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Introduction

This document is designed to teach the basics of creating a Groundwater Geodatabase based on the
conceptual groundwater data model and extracting the data from the geodatabase to develop a Finite
Difference groundwater model with PMWIN. It illustrates the procedures of data preparation and the Finite
Difference groundwater model development for the Konza Prairie regional groundwater system in a step-by-
step manner. Through the course of the document, you will be working with Arc Map, Arc Catalogue, Arc
Toolbox and PMWIN (Processing MODFLOW for Windows). PMWIN is a simulation system for modeling
ground-water flow and transport processes with MODFLOW (Chiang 2001). PMWIN 5.3 can be
downloaded freely at http://www.pmwin.net/pmwin5.htm.

The following data files have been provided to allow you to work through the tutorial:

1.
2.

3.
4.

o o

dem: The raster dataset on the surface elevation of the Konza region.
ConceptualGroundwaterDataModel.xml: The XML schema for the conceptual groundwater data
model.

FourCounties.shp: The shapefile on the extent of the four counties surrounding Konza prairie.
GroundwaterDataModelForModflow.tbx: The toolbox containing tools and models created for
working with the conceptual groundwater geodatabase.

KonzaBoundary.shp: The shapefile on the boundary of Konza prairie.

KansasRiverBed.shp: The shapefile on the boundary of Kansas River Bed

KonzaWells.mdb: The Arc Hydro Groundwater Geodatabase containing the well pumping records in
Konza region.

NHDInThreeHUCs.shp: The shapefile on the national hydrograph river segments in three 8-HUC
watersheds surrounding Konza prairie.

It is recommended that you create a new folder for saving the above data files as well as your work on this
tutorial. In this tutorial, the working folder is C:\KonzaModflowTutorial.
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Chapter 1: Creating the Conceptual Groundwater Geodatabase

Konza Prairie, which is an experimental nature preserve owned by the Nature Conservancy and Kansas
State University, is operated for environmental research, education and preservation by Kansas State
University Division of Biology. It covers more than 34 square kilometers in the tall grass prairie of the Flint
Hills in northeastern Kansas, near the city of Manhattan.

The first step in groundwater modeling is to establish the modeling purpose and formulate the conceptual
view of the groundwater system. The adequacy of the groundwater system conceptual view dictates the
resulting groundwater models’ performances. In this tutorial, the Konza groundwater system is
conceptualized as a single unconfined aquifer layer consisting of two areas with different hydrogeological
properties: the alluvial aquifer underlying Kansas River bed with a higher hydraulic conductivity and the
fractured limestone/shale aquifer with a lower hydraulic conductivity (Figure 1).

+ Pumping Wells

N —— Rivers
A [ ] Kansas River Bed
[ ] Model Domain

0 2.5 5 10 Km

Figure 1 Conceptual View of the Konza Groundwater System

The conceptual groundwater data model is fully capable of storing the groundwater system conceptual
view. In the following, we will show you how to create a new geodatabase based on the conceptual
groundwater data model and how to store the Konza groundwater system conceptual view in the
geodatabase.
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1.1.Create an Empty Conceptual Groundwater Geodatabase

(1) Open up ArcCatalog, right click your working folder, and click “New — Personal Geodatabase.”
Name the new personal geodatabase “KonzaGroundwaterFD.mdb.”
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(2) Right click the empty geodatabase “KonzaGroundwaterFD.mdb”, and click “Import — XML
Workspace Document ....” This will import the feature dataset, feature classes, object classes, raster
catalog, and relationship classes defined in the conceptual groundwater data model to our

geodatabase.
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(3) Define the coordinate system for the GroundwateConcept feature dataset. Right click the
GroundwaterConcept feature dataset, and click “Properties...”
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Under the “XYCoordinate System” tab, define the projection system to be “NAD 1983 UTM Zone
14N.” Click the “Select ...” button, and click through the path of Projected Coordinate Systems — Utm
—Nad 1983 — NAD 1983 UTM Zone 14N.prj in the window of “Browse for Coordinate System.”
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The defined XY Coordinate system should be like in the following figure. Click OK on the window of

Feature Dataset Properties.
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_J Feature Dataset Properties ilﬁ

General # Coordinate System IZ Coordinate Systeml Talerancel Hesalutianl Damainl

Marne: I MAD_1953_UTM_Zone_14M
Details:
Prajection: Transverse_Mercator -

False_Easting: S00000,000000
False_morthing: 0.000000
Central_Meridian: -99.000000
Scale_Factor: 0.999600
Latitude Of Crigin: 0.000000
Linear Unit: Meter (1.000000)

Geographic Coordinate Syskem: GCS_Morth_smerican_19583
Angular Unit: Degree (0,01 745329251994 3295)
Prime Meridian: Greemwich (0,0000000000000000007) i
Datum; D_Morth_American_1983
Spheroid: GRS_1980
Semimajor Axis: 6375137.000000000000000000 LI

Select, .. Select a predefined coordinate system,

Import a coordinate syskem and #/'Y, £ and M domains from
Import. .. an existing geodataset {e.q., Feature dataset, feature
class, raster),

Create a new coordinate system,

Edit: the properties of the currently selected coordinate

el

Maodify... syskem.,
Clear Sek the coordinate swskem to Unknown,
Save fs.., Save the coordinate system ko a file.

0k | Cancel Apply

1.2.Define Aquifer Layer

Konza Prairie groundwater system is conceptualized as a single-layer system. Hence, we only need to
add one record to the table AquiferLayer.

(1) Open ArcMap, and add the AquiferLayer table from KonzaGroundwaterFD geodatabase.
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Bd ]
Lock in: IaKunzaGmundwaterFD.mdh j EI alﬁl%l E

) AnalyticElementControlPoinksHasa. .. Personal Geodatabase Relationship ...
Aquiferl aver Personal Geodatabase Table

L) AquiferLineHasanalyticElement Personal Geodatabase Relationship ...
L) AquiferLineHasaguiferLayer Personal Geodatabase Relationship ...
xR AquiferPointHasanalyticElement Personal Geodatabase Relationship ...
2 AquiferPointHasAquiferLayer Personal Geodatabase Relationship ...

3 AquiferPolygorHasanalyticElement  Personal Geodatabase Relationship ...

Mame: I.-'-\quiferLayer

Marne | Type | =
@Gruundwaterl:uncept Personal Geodatabase Feature Data, ..
AnalyticElement Personal Geodatabase Table =
[ AnalyticElementControlPoints Personal Geodatabase Feature Class

[

Add

Show of type: IDatasets and Lapers [“.lyr] j Cancel |

(2) Start an edit session by selecting Start Editing on the Editor Toolbar. Then open the AquiferLayer

table by right clicking it and clicking Open.

EE= Layers
= @ CionzaModFlovw TutariallKonzaGroundwaterFD. mdb

Anquiferlayigs
Inins and Relates 3
. Remove

(3) Add a new record to represent the Konza Aquifer as the following:

Ef Attributes of AquiferLayer -0 =]
OBJECTID * HydrolD * Hame Ftype
3 1 1 [Konza .ﬂ.quifer| Aguifer

Recnrd:ﬂjl 1 jﬂ Shiow: W Selected | Recards {0 out of j

(4) Click “Editor — Save Edits” to save the newly added record, and then click “Editor — Stop Editing”

to exit the edit session.

1.3.Modify the HydrolDTable

HydrolDTable is used by ArcHydro Toolbar to assign the unique HydrolD value. Since we have just
assigned 1 to the HydrolD of the single aquifer layer, we need to update the table with the value.

(1) Add HydrolDTable to ArcMap.

(2) Start an edit session.



Yang et al. Conceptual Groundwater Data Model with PMWIN 2009

(3) Open HydrolDTable and make editions as shown in the following figure:

Ef Attributes of HYDROIDTABLE

=10l x|

OBJECTID LAYERKEY HYDROID

3 2 |[Cthers

et 1 4T oo

Show: W Selected |cu:uru:|sj

(4) Save the edits, and stop editing session.

1.4.Define the Groundwater Model Domain

WaterPolygon feature class is used to store the regions with different boundary conditions. We will use
the feature class to store the boundary of Konza groundwater model.

(1) Add the shapefiles “FourCounties.shp” and “KonzaBoundary.shp” to Arc Map.

(2) Add the WaterPolygon feature class to Arc Map. We will create a new polygon defining the model

boundary and add it to the feature class.

(3) Zoom to the area surrounding Konza Boundary, and start an edit session. Make sure that you are

editing data from the Personal Geodatabase.

Start Editing

‘Wwhich falder or database do you want to edit data from'?

2 x|

Source I Type

C: A onzabd odflow T ubarial Shapefiles

LM onzak odflow T utonialhK.onzaGroundwaterFD. .

al

Perzonal Geodatabaze

Thesze layerz and tables will be available for editing:

W aterPolygon
AquiferLayer
HYDROIDTABLE

]

I

Cancel |

(4) Make sure that the target of editing is “WaterPolygon”, and use the sketch tool # todrawa
rectangle around Konza. Finish the sketch by double clicking the last vertex.
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J Editar ¥ | r |ﬁj Task: | Create New Feature | | Target: [ waterPalygon | |.>( = | | J e (R (N P
J Georeferencing ™ Load Objects. .. | Layer:l j gj f |
1=
= KonzaBoundary
[
= FaurCaunties
(|
= WaterPolygon
(|

L

(5) Modify the coordinates of the newly sketched polygon. Use the edit tool ' * to double click the
newly sketched polygon, and its four vertices will show on the screen.

Click the sketch properties button £. Change the X, Y coordinates on the “Edit Sketch Properties”
window as shown in the following figure. Click Finish Sketch after you finish.

. \L ) e

A

Edit Sketch Properties =
Part | | % | i |
0 0 FO1939.000  4340430,000
1 720196.000  4340430.000
z 720196,000  43520400.000
3 701259,000 4320400

Finizh Sketch |
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(6) Save the edits, and stop the edit session.

(7) If the ArcHydro toolbar is not already added, add it by clicking “View — Toolbars — ArcHydro
Tools 9.”

J Eile Edit |Wiew Insert Selection Tools ‘Window Help
J | e |i R nls™ | Graphics™ | Calibration™ | P
J S . Layouk View ﬁ g@; l ” m m [
] Zoam Data [ 3
J O & zoomLayowt NIz |\-|;, ||1:119,133 | ‘
J Editor = Bookmarks b b Feature LI | Target: @
J— Toolbars 4 |T Main Menu ﬁ
30 Analyst —

J Tefrain P Dverflow Annatation |T advanced Editing E

E Scrollbars Anirmaticn

ﬁ Rulers Annatation

D.i’. Guides Aplkilsfets

[ arid Arc Hydro Tools 9

(8) On the ArcHydro toolbar, click “ApUtilities — Assign UniquelD.”

B '

* MetworkTodls ¥ |Apltliies * "5 # 32 05 @ B Help
List Maps

Add Mew Map

Sek Targek Locations. ..

ML Manager. ..

Load/Merge Canfig XML

HydroID Tables Manager. ..

EnableDisable HydroID Manager

Assign UniquelD

Additional Utilities »

(9) On the “Assign Unique 1D” window, specify the options as in the following figure:
= Select the WaterPolygon layer
= Select the option of “yes” to overwrite existing unique IDs
= Select the option of applying to all features

Click OK. Then, click OK on the subsequent window to accept the assigned HydrolD values.
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{HydrolD

— Layers

Select Al |

" Mo
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—Apply bo

' Selected features t* Al features

LN

0OK | Cancel |

*
!

Assign UniquelD

HydralDs were successfully assigned ko the selected
lavers, The HydroIDs ranged from 2 to 2.

X

(10) Open the attribute table of WaterPolygon. Calculate the field AquiferLayerlID to be equal to 1, which
is the HydrolD value of the single aquifer layer. Right click the field AquiferLayerID, and click “Field
Calculator...” Click OK to accept calculating outside the edit session. Type “1” in the Field
Calculator window, and click OK.

Field Calculator

=10] x|
Fields: Type:
: | Aquiferl ----~* i . e
il & Sort fiscending OBJECTID % Number
— — ; HyedroI
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I Al Selected _— :
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Shape_Length
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Calculate Geomekry. ..
AquiferLayerID = [ advanced

Field Calculator

You are about to do a calculate outzide of an edit seszion. Thiz method iz fazter than calculating in an edit
sezzion, but there iz no way to undo vour results once the calculation beging. Do vou wish to continue?

[~ Don't warn me again

1

\

s

X

21 x|
Funictions:

Abs ()
bty
Cosi )
Exp( 3
Fim {3
Inti
Log( }
Sing
Sar {1}

]
HEE

Load...

' = L

Save. .,

Help

o]

Cancel

it b

10
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1.5.Populate the AquiferPolygon Feature Class

AquiferPolygon feature class is used to store the regions with different aquifer property values. In this
case, the Kansas River bed has a higher hydraulic conductivity relative to the rest of the modeling area.
We will add Kansas River bed to the AquiferPolygon feature class. For your convenience, we have
provided the boundary of Kansas River bed (KansasRiverBed.shp).

(1) In Arc Catalog, right click the AquiferPolygon feature class, and click “Load — Load Data....”

"=l Contents  Preview I Metadatal
2] aquiferPoint ;I
-[E]] AquiferPolygon

/&) AquiferPalygon Copy b+
----- % AquiferPalygon ' Delete

-] AquiferPolygon
----- S5, AquiferPolygon
-[52] AquiferPalygon fmalyze. .
----- 5, AquiferPalygon
-] waterLine Create Laver...
EI \WaterLinePoink

Fename Fz

..... S, WaterlinsPoint o g

- [57] waterPaint SUrEYING. .

- [E] WaterPalygon

5] WaterPolygonL L.:..a-:l 3 Load Data. ..

""" D, waterPolygorl W feviewRematch Addresses, | 9 Load #ML Recordset Document...

.

(2) Click Next on the first “Simple Data Loader” screen.

(3) On the first screen of “Simple Data Loader”, browse to add the shapefile “KansasRiverBed.shp” for
data loading. Click Next.

Simple Data Loader x|

Enter the zource data that you will be loading fram. Chck Add ta add it o
the lizt of zource data to be lnaded. v'ou can load from multiple data zets in
the same operation if they share the zame schema.

|nput data

=

Lizt of zource data bo load

C:\k.onzabd odflawT ubarialsk.ansasHiverBed shp €—

Aidd Hemoye I

¢ Back I Mext » I Cancel |

(4) Accept the option of not loading all features into a subtype. Click Next.

11
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Simple Data Loader

zource data into.

Chooze ah existing geodatabase:

Select the target geodatabaze and feature class that you will be loading the

Select the target feature class:

IE: Fonzabd odfliow T utonalsF.onzaG roundwaterF 0. mdb

I.l’-‘xquiferF'DIygu:un

Select the target subbype.

| want to load all features into a sublype.

| do not want to load all features into a sublype.

i

X

al

(5) Accept the default field matching, and click Next.

< Back

I M et = I

Cancel

Simple Data Loader

For each target field, select the source field that should be loaded into it.

Target Field Matching Source Field
HydrolD [int] =Mones=
Matne [string] Mame [string]
AnuiferLayerlD [int] =Mones=
AnalyticElemertlD [int] =Mones=

(6) Make sure to choose the option of loading all of the source data, and click Next.

Flesetl
¢ Back I et = I Cancel |

12
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simple Data Loader x|

You can load all of the features from your source data into the target feature
clazs or you can limit what is loaded by defining an attribute queny.

' Load all of the source data

" Load only the features that satisfy a query

Huery Builder... |

¢ Back I Mewt » I Cahcel |

(7) Click Finish on the final summary window. Examine the AquiferPolygon feature class, and your can
see a new polygon feature has just been added to it.

(8) Now, we need to edit the attribute table of AquiferPolygon. Add AquiferPolygon to ArcMap. Open
its attribute table, and calculate the value of the field AquiferLayerID to be 1 (Please refer to step 10
in section 1.4 if you have questions).

(9) Use ArcHydro toolbar to assign the unique HydrolD value for AquiferPolygon in the same way we
did for WaterPolygon in section 1.4.

£ Assign HydroID x|
otk Tools > | ApUtiities = 75 &, b4 ap ILa_l.Jers j

List Maps Wwiorkspace I::\KonzaMDdflowTutDriaI'\KDnzaGru:uurj
Add Mew Map

— Layers
Set Target Locations. .. A/
FML Manager. .. Wat_erF'u:nI_l,lgon Szl il |

Aquiferlayer

Load/Merge Config XML HYDROIDTABLE
Hydraoll Tables Manager. .. Assign UniquelD X
Enable/Disable HydralD Manager _ Denmiie Exising HodelD HydroIDs were successfully assigned ko the selecked
Assign UniguelD lavers, The HydroIDs ranged from 3 to 3.

- " Mo v ies
Additional Likilities

=

j/\ ~Apply to

= Selected features {+ Al features

£/

(1].4 | Help | Cancel
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1.6.Populate the WaterLine Feature Class

WaterLine feature class is used to store the boundary conditions that are defined along lines. We will use the
feature class to store the river segments in the area. Data on river networks can be obtained from the National
Hydrography Dataset (NHD). For your convenience, we have provided the NHD datasets
(NHDINnThreeHUCs.shp) for three watersheds that overlaps the modeling area (HUC 10270101, HUC
10270102, and HUC 10270205).

(1) First, we will get the river segments that fall within our modeling domain by clipping the NHD river
segments with WaterPolygon. Add the shapefile NHDInThreeHUCs.shp to Arc Map. Open the Clip
tool under the Extract toolset of the Analysis Tools toolbox, and specify the parameters for the tool as
shown in the following figure, and click OK.

Ih'

=
B cioo S
a 30 anabyst Toos 0 ;I
=58 Analysis Tools
EI& Exkract Inpuk Features
A Clip f NHDINThreeHLICs R ﬂ
----- #* Select
e it Clip Features
L Table Select |iu'l.-'aterF'|:|IygDn =] ﬂ
H E]--& Orverlay
E]--& Proximity Oukput Feature Class
E]"% Skatistics IC:'I,KDnzaMl:nI:IFIDwTutDriaI'I,RiversWithinKanzaMadelBD.shp ﬂ
(-4 Cartography Toals
& Canversion Toals #¥ Tolerance (optional)

=-&& Coverage Tools I b eters j
=-i& Data Interoperabil:

[+ Data Management T
a Geocoding Tools

& Geostatistical Analy:
a Linear Referencing 1
a Multidirnension Tools
& Metwork Analysk To

a Samples LI

-8 Server Toals

a Spatial Anakyst Tool: QK I Cancel | E rmvironments. . | Show Help = |

(-4 Spatial Statistics Tac

(2) Zoom to the modeling area if needed. The river segments are too detailed for our modeling purpose,
and we need to simplify them. To do so, start an edit session, and specify to edit the shapefiles in
your working folder.
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“Which folder or databaze do you want to edit data from?
Source I Type

C:hFonzak odflow T utarial Shapefiles

C:WFonzak odflowT utonial\F onzaGroundwaterFD .. Perzonal Geodatabasze

1| | ]
Thesze lavers and tables will be available far editing:

RiversWithink.onzahi odelBD A
MHDInT hreeHU Cs

K.onzaBoundarny

FourCounties

QK I Cancel |

(3) Uncheck every layer except the layer RiversWithinKonzaModelBD. Make sure that the editing
target is RiverswWithinKonzaModelBD. Use the edit tool '* to select all of the river segments.

Click the Generalize tool ¥~ , specify the maximum allowable offset criteria to be 200, and click OK.
You will see that the river segments have been simplified to become less winding. Save the edits and

exit edit session.

Maximumn allowable offset: |20

(] I Cancel |

(4) On Arc Catalog, load the simplified river segments from RiversWithinKonzaModelBD.shp to the
WaterLine feature class as shown in the following figures. The main loading steps are:

= Right click WaterLine, and click “Load — Load Data...”
= Browse to add the shapefile — RiversWithinKonzaModelBD.shp.
= Choose the option of not loading all features into a subtype.

= Accept the default field matching.

= Choose the option of loading all of the source data.
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I\N’aterLine

% | do not want to load all features into a subtype.
| want b lnad &l features into & subtupe,

Select the target subtppe,

! =
I
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fSimple dataLoader =SS x
Erter the source data that pou will be loading from. Click Add to add it ta
the lizt of source data to be loaded. You can load from multiple data setz in
the zame operation if they share the zame schema.
2| Conterts ot data
----- &, aquiferPolygonPointFallwithinaguiferPalygaon ;I P
WaterLine @l ¢
-] waterline BY copy CtrHC
----- =y Waterline List of data to load
El Waborpo > Delete ist of zource data to loa
W:tZ:Pz:: Rename Fz zatd odflowT utorialsR ithink.onzakdodelBD. shp
] waterPoly analyze. .
----- SR, waterPoly
5] waterPoly Create Layer...
----- 2 wWaterPoly
5] WaterPaly Export ’
o
..... o, WaterPaly Surveying... Sdd Remove I
AnalyticElemer |
B anaiyticeieme: IR ata. . v
Ly AnalyticElemer S ey Rematch Addresses, L, Load ¥MLReco cBack [ Mews | cancel |
21 mauiferLaver
. _ For each target field, select the source field that should be loaded intait.
Select the target geodatabase and feature class that you will be loading the
zounce data into.
» ; Tatget Field Matching Source Fisld il
Chooze an existing geodatabase:; FiyaroD ] pryp—
IC:\KonzaMDdflowTutorial\KonzaGmundwaterFD.mdb w | Marme [=tring] MNARKE [string]
AcuiferLayerlD [int] =Mone=
hultipleLayers [int] =hone=
Select the target feature class: AnalyticElementlD (] pry—

!

\

v

< Back I Hest > I Cancel | < Back I Pt » I Cancel |
V'ou can load all of the featurez from vour source data into the target feature ST
- . L . iy
clagzs or you can limit what iz loaded by defining an attribute query.
Summary for data load operation
/ @ Load all of the source data L -
K ource data: C:\KonzabdodfiowT utorialsRiverswithinK onzak odelB D shp
= Load only the features that satisfy a queny Target geodatabase:
C:\Konzak odflowT utarial\K.onzaGroundwaterF D mdb
T arget feature class: WaterLine
[Hueny:
[Huem Builder...l
\ 4
< Back MHext > Cancel < Back I Firizh I Cancel |
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(5) Add the WaterLine feature class to Arc Map. Open its attribute table, and calculate the value of the
field AquiferLayerlID to be 1 (Please refer to step 10 in section 1.4 if you have questions).

(6) Use ArcHydro toolbar to assign unique ID values to its HydrolD field in the same way we did for the
WaterPolygon feature class in section 1.4,

‘:' Assign UniquelD 5'
work Tools > | Aplkilties » = tMap ILa_l,lers j
List Maps Workspace | C:MEonzatd odflowT uturial\KnnzaGrtj
Add Meww Map g
UniguelD |Hydrol D
Set Targek Locakions, .. — Layers

=ML Manager. .. {
AquiferPolygon Select Al |

LoadiMerge Config XML WwaterPalygon

HydrolD Tables Manager. ..

Enable/Disable HydrolD Manager
Assign Uniguell PSR B D 2] Assign UniquelD il
~ « N pac

Additional Lkilities HydrolDs were successfully assigned to the selected

lavers, The HydroIDs ranged From 4 to 204,

" Selected features /'ﬁ' All features

7

1].4 | Cancel |

1.7.Define the Recharge Rate

In this tutorial, the recharge of the area is assumed to be uniform with a rate of a 0.0003 m/d.

(1) Add the WaterProperty table to ArcMap.

(2) Start an edit session. Use the edit tool ' ® to select WaterPolygon. Click the Attributes button to
display the Attributes window. Expand under WaterPolygon, right click WaterProperty, and click
Add New. Set the field BDValueUnit to be equal to meter/day, and PropertyValueX to be 0.0003.

atibutes A
e ThE B Eoer—v |
e ———— — ez OBJECTID ]
=8 WaterPuIygnn Properky - WaterlinePoint FeaturelD z
-1 - \WaterPoink Boundary Type Discharge
. waterPalygonLine - Wiaterline BDVE‘:”EX ID.DﬁUSI V<
. f BOYalue <Mull=
i \W aterPalygonPaink ‘W akerPolygonline e e
B Trre———— i+ \WaterPolygonLinePoin -
[ ' aterProperty ; BODakeTime <Mull=
B AquiferLayer || A0d Gelected e WakerPalygonPoint Side <Mull>
Add Mew | [+ AquiferLayer | | | EDvaluelnit meter/day
- 1 4 A
Remaove ol |-| fealunzs

(3) Close the Attributes window. Save the edits. Open the attribute table of WaterProperty, and you will
find one new record has just been added with the correct FeaturelD value.

17



Yang et al. Conceptual Groundwater Data Model with PMWIN 2009

1.8.Store Well Pumping Records

Data on the pumping wells in the region are provided in the Arc Hydro groundwater geodatabase
KonzaWells.mdb. This geodatabase was created based on the Arc Hydro Groundwater Data Model
designed at University of Texas at Austin (Strassberg 2005). For our groundwater model, we need to
extract the 2004 pumping records of the wells that fall within our model domain from the Arc Hydro
groundwater geodatabase.

(1) Extract the 2004 well pumping records from KonzaWells.mdb. Double click the model — “Import
Wells” in the GroundwaterDataModelForModflow toolbox and fill in the parameters for the model as
shown in the following figure:

- !
E& GroundwaterDataMaodel
- ogen Impart Wells

=101 %]

N

1. Specify the source Arc Hydro groundwater
geodatabase to extract well pumping records.

S0L For Selecting Pumping Records (optional)

E +aImport Wells

g

E ArcHydroGroundwaterDatabase (optional)

E I CsikonzaModflowTutorial | Konzawells. mdb R
g

E ConcephbiaroundwaterDatabase (optional)

E I i konzaModflowTukarial| K onzaGroundwaterFD . mdb
-

2. Specify the conceptual groundwater
geodatabase to import well pumping records to.

[[TSDateTime] = #12-31-2004 00:00:00# AND [T5¥alue] >0 AND [TSTypelD] = 2

f

=
saL

3. Input the SQL statement to extract the well pumping records in 2004

(] | Cancel | Envirunments...l Shaow Help = |

[

(2) The model — “Import Wells” creates a feature class named “WellTemp” under the
GroundwaterConcept feature dataset of your groundwater geodatabase. Add the newly crated feature
class “WellTemp” to Arc Map.
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Look in: I@ GroundwaterConcept

ol o ools|e]

) ‘W' aterPolygonPointFallyWithinky ate., .

ellTemp

are | Tvpe

= waterpaint Personal Geodatabase Feature Class
‘iaterPolygon Personal Geodatabase Feature Class
‘iaterPolygonLine Personal Geodatabase Feature Class
l1"(:.'n.-‘n.-'aI:erF'u:ul\:.-'|;|u:unLineFaII'u'n.-'iI:hin'n.-‘u.-'alzer... Personal Geodatabase Relationship ...
R ‘'aterPolygonLinePoink Personal Geodatabase Feature Class
E.huWaI:erF'u:uIygu:unLinePDintFaIIOnWat... Personal Geodatabase Relationship ...
= ‘WaterPolygonPaink Personal Geodatabase Feature Class

Personal Geodakabase Relationship ...
Personal Geodatabase Feature Class

Marne: I'W'EIIT EMp

Show of thpe:

I Datazetz and Lavers [ lwr)

=

Cancel |

Add

(3) Open the attribute table of the WellTemp layer, and add two fields — TemplID (type: Long Integer)
and PumpRate (type: Double).

b

P ———
‘ Switch Selection
=l
Select All

Add Field

TETRTHE add Eield. ..

96 472f Turn Al Fields On M armne: ITEl'i'll:'”:l
-38 4963 Restare Defaul Colu

95 a1 Tuoe:

96 469 Related Tables R
e —
96 G564, Al] Create Graph... — Field Froperties
-98 65571 Add Table to Layout "
eeMn— Aligz

96 5593 na Reload Cache Aoy MULL Yalues Yes
SB.545% 2 prine... Default alue
-0 B5E6E = v—
OB 5055 Reports QITEIN
SEASTT gyt

aF o4 ar

APpEarance. ..

]

Cancel |

2l

Add Field

2| x|

M arne:

Type:

IF'umpH ate

— Field Properties

Alias

Allowy WULL %alues

Yes

Default " alue

Cancel

o]

(4) The unit of the pumping records extracted from the Arc Hydro Groundwater geodatabase is in acre-
foot per year. We will convert the data to the unit of m* per day and save the converted values in
the field PumpRate by using the field calculator as shown in the following figures. Since these wells
are pumping wells, their extraction rates are specified to be negative as required in PMWIN.
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| ™ Calculate selected records only

]

Field Calculator e |
Fields: Type: Functions:
well_Longitude ;I ;};“ Hurrber Abs ()
well_Latitude Atn( ]
Well_Wellse " string Cos i )
well_Status 'E_XD( )
el _Counky " Date II:EE g
well_FTvype Log ()
_||:||5| el _Depth Sin g
Timeseries_FeaturelD Sqri i ;l
TSValue PumpRat= i -l TirmeSeries_TSTypelD
7785 [=hull= = Sort Ascending Pmeger!es_;gaalteﬂme . lll "
5637 |<hul = ' imeSeries_T3Yalue | | |
= :Nﬁu: £ Sort Descending PumpRate -
35 [=pull= Jummarize. .. PurpRate = [ advanced Ll ;l ;l
39.96 | <hull= 2 Statistics... [Timeseries_Tvalue] *(-3,38)| -
13.85 | =Mull= I Load... |
Field Calculator, ..
16791 |=kull= E
57 05 |=pull= Calculate Geometry.. . Save.. |
1423 A Turn Fisld OFf -3.38 is the conversion factor from vep |
: 3
35.12 | =hull= FreezefUnfreeze Column acre-foot per year tom per day for
24.15 |<Nult= : the wells’ pumping rates
1694 |<Mul= > Delete Field P ping
12 7R [ =khill= Pruper’ti_esnl LI

Cancel

(5) Assign unique Hydro ID values for the WellTemp feature class and save it in the newly added field
TemplD.

Metwork Tools * [apUtilities =  —5 & 32

Lisk Maps
Add Mew Map

Set Target Locations. ..

AML Manager. ..

Load/Merge Config XML

HydrolID Tables Manager. ..

Enable)Disable HydroID Manager

Assign Uniguell

Additional Likilities »

£ Assign UniquelD |
hap ILa_l,lers j
Wwiorkspace I CAKonzakodflowT uturial\KunzaGrcj
UniguelD ITemp|D
— Laypers
elTamn T —
WhaterLine Select All |
AquiferPolpgon
“WaterPalygaon

Assign UniquelD ﬂ

TemplDs were successfully assigned ko the selected
lavers, The TemplDs ranged From 205 ko 247,

— Owenarite Exizting Uniguel D

= Mo A {* ‘Yes
—Apply to
{~ Selected features P v Al features

1] 4 | Cancel |

(6) On Arc Catalog, load features from WellTemp to WaterPoint. The main loading steps are:

Right click WaterPoint,

and click “Load — Load Data...”

Browse to add the feature class WellTemp as the source data for loading.
Choose the option of not loading all features into the subtype.
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= Match the source fields TemplID and HydroCode to the target fields HydrolD and Name,

respectively.

Yang et al. Conceptual Groundwater Data Model with PMWIN 2009

= Choose the option of loading all of the source data.

Simple Data Loader x|
Enter the source data that pou will be loading from. Click Add to add it to
the list of source data to be loaded. ¥'ou can load from multiple data sets in
the zame operation if they share the same schema.
-~ ond A0d the feature class WellTemp as the |, |
----- % WaterLinePointFalonwaterLine ;I source data for Ioad|ng
-] WaterPDir*
(B waterPoly Copy Crl+-C Lizt of source data to load
= WaterFoly 2 Delets C:konzaM odflowT utorialyFonzaGroundviaterF D mdbsGroundwaterConc
----- o WaterPaly
Rename Fz2
-] weaterPoly
----- R WaterPaly Analyze, ..
57 waterPoly
_____ ST —— Create Layer...
--[EE] AnalyticEleme fo— N
-7 AnalyticEleme
----- 2, analyticEleme S EYITIT . Add Hemave I
AquiferLayer
_____ EI._E. AquiFerLineHa g e Load Data. ..
..... =Y iFerli Review/Rematch fddresses. . .
o AquiferlineHa i El;. Load %ML Re
o~ ; ) * < Back I Mext > I Caricel |
----- T AauiferPointH. e oo oo ||| —
Simple Data Loader il Simple Data Loader il

Select the target geodatabaze and feature clazs that you will be loading the
soLrce data into.

Chooze an existing geodatabaze:

IC: K.onzakodflowT utarialyk.onzalG roundwaterF 0. mdb

Select the target feature clazs:

|WaterPoint

" | do not want to load all features into a subtype.
ﬂ | yant to load Al features into & subtipe,
Select the target subtype,

| =

a|

For each target field, zelect the source field that should be loaded inta it.

< Back I Mext > I

Cancel

Target Figld Matching Source Field il
Hryedrall [int]
Mame [string]
AquiferLayer|D [int] =hone=
Muttiplelayvers [int] =Mones= I
AnalyticElementiD [int] =hone= SpeCIfy the
matching
fields.
Reset |
< Back I Mext > I Cancel
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Simple Data Loader x| Simple Data Loader
You can load all of the features from vour source data into the target feature
class or you can limit what is loaded by defining an attribute query. Summary
& Load all of the zource data Summary for data load operation
) Source data:
" Load anly the features that satisfy a query C:5Konzatd odfowT utorialyK onzaGroundwaterF D mdbhGroundwaterCone
epthwellTemp
T arget geodatabase:
. C:\Konzakd odflowT utorialK.onzaGroundwaterF D, mdb
Huery EU"dET---l T arget feature class: WaterPoint
BQuerny:

x|

< Back I Meut » I Cancel < Back I Firizh I Cancel

(7) Add WaterPoint to Arc Map. Calculate its field AquiferLayerID to be equal to 1.

Fields; Type:
OBIECTID ;}: Mumber
HydralD
Marne . String
AquiferLayerID
- ||:||£| MulkipleLayers " Date
AnalyticElementID
+f  AquiferLayeriD * ] |
=Mull= £ Sort ascending
=Mull= =
£ Sork Descendin

=Mull= - ?

=Rull= Summarize. ..

=mull= E Skatiskics. .. AguiFerLayerID = I Advanced

=Mull= —

“Hulls E Field Calculator. .. 1 L

=mull= Calculake Geometry,

=Mull= )

“Hulls Turn Field CFF

=hlull= Freeze/Unfreeze Co

=Mull=

=Mull= ¥ Delete Field

~hall-

i Properties... Ll

&l Selected | Remrdsll ™| Calculate selected records anly

21
Functions:

absi )
atn )
Cos( )
Expi J
Fix {3
Ink( )
Logf )
Sing )

Sar ) LI

e =
BIRiE

Load...

Save..,

Help

Ok

Ll

Cancel

(8) On Arc Catalog, load data on pumping rates from WellTemp to the WaterProperty table. The main

loading steps are:

= Right click WaterProperty, and click “Load — Load Data...”
= Browse to add the feature class WellTemp as the source data for loading.
= Choose the option of loading all features into the Discharge subtype.

= Match the source fields TempID, PumpRate, and TimeSeries_TSDateTime to the target fields

FeaturelD, BDValueX, and BDDateTime, respectively.
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= Choose the option of loading all of the source data.

=

=

--[EZ] WaterPropetty
----- '?_E. ‘WaterProperty
----- 2, waterProperty
----- E.h.;. ‘WaterProperty
----- ?.E. ‘WaterProperty
----- 2 waterProperty
----- ?_E. ‘WaterProperty
----- ':'4.&'. ‘WakerProperky
7-F5 KonzaWells.rdb
----- @ ConceptualGround
i-EH dem

/& FourCounties.shp
]--% GroundveaterDatal
--[Z2] HYDROIDTAELE. dt
& KansasRiverBed. sk
--E ¥onzaBoundary.sh

3 8 ronzaconcepruat T

----- 2, wWaterPolygonHasagquiferLayer

Copyy Cerl+C
= Delete
Rename F2

Reaister with Geodatabase

Analyze...

Export

Create Feature Class

Compress File Gendatabase,

Uncompress File Geodatabase, .

% Geocode Addresses. ..

Simple Data Loader

Select the target geodatabaze and table that you will be loading the source

data inta.

Chooze an exizting geodatabaze;

2

IE: K.onzak odflowT uterial\K.onzaGroundwaterF D.mdb

Select the target table

IWaterF’loperty

™ | do mot want to load all rows into & subtype.

& | want to load all rows into 3 subtype.

Select the target subtype.

=l

LTI I

Mame:
Type:

Load Data..

a|

Simple Data Loader

Enter the source data that pou will be loading from. Click Add to add it ta
the list of source data to be loaded. Yiou can load from multiple data zets in
the same operation if they share the zame schema.

Input data

Add the feature class WellTemp as the
source data for loading

List of source data to Toad

C:\Fonzah odilow TutarialyF.onzaG roundwaterFD . mdbMG roundwater Conc:

Femove I

Ldd

|

< Back

I MHext » I

Cancel

< Back I Mext » I

Cancel |

Simple Data Loader

For each target field, select the source field that zhould be loaded inta it.

x|

Target Field Matching Source Field
FeaturelD [int] TemplD [int]
BDYalueX [double] PumpRate [doukle]
BCYalue [double] =Mone=
BDValueZ [dauble] =Mones=
BCDateTime [DATE] TimeSeriez_TSDateTime [DATE]
Sicle [irt] =Mones
BC aluelnit [int] =Mone=

Specify the

matching fields

—

< Back I MHext > I

Cancel

Yang et al. Conceptual Groundwater Data Model with PMWIN 2009
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x| =

“'ou can load all of the rows from pour source data into the target table or pou

can limit what is loaded by defining an attibute query. Summary
% | oad all of the source data Sumrary for data laad operation
g Kource data:

€ Load only the rows that satisfy a query C:Kanzat odflowT utonalKonzaGroundwaterF D.mdEAGroundwaterConc
ept/ellTemp
Target geodatabase:

o B C:Kaonzat odflowT utonalhKonzaGioundwaterFD.mdb
sty Sulldzr... Target Table: \WaterProperty

Queny:

< Back I MHext » I Cancel | < Back I Firish I Cancel |

(9) Delete the WellTemp feature class. In Arc Catalog, right click WellTemp, and click “Delete.”

L W akerPalygonPoinkFallWithin' aterPokygon
- [5F] wellTemp

AnalyticElerne Copy Chrl+iC
EI .ﬁ.nalyticEIemEE Dl

i n : =

ey AnalyticEleme

LTER Aol oo Rename Fz

1.9.Define Hydraulic Conductivity Values

The groundwater modeling area is divided into 2 zones with different K values: Kansas River Bed with a
K value of 24 m/d and the area outside Kansas River Bed with a K value of 1 m/d.

(1) Add the AquiferProperty table to ArcMap. First we will set the K value for Kansas River Bed.
(2) Start a new edit session, and use the edit tool ' & to select AquiferPolygon. Click the Attributes

button, and the Attributes window shows up. Expand under AquiferPolygon, right click
AquiferProperty, and click Add New. Set the value for the field PropertyValueX to be 24.

attributes  Wavribates £
[+ AguiferPalygon AquiferPalygonPaoint Propetksy | Value
[l Kansas River (=] AquiferProperty OBIECTID 1
i AguiferPalygonline B3 FeaturelD 3
AquiferPalygorPoint i AquiferPokygonLinePoir PropertyType HydraulicConductivity

fiquiferProperky AquiFerPaint Propertyvalues [24]
AquiferLaver add Selecte - AquiferPolyaorPaink PropertyYalusy <Mull=

) &l Mes : e Propertyyalued “hull=
..... AnalvkicEl r Add Mew
nialyticElernen .ﬁ.qufFerLlne Side <Ml
Remove &l - AguiFerLayer PropertyValueUnit  meter/day
AquiferLinePoink
i quiferPalygonLine
- Sauiferl aver hd
| | v
1 features I'l features 1] | i
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(3) Expand under AquiferLayer, right click AquiferProperty, and click Add New. Set the value for the
field PropertyValueX to be 1. Close the Attributes window. Save the edits. Open the attribute table
of the AquiferProperty, and you will find that two new records are added with the right FeaturelD

values.
attributes _  llatibutes £
-- AquiferProperty ‘I E -- AquiferProperty *l Froperty | Yalue
B AquiferLayer =- AquiferLayer OBJIECTID 2
- Koniza Aguifer = Konza Aquifer FeaturelD 1
WakerPoink - W akerPaint PropertyType Hydr aulicConduckivity
- AquiferPaint - AquiferPoint Propertyvaluey  [1]
- WaterLine - WWakerling PrapertyValuet <Hull=
[ WakerPolygan - WaterPalygan F‘_r;perty'-.l'aluez <Nu:::=-
BquiferProperty [=]- AquiferProperty Side I =h :;d
ik ; ProperbyValuelnit  meter/da
- AquiferLine Add Select E-1 Pe !
“ pnalyticElement e i AquiferPokygc
- AnalvticElement o A it T
p | nalvticElemen | Remove A | ¢ | ; .t!\cineernI;
I‘I features I_* I‘I features 1| | _’I

1.10. Define Layer Top and Bottom Elevation

Now, we need to define the top and bottom elevation for the Konza aquifer layer. In this tutorial, we
assume its top elevation to be 500 m and bottom elevation to be 250 m.

Start an edit session, if you are not in one. Open the table AquiferProperty, and add two new records as
in the following figure. Save the edits and stop the edit session.

B Attributes of AquiferProperty - |EI|5|
OBJECTID * | FeaturelD * PropertyType PropertyValueX | PropertyValueY |PropertyValueZ| Side | PropertyValueUnit | «
1 3 | HydraulicConductivity 24 |=Mull= =fuill= =full= meter fday
2 1 [ HydraulicConductivity 1 |=Mull= =Mull= =Mull= meteriday
3 1 TopElewvation 200 | =Mull= =M= =pulll= meter
k 4 1 BazeElevation 250§ =Mull= =Pull= =PFull= meterll
Record: ﬂjl 4 jﬂ Shiow: I Al Selected | Records {0 ouk of 4 Selected) Cptions v| ‘?

1.11.

Store River Conductance in WaterRaster Catalog

Rivers have different interaction mechanism with groundwater depending on their hydraulic head and
groundwater head. PMWIN uses the conductance parameter to describe the interaction between river
segments and groundwater. For our model, we assume that conductance differs by the size of river
segments. If a river segment is part of Kansas River or it is a second or higher-order river segment, we
consider it a major river segment and assume its conductance to be 141.4 m%d. The rest of the river
segments are considered to be small, and their conductance rates are assumed to be 0.014 m?/d.

(1) Rivers are defined with general head boundary conditions. Some river segments touch the model
boundary. To ensure the general head boundary conditions are not defined on the model boundary
and cause double definition of boundary conditions, we first get the river segments falling more than
200 meters away from the model boundary. Buffer the WaterPolygon feature class that defines the
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model boundary with a distance of -200 m, as shown in the following figure, and save the output file
as “ModelBDBufferMinus200m.shp” under your working folder.

Caae _iojx
Y
Inpuk Features /
IC:'I,Ku:unzaMu:uu:IFIu:uwTutDrial'l,Ku:unzaGru:uundwaterFD.mu:II:u'I,GrDundwaterCu:uncept'l,WaterPu:ul‘;.-‘gu:un ¥ LI ﬁl
Cukput Feature Class
|C:'l,Ku:unzaMu:uu:lFIu:uwTutu:uriaI'l,MDdeIBDBuFFerMiHUSZDDm.shp X
Distance [value ar Field]
% Linear unit e
I -200 IMeters j
" Field
I -1 =
(] 4 | Cancel | Envirunments...l Show Help == |

(2) Next, to get the river segments falling more than 200 meters away from the model boundary, clip the
WaterL ine feature class that contains the river segments with ModelBDBufferMinus200m.shp, as
shown in the following figure. Save the output file as
“RiversWithinModelBDBufferMinus200m.shp” under your working folder.

_iojx
Y
Inpuk Features
I Z:\KonzaModFlowTutorial\KonzaGroundwaterFD, mdbh GroundwaterConcepth ' aterLine 4 LI =
Clip Features
-1 KonzaModflowTutorialModelEDEUFFerMinus 200m. shp K LI =
Cutput Feature Class
IC:'l,Ku:unzaMu:u|:|FIu:uwTutu:uriaI'l,Rivers'-.-'-.-'ithinMDdEIBDBuFFerMiHUSEDDm.shp K =
# Tolerance {optional) —
I IMeters j LI

(] I Cancel | Enviru:unments...l Show Help »» |

(3) Assign conductance rates to the river segments. Open the attribute table of the shapefile
“RiversWithinModelBDBufferMinus200m.shp”, and add a field “Conduc” of the type double.
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Select the major river segments as shown in the following figure:

Calculate the field “Conduc” to be 141.4 for these major river segments. Right click the field Conduc,
and click “Field Calculator...”, and enter 141.4 in the subsequent window. Make sure to only calculate
values for selected records.
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Shape_Leng

Condu _

2362194852
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b
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Sumrnarize. .
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Field Calculator
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Calculate Geometry. ..
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e

¥ Calculate selected records only

2

Functions:

Abs( )
Atn )
Coz[ ]
Expl ]
Fis [ ]
Int[ ]
Log[ )
Sinl ]
Sar[ ]

=
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Calculate the field “Conduc” to be 0.014 for the rest of river segments. Click “Option — Switch
Selection” to select the rest of river segments. Right click the field Conduc, and click “Field
Calculator...”, and enter 0.014 in the subsequent window. Make sure to only calculate values for selected

records.
H P =
-_— dh Find & Replace. ..
Cond
: s B select By Attributes. ..
i2 141 4 2
i5 141 4 ] Clear Selection
i3 g Switch Selection
4 o
7 m Select Al
& i add Field. .
- 1414 Turn All Figlds O
3 5 Turm iglds On
15 141 .4 Restore Default Column Widths
k5 141 .4
) 0 Related Tables
i2 141.4 i
Create Graph...
5 1] m Shas
6 141 .4 Add Table ko Layout
& 141 4 —~
Reload Cache
4 0 L2 o
5 141 4 &h Print...
i3 141 .4
7 1414 Reports
i3 141.4 Expart...
Appearance...
ﬂ Records (&3 out of 190 Selected) QpLErE d |
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A ield Calculator 2z
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2479 326537 Statistics... MultipleLa " Date m‘[{ ]]
4194.161008 E Bield Calculatar. ., Analytickl Log( ]

2227 19984 Shape_Leng Sin( ]
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Save..
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Clear the selection of the river segments by clicking “Options — Clear Selection.” Close the attribute table.

a4 Find & Replace. ..

Conduc

0.014 B

g Switch Selection

0 Select Al

o Add Field. .,
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0 Turn All Fields Cn
0.014 Restare Default Colurn ¥
0014

0 Related Tahbles
0014 .
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(4) Create the raster on river conductance. We will use the spatial analyst toolbar for this.
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First, we need to set the analysis extent to be WaterPolygon. On the Spatial Analyst toolbar, click
“Options...” Activate the Extent tab on the Options window, and set the extent to be the same as Layer

J Spatial Analyst * | Layer: Ikpmwir

H Distance
Density, ..
Interpolate to Rasker

Surface Analysis

[ J

Cell Skakistics. ..

Meighborhood Statistics. ..

Zonal Skatistics. ..

Reclassify, .,

Rasker Calculakor, ..

Converk

Opkions. ..

£ Analysiz extent;

Top:

Snhap extent to;

General Ewxtent IEEII Sizel

Same az Laver "FourCounties"
Same az Layer "kprwin'

Same az Layer "wellpumppwin''
Same az Layer "dem"

Same az Layer "KonzaBoundary'

Same az Layer "modelbdprisin

n
Left I 7019|Same az Layer "riverhdprsin'

Battor: I 4320400

|<Nu:une>

=

o]

Cancel |

Next, on Spatial Analyst toolbar, click “Convert — Features to Raster...”, and specify the input features

to be RiversWithinModelBDBufferMinus200m.shp, the field to be Condu, the output cell size to be

100, and save the output raster to be “conductance” under your working folder.

Spatial Analyst = | Layer: Ikpmwin

Distance
Density. ..
Interpolate ko Raster

Surface Analysis

k

Cell Statistics. ..

Neighborbood Statistics. . .

Zonal Statistics, .

Reclassify, .,

Raster Calculakar. ..

=~

MinZ00m selection

‘erMinus200m

#inZ200m

Features ko Rasker. .,

Raster ko Features., .,

Features to Raster

|nput features;
Field:

DOutput cell zize;

I C:4KonzatodflowT utu:urial"'.Fj EI

100

Cutput razter;

IE: “FonzaM odflow T utarialhcon E."l

o |

Cancel |

2 x

(5) Add new water boundary condition subtype for river conductance to the conceptual groundwater data
model. The conductance parameter used in PMWIN is not included in the original conceptual
groundwater data model. But we can extend the groundwater data model and add new boundary type
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to the WaterProperty table. On the ArcCatalog window, right click the WaterProperty table, and click
“Properties...” Activate the Subtypes tab, and add a new subtype named
WaterBoundaryConductancePMWIN. Specify the unit of the boundary type to be L2/T, and the
default unit value to be 13, which represents m%d.

-5 KonzaGroundwaterFD. mdb {TableProperties 21 x|

w AquiferRaster Generall Figldz I Indexes Subtypes |F|e|atiu:unshi|:us|
-5 GroundwaterConcept :
@ ‘WakerRasker F Suhtype Field: IBDUFII:IEII"}."T':."I:IE j
--[E5] AquiferLayer i
..... Py AquiferLineHasAquiferLayer Default Subtype: [Discharge =]
----- 2 AquiferPointHasaquiferLayer
..... ':,_hu AquiferPolygonHazannifarl aver
--[E5] AquiferPropert Copy Subtypes:
..... R, aguiferPropert * Delete Coce Description ;I
----- 2 AquiferPropert 10 yaterBoundary Conductivity _ )
.....  AquiferPropert  Fename 11 WaterBoundaryiidth ~ Emnter the new subtype
..... 2, AquiferPropert PT—— 12 aterBoundaryDepth '/
_____ E*—hu AquiferPropert 13 aterBoundary ConductancePhhair
----- 2, AquiferPropert Aralyze: . —
----- R, aguiferPropert Expart 4 I »
(=" . —
----- oy AquiferPropert
----- R, aguiferPropert Create Feature Cl Default Yalues and Domains:
..... E_hu AnquiferRaskert Compress File Geo Field Matme Default alue Domain I;I
--[EE] HYDROIDTABL 'I BOMalue'
[ LAYERKEYTABL _ —/“OTIRrEss Fie & BOValuel
- RiverBadk f&e® Geocode Addresse BLDsteTime : Specify the defaultjunit
----- 2 waterlineHas! Side _ v Side
----- 2R, WaterPointHas Load BL*alueUnit 13 LT =
o ; 3
----- =5y WaterPolygont FE| EeEr P ,
--[E2] WWakerProDert _I_I
Use Defaults Diamains. .. |

Ok | Cancel I Apply

(6) Load the conductance grid to the WaterRaster Catalog. Right click the WaterRaster catalog, and click
“Load — Load Data...” Specify the newly created conductance grid to be the input raster, and click
OK.
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- B AquiferRaster
EEI--@ GroundwakerConcept
- WaterRaster

-[EE] AquiferLave B Copy Chrl+iC
..... o iFerLi
;E. AquiferLine E Paste |y
----- o AquiferPoin -
..... T AquiferPoly £ Delete
--[EE] AquiferProp Fename Fz
..... o i
;? .ﬁ.qu!FerF'ru:-p 3 Refresh
----- oy AguiferProp
..... 2, AguiferProf Create Layer...
m .
----- oy AguiferProp ;
_____ &, AquiferProp Upgrade Spatial Reference. ..,
m .
----- o AquiferProg Load Load Data. ..
----- R, AguiferProp = -
_____ . AquiferProg Export 3 @D Load ¥ML Recar
L AnniFerPrar Dvivsilamac |
£ Raster To Geodatabase {(multiple) ;Iglzl
Specify the newly created conductance
Input Rasters grid to be the input raster

C:AKonzabd odflowT utonialsconductance

[€ [ [x |+ [l

Qukput Geodatabase
I ZiKonzaModFlowTutorial\konzaGroundwaterFD, mdbi\WaterRaster

&

Configuration Keyword {optional)

(] Cancel Erwiru:unments...l Show Help > |

1.12. Store the Specified Head Boundary Condition in WaterRaster Catalog

In this tutorial, the Konza Modflow groundwater model is defined with specified-head boundary
condition along the model boundary. We assume the specified-head boundary values to be 20 meter
below the land surface. Let us create a grid for this.

(1) First, we need to set the output cell size to be 100. On the Spatial Analyst toolbar, click “Options...”
Activate the Cell Size tab on the Options window, and set the cell size to be 100.
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opions 21|
General | Extent Cell Size |
Analysiz cell size: I.-’-‘«s Specified Below =] D"'l

Cell size:

Mumber of rows:

Murmber of colurmns:

ak. I Cancel |

(2) Add the dem grid to Arc Map. On the Spatial Analyst toolbar, click “Raster Calculator...”, and
enter the expression as in the following figure. Click Evaluate, and it will create a raster layer named
“DEMMIin20m” that contains values of 20 meters below land surface.

- ## Raster Calculator
J Spatial Analyst = | Layer: Irweﬂ

Distance Leyers:
Density... | conductance * 7 g q _ o | And
Interpolate to Rasker
s / s 5| & > | »=| or
Surface Analysis
Cell Statistics. .. 1 Z 3 < <= | Kar
meighborhood Statiskics, . N 0 . [ | Mot
Zonal Skatiskics. ..
Reeclassify... [DEMMina0m]=f dew] - 20 ]
Raster Calculatar..
Click
l =
About Building E =<prezsionz Ewvaluate | Cancel | €4 |

(3) Export the newly created DEMMIin20m layer to a grid with the same name and save it in your
working folder. Right click the layer, click “Data — Export Data...”, and specify the export raster
data as shown in the following figure:
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L 1 21
= [ conduckanc

Dpen Shtribute Table

Joins and Relates 2

[lo-n.0c

[]0.00158 @2 Zoom To Layver
[10.0031: ﬁ Zoom Ta [Make Yisible
‘@i Zoom To Raster Resolution

[0, 0046¢
[ 0.0062;
B 0.0077;

Wisible Scale Range 2

Repair ata Source., .

M 0.0105

Mooz

Save As Layer File. .,

Export Data...

= [ dem

5! Properties. ..

Export Raster Data - DEMMin20m

Make Permanent. ..

—Extent
"~ Data Frame {Current)
¥ Raster Dataset {Criginal)

Spatial Reference
"~ Data Frame {Current)
{* Raster Dataset {Criginal)

—Output Rasker

Extent (left, kop, right, botkom)
Spatial Reference

[ Use Renderer [ square: Cell Size (cx, oyl @ |2g,gggg§ |2g,gggg§
[T ForcelRGE Raster Size (columns, rows): IE,D? IE'E'B
Mame | Properky |
Bands 1
Pizel Depth 32 Bit
Uncompressed Size 395,97 KB

owse to your
rking folder

{ 701989,0000, 4320400,0000, 720198,9754, 4340439,9730 )
MAD_1983_UTM_Zone_14M

Locakion:

Marme:

Compression Type:

I CiiKonzaModFlow Tutorial

_>| DEMMinZ0m
I MCHE VI

Format: |cRID

=
I
Compression Quality ’?SAT .
{1-1007: Specify the format

i

[=]

Cancel

to Ibe GRID

(4) Load the DEMMIin20m grid to the WaterRaster Catalog. Right click the WaterRaster catalog, and
click “Load — Load Data...” Specify the DEMMIin20m grid to be the input raster, and click OK.
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- B AquiferRaster
EEI--@ GroundwakerConcept
- WaterRaster

-[EE] AquiferLave B Copy Chrl+iC
..... s iFerLi
;E. .ﬁ.qu!FerLln.e P Paste |y
----- o AquiferPoin
..... T AquiferPoly £ Delete
--[EE] AquiferProp Fename Fz
..... o i
;? .ﬁ.qu!FerF'ru:-p 3 Refresh
----- o AquiferProg
..... 2, AguiferProf Create Layer...
(=Y .
----- o AquiferProg i
_____ &, AquiferProp Wpgrade Spatial Reference, .
..... o i
;E' .ﬁ.qmFerF'ru:q: L':"E"j Load Data...
----- o AquiferProg =
_____ . AquiferProg Export 3 @D Load ¥ML Recar
2 A nniFerBrar Criuilamac |
£ Raster To Geodatabase {multiple) ;lglﬂ

Input Rasters Specify the DEMMin20m
| grid to be the input raster

C:%.onzak odilow T utonialhdemmin2Om

[e [= [ |+ [u]

Cutput Geodatabase
I CiiKonzaModflowTutorialikonzacroundwater PO, mdb' W aterR.aster

&

Configuration Kevword {optional)
| =

Ok Cancel Envimnments...l Show Help = |

1.13. Populate WaterRaster Catalog

(1) Assign HydrolD. Add WaterRaster to Arc Map. On the ArcHydro toolbar, click “ApUtilities —
Assign UniquelD.”
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* NetworkTools * [spUtlities = % # =3 ?E m P Help

Lisk Maps
Add Mew Map

Set Targek Locations. ..

*ML Manager. ..

Load/Merae Canfig XML

HydroID Tables Manager. ..

Enable)Disable HydroID Manager

Assign UniqueIl

Additional Utilities

(2) On the “Assign Unique ID” window, specify the options as in the following figure:

= Select the WaterRaster layer

= Select the option of “yes” to overwrite existing unique IDs
= Select the option of applying to all features

Click OK. Then, click OK on the subsequent window to accept the assigned HydrolD values.

2! Assign UniqueID x|
b4 ap ILayers j
"Workspace I C:AEonzabd odflowT utDriaI'\KDnzaGrcj
UniquelD |H_I,u:|r|:|ID
— Layers

W aterPaoint
waterLine Select All |

AquiferPolygon
W aterPolygon

— Owenwrite Exigting UniquelDs

= Mo * ’Ye&
—Apply to
" Selected features g.-'i‘-.ll features

1] 4 | Cancel |

Assign UniquelD

X

HydrolDs were successfully assigned to the selected

layers. The HydralDs ranged From 248 ko 249,

(04

(3) Open an Edit session, and make sure the groundwater geodatabase as the target for editing. Open the

attribute table of the WaterRaster Catalog, and enter the values for the field AquiferLayerID and

Description as shown in the following figure:
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:EE 1 h = 1 2rR 3 _I_I- D EI
Hame Shape_Length | Shape_Area HydrolD AquiferLayerlD Description
F |conductance 7E400 364000000 245 1 |Conductance of river zegments
demminz20m 76400 364000000 249 1 [Specified head boundary

«

[»l

(4) Update the WaterProperty table. Use the edit tool '™ to select AquiferPolygon. Click the Attributes
button, and the Attributes window shows up. Expand the tree structure following the path
AquiferPolygon - Kansas River - AquiferLayer - Konza Aquifer - WaterRaster - Conductance. Right
click WaterProperty, and click Add New. Set the boundary type of the water property to be
WaterBoundaryConductancePMWIN.

(I 3

El- .ﬁ.quil‘erPDIygDn
- Kansas River
i fquiferPolygonLin

-- AquiferProperty
- AquiferLaysr
=) Konza Aquifer

T+
s}

- AquiFerLin
- WaterRas
- condu

- Agquiferfa

i dquifier PalygonPoint

[#]- WakerPoint

- fguiferPoint

- WaterLine

[+]- WaterPolygon
[+~ AguiferProperty

- demminz0m

. [=]- conduckance - I

]

LTI o TN e

- WWaterProperty

=248

L. WWaterPolygon

‘WaterLinePaink
‘WaterPoink
‘WaterLine
‘WaterPolygonLine
‘WakerPolygonLinePoint
‘akerPolygonPaink

=

ter
ctance
aterProperty

ster

Add Selected
Add Mew

Property | Value I

QOBIECTID 47 /

FeatureID 248

E sl WaterBuundarndnductancePMWIr\;I

BDYalues - —

BOWalueY gatﬁfﬁﬂun aryThickness =
ischarge

BDHalue; ‘\WakerBoundaryPorosiky

B.DDatET'mE WakerBoundaryInTransferRate

Side WaterBoundaryOutTransferRate

BDW aluelnit

‘akerBoundaryConductivity
\WakerBoundarywidth
et erBoundaryDepth

(5) Expand under demmin20m. Right click WaterProperty, and click Add New. Set the boundary type of the

water property to

be Head.
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: - 248
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O i/ aterFro perky,
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add Mew

1.14. Prepare Input Files for PMWIN

Now, we have finished creating and populating the conceptual groundwater geodatabase. We will work
on using the data from the newly created conceptual groundwater geodatabase to create a Modflow
groundwater model with PMWIN. Here is the configuration of the grid for the Modflow groundwater
model we are going to create:

e Number of layers: 1

e Cell size: 100

e Number of rows: 200

e Number of columns: 182

PMWIN does not work directly with GIS files. We need to create text files based on the information
stored in the conceptual groundwater data model in a format compatible with PMWIN. The model
“Prepare Input Files for PMWIN” in the GroundwaterDataModelForModflow toolbox can be used to
create the text files. Open the model and fill in the model parameters as shown in the following figure:
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g3 +xprepare Input Files for PMWIN -10] x|

| 6§ ArcToolbox -

g iD 'T'na_lyit T;:u:uls EroundwaterConceptGeodatabase (optional) Spe¢(fy the
+|- nalysis Tools ~4—

& ARCorridorToolEar Iu::'l,Ku:unzaMu:u:IFIDwTuI:u:uriaI'I,KnnzaGrnundwaterFD.mu:ll:u =] 9rou Mdwater
- geodatabasee

& Cartography Tools

- Conwersion Taols B ESEEES

a Coverage Tools IdE”" Bl —Spe fy the
+-§3p Data Interoperability Tools DEN| dataset
& Data Management Tools River Conductance Dataset s h
- Geocoding Tools IC:'I,KnnzaMndFInwTutnrial'l,n:n:lndun:tann:e | = pegify the
: - —X conglictance
& zeostatistical Analyst Tools
EI a GroundwaterDatatodel specified Head Boundary Dakaset databpt
""" @ Conwert Single Asci File IC:'l,KunzaM-:udFI-:nwTut-:urial'l,demminzlilm ;I ﬂspecm the
------ % Import Wells .
- les f specifjéd head
: repare Inpuk Files for PRWIR Extent {optional) b ddrv dataset
& Linear Referencing Tools /ISame at layer W aterPalgan j Ij,l oundgry aatase

! & Multidimension Tools ]
- & Metwork Analyst Tools Specifyjthe analysis I_T':'L
- Samples extent tp|be the same 4340400.000000
- Server Tools as Watgr|Polygon Left Right
a Spatial Analyst Tools I 701389.000000 T20189.000000
- &3 Spatial Statistics Tools B attarn Browse to snap td the
[+ 5§30 Tracking Analyst Taals I 4320400.000000 conductance datag¢t

Snap Raster

ISnap to datazet conductance j

_ Speci the
CgtputFolder (opkional) folder
I C1\KonzaModFlowTutarial
4| _|_I
] Cancel Environments. . | Show Help >» |

After the model is executed, the following text files on groundwater parameters are created in the output
folder you specified:

=  ModelBAPMWIN.txt: text file on the model boundary

= |nitialHeadPMWIN.txt: text file on initial hydraulic heads

=  KPMWIN.txt: text file on the spatial distribution of hydraulic conductivity
= RiverHeadPMWIN.txt: text file on heads along river segments

= ConductancePMWIN.txt: text file on river segments’ conductance

= WellPumpPMWIN.txt: text file on well pumping rates

As an example, the following figure shows KPMWIN.txt that is in a format compatible with PMWIN.
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Chapter 2: Creating MODFLOW Groundwater Model

2.1 Define MODFLOW Grid

(1) Start PMWIN by clicking “Start — Programs — Processing Modflow - Processing Modflow”, and
Processing Modflow screen will appear as shown in the following figure. Click “File — New Model.”
Save the new model as KonzaModflow.pmb5 in your working folder.

! Processing Modflow

File Grid Parameters Models Tools  Help
-

==
Cpen Model, ., _ 2l
Convert Model, | Save i Il.'f} K.omzabd odflow T ukarial j = £ ER-

Model Infarmatian...

Sawe Plot &s...
Brimk Flat... =) demminz0m
Bmimation... | ifo

|7 KonzaGroundwater FD,idb
) smallrivcond
temp

3 ci\gwiclassikonza, pmS
4 c\graclasstprwindernotdat:

Exxit:

My Documents

™

by Computer

Click

File narme: IKunzaMu:udflu:uw r'd j Save I

Save as bype: IPM models [*. prn] j Cancel |
F

o

(2) Define model dimension. Click “Grid — Mesh Size...”, specify the number of layers to be 1, the
number of columns to be 182, the number of rows to be 200, and both sizes to be 100, and click OK.

. Processing Modflow - [KONZAMODFLOW.PM5]

File | crid Parameters Models Tools  Help

Mesh Size... iiiiiMudEl Dimension x|
Laver Type...

— Layers
Boundary Condition ) v ] I

Murmber; |1
Top of Lavers (TOP)
Boktom of Lavers (BOT)

|5,

Cancel |
—Columng————————————
Hel
Murnber: I‘IEE $|
Size: Imn

— Hows

Mumber; |2EIE|
Size: |-||:||:|
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A grey grid should appear in the PMWIN window. Now, we need to define the coordinate system for the
grid. Click “Options — Environment...”

.} Processing Modflow - [KONZAMODFLOW.PM5S]

File “alue | Options Help

Maps. .. Chrl4HM
| ‘ ? | @ | |1
& |_' Environment,., CrrlHE
I

EEE— Display Mode F
Activate the Coordinate System tab, and enter the coordinates like the following:

X0 =701989
YO0 = 4340400
X1 =700000
Y1 =4319000
X2 =723000
Y2 =4342000

En¥ironment Options 5[

Appearance  Coordinate System I Contours |
—Gnd Position——— - Workzheet / Coordinate System

o= I F1aes [+2. YE]—#
“'our model grid
o= I 4340400
Y
o IU— [0, o] 7
s
—Worksheet Size
=l= I 700000 |
1= I 4213000
I X
ma= I 723000 [&=Ratation angle in degree)
1.1
= I 4342000 P " :

J

[ Dizplay zones in the cell-by-cell mode
Cancel Help

Click “File - Leave Editor.” Click Yes to save the changes.
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" Processing Modflow - [KONZAMODFLOW.PM5]
File %alue Options Help

e Model.., ‘. I—
open Model... ﬂ \,@ !

Conyert Model,. .

£

Maodel Infarmatian. ..

Save Plat &s,.,
Prink Plak. ..
Smimakion, ..

e Editar I

(3) Define the layer type. Click “Grid — Layer Type...”, specify the aquifer type to be unconfined.
Click OK.

M
'« Processing Modflow - [KONZAMOD| EET= R ’E‘ngtrmp-'" Transmigzivity Leakance

File | Grid Parameters Models Tools 1[[i: Unconfined -1 Calculated Calculated
v Mesh Size..,
9° n
= Laver Twpe... [ Confined

Boundary Condition »

2: Confined/Unconfined [Transmizsivitp=const. ]
3 Confined/Unconfined [Tranzmizsivity varies)

Top of Lavers (TOP)
Bokkom of Lavers (BOT)

a| | 3

(] 4 | Cancel | Help |

(4) Define boundary condition. Click “Grid — Boundary Condition — IBOUND.” The text file
ModelBdPMWIN.txt contains the definition of the model boundary. Click “Value — Matrix... ”, and
browse to load ModelBdPMWIN.txt. Leave the editor and save the changes.

.o Processing Modflow - [KONZAMODFLOW.PM5]
File | Yalue Options Help
Chrl+E

& Resek Matrix, ., Chrl4+-R
Zones L

. Processing Modflow - [KONZAMODFLOW.PM5]
Filz | Grid Parameters Models Tools Help

—, v Mesh Size...
v Laver Type..,
Boundary Condition IEOUMD {ModFlow)
ICBUMD (MT30MT30MS

3

Paimts F

Taop of Lavers (TOP) i
Beblei o Lees (O Search And Maodify, .. Chrl+5

Results Extractar, ..

Boreholes and Observations. .
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x|
Faramter: Columi bfidth;
| Boundary Condition (IEOUND] =] |4 =]
1 ]2 |3 |4 |5 |6 |7 |8 |9 10]11]12]13]14|15]16]17]18]1 =
1 L R N A N A A A T A A T A e
0N B R S R D R I e A D A I A O B R B R
1 T L e U e e e e O A A A A O I B )
4 |11 1 1 111t 11t 1t 1t 11T Browse to load the text file
5 (+ 11t 1t 1 1t 1o 11 11 it o1 1 11 111
B T |
A e A
a 11 1 1 1 1 11 11 11 11 File: |u::'xku:unzamu:u:IfIDwtutnrial'\mudelbdpmwin.t:-:t
= I L A S R R S R T — Start Pozsihion — Ophons
L T O A O S T A A Column [J 1: Fow[l]: {* Feplace Ok, |
m (1 1t 1t 1 1T 111
1 1 ™ Add
T KRR R R |- !  Subtiact _ Cancel |
1201 1 1 1 1 1 1 1 1 b amirmum M umbers:
S i 1 1 1 1 1 1 1 | Column=182 Raw= 200 ™ Multiply _ Hep |
I T T T T L T T " Divide
4 | l
Luﬁad... Save... | (] 4 | Cancel | Help |

(5) Define the top elevation of the layer to be 500 m. Click “Grid — Top of Layers”. To define a
uniform value for the parameter, click “Value — Reset Matrix... ”, and enter 500 in the subsequent
window. Leave the editor and save the changes.

¥ Processing Modflow - [KONZAMODFLOW.PM5]
File | Grid Parameters Models Tools Help

v Mash Size, .,
=
E v Laver Type...
=  Boundary Condition r

' Processing Modflow - [KONZAMODFLOW.PM

File | Yalue Options Help

Makrix, .. Chrl+B [

Top of Layers (TOP) Reset Matrix, ..
Bottom of Layers (BOT) Zones ™ Reset Matrix x|
| Foints Elewation of the Laver Top [L]:

500

Caution:
Il zell values in the current layer will be replaced by the value

rpecified above.
(] I Eancell Help |

(6) Follow similar procedures as in step 5 to define the bottom elevation of the layer to be 250 m. Leave
the editor and save the changes.
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. Processing Modflow - [KONZAMODFLOW.PM5]
File | Grid Parameters Madels Tools Help

| D S .= Processing Modflow - [KONZAMODFLOW.PM5]
E v Laver Type...

=  Boundary Condition r e | vehe | Cple (el

Makriz., ., Ctrl+E | B
v Top of Layers (TOP) & Rieset Matrix. ., "
Biotkar of Layers (BOT) —_— ™. RescHNERNY X

Eleseation of the Layer Battorm [L]:
250

Caution:
Il cell values in the current lager will be replaced by the value

rpecified above.
(]9 I Ear‘u:ell Help |

2.2 Define Model Parameters

(1) Define initial hydraulic heads. The text file InitialHeadPMW!IN.txt generated by the
GroundwaterDataModelForModflow Toolbox contains information on the distribution of initial
hydraulic heads. Click “Parame