 0| 1] 0
] s 4] 186 -2045571 286 2088552955 | 2121 264604 | 0 1] 0
R 187 2045371286 2088552955 2121 859873 0 1 0
] 5| 38| 188 2045171 266 2068552 955 | 2119457715 | 0 0 0
o EED 189 2044971 266 2088552955 | 210235083 | 0 0 0
[ | 5/ 38| 190 -204771206] 2088552955 2081 291016 0 0] 0
6| 1| 191 2052171286, 2088352955 | 2277 146484 | 0 0 0
[l s 2| 192 -2051971 288 2086352 955 | 2214422118 0 0 0
1 6] 31 193] 2051771288| 2088352955 21789729 0 0 0
B &l 4l 198 .N81571 RR | ARG A8 | 283 7797R4 | n n' n IO‘:J
“‘
Record: 14] « 175 afn|  show[A sdected |  Records (6830utof 1292 Sekected)  Optiors - |

Fill in the cell precipitation attribute (PRECIP)

The field PRECIP is used for steady state recharge; only active cells have values; inactive cells
are blank Load sagehen.data Data File into excel and compute the long term (period of record) means.
This is described in Section 2.2 "Computation of Lapse Rates/Monthly Means using Excel™ of this
document. Using this information, a relationship can be developed to estimate long term PRECIP
(recharge) for calibrating a steady state MODFLOW model. This is based on the lapse rates for the
Sagehen Creek COORP station and the cell altitude:

PRECIP = 0.002249 + (ALT-1931.518)* 0.00000239718
PRECIP = 0. 002249 0.00463019 + ALT * 0.00000239718
PRECIP =-0.002381196+ ALT * 0.00000239718

Select only the ACTIVE cells again. Use the Field Calculator to input the above equation for PRECIP.
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Field Calculator [ 27 X] |

Fields: Type: Functions:
FID = ke Abs ()
AREA o Atn( )
PERIMETER " string Cos( )
MFGRID_POL Exp( )
MFGRID_P_1 " Date Fixc { )
ROW Int( )
coL Log( )
Sing )
SEQNUM sar() =l
X
Y ——
AT ] =
PRECIP |
PRECIP = [ Advanced £ I i | o I
-0.002381196 + [ALT] * 0.00000239718 _A_l
| Load... I
Save... l
Help l
=
¥ Calculate selected records onfy = |
ance '

Results look like this in the table.
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X
ROW| CoL | SeoNumM X v ALY RAUNBID -
N 796 2045171285 2088352956 1937 340698 [}
[ | 28] 3] 79| 0esy1 288 2065352955 1942581543 0
[ | 20| 3| 7s7 20s5371288| 2088652955 1842 03143 0
[| 20| 38| 758 .2045171288] 2085552955 1847 011353 0
[ | 20] 4| 756 2045571286| 2085552955 1947 325328 |
[ | 2] 38| e 2045171286 2085152955 1850000122 0
[] 2] 3] 7] 20es571288 2085352958 1852243146 o
[ | 2] 3| 83 2045371286 2085152955 1953 492065 0
CERUER IS S I 1058 002404 o
[ 98] 33| 77| 0esTrizes| 2085752955 1857 931567 0]
[ | 2] | em 2045571288 2085152955 1858187866 | 0
[ | 20| 3] 755 20e5771288] 2085552955 1967 658203 | 0
- =1 1967 25490 .9}
CEEUER A 1970549194 Lk
i -to] %2) 1921 337001 o
=y 18] 0] 1871.363545 o
L] 8] ] 1973372314 = ol
CEnimE D 1958550591 90
E) 181 9 1975 955062 _0}
I L) 1977 084228 0
V7128 11790035 o
e 19781426953 | o}
i 1976273438 ol
2 1978900037 9]
1879647627 [
H 1968 3005 L)
1961 508423 0
il 1981 Aasna nl J,:‘
4] I*
llmd:ulcl o oxim Show: Allw Records (683 out of 1292 Selected) Optiors -'

Fill in the cell IRUNBND attribute

Bring up the HRUs raster (not shapefile) and the activeCell shapefile. The activeCell shapefile

was made in step 3.3.4.
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* sagehenGISumxd - ArcMap - Arcinfo
| o €3 View Bookmarks eert Selectin ook Window beb

S o ey T B T
| Terran - Terrar - 0~ Attrbute Tocks ¥ NetworkTook » Apitites v S, 2 o, B RE@P A 7 b | Q QU NP D DD k OM
DEE@ DB o o o & @O W e * |2 o [ = o |

- g Layers
3 [ heus_ponts_Propct
# [ heus_pores
+ [0 strseg
% 0 gws
# [ teus shapafie
% [0 modeiDoman
# [0 Aspect_Fil
% [ Skope Fi
s 0 e m
# [0 wan
# 0] wean
# [ svow_ntc
# [ rech_t8
# [0 Cetsra_rtdp1
+ [0 redeeh
# [ leafreep
= [ cov_type

& B wus

+# O Catpad

# 0 cat

# [ natbnd shapefie
O nécalis shapefie

.

# [ strnk

# [ Stream

&0 s«

% [ Orignal GIS Data
¥ [ Fac

w O For

w2 A

+ [0 Sagehen Data bn

_Display [Source] Seechon] X -
|owwg~ k 0 @O~ A~ ct|[@ms  =I[0 5] B Z u|A~ B S~ o~

[-2044408.595 2008106.572 Maters

Open up the Attributes of activeCell table and add the field ACT_ID (short integer). Use the Field

Calculator to set the values in ACT_ID to FID + 1.
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Field Calculator 8

Fields:

Type:

FID

AREA
PERIMETER
MFGRID_POL
MFGRID_P_1
ROW

coL
SEQNUM
ACT_ID

ACT_ID =

-

¢ number

" String
(" Date

[ advanced

[FID] +1

[~ Calculate selected vecords onfy

=

21
Functions:

Abs{ )
atn( )
Cos( )
Exp( )
Fix{ )
Int{ )
Log( )
Sing )

sar() X
ol 1%
&

L=
2]

&

+

[=
o]

Load...

Save...

Cancel

i b

The field ACT_ID will be used in a double-table join using the field SEQNUM.
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B Attributes of activeCells '

FID | Shape | AREA | PERIMETER MFGRID=POL MFGRID_P__1 ROW | COL | SEQNUM [ ACT_ID
0 |Polygon | 40000 800 3 30 1 30 30 1
1 |Polygon | 40000 800 69 68 2 30 68 2
2 |Polygon | 40000 800 106 105 3 29 105 3
3 |Polygon | 40000 300 107 106 3 30 106 4
4 |Polygon | 40000 800 108 107 3 | 107 5
5 |Polygon | 40000 800 144 143 4 29 143 6
6 |Polygon | 40000 800 145 144 4 30 144 7
7 |Polygon | 40000 800 146 145 4 3 145 g
& |Polygon | 40000 800 147 146 4 32 146 9
9 |Polygon | 40000 800 148 147 4 33 147 10

10 |Polygon | 40000 300 176 175 5 23 175 11
11 |Polygon | 40000 800 177 176 5 24 176 12
12 |Polygon | 40000 300 178 177 5 25 177 13
13 |Polygon | 40000 800 181 180 5 28 180 14
14 |Polygon | 40000 800 182 181 5 29 181 15
15 |Polygon | 40000 800 183 182 5 30 182 16
16 |Polygon | 40000 800 184 183 5 | 183 17
17 |Polygon | 40000 800 185 184 =) 32 184 18
18 [Pnlvenn | 400NN ann 18R 185 a 33 185 19
Record: 2' ‘i" 0 _blﬂl Show: err Selected I Records {0 out of 683 Selected)

Options ~ l

=]

Now, use the Zonal Statistics as Table(sa) tool using the activeCells shapefile as input. The Zone field is

ACT _ID. The Input value raster is HRUs. Name this table tables\cell_hru_table.

* Zonal Statistics as Table

=101.x]
Output table :l‘

Output table that will
contain the summary of the

Input raster or feature zone data u
| activeCells k| EI
Zone field
| ACT_ID ~|
Input value raster values in each zone
R =
Output table
| C:\markstrol gsflowTraining2009\gis_finalitablesicell_hru_table EI
¥ Ignore NaD ata in calculations (optional]
=4
ok | concel |[Evwonments. | <<ridersp | Toolnep |
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Set the Raster Analysis Cell Size to the Raw DEM.

v Environment Settings

¥ General Settings

¥ Arc Hydro Settings

¥ Cartography Settings

¥ Coverage Settings

¥ Geodatabase Settings

¥ Geostatistical Analysis Settings
X Raster Analysis Settings

Cell Size

ISameaslayer Raw dem :] @
| 27.4116394527396

Mask

I 3 @

¥ Raster Storage Settings

i

Cancel | Showhelp >> |

Environment
Settings

Environment setting
specified in this dia
are values that will |
applied to appropna
results from running
They can be set

hierarchically, mea
they can be set for
application you are
in, so they apply to
tools; for a model. ¢
apply to all process
within the model; or
particular process v
model. Environment
for a process within
model will overrride
setting, and environ
set for all processe:
model will override t
set in the applicatio

Changing the defau
settings that will be
a prerequisite to pe
geoprocessing task
may only be interes
analyzing a small p

ToolHelp |

Do a double-join to get the HRU ID information into the mfcells shapefile.

First, join the table in the mfcells shapefile to the table in the activeCells shapefile using the field

SEQNUM.
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Join lets you append additional data to this layer's attribute table so you can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?

|Join attributes from a table :j

1. Choose the field in this layer that the join will be based on:
[sEQUM |

2. Choose the table to join ta this layer, or load the table from disk:

i@ activeCells :J EJ

[V Show the attribute tables of layers in this list

3. Choose the field in the table to base the join on:

— Join Options
¢ Keep all records

All records in the target table are shown in the resulting table.
Unmatched records will contain null values for all fields being
appended into the target table from the join table.

" Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table,

About Joining Data QK | Cancel |

Now, join the table in the mfcells shapefile (field ACT _ID) to the table cell_hru_table (using field

Rowid).
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Join lets you append additional data to this layer's attribute table so vou can,
for example, symbolize the layer's features using this data.

What do you want to join to this layer?

lJoin attributes from a table :_I

1. Choose the field in this layer that the join will be based on:
{acT_ID ~|

2. Choose the table to join to this layer, or load the table from disk:

I cell_hru_table :J EI

[V show the attribute tables of layers in this list

3. Choose the field in the table to base the join on:

— Join Options
' Keep all records

All records in the target table are shown in the resulting kable.
Unmatched records will contain null values For all fields being
appended into the target table from the join table.

" Keep only matching records

If a record in the target table doesn't have a match in the join
table, that record is removed from the resulting target table.

About Joining Data QK Cancel

Use the Field Calculator to copy the values from cell_hru_table:Majority into the field

IRUNBND.

110



GSFlow Training Class Material: Instructions for GSFLOW Model Input Preparation

Fields: Type: Functions:
cell_hru_table:COUNT 2l? & number [PESC)
cell_hru_table:AREA 5 Atn ()
cell_hru_table:MIN " String Cos( )
cell_hru_table:Max Exp( )
cell_hru_table:RANGE " Date IF";E g
cell_hru_table:MEAN ch];g %)
cell_hru_table:STD Sin( )
cell_hru_table:5uUmM Sar{ )

cell_hru_table:YARIETY
cell_hru_table:MAJORITY

' |= 1

cell_hru_table:MINORITY * I ! |
cell_hru_table:MEDIAMN v

mfcells. IRUNBND = [” advanced & | i | =
[cell_hru_table:MAJORITY] 2]

Load...

Save...

L4

IV Calculate selected records only
Cancel

LAl

Remove the joins on the mfcells shapefile. Use IRUNBND to label the cells in mfcells. It should look

like this.
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® sagehenGlS.mud - ArcMap - Arcinfo
| B |Edt Wow fockmarks insert Selection Took Window belp

| soatis naty WWMD\

|1 * Tenan %  Atrtae Tods  Natwork Tooks » ApLtites ~ &n-.m:zgor- shp  @QAUDOSEI B0 R OM
DS@8 * 28X [0 [$[5w 4 &80 W |y > |# T =] | reosi|

0ojojojojo i -
= £F Layers olo}

3 [0 heus_points_Project

# O hrus_points

# O streeg

# 0O gws

5 [ heus shapefie

# [0 modelDomsn

3 O Aspect_Fill
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After this map has been created, save the Sagehen ArcMap project by clicking File->Save.

The shapefile gis\shapes\mfcells is the vector version of the MODFLOW cell map. The attributes

that were added to this shapefile can be used in ModelMuse.

GVR map

Add four fields to the gvrs shapefile attribute table: gvrhruid (short integer), gvrcellid (short

integer), gvrcellpct (double), gvrhrupct (double).
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I8 Attributes of gvrs

gwrhruld gurceiipet
] 3] 2] a7 3t 40000 2043171285 2096952955 o 0/ N o[
(] 50 22| we| sl soo0|  aoreriaes|  aee0sasss| o] o] o of
13 23] a8 3 40000| 2047771205, 2006952955 o] o 0 0
o] 3] 2 450 34| 3970249581 | 204757202085 2066953 4479 0 0 0 oJ
(] 13] 25] 481 35| 264497118] 204746945021 208702016939 0] 0 ] 0|
[ 4 19 513 36| 2456701615 | 2045493 54662 | 2006520130687 | 0] 0 0 0]
[ 2] sl 37| 3233500756 -2048357 66355 | 2066765 43054 | 0] 0 0 ]
Bl Wl 515 £ 40000 2048171296 2096752955 0| (] 0 o]
] 4] 2] sie 3| 40000 2047971286 2086752955 0| 0 0 0
] el s 40| 40000| 2047771285 2086752955 0| 0 0! 0
(] 14l 24 s 41| 2986055293 2047592 32698 2086756 66334 | 0| ol 0 0
15 20 82 42( 6300079039 | 2048301 73572 | 20888501 77445 0 0 0 0
O i8] 21| esy] 43 3761172331 | 204816615521 2086558 33328 | 0| 0 0 0
[l 8| 2| % 48] a0000| 2047971786 2086552955 o] o 0 0
(] 18] 23| 85| 45| a0000| 2047771206 2096552955 0 0] 0, 0
[ | 151 24| 88| 46| 1446796253| 204763397388 2006551 6672 o] CH 0, 0
[ ] %6 21| Sw 47| 695561615 -204913006859 206644029625 o] 0 0 )
o] 6] 2] sl 45| 1599945123 2047950 14525 206641010599 0] o CH o
] w6l 3] ses) 49] 1323461230 | -20ATT8237775 2065418 56454 | o0 0! 0 0
] 6] 2e]  sed] S0| 557196198 -2047658.51375 200644273847 | 0 0 0 0
5 T ) 51| 4000000000 | 2049771285 2037352955 0| ol 0 0
[ v 1 34 52| 3874595295 | 2043574 01631 | 2067350.30799 | 0 0 0 0
= O 53] 9126474786 | 204342360108 2067301 60822 0| 0 0 0
(] 2] v e 54 316635922 20501667019 2087152955 () ) 0 0
[ 2] 2] eaw] 5| 40000| 2043971206 2087152955 0| 0 o 0
= IR 6| 4000000000 | 2049771206 2087152955 0| 0 0 0
12 14|  am &7 40000| 2049571205 2087152956 o] ol 0 0
[ o0 ae el anona | oneaws s | nersas men | ol Al Al a 1.':1
Record: 14 «f O |m]  show Al selected | Records (0out of 92 Selected) options < |

Gvrcellid is the MODFLOW cell id (SEQNUM) which corresponds to the GVVR. Set gvrcellid =

SEQNUM using the Field Calculator.
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Fields: Type: Functions:
FID S Number  |Rbs()
AREA atn {3
HRU_ID ¢ String Cos( )
AREA 1 Exp( )
PERIMETER " Date Fix ()
ROW Inc(.)
coL Log( )

Sing )
SEQNUM Sar ()
GRY_ID —
GVR_AREA
¢ = ]
¥ =l
gvreellid = ™ Advanced _+.| ;I iJ
[SEQNUM]

" Galculate selected records only
Cancel

Gvrhruid is the PRMS HRU id (HRU_ID) which corresponds to the GVR. Set gvrhruid = HRU_ID

using the Field Calculator.
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Fields: Type: Functions:
ig)en =~ Hmber ﬂf’.ff ;?
HRU_ID . Cos{ )
AREA_1 E?‘p( )
PERIMETER " Date 1 'I;EE g
Egr’ Log( )

Sing )
SEQNUM sarty =l
GRY_ID -
GYR_AREA
; Bl ] =
¥ d|

gvrhruid = I Advanced ﬂ ;I .ﬂ
[HRU_ID] A 7

Load... I
Save... l
Help l
)
[~ Calculate selected records only & |
ancel I

Gvrcellpct is the decimal fraction that the GVR area covers the MODFLOW cell area. Set gvrcellpct =
GVR_AREA/ AREA 1 using the Field Calculator. AREA 1 is the area of the MODFLOW cell

(40,000 meters2)
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Field Calculator i i ﬂll

Fields: Type: Functions:
=

:?EA = Humber ﬁgfé ;
HRU_ID '@ Stting Cosi )
AREA_1 E‘p( )
PERIMETER " Date I:EE g
ggt"' Log( )

Sing )
SEQHUM sar ()
GRY_ID —_
GYR_AREA
¥ il A Y
¥ =~
qvrcellpet = I advanced .ﬂ _I ﬂ
[GYR_AREA]/ [AREA_1] 4|

[ Calculate selected records only
Cancel I

Gvrhrupct is the decimal fraction that the GVR area covers the PRMS HRU area. Set gvrhrupct =

GVR_AREA / AREA using the Field Calculator. AREA is the area of the HRU.
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2]

Fields: Type: Functions:

FID et % Number
AREA
HRU_ID " String
AREA_1
PERIMETER " Date
ROW
coL
SEQNUM sari )
GRY_ID -

GVR_AREA

%

¥ hd

gvrhrupct = [~ advanced
[GVR_AREA]S [AREA] |

[~ Calculate selected vecords only

| 1420984 Tason 3 eo0| & 22 2 0 3550 47602 6 3 oosone 0002433 |
| 1423004 7450 3 eoo00| & 2| 281 2! 14011 580731 | 27 | 3 03503 000984 |
R 3| w000 8 22 2 3 3114 445072 8| 3| oorren 0062187 |
] 1423994 7e508 3 w00 9 19 3 “ 3TN 54158 323 3 0owEs 0026579 |
[ | azesiresns 3 00| 8 ™ 524 [ T G760 24 ) w7 0027429 |
| 1423994 7es0s 3| eoo0| 3 2| 3% & 000 | £ 3 i 002808 |

1423954 79505 3 wmo s @ - 7 Y077 552 2% 3| osA%% 002375 |
] 1423904 7e508 3 w0 s A 8 4672520405 | 7| 3| oiiesie 0003281
| 1Az Teses 3| o0 10 18 £ 3 21 058RS %0 3| 0000s: 0 000015 |
] 142094 7ec08 3 woo| 0] 18] ! 10, 39682 152661 | | 3 oss0es 0027867 |

1423004 14596 3] om0 w0 » %2 1" 0000 000001 %2 3 0 002600
5] 1423954 74508 3 woo| 0l ] L) I | 33| 3 ) 002008 |
| | azeesaTesss 3| 40000 10 @ 3*4 13 0000 000001 w4 3 0 0,280 |
[ ] 1423090 7ase 3 o] 0! | s 14 Y5406 364263 %5 3| omesize] 0024885 |
B REECRC 3 o0 10 M| s 15 6264 37914 6 3 0156809 000439 |
] 1420084 7e506 3 00| v 8] 18 30655 306204 ¥ 3| omrm 002177 |

142394 74565 3| ao000| 11 ) 17 %000 400 3 1 002600
1 a7 et s ween! Tl w! n " & am | 1 ' Ao | l»l’:,
.

record: 1| of 12 a]n|  sowi[A seleted |  Records(Oowofriselected)  optens -

After this information has been created, save the Sagehen ArcMap project by clicking File->Save.
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Making the PRMS Parameter File

Dimension sizes

Start the paramtool by double-clicking on classProblem\paramtool.bat

Set the Dimension Sizes as follows. For this problem, always click on Default when asked about Resize

Dimension:
B3 sagehen.param M=
File Reset Help
Copy + - X / Al Columns Rows Report Difference Compare to Defaults Describe
[ \datalsagehen.param Dimension Size
[ Dimension Sizes ngweell | 1 :“—’E .
7 S ndays 366
Parameter Yalues by Dime - T o
e D e ? nhrucell | 923
) ncascade nrain ‘ 2
[ ndepival ntemp
D ngw one
— ac g
0 nhru ncascade 1;
ngw 5
o= nh nmonths -
(=] nhru,nmonths nsfres 0
D nhrucell nhru 15
[} nmonths nsegment 15|
[ nsegment ndeplval 22|
E‘ ncascdgw 15
| NSSI
= nohs 1
[ ntemp nlapse 3
D one nmonths | 12
nform | 0|
nsnow | 0
mxnsos | 0
ndepl | 2|
nobjfunc ‘ 5|
nsol | 0|
nevap 0
nssr | 15 _
- ) nreach 116 v|
4| j »| ‘ »

This step is setting the dimension sizes (array sizes) in the PRMS modules. To find out what these

dimensions are, left-click in a table cell (select it) and then click on the Describe button in the tool bar.

Click on the menu item File->Save when finished. Remember that all edit made in the paramtool tables

must be saved to the Parameter File for the edits to take effect when the model runs.
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Spatial parameters

Transfer the spatial attributes developed in section 4 to the PRMS Parameter File.

HRU parameters
Start the paramtool by double-clicking on classProblem\paramtool.bat. Click on Parameter

Values by Dimension->nhru in the paramtool tree.

sagehen.param _ |O] %]
File Reset Help
Copy + - X / Al | Columns Rows Report Difference Compareto Defaults Describe
] C:imarkstro/gsflowTraining 200 carea_max 4 cov_type _
[ Dimension Sizes 1 0.6; 3 |-
; S ad 06 3
¢ [] Parameter Values by Dime ) 0.6l 3!
[ ncascade 4l 06! 3
() ndeplval 5 | 0.6| 3
Y ngw B | 0.6| 3|
D nhm‘ { : 0 ? 3
| LLL 8 0.6 3
o~ (=] nhru,nmonths N 06! 3l
[} nhrucell 10/ 0.6 3
E] nmonths 11 0.6 3|
[} nsegment 12| 0.6 3
[ nesr 13| 0.6] 3|
g TE 14| 0.6 3|
D ntemp 15 0.6 3
[ one
(] T [*] «Jii] Dl

Open the gis\shapes\hrus.dbf in excel. This file contains all of the attribute values that were derived for

the gis\shapes\hrus shapefile.
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REALLY IMPORTANT: Sort the excel worksheet in ascending order on the HRU_ID column

(not the ID column). This will insure that that spatial attributes will be pasted into the PRMS

Parameter File in the correct order.

It is also REALLY IMPORTANT that these .dbf files are not save from excel after the content is

sorted.

N ||

: ~
“)AddLevel X Deletelevel 3 Copy Level I 4 o Options... [V My data has headers
Column Sort On Order
Sortty RUIBI ] [vobes =] [Smalest o taroe :
7
@ o9 & Rrut 01 - Moo Exes e lctod
E Weme  Iniet  Pagelwout  Forvtn Dty | Beew  Wiew - "x
£ Proen Accass 5 5 2 Connection o & i _.._! " dosmavardstion - R0 @ 3 3
) Frem Wt -QRM i _q} F imszartn) ? E Zr (o beasay '__l a‘ e Consohtats EJ 'é_l i_' 3
Trom J Lo Refrein st Fiter it Fenowe o Ungronp Sutecty
Stremlet  soyrer~ Connecions || ARe w4 E8t\r ko= P AMANES  Cotamny Dupteater TP NI Aapis o
Get Ltermnl Dwty Connermom Jort & Fatey Dats Tosis Outtne ]
ln Al ] 1D o
o S - o e I ¢ A i T
S0 GRIDCOOE  AREA HRU_ID X ¥ cav_type covden_sum  covden_win sm_max
| € 1 3353375 52332000000 1 -2045719.34135000000 2087725.00742000000 4 100,00000000020 99 93462127690 417999
Al 4 2 7793524.66238000000 1 -I047330.9938. 20873215 4 9957431090270 99.4534225840 n‘lsn‘
B 1 2 3 1423394 74586000000 3 -1048978.65286000000 2087158 25704000600 4 99.61239624020 99.33697357180 uml
E< 3 4 1790502, 37935000000 4 -2050003,37296000000 2086738 24215000000 4 9965205841060 99, 604028650 362
=l S $ 955221 0X197200000 5 -I048376.9642 2006870 4 99.0m98%4200 100.20000000000 402009
Es /4 15 & 4758057.33517000800 6 -J049196.11644000000 2085003 41343000000 4 100.00000000020 9981848323330 3.53428
BN 14 7 2500128 $3632000000 7 -20508535.39108000000 2083719 $9802000000 4 99.9%543885720 100 90002000000 293339
B 12 8 953502.50702300000 0 2047311 99535000000 2085976643 22000000 4 100.00000900090 100.00009000000 Lmnt
BTy 17 3 2097563 50158000800 3 047751825 2084878 7559 4 3976324560550 97.5T132720550 415664
a1 1 10 988378 11438700000 10 2046384 28568000000 2085424 £5050000000 4 100.00000000020 100.90002000000 417539/
a1 16 11 1621637.1131 2000000 11 -2046848.48941000000 2064556, 84012000000 4 100.060000000%0 99.01527408790 umi
s 3 12 465901 41732400000 12 -I046096.56568000000 2095600.6751 3000000 4 100.00000000020 100. 80002000000 417599
Bty 10 13 494263 37085300000 13 <2045605.90315000000 2083541 22152000000 4 100.00000800000 100.90002000000 117599[
ity 13 18 219446 37418000000 14 -2045199, 72958000000 2083448 16558000000 4100 100 £179%9
Bty " 15 2997956 71079000800 15 -1046805.051 2003966721 4 92.15906633300 0531464996340 417599
i
nevnl tmpn LA
Reasy
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Copy the attributes values, column by column, out of excel and into the appropriate column in the

paramtool using cut and paste (ctrl-c and ctrl-v). There are 18 HRU parameters to transfer over:
1. cov_type
2. covden_sum (divide by 100 if needed - needs to be decimal fraction, not percent)
3. covden_win (divide by 100 if needed - needs to be decimal fraction, not percent)
4. hru_area (use the values in acres, not m2)
5. hru_aspect
6. hru_elev
7. hru_slope
8. jh_coef_hru
9. rad_trncf
10. snow_intcp (divide by 100 - needs to be decimal fraction, not percent)
11. soil_moist_max
12. soil_rech_max
13. soil_type
14. srain_intcp (divide by 100 if needed)
15. tmax_adj
16. tmin_adj
17. wrain_intcp (divide by 100 if needed)

Open the gis\shapes\hru_centoid_project.dbf in excel.
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18. hru_lat - this in the Y coordinate of the HRU in geographical coordinates (Don't forget to sort

them by HRU _ID)

Parameters that come from the Gravity Reservoir (gis\shapes\gvrs.dbf) map and go into the nhrucell
dimension
Use excel to open the gis\shapes\gvrs.dbf file. Sort the columns on GVR_ID. In the paramtool,

click on Parameter Values by Dimension->nhrucell.

1. Find the column gvrcellid in excel. Copy and paste the values into the gvr_cell_id column in the

paramtool table.

2. Find the column gvrcellpct in excel. Copy and paste the values into the gvr_cell_pct column in

the paramtool table.

3. Find the column gvrhruid in excel. Copy and paste the values into the gvr_hru_id column in the

paramtool table.

4. Find the column gvrhrupct in excel. Copy and paste the values into the gvr_hru_pct column in

the paramtool table.
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- sagehen.param !E [ %]
File Reset Help
Copy + - X / ANl Columns Rows Report Difference Compare to Defaults Describe
[ Cimarkstro/gsfiowTraining2009/class ‘ gvr_cell_id gvr_cell_pct gvr_hru_|d gwr_hru_pct
} Dimens sas } | 286 0.089 286 0002 -
lj P " - by C | 2 287 0.3 287 0.01
1 9 ‘arameter Values by Dimension ! }
B il Bt lobiibit Lol o B 6 288 0078 288 0.002
N i |
[ ) hcascaae | 4 323 0945 323 0027
[ ) ndepival | 5 324 0994 324 0028
\ﬂﬁ ngw | 6 25 1]
Y/ 326 ) 846
r} nhry L1 — ‘j '4;-
=t | 8 32 0117
o L_j nhru,nmonths g 260 00011
() nhrucell 10 361 '
\\‘ nmonths ‘ 11| 362
r} nsegment |12 303
e 113 364
| )Y nssr 1
= [14] 65
u ntemp | 16 66
[) one 116 399
117 400
|18 401
(14 402
| 20 403
[21 404 ;
i';v_» 437 43 0.02
| 23 43 438 002
| 24 439 1 439 0028
: | 25 440 1 440 0.02 -
4] ’| | ‘ »

To find out what these parameters are, left-click in a table cell (select it) and then click on the Describe
button in the tool bar.
Click on the menu item File->Save when finished. Remember that all edit made in the paramtool tables

must be saved to the Parameter File for the edits to take effect when the model runs.

Cascade parameters

Normally the cascade parameters (click on Parameter Values by Dimension->ncascade in
paramtool) would come from GIS (or other analysis). At this time, the current methods for doing this
GIS analysis are beyond a reasonable exercise for this class. Because of the way that the HRU and
stream segment IDs were were assigned, it will be quite easy to do this by hand.
Set all the values (15 of them) in the hru_down_id column to the value 0. Because of the way that the

HRUs were delineated, all of them drain (cascade) into stream segments (not HRUS).
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Set all of the values in the hru_pct_up column to the value 1. This is because there is only one cascade

coming from each HRU and all of the area from the HRU contributes to each the cascade.

Set the values in the hru_strmseg_down_id column to be the cascade number: 1 for row 1, 2 for row 2, 3
for row 3, etc. all the way to 15. This is because there is only one destination for each cascade, and it is

the stream segment with the ID corresponding to the cascade ID.

Copy the values from the hru_strmseg_down_id column to the hru_up_id column. In the example

problem, each cascade connects the corresponding HRU to the corresponding stream segment.

. sagehen.param Hi=] m
File Reset Help
Copy + . X / Al Columns Rows Report Difference Compare to Defaults Describe
i‘_‘] CmarkstroigsflowTraining2009/clase hru_down_Iid | hru_pct_up | hru_strmseg_down_Id hru_up_id
D Dimension Sizes 1] 0 ! ! L] | b
2 0 | 2
¢ [ Parameter Values by Dimensior a0 ;, o
_.} ncascade 4 ol { 4 4
] ndeplival 5 0 1 5 5
jj ngw ’3‘ U 1 ) b
~ 7 0 1 7
L) nhru . 2
L 8 0 1 8
o- x; nhru nmonths 9 0 " ) 9
) nhrucell 10 0 1 ) 10
[) nmontns 11 0 1 11 11
:\ nsegment 12 ;[ ! 12 1'_’
, o 13 0 i 13
L} nesr 14 0 1 4 14
[ ntemp 15] 0 { 1] I T
) one
-
4 > < »
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Remember that this only works out this way because of the simple way that HRUs and stream

segments were developed for this problem.

Repeat the instructions above for the ground water cascade parameters (click on Parameter Values by
Dimension->ncascadgw in paramtool). These parameters describe how PRMS routes groundwater from
HRU to HRU to streams. Usually these should be set to the same as the surface cascades. If your PRMS
model has swales or lakes, you will need to set these different. In the class problem, used the same

routing scheme as the surface parameters (ncascade).

Click on the menu item File->Save when finished. Remember that all edit made in the paramtool tables

must be saved to the Parameter File for the edits to take effect when the model runs.

Non-spatial parameters

By nhru (click on Parameter Values by Dimension->nhru in paramtool):

1. hru_psta set all of these to "1". This means that the "base™ precipitation station is the first one

(Independence Lake SNOTEL) specified in the Data File.

2. hru_plaps set all of these to "2". This means that the "lapse" precipitation station is the second

one (Sagehen COOP) specified in the Data File.

3. hru_tsta set all of these to "1". This means that the "base™ temperature station is the first one

(Independence Lake SNOTEL) specified in the Data File.

4. hru_tlaps set all of these to "2". This means that the "lapse" temperature station is the second one

(Sagehen COOP) specified in the Data File.

By nrain (click on Parameter Values by Dimension->nrain in paramtool):
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psta_elev Independence Lake SNOTEL (index = 1) is at 2576 meters. Sagehen COOP (index = 2) is at
1932 meters. Make sure that these units match the units used for parameter hru_elev. The units are
meters in the example problem.

By ntemp (click on Parameter Values by Dimension->ntemp in paramtool):

tsta_elev Independence Lake SNOTEL (index = 1) is at 2576 meters. Sagehen COOP (index = 2) is at
1932 meters. Make sure that these units match the units used for parameter hru_elev. The units are
meters in the example problem.

By nrain,nmonths (click on Parameter Values by Dimension->nrain,nmonth in paramtool):

pmn_mo These are the mean monthly precipitation on days with precipitation (storm size) for

Independence Lake SNOTEL (index = 1) and Sagehen COOP (index = 2).

These values (calculated according to Step 2.2) are in the excel file sagehenLapseRates.xls. Copy and

paste them into the pmn_mo table using the paramtool.

.saoﬂwup.vam M= E

Fie Reset Help
Copy + X Al Columns Rows Report Difference Compare to Defaults Describe
{33 finoutisagehen paran ( 22 ' [
S 42, 0522 54 02 0166 0156, 0174

-

=)

-
=l NFS

| pmn_mo
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Click on the menu item File->Save when finished. Remember that all edit made in the paramtool

tables must be saved to the Parameter File for the edits to take effect when the model runs.
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Making the MODFLOW Files

Create the MODFLOW Grid Cell map (ModelMuse method)
1. Open ModelMuse
2. Choose New Modflow Model
3. Set data for MODFLOW Grid:

X origin = -2052271.286

Y origin = 2089452.995

This origin is determined from ARC, and is the upper left corner of the model domain in ModelMuse.

i, Initial Grid =13

Specify initial grid {optional)

|38 Number of columns {200 Column width Layer group name Bottqm
_ —_— elevation

[34 Number of rows 200 Row width Model_Top 0

Upper Aquifer -10

1 Number of layers

Grid origin:

12052271 X 0 Grid angle (degrees)

2089452 Y Vertical exaggeration

[0 Z

? Help X No grid Finish =
Select MODFLOW packages

1. Choose "Model|Modflow packages and programs"

2. Select "LPF: Layer Property Flow"
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<. MODFLOW Packages

- Flow
@& LPF. Layer Prop
I~ HFB: Horizontal F
V¥ UZF: Unsaturatec
= Boundary conditions
+ Specified head
+ Specified fiux
- Head-dependent fiL
I~ DRN: Drain pé

I~ GHB: General |

I RES: Reservo{
™ RIV: River pac
¥ SFR: Stream:|
= Solvers
& PCG; Preconditic
¢ GMG: Geometric
¢ SIP: Strongly Imp
¢ DE4: Direct Solv
+ Observations

LPF: Layer Property Flow package
Comments

I~ DRT: Drain Re _
CETS Evapotrzrv
I~ EVT: Evapotre|:

I~ LAK: Lake pai|:

Use cell thickness to compute vertical conductance in unconfined cells e
(CONSTANTCYV)

Use starting head to compute cell thickness in selected confined cells
(THICKSTRT)

F Use vertical conductance correction (inverse of NOCYVCORRECTION)

o | len viartical flanar marractian tndar dawmtarad canditiane fimmnrea ~fF NIOVECY ¥

< >

-

r

HK (horizontal hydraulic condu
HANI (horizontal anisotropy)
VK {vertical hydraulic conduct

P r r

VANI (vertical anisotropy)  °| Name | Value | Use Zone | Use Multiplier
SS (specific storage) r T

SY (specific yield) ;|
VKCB (vertical hydraulic condi|

o

< >
0 3| Number of HK parameters *

? Help I X Cancel I

+ MODPATH
¢ > >
3. Select "UZF: Unsaturated-Zone Flow"
4. Choose "Use vertical hydraulic conductivity from flow package”
5. Change "NSETS2" to 40
6. Remove check from "Simulate evapotranspiration™
7. Add check to "Print summary UZF budget terms"
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<. MODFLOW Packages

Flow ‘
& LPF: Layer Prop gﬁiggﬁgturatec#bne Flow package
™ HFB: Horizontal F
¥ UZF: Unsaturatec
+ Boundary conditions
+ Solvers
+ Observations
+ MODPATH
Recharge and discharge location option (NUZTOP)
i ITop layer :]
!i Vertical hydraulic conductivity source (IUZFOPT)
;I |Use vertical hydraulic conductivity from flow package ~
E Number of trailing waves (NTRAIL2)
[15
Number of wave sets (NSETS2)
140
v Route discharge to streams and lakes (IRUNFLG)
I~ Simulate evapotranspiration (IETFLG)
¥ Print summary of UZF budget terms (IFTUNIT)
The average height of undulations, D (Figure 1), in the land surface altitude
< s I
? Help | v OK X Cancel |

8. Select "Boundary conditions|Head-dependent flux|SFR: Streamflow-Routing"
9. Include "Unsaturated Flow" beneath streams

10. Add check to "Print Streams"
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“+. MODFLOW Packages

FIO‘;N LPF: Layer Prop: SFR: Stream-Flow Routing package
I~ HFB: HonzontalF  Comments
v UZF Unsaturatec
- Boundary conditions
+ Specified head
+ Specified flux
= Head-dependent fiL

I~ DRN: Drain p¢ : 5%
 DRT: Drain gé ¥ Unsaturated Flow (ISFROPT) ™ LPF hydraulic conductivites used (ISFROPT)

I ETS Evapotre/{ ¥ Print Streams (ISTCB2)
I~ EVT. Evapotré| - Streambed properties (ISFROPT)
™ GHB. General || & Specify some streambed properties using segment endpoints

M LAK Lake pal| ~ gpacify some streambed properties by reach {can't inactivate streams
™ RES: Reservo« Rowily prog by ( )

r IV Rver pac [0.0001 Tolerance (L*3/T) (DLEAK)
_ b4 >R Stear- S Number of trailing wave increments (NSTRAIL)
T ooNels [30 Maximum number of trailing waves (NSFRSETS)
+ Observations _ :
+ MODPATH [10 Maximum number of cells to define unsaturated zone (ISUZN)

I~ Use transient streamflow routing with kinematic-wave equation (IRTFLG)
[T Number of divisions per time step for kinematic waves (NUMTIM)
| Time weighting factor for the kinematic wave solution (WEIGHT)

| Closure criterion for the kinematic wave solution (FLWTOL)

? Help I X Cancel l

11. Select "PCG: Preconditioned Conjugate Gradient™ and type values as shown below.

< >
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s, MODFLOW Packages

« Flow
Boundary conditions
Solvers
IAPCG Preconditic
¢ GMG: Geometric
¢ SIP: Strongly Imp
¢ DE4: Direct Solv
Observations
MODPATH

+

*

*

PCG: Preconditioned Conjugate Gradient package
Comments

Max. number of outer iterations (MXITER): 400

Max. number of inner iterations (ITER1): [200
Matnx preconditioning method (NPCOND): IModiﬁed incomplete Cholesky (1) :]
Max. abs. change in head (HCLOSE): 10.005
Max. abs. residual (RCLOSE): |0.005
Relaxation parameter (RELAX): 1
Upper bound of the max. eigenvalue (NBPOL) | - -]
Printout interval (IPRPCG): 1
Printing control (MUTPCG): |Solver information (0) -
Steady-state damping factor (DAMPPCG). |01
Transient damping factor (DAMPPCGT): [0.97
? Help l v OK X Cancel

Set MODFLOW Output Control

1. Select "Model|Modflow Output Control”

2. Unselect "Compact Budget"
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+, MODFLOW Output Control

General Budget

Head ~ Compact budget
Drawdown - 5

Budget anniaals

IFirst N times steps and each N'th time step thereafter _:l
4 N=[1 =
Save cell flows
" None @ Binary " Listing

@ sossevvaseseasesssueree

?Help || vOK | X Cancell

Set MODFLOW Units and Other Options
1. Select "Model|Modflow Time"
2. Set # of stress periods = 2
3. Choose "days (4)" for "ITMUNI"
4. First stress period -1to 0

5. Second stress period 0 to 300
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. MODFLOW Time

Length Maxfirsttime Multiplier Steady State/
step length Transient
Stress | Starting | Ending | Length | Max first ime |Multiplier] Steady State/ | Drawdown | Number of
period | time time step length Transient reference steps
{calculated)
-1 0 1 1 1 Steadystate & 1
2 OR300 [SOORN 1 Transient 1300
l.? .‘.I Number of stress periods Delete ] Insen |
|days (4) | Time unit (ITMUNI) ? Help || v OK | XCancel]

6. Select "Model|Modflow Options"

7. Set "LENUNI" = "meters (2)"

+. MODFLOW Options
Description Options | wetting|

Basic package options
v Calculate flow between adjacent constant-head cells (CHTOCH)
v Print the start time, end time, and elapsed time (PRINTTIME)

Head value for inactive cells (HNOFLO) Length unit (LENUNI)
F1E20 meters (2) =
Head value for cells that become dry (HDRY) Time unit {ITMUNI)

1-2E20 days (4) [

I~ Open listing file in text editor when model is done

? Help | X Cancel |

8. Continue with: "Model|Modflow Options™

9. Add check mark to "Wetting Active"
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“+. MODFLOW Options E[@\g|

Description | Options Wetting |

v Wetting active
Wetting Factor (WETFCT)

e

terations to check for wetting cells (WETIT)

1 =

Equation for Rewetting Cells (IHDWET)
|h = BOT + WETFCT (hh-BOT) (0) j

? Help | X Cancel I

10. Select "Model|Modflow Layer Groups™

11. Make LAYTYP convertible

‘. MODFLOW Layer Groups

Basics |Discretizati0n|
Layer Group (Aquifer) Name
\Upper Aquifer

Layer type

B Convertible  +| ™

= Middle Aquifer

Method of calculating interblock transmissivity

Harmonic mean (0) v

Method of specifying vertical hydraulic conductivity
g & X J Vertical hydraulic conductivity (0)

? Help v OK X Cancel

| «
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Importing Shapefiles in ModelMuse

1. Select: "File[Import|Shapefiles”

Iumwmm_a—wm

\,; ‘PG i RE (RAP VY AHE QARG AT
T aws DS 240 2] o0®00am
Saen ds ST '
BT 20585 0
Lapont . L0F Fle T T L} T ﬂ
Fles To v Pt
Sagehen_trareg ot
e e 4
rage.
MOOPLOW- 2008 Medel
Mocel Baats Crtemt
I~ Irgort ModePate Vel -1

2083E6 2.084E6 203556 2086E6 2087E6 2.068E8 2.
T
1
2083E6 2.084E6 2 085E6 2 085ES 2 087E6 2 088E6 2 (8%€6

-10

oy — o ‘

thes shapes in a Shapefile Into the cument model  Cot 9, Row 3

2. Import "mfcells.shp”
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Open a Shapefile

Look inc I ) Shapefies_sagehen

\ = gvrs.shp
;b =) hrus.shp
whecen (R

Doct:nents @}strseg.sl'o
Desktop
My Documents
My Computer
My Nelwork
Places

~ Bk

File name: [micells.sho

Files of type: | Shape Fies [*.shp)

Lef Lo
i

33

3. Choose "Options"” Tab
4. Select "import shapes as Objects"

5. Choose "Set Values to Intersected Cells"
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1 Import Shapefile - WAGSFLOW _training\2009\Shapefiles_sagehen\micells.shp
Options | Data | Coordinate Conversion

V Import shapes as objects)

Evaluated at
I~ Setvalues of enclosed cells ~
¥ Setvalues of intersected cells #
I~ Set values of cells by interpolation
r
Import criterion (True EditF{)... |
Import shapes as {a single, multipart object j

Imported shapes should be... jvisible but not selected +|

Associated third-dimension formulas
& Zero ~ One ~ Two

[

Number of shapes = 1292 ? Help ” v OK | X Cancel |I

6. Select "Data" Tab

7. Add check to "ALT", "PRECIP", "ACTIVE", and "IRUNBND"
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Import Shapefile

WAGSTLOW _training\2009\Shapefiles_sagehon\mfcells.shp

GSFlow Training Class Material: Instructions for GSFLOW Model Input Preparation

Options Data | Coordinate Conversion |
Attribute import |  Data Set  |interpolation |
AREA ~ New data set None
PERIMETER |I” New datasst  None
MF3 POL | New dataset None
MF3 POL ID|r New data set None
ROW r New data set None
COL r New data set None
SEQNUM | New data set None
X r New data set None
Y r New data set None
ALT ~ New data set None
PRECIP |~ New data set None
ACTIVE ~ New data set None
IRUNBND |~ New data set None
Select All Select None Toggle |
Number of shapes = 1292

? Help

8. Import "strseg.shp”

Open a Shapefile

Looknlt_)Shweﬂ::_ugd\m _vj ~ B er M-
Hows.sho
Hheus.shp
My Recent mécels shp
Documents
Desktop
My Documents
My Computes
My Network
Flaces
File pame: !w:eg:fp _'__I | Open I
Files of type: {Shape Files [" shp) -l Cancel |

9. Select "Import Shapes as Separate Objects"

10. Select "set values of intersected cells"
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+. import Shapefile - WAGSFLOW _training\2009\Shapefiles_sagehen\strseg.shp

Options |Data | Features | Coordinate Conversion |
¥ Import shapes as objects

Evaluated at
r Set volues of enclosed cel F
¥ Setvalues of intersected cells £
™ Setvalues of cells by interpolation
-
Import criterion [True Edit F{) |
Import shapes as.., [separate objects :]

Imported shapes should be... [visible but not selected +|

Associated third-dimension formulas
@ Zero ~ One C Two

I

Number of shapes = 15 ? Help “ v OK I X Cancel ]I

11. Select "Data" Tab

12. Add check mark to "ID"
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1. Import Shapefile - W:AGSFLOW _training\2009\Shapefiles_sagehen\strseg.shp

Options Data |Features | Coordinate Conversion |
Atribute | import |  DataSet  [interpolation |
ARCID r New dataset  None
GRID CODE |I© New dataset  None
FROM NODE | Newdataset  None
TO NODE |r Newdataset  None
D ~ New data set  None
TO SEGMENT e de
Select All Select None Toggle
Number of shapes = 15 7 Help H v OK I X Cancel ||

13. "Features" tab: Define segment #s time data and ICALC (scroll to right)
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1 Import Shapefile - WAGSFLOW _training\2009\Shapefiles sagehen\strseg.shp
Options | Data  Features | Coordinate Conversion |

<

Basic |Unsaturated |

[SF R: Stream-Fiow Routing package Ej Feature choice 2 :I Number of imes
Starting time Ending ime ICALC Outflow Segments Diversion PRIOR
Segments
-1 0 1
0 300 1

Segment number & »|  Streambed top (STRTOP) | -

Reach length (RCHLEN)  |Objectintersectle ~|  Streambed thickness (STRTHICK) |1 ~

Stream slope (SLOPE) | ~| Streambed Kv (STRHC1) |01 -
Number of shapes = 15 ? Help I v OK X Cancel Jl

14. Import "spring.shp"
15. Check "Import Shapes as Objects"

16. Check "Set values to intersected cells"
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import Shapefile WAGSFLOW _training\2009\Shapefiles _sagehen\spring.shp

Opbons |Data | Features | Coordinats Comversion |

W impart shapes as objects Evaluated at

I Sot values of snclosed "‘

w Setvalues of intersected cellg &

I Set values of calls by interpolation

-

Import criterion {True ﬂ‘
Import shapes as {s.eparale objects _'J

Imported shapes should be. . [visible but not selected |
Associated third.dimension formulas
& Zeto ~ One ~ Two

Numnber of shapes = 6 ? Help

17. Choose "Data" tab

18. Check "ID", which will become "ID2" because ID is already a data set.

import Shapefile - W:VGSFLOW _training\2009\Shapefiles_sagehen\spring.shp

Options Deéta |Features | Coordinate Conversion |
| Attribute
ILONGS3|r Newdatasat  None
| LAT83 | Newdataset  None
\
Select At | Select None Togge |
Number of shapes = 6 7iep || wox | xcance
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Create Point Objects for Cells with Springs
19. Select "Object|Select Object by Name"
20. Choose "Select none"
21. Select all spring objects

22. Select "Create Point Object”

Mods e W ALATLOW _trataing)\ JOOY Sageten MOOELOW Vagohen Lratimng. ppt
P B L R T ———
i MY BUlRE ZAEP VY AOL QARG AYE -

X% | ~REGES A0 /0 v=%) ] 0OFPOSam
"i- 205266 2 0 Omste ot s PEET 204966 2 (MSER 2047E6 2 046E6 204566 20440 2 M3EB
i Y T T T T T ' T

T T T

2 42E6
L

T

T T

2 089E0

2083€E0

J087E6

"

2088
T

|

SE0

208

20840

2083E6

1 T III

- = —— —

IC Bek on e modsl 1o CreaRe @ point obyect

23. Select each cell with a Springs in it.

24. Add check to UZF gages (Print volumes and rates)
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‘+. Object Properties

Propemes{ Data Sets MODFLOW Features IVGmces |

[~ SFR_ Stream-Flow R UZF: Unsaturated-Zone Flow package
™ GAGE for SFR Stre:
=

Formuta

Starting | Ending | Infiltration
time time rate

0 3! Number of times = [nsert ] XQelezeI

 Printtime, ground-water head, and thickness of unsaturated zone, and
cumulative volumes

~ Also print rates

~ Printtime, ground-water head, thickness of unsaturated zone, followed by a
- sernes of depths and water contents in the unsaturated zone

?Hep || wOK | X cCancel

Add Additional Springs not Mapped on Topo Map

25. Select "Create Point Object”
26. Select anywhere on map

27. Select "Vertices" tab, and enter in UTM coordinates shown below.

X, Y coordinates:
28. -2051196.10562, 2085539.7193 (Spring7)
29. -2049368.54429, 2086950.2532 (Spring8)
30. -2046167.2455, 2083356.4582  (Spring9)

31. -2047553.2484, 2084533.9473  (Spring10)
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Don't select "OK"" yet. Goto ""MODFLOW Features' tab

. Object Properties

Properties | Data Sets | MODFLOW Features Vertices l

Section X Y New
Number saction
1] 1 2088974 06282107 ~

? Help H v OK | X Cancel

Create UZF gages for Added Springs
1. Select "MODFLOW Features" Tab
2. Select "UZF: Unsaturated Zone"

3. Add check to UZF gages (Print volumes and rates)
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Object Properties

Properties | Data Sets MODFLOW Features l Vertices |
r~ SFR. Stream-Flow R UZF: Unsaturated-Zone Flow package
; GAGE: for SFR Strai Formula
Starting | Ending | Infiltration
time time rate
0 2] Number of imes H |nsent l 4
 Printtime, ground-water head, and thickness of unsaturated zone,
cumulative volumes
- Print > . zone, followed by a
< > series of depths and water contents in the unsaturated zone
? Help l I v 0K I X Cancel

Set Stream Segment Information

1. Choose "Object|Select Objects by Name"
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Gl Date SRR Mavgation Modd et

YU ::w VX ROE Qae s [

Xk | — HD s v 0 *=z%)> . 008900 E

Crests . 20568 e r,____,}
' - = T T T T i ol

< uTLy

b4
-
2080€E6

LIy ey

1111

Li1ily

R R oo

i
2084E6 2085E6 2080E6 2087E6 2088E8

& A

| EENEEEEEEENSEEEEEEE!

LILLLLLL LY

A
208306

111
111

£ RO
T

1 L1111 II“

L ' -
4 -205E6

Barch for and salect an obyect based on Ils name

2. Click on "Select None"

3. Add check mark to all "strseg_" objects
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%, Select Objects by Name
Top

Omfcells_1
strseg_1
strseg_2
strseg_3
strseg_4
strseg_5
strseq 6

Selected objects = 15
v Include hidden objects

[£

Select All | Select None Toggle |

Select Names Containing:  |[S&arch Term

? Help ” v OK X Cancel |

4. Choose arrow selection tool

5. Double click on highlighted segments

149



GSFlow Training Class Material: Instructions for GSFLOW Model Input Preparation

Modelbuse: W.AGSILOW _1raining2009\Sageden MODFLOW\Sagshen_training B.gpt

Ble [0 @ Owa Comct fewgetion Yew Qustowioe Model oo
MY BOrRE@ wAR VY &OL QR AYH -
X | -nEG e 2040 -l oao®@osanm
45 -2 0566 0 0
4 T T T r T
-
w
a2t
~
8
¥l
<
© T T
~
i
~ 1
B[ i &
-]
& 1
8 i L INEE
gl e TR
p=] ai T JEBE NERNES 4 e
© 1 —l
® {11}
& t
{
&
o
gl
2
&
o)
G L L L
8 -205E6
X.Y) (-20463E86, 2 0859E6) Col 30, Row 18

Specify Segment Information
6. Select "MODFLOW Features" tab
7. Select "SFR: Streamflow Routing"” Select on F() under "Streambed elevation™

8. Select "Segment™ sub tab
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Properties | Data Sets MODFLOW Features |
v SRS  osic | Time | Network | Flows Segment | Channel | Gage |

I~ GAGE: for SFR Stre:

I~ UZF: Unsaturated-Zo  Upstream Formula

Starting | Ending | Hydraulic | Streambed | Streambed | Stream | Stream
time | tme |conductivity| thickness | elevation | width | depth

-1 0 01 1 ALT 3 0
0

o a0 o1 FOAEEEGEGATESE

oo v}

| F
{* Downstream il

Starting | Ending | Hydraulic | Streambed | Streambed | Stream | Stream
ume time |conductivity| thickness | elevation | width | depth

-1 0 01 1 ALT 3 0
0 a0 oh [FOE 3

? Help l v OK X Cancel

9. Set streambed Elevation with User defined "ALT" data set

Double-click to insert into
formula
= Data Sets
+ Optional
o — + Required
ALT = User Defined
= Created from Shapefile ¢
ACTIVE1
ALT
| AREA
Logical operators Numbers Operators D
=| | ano| or 7| 8| 9 ol s wp?;}gcsgo
TO_SEGMENT
« Functions

><JNOTXOR456'/‘

>= | <= True False 1 2 3 + -

Integer operators ol Eg “
MOD DIV

10. Continue with: "Modflow Features" tab.
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11. Select: "Unsaturated" sub tab and input values for unsaturated zone beneath streams

12. Select "OK"

. Object Properties
Properties | Data Sets MODFLOW Features ]

v cosic | Time | Network | Flows | Segment | Channel Unsaturated | Gage |
™ GAGE: for SFR Stre:
™ UZF: Unsaturated-Zo [L’Ipstream

Edit | Saturated volumetnc water content (THTS1)
S Edit | Initial volumetric water content (THTI1)

Edit I Brooks-Corey exponent (EPS1)
| Max unsaturated Kz (UHC1)

N W

L

[
)
I

Edit_ | Saturated volumetric water content (THTS2)
5 _@Q Initial volumetric water content (THTI2)

4 Edit .| Brooks-Corey exponent (EPS2)

3 | Maxunsaturated Kz (UHC2)

? Help H v OK | XCanceIJ

Set Gage to last Reach in Outflow Segment
13. Use Selection arrow double click on last outflow segment
14. Choose "MODFLOW Features" tab
15. Click on "SFR: Streamflow Routing"
16. Select "Gage" sub tab

17. Add check mark for "Standard default" output
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iMune 9 Gl

‘) DUihd wAP VY sOL QAR YH
<ok | —REWNES 200 ¢2%)2 ] OSSR
! -2 D45E6 -5

T T T T T T

®

Bty

T
1
20857ES

)
)
20s55"

Object Properties
Properes | Data Sets MOOFLOW Features | Vartices |

~ IR £ocic | Time | Network| Flows | Seament| Channel| Uinssrated Gage |
I~ GAGE for SFR Strex

L
20853E6

™ UZF: Unsapwrated-Zo ?m SR @
™ " Firstreach = §
 Lastreach &
C Alreaches
Observanon types

@ Standard defaut - §me, stage, afiow. and sokife concentranion)
© T Defeust values phus depth, widh, and flow &t midpoint

- — Detaut values plus straarmbed conductance for the reach, head diferarce
across streambed, and hydraulc gradient across streambed
Y Defeut values plus solute ioad in steam (f GWT is active)
Use for diversions 10 provide a ksting of ime, stage. flow dwerted, madmum
I assigned dversion rate, flow at end of up 0 prior o d
S0kLE concentrason, and sokue load
Used for unsaturatad flow routing 1o prowics a isting of bms, stage,
I~ ground.water head. Mo pags, changs n d storags, and
récharge

~ Used for nsaturatad flow (outing 1o prowds @ isting of bme and the
! ARG unsaturatad watsr content prodse beneath the stream R

2t |[ ok | xcancal

Set Hydraulic Conductivity for Aquifers
1. Select "Create Polygon Object™
2. Create Polygon containing all of model grid
3. Double click new polygon
4. Name object "K_layerl"

Notice range for which object applies. This will be important for multi-layer models
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Object Properties = B
Properties | Data Sets | MODFLOW Features | Venices |
Evalsated at Obyect information (not editable)
. 4 Object length
Neme  [K_layeri] [31372 8325446686
™ Use to set grid cell size Obﬂ?(_ea—
[61031706 7287538
- —
B — Object order

I~ Color obgect line |- |17
|

™ Color object interior

¥ Set vales of enclosed cells
I Set values of intersectad celis
™ Setvalues of cells by inerpolation

Associated third-dimension formidas
r Zero > ~ Two

[ A _EStF). |
Model_Top ) S8 F.Q,..J
Lower Agoordinate {Upper_Aquifer_Battom m

70 |[ vox | xcance

5. Select "Data Sets" tab
6. Choose "Required|Hydrology"
7. Add check to variable "Kx" and specify value of "0.06"

8. Add checks to "Ky" and "Kz" and set Kz= Kx / 2
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Properies Data Sets lMODFLON Features | Vemces |

9. Select "Create Polygon Object”

10. Create 2-3 cell buffer around streams

= [~ Optonal » Formula for "Kx" data set EdtF() |
= ¥ Required 008
= 7 Hydrology

r Active

I~ Horizontal_Amisotropy .

] 4

¥ Ky

¥ Kz

™ Modfiow_ininal_Head

I~ Speafic_Storage ' Data set comment Associated model data

I~ Specific_Yield PHAST MEDIA-Kx

™ Wet_Dry_Fiag MODFLOW LPF. HK

I~ Wet_Dry_Threshold MOOFLOW BCF. TRAN MY

I~ WetDry o MODFLOW HUF . PARTYP=HK
PHAST-style interpolation

Interpolation direction or mixiure
- o r (g r
I Mixture formuta
7 tep X Concel

Th OB ¥ Lee Ded Bevpeie Dee Celes S 6
UMY BUIRE AP Y RDL KK ANE
|X® | ~XNGES 20/ 0 ¢=%) < sOFORom

i 2056 ;
» v

by

LI

7 00ors

208880

A

20088

200520
T
=

10080
T

06260
'J ﬂ

5 i
G 2L

11. Select "Select Objects" arrow
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12. Double click new polygon object

13. Name object "Alluvium_K"

Object Properties A} 3]
Properties | Data Sets | MODFLOW Features | Vertices |

Evaluated at Obgect information (not editable)

. Object length
Name [Allwwum K (27327 1092375493

Objac

I~ Use to set grid cell size Objectarea

- {137753798132324
Objact arder
Color object kne l__ T
Color abject interior l
Set vales of anclosed calls
Sat values of intersected cels
™ Set values of calls by intarpolation

Associated third-dimansion formulas

5

<

A

« Zero ~ One & Two
Hgher Z.coordinate [Madel_Top EditF(. |
Lower Z-coordinate [Upper_Aquifer_Bottom EditF(. |

7 Help v OK XCaocell'

14. Select "Data Sets" tab
15. Click on "Required|Hydrology|Kx" and add check mark.
16. Type "0.25" in "Formula for "Kx" data set

17. Add check mark to "Ky" and "Kz" and set Kz= Kx / 5
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2. Object Properties

Properies Data Sets | MODFLOW Features | Vertices

otional » Formula for "Kx* data set Edit F{)
Required 0 9% :
7 Hydrology o

Active

Honzonta L AN SOtr OpY

@ ‘

v Ky

* Data set comment Associated modsl data

PHAST-shie interpolation
Interpolabon directon or mixure

Midure formula

7 Help Vv OK VI X Cancel

18. Use "Color grid" to verify Kx
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Set Layer Top and Bottom Altitudes
1. Choose "Create Polygon Object"
2. Put polygon around model grid

3. Double click selected polygon

.s«mw.mwmmcummm

JID21| e cad i, AP VW a@L | QAQQ 8 TR
i
Xk | ﬂ'awm amaec $ 0 A0 I.“:_] (o f= 8 -0 B NN
“' s | ki 20566 4 8 !ﬂi
— T 13 T ) } |
— |
W v rd
& | 1
g I 8
& | 8
o 2 | ©
g &
8 ] 18
) 17 = k_ : | = .
g 7 | 18
< o
g |
g | ik
~ ‘ oy
& l 18
&l | g
~ l o~
~™ L
wE
wE :
" I A A " 'S
[3 2056

(Craate, changs, of 0esste data sets

The associated third-dimension formulas should be set to "zero"
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“+. Object Properties

Properties | Data Sets | MODFLOW Features | Vertices |

Evaluated at
- ' o

Object information (not editable)
Object length

Name |Land_surface]
™ Use to set grid cell size

™ Color object line

147657 2139796363

Object area
(141640017 969971

Object order
| -l 28

I~ Color object interior

|

v Setvalues of enclosed cells

I~ Set values of intersected cells

I~ Setvalues of cells by interpolation
maled third-dimension formulas
™ One C Two

A

IEIGE

LEdFOE |

? Help v OK X Cancel I

4. Select "Data Sets" tab

5. Select "Required|Layer Definition"

6. Select "Model Top" and click on "Edit formula™

7. Choose "User Defined| Created from Shapefile™ and double click "ALT"
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2. Object Properties

# I~ Optional
= ¥ Required

= 7 Layer Definition
Viocel Too

I~ Upper_Aquifer_Bottom
I~ UZF
+ 7 User Defined

PHAST-styie interpolation

-

b
(I

Properties Data Sets | MODFLOW Features { Vertices | Imported Data

Formula for "Model_Top" data set Edit F()... |
ALT
4
 Data set comment Associated model data
MODFLOW DIS: Top

Interpolation direction or mbxture

~ (o

| Mixture formula

c c

I |

_EditF(). |

? Help ] v OK I XCancelI

8. Repeat for "Upper_aquifer_bottom™ Set to ALT-120

160



GSFlow Training Class Material: Instructions for GSFLOW Model Input Preparation

. Object Properties

Properties Data Sets | MODFLOW Features | Vertices | Imported Data

® ™ Optonal Formula for “Upper_Aquifer_Bottom" data set EditF()...
= 7 Required -
= 7 Layer Definition ALT-120
™ Model_Top

cdUpper Aquifer Bottom
+ I~ UZF
+ ¥ User Defined

if
% Data set comment Associated model data
MODFLOW DIS: BOTM

PHAST-style interpolation
interpolation direction or mixture

o o i (‘ 2
ﬁ | Mixture formula
(I (I _EditFg. |
? Help Vv OK X Cancel I
Check Layer Altitudes

9. Select "Color Grid"
10. Choose "Data Sets|Requied|Layer definition|Model Top"

11. Select "Apply"
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||D2H)» BaxRd [wAe|iy 0 Qe M.
X | —mEYES | «2A0-S0 o0 enE

Q)

-2 0566 4 &

o boundary condibon Time
Model_Top == Fie

= Data B

208366 2084ES 2085E6 2086E5 2087E6 2088E6 2089€6
1
1T 3 ¥
-
'

2083E6 2084E6 2085E6 2095ED 2087E6 208556 2089E6

Lower imit (Min value = 1907 057) Uppée hmit (Max value = 2645 472) |

™ Limtto l ~ Limitto
L= Color scheme
[Rainbow | Oycles

N T - -
Color ad &
g et SEr—— 20 [ Aoy | fgos | f———

i
1

Set Wet_Dry Data
12. Choose "Create Polygon Object™
13. Put polygon around model grid
14. Double click selected polygon

15. Set associated third-dimension formulas to "Two"
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Properties | Data Sets | MODFLOW Features | Vertices |

Evaluated at Object information {not editable)
E & Object length
Name [wet_dry [31170.0009751824
™ Use to set grid cell size l’?%,:—%%%am
—_— Object order
I~ Color object line ] — 2

I~ Color object interior |

¥ Setvalues of enclosed cells
I~ Setvalues of intersected cells
I~ Setvalues of cells by interpolation

Associated third-dimension,

« Zero  One WO,
Higher Z-coordinate [Model_Top Edit F()

Lower Z-coordinate |Upper_Aquifer_Eottom Edit F()

7 Help H v OK | XCancell

16. Choose "Data sets" tab
17. Choose "Required|Hydrology|Wet_Dry Flag"
18. Click on "Edit formula"

19. Type if((ACTIVE1>0),1,0)
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Properties Data Sets bMODFLOW Featues | Vertices |

= v Hydrology ~  Formula for "Wet_Dry_Fiag" data set Edit F()
I~ Active v
™ Horizontal_Anisotropy WIACTIVEY 201 1.0)
™ Kx
r Ky
r Kz
™ Modtiow_Inibal_Head ‘
I~ Specific_Storage

I~ Specific_Yield \
v (* Data set comment Associated model data
¥ Wet_Dry_Threshold ILFP: WETDRY
¥ WetDry
# I UZF
+ 1" User Defined !
PHAST-style interpolation
Interpolation direction or midure
r ~ « T r

b [ Moture formula
b [ “EaiFy. |

7tep |[ vok | xcancel

20. Set Wet_Dry_Threshold=0.01

21. Set Wet_Dry =Wet_Dry_Flag*Wet_Dry_Threshold

Propertios Data Sets |MOOFLOW Features | Verces |

P Hydrology ~  Fommuda for "WetDry" dats set EanFo) |
I~ Active —
™ Hongortad_Anssotropy
™ Kx
Ky
rkz
™ Modhow_kbal_Mead
™ Specc_Siorage
I~ Specie_Yiek

| Wet_Dry_Flag * Wet_Dry_Threshold

@ Wet_Cry_Flag * Diatas sot comment Associsted model data
¥ Wet Dey_Trrashold [ IFP WETDRY
=
Uz

= I” User Detngd )

PHAST-se interpolason

= Interpolaon drachion or mixare

- r r r

fi Mixture farmula

[ [
| | |

_7iep |[ wox | xcame|
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Set Active Cells
1. Select "Create polygon object™ tool
2. Put polygon around model grid
3. Double click on selected object

4. In "Properties tab" Name object "Active_layl"

«. Object Properties

Properties | Data Sets | MODFLOW Features | Vertices |

Evaluated at Object information (not editable)
. : Object length
Name [ERSIESENE ' [32072 5366097774
I Use to set grid cell size Obgect area
| 164050106 5546875
— Object order
™ Color object ine ] — ]?19

I~ Color object interior ]

v Setvalues of enclosed cells
I~ Set values of intersected cells
I~ Setvalues of cells by interpolation

Associated third-dimension formulas
« Zero  One ~ Two

| CEGiRIL |
Higher Z-coordinate IModel_Top Edit F()

Lower Z-coordinate [Upper_Aquifer_Bottom - EditF()... |

? Help H s oK | XCancelJ

5. Select "Data Sets" tab

6. Choose (with check mark) "Required|Hyrology|Active"

7. Select Edit F()

8. Choose "User Defined| Created from Shapefile” and double click on "ACTIVE1"

9. Type ">0" so formula reads "ACTIVE1>0"
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. Object Properties

-

# I~ Optional
- 7 Required
= ¥ Hydrology

v Active

™ Honzontal _Anisotropy
I Kx

r Ky

Kz

I~ Modflow_Instial_Head
I~ Specific_Storage

I~ Specific_Yield

I~ Wet_Dry_Flag

~ Wet_Dry_Threshold
™ WetDry

PHAST-style interpolation

[ Mixture formuta

[

~ Formula for "Active” data set

Properties Data Sets | MODFLOW Featuresl Vemces|

| oy

ACTIVE1>0

Data set comment

Associated model data

PHAST MEDIA-active

MODFLOW BAS: IBOUND

Interpolation direction or mixture

c

-

o 24

I

l

_Edtr) |

7 Help

v OK I X Cancel I

Use "Color Grid" again to check that IBOUND was set correctly
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Set All other Cell Property Data

Layer 1
1. Select "Data Sets" tab
2. Select "Create Polygon Object"
3. Put polygon around model grid
4. Double click polygon

5. Name object "All_other_properties"

“+. Object Properties

Properties | Data Sets | MODFLOW Features | Vertices |

Evaluated at
(o C

Object information (not editable}

Object length

Name [All_other _properties

I” Use to set gnid cell size

I~ Color object ine

[56257 5985560705

Object area
[193418315.793457

Object order
[ | ||EY;

™ Color object internior

¥ Set values of enclosed cells
I~ Set values of intersected celis
I~ Setvalues of cells by interpolation

Associated third-dimension formulas

« Zero  One ® Two
Higher Z-coordinate [Model_Top
Lower Z-coordinate {Upper_Aquufer_Bouom

[ERT)
Edit F() l
Edit F()

? Help v OK

X Cancel I

6. Select "Data Sets" tab

7. Choose "Required|Hydrology|]MODFLOW_Initial_Head"
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8. Type: "ALT"

9. Add check to "Specific_Storage™ and use default values

10. Add check to "Specific_Yield" and use default value

+. Object Properties

Properties Data Sets | MODFLOW Features | Vertices |

# [~ Optional
- v Required
= ¥ Hydrology

[~ Active
I~ Honzontal _Anisotropy
™ Kx
r Ky
Kz
S Modfiow _Initial Head
WV Specific_Storage
W Specific_Yield
I~ Wet_Dry_Flag
I~ Wet_Dry_Threshold
~ WetDry

PHAST-style interpolation

r

|

~

| I Mixture formula

Formula for "Modflow_Initial_Head" data set Edit F().. |
ALT
“ Data set comment Associated model data
BAS STRT

Interpolation direction or mixture
o ' 2 o |

l | I

? Help v OK X Cancel |

11. Add check to "UZF" and select "Discharge_Routing"

12. Type "IRUNBND"

Don't choose OK YET!
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2. Object Properties

Properties Data Sets | MODFLOW Features | Vertices |

# [~ Optional Formula for "Discharge_Routing" data set Edit F()... [
- ¥ Required

& |7 Hydrology [RUNBND

= UZF

I~ Brooks_Corey_Epsilon

~ Discharge_Routing 1

I~ Land_Surface

™ Saturated_Water_Content |

~ UZF_Layer E
+ [~ User Defined 1 Data set comment Associated model data
UZF: IRUNBND

PHAST-style interpolation
Interpolation direction or mixture
~ C T ' o

P " Mixure formula
[T I _EarF) |

? Help v’ OK X Cancel l

-

13. Choose "MODFLOW Features"

14. Add check to "UZF: Unsaturated-Zone Flow"

15. Increase "Number of times" to 2

16. Set "Infiltration rate” to "PRECIP*0.55" for both times

Don't choose OK YET!
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‘2. Object Properties

Properties | Data Sets MODFLOW Features l

o Formula

™ GAGE: for SFR Stre: UZF: Unsaturated-Zone Flow package

Starting | Ending | Infiltration
fime time rate

X G PRECE]
0 300 PRECIP

2 2| Number of times

cumulative volumes
-

= [nsert ‘ X Delete |

Print time, ground-water head, and thickness of unsaturated zone, and

Print ime, ground-water head, thickness of unsaturated zone, followed by a
series of depths and water contents in the unsaturated zone

? Help

v OK

X Cancel

Set [UZFBND for UZF
17. Select "Data Sets" tab
18. Choose "Required|UZF|UZF_Layer"
19. Type in "ACTIVEL" in to "Formula for UZF_Layer" data set

20. Choose "OK"

Note: The other option would be to set "UZF_Layer" to imported data set "ALT" and ModelMuse will

determine which layer for each column is the land surface cell.
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GSFlow Training Class Material: Instructions for GSFLOW Model Input Preparation

+. Object Properties

Properties Data Sets | MODFLOW Features | Vertices |

+ ™ Optional Formula for "UZF _Layer" data set [EditFf).. |
- ¥ Required C

+ 7 Hydrology RETNVE]

=~ UZF

I~ Brooks_Corey_Epsiion

W Discharge_Routing

I~ Land_Surface

™ Saturated_Water_Content
v UZF_Layer

# 1~ User Defined \* Data set comment Associated model data
UZF: IUZFBND
PHAST-style interpolation
Interpolation direction or mixiure
g = o - C

P [ Mixture formula
[ il _EdtFg |

? Help v OK | X Cancel I

Use Color Grid to check that IRUNBND was set correctly
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Link Outflow Segments
1. This determines the outflow segment for each segment.

2. Choose "All streams"
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2, Link Streams

What to link 1

o Selected streams

Link tolerance
1100
v Keep existing linkages

? Heip ||« Appy] it Close|
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