RIPGIS-NET: An ArcGIS Custom
Application for the RIP-ET Package in
MODFLOW
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Overview

« MODFLOW groundwater model

« Riparian Evapotranspiration (RIP-ET) Package In
MODFLOW and data inputs




USGS-MODFLOW

« MODFLOW is a computer program that numerically
solves the three-dimensional ground-water flow equation

for a porous medium by using a finite-difference
method.
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Riparian ET in MODFLOW i
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RIP-ET Package

» Simulates ET using a set of eco-physiologically based

ET curves.

> Reduction in ET due to anoxia




RIP-ET Inputs ’

Plant coverage information is organized by polygons with an
approximately uniform land surface elevation throughout.

» Plant functional subgroup
(PFSG) ET curve file

» Polygon fractional area of a cell

> a NNAl Are- N\V/erane 0

Multiple riparian habitats within model cell
Elevation for each polygon within a cell



RIP-ET Output i

® ET for each PFSG in a cell

® Total ET for each cell
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Construct ET Curves File (.ETC)

P

PFSG Raw data 1

Construct Curve File ((CRV)

T~

PFSG Raw data 3

Construct ET Fractional Coverage File (.ETV)

Enter PFSG coverage data:
MaxRIP cells, kMaxPoly, #Unique Coverage

Layer, Row, Column, Fractional area

Enter PFSG coverage data:

PFSG Mame File {.irx)
Riparian Polygon Shapefile
MODFLOW DIS, BAS, DER

10

(headgEt rate)
£/'

PFSG Raw data 2

From Keyboard

PFSG Rawdatan

Iax # of PFSG

Ilax # of segments

.

Construct ET Output Control File (.ETO)

Build MODFLOW RIP-ET File (.ET)

nput:
(.ETC)
(ETV)

I
.ETC
ET

Construct RIP-ET File (ET)

Input:

IRIPCB Flag
IRIPCB1 Flag

Number of seasons

Number of years or cycles

Order of Coverage

Construct ETO File (ETO)

Run MODFLOW



RIPGISHET.mxd - ArcMap - Arcinfo

File Edit View Insert Selection Tools Window Help

u Editor | e |JJ Task: ICreate Mew Feature LI | Target: Irnid_surnJ:rrj ;I |_>( ) | |
” SWH& - BRX |0 | |0es ~l |[+2 | ) @ E1 K2 | spatial nalyst ~ | Laver: [DOCQH
laaszm@ecrsmrona’ REFBBEBEDED W0 -] B® @
|J Terrain Preprocessing ™ Watershed Processing ™ Attribute Tools ™ Metwork Tools ™ ApUtilities = ':i ® I ?E m -~ 9 H
:E _ |] ) ;I
= £F Layers ja RIPGIS-NET
=l Riparian |
O @
ERERC0QQ. tif o
Value 1
High : 255 =
Ian:U r»_
o]
o]
<]
|
o
Display I Su:uuru:el Selectinnl ;Fl 2on g , _I




12

Main Program

Exit Construct CRV Files ETCFile Spatial Coverage Output Control

Builld a Rip-ET File  Read Ewisting RIP-ET File  Utilities  Create Head Maps

D DE R 00 [ 0F R0 W

Curve Data File (ETC)

Output Control File (ETO)

0.350543 0.350543
DRRipMedium
0.200000 0.200000
0.320459 0.310516
DRRipSmall
0.250000 0.250000
0.250125 0.249626

0.236073 0.062840 -0.098845 -0.425611 -0.475543
0.00000 16.40400 9.93E-08 0 7
0.200000 0.100000 0.100000 0.050000 0.150000
0.305927 0.063098 -0.098662 -0.325430 -0.575908
0.00000 13.12320 7.606E-08 0 [}
0.125000 0.125000 0.062500 0.187500
0.300050 0.200200 -0.130305 -0.869695

Save |

View |

4 7 0 o
DRRiplarge 0.00000 16.40400 1.118E-07 0 7 3 2 1
0.200000 0.200000 0.200000 0.100000 0.100000 0.050000 0.150000 1

Evaporation 0.00000 3.28080 2.088E-07 2.088E-07 1
1.000000
1.000000
View | Save | View | Save
Coverage Data File (ETV) RIP-ET Data File (RIP)
25 4 1 Al
1 25 =
1 2 2 4 =
3796.00 0.01364 0.00909 0.00000 0.01515
3791.00 0.00305 0.00451 0.00513 0.00625
3791.00 0.00305 0.00451 0.00513 0.00625
3796.00 0.01364 0.00909 0.00000 0.01515
1 2 3 4
3793.00 0.01364 0.00909 0.00000 0.01515
3788.00 0.00305 0.00451 0.00513 0.00625
3788.00 0.00305 0.00451 0.00513 0.00625
3793.00 0.01364 0.00909 0.00000 0.01515
1 2 a a
3789.00 0.01364 0.00909 0.00000 0.01515
3784.00 0.00305 0.00451 0.00513 0.00625 3|

View Save
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RIPGIS-NET s

pariorielys she
i

5 Module

— Riparian Layer

‘ Add Riparian Layer

Add Riparian Name File (.inx) —
Attribute Riparian Polygons —
— — | : = Mewpescmmetsel [ swe |
..m......._m.. s, i ¥ P s B —MODFLOW Grid
v o e Draw MODFLOW Grid

oo W o | et Gasd

8 Activate MODFLOW Grid

Add MODFLOW Grid (shp): ||

MO

Add MODFLOW File ( dis): Browse
Add MODFLOW File ( ba6) Browse

Activate Grid

— Rotate Grid

e ) FE] Rotate MODFLOW Grid (] i=1]

0] == |
Enter Coordinates of the Upper Left Comer:

Cx

of the Origin

Y-

Enter the rotation angle in degrees:
|

—Create ETV File

Stepl- Overlay Analysis

Step 2 - Get Elevation Data

"
B Overlay Analysis

#add Imernect Laver shel: Drawse.
Add PFEG Name Fie (ir): Frowne

saveMene [ e

Add Riparian shapeFile (.shp)

Add Riparain Name file (.inx)

| Browse s

T — Tira steg spacifications:
e . Expert i Text File
0T

Current seasen ]' :

M@EeRLORAG’ BRARD00E G ARG
T —y ¢ S — ¢ { T .t et Lo B D
L ] [l J d ]

Add MODFLOW Grid (:shp)




Example- Dry Alkaline Valley
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Construct Curve File (.crv)

§/¥ Construct CRV Fle

Ent=Nemeof  [DRRipMedium [
e Wetlands Deep Rooted Riparian-Medium
— IVEMSION
Input Urits Output Urits [Lengthl =ft [Time] =sec 40
F e cm F ]
m m day Saturated Edinction Depth I
ft Lr E ¥ {Sod) R 20 §=——
Enter Input and Output Units: | Active Roat Depth IW -
(Ard) 0 -
~PFSG Curve Data Madmum ET Flax 136707 = i

ey e [\ DRRipMedium.crv - Notepad

Vertex Head | File Edit Format View Help
? 200 DRRipMedium ~
3 i fr sec 3
5 = 0. 00000 16.40400 9.92974E-08 0 7
4 0 0.200000 0.200000 0.200000 0.100000 0O.100000 O0.050000 0.150000
3 15 0.320459 0.310516 0.305927 0.063098 -0.098662 -0.325430 -0.575908 3
2 -33 — T T
1 75 0.5 0.6

Sl ) R e P —
S
a8
=
]

Plat Curve

o[
Load Save |

Caleculate Parameters | |

Create Curve File Pnather Curve? Bt Form |




Construct ETC File (.etc)

Ed ripGIS-NET

Exit Construct CRV Files

EDESEES

4 7

DRRipLarge

0.200000 0.200000 0.2
0.350543 0.350543 0.2
DRRipMedium

0.200000 0.200000 0.2
0.320459 0.310516 0.3
DRRipSmall

0.250000 0.250000 0.1
0.250125 0.249626 0.3

1.000000
1.000000

Evaporation 0

ﬂ Construct ETC File

Simulation Dimensions

For the simulation, the maximum number of Plant Functional
Subgroups (PFSG) that can be prezent in a riparian cell (MAXTS)

3 .

For the simulation, the maximum number of segments over all PFSG
(MXSEG)

[ - =

16

Select PFSG Curves

Enter Curves |

.|

Cancel |




Construct ETV File (.etv) - Keyboard

Ed rIPGIS-NET

Exit Construct CRV Files ETC File | Spatial Coverage | Output Control g4 3 Rip-ET File  Read Existing RIP-ET File  Utilities  Create Head Maps

RS RS CE

Keyboard ETV
ARC-GIS ETV
Read Esisting ETV

5] Coverage Dimensions |:||E|E| http:/i inmagir i i is022/gwil14111.jpg
Coverage Dimensions
Maicausn nubhar of rinarian
Cell Information
Maxing B =
Unique Cover Number ] 1 ‘! Maximurm Number of Cells for This Cover ] 25
Cell Coverage Data BE]
cell Unigue Coverage Number 1 5:
= “Polygon 1 ~PFSG -
CeliNyerher {I} Load MODFLOW DIS File Browse
: Enter Percent Polygon Area Covered with Canopy ]‘—‘ o
—Location MODFLOW Cell Number TO—E} or Bare Ground (all PFSG)
25 4 1
Layer Cell Area 1 25
Cell Number (i) 1 EC = 1 2 2 4
— Row Iy | 3796.00 0.01364 0.00909 0.00000 0.01515
: B 3791.00 0.00305 0.00451 0.00513 0.00625
I Fercan 3791.00 0.00305 0.00451 0.00513 0.00625
e [P— E?BEiDD 0.31364 g.ﬂﬂgﬂg 0.00000 0.01515
Nims oF Polyaons B 3793.00 0.01364 0.00909 0.00000 0.01515
(risurf) | 3788.00 0.00305 0.00451 0.00513 0.00625
: 3788.00 0.00305 0.00451 0.00513 0.00625
« Cecord i s curtace el ang ] 3793.00  0.01364 0.00909 0.00000 0.01515
Cell# | Poy# | HSurf | DRRipLarge | DR 1 2 4 4
Tz || T T : : 3789.00 0.01364 0.00909 0.00000 0.01515
3784.00 0.00305 0.004531 0.00513 0.
= 1 1 ]
Import from Excel Store as Variable I Export to Excel
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Add Riparian shapefile

[ Create ETV-GIS Module M =13 o roeer JelolwilEsE | .
— ST ——
SR IPGIS. mud |
—Riparian Layer v
> Add Fields
Add Riparian Layer .
Elevation
Add Riparian Name File (.inx) S— Elev_SD
Show of type: I LI Cancel |
Attribute Riparian Polygons
Select a PFG name File
—MODFLOW Gnd Lok in: [ RIPGIS-NET = « £+ E3-
@ Lr::’ndem
Draw MODFLOW Grid My Recert | PR iames.inx
@

Desktop

Activate Grid

[

My Documents

<

My Computer

Fotate Grid

-

—LCreate ETV Filz

My Network
Flaces

Stepl- Overlay Analysis

Step 2 - Get Elevation Data

Add Fields
PFSG Namel
PFSG Name n




Attribute Riparian polygons

Enter % of habitat Cover for each PFS& (0-100):

L
il |15 [:P Select Polygon
Medium T
|5 - Save 3 AN
, Bt g
vl
Large I;:_m X o
- P _
¥ - %
= et =
A i i
- . if ".' t -“ .
cAl
A B ainP L]
FID | Shape *| PolyNum Area Terrace Elevation Elev_5D Small Medium Large ~
48 | Polygon 1| S28000.000024 1 ] ] 0 ] ]
49 | Polygon 2| 527995 999985 1 ] ] 0 ] () |
50 | Polygon 3| 105800000001 2 ] ] 0 ] ]
51 | Polygon 4| 1055599 59957 2 ] ] 15 5 a0 b
L Ll ] >

wers 1 T 5o

Show: I? Selected |

Records (1 out of 100 Selected)

Options - |
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£ Create ETV-GIS Module M(=(E3

—Riparian Layer

Add Riparian Layer

Add Riparian Name File (inx)

Attribute Riparian Polygons

—MODFLOW Gnd

Draw MODFLOW Grid

MODFLOW Grid

® Draw MODFLOW Grid

Activate Gnid

Rotate Grid

—Create ETV File

Stepl- Overlay Analysis

Step 2 - Get Elevation Data

Mew theme to create (shp): |

Add MODFLOW/ file (_dis): |

Save

—Grid Origin

Enter Coordinates of the Upper Left Starting Point-

Add Fields

Cell_ID
Layer
Row
Column
ActivecCell

20

X |
Y: |
Draw Grid Cancel
0 { L]
FID | Shape Cell_ID Layer | Row | Column ActiveCell ~
k 0] Pohgon 0 0 0 0 0 [=—
1 [Pohsgon 0 0 0 0 0
2 |Pohksgon 0 W

s 1 T 5o

Showe: | All

0 0
Selected | wcords

hd



Activate MODELOW Grig [[FEEiimsats

—Riparian Layer
Add Ripanan Layer
B Activate MODFLOW Grid o .
Add Riparian Name File (Linx)
Add MODFLOW Grid (.shp): || Tpres
Attribute Riparian Polygons
—MODFLOW Files - e
Add MODFLOW File (_dis): I Browse —MODFLOW Grid
Add MODFLOW File (ba6): | Browse Draw MODFLOW/ Grid
_
Activate Grid
Activate Grid | Rotate Grid
1 —Create ETV File
Stepl- Overlay Analyzis
Step 2 - Get Elevation Data
o bute

L]
FID Shape * Cell_ID Layer | Row | Column ActiveCell Cell_area |2| o : g

’ 0] Polygon 0 1 1 1 1 27878400 — W

1|Pobygon 1 1 1 2 1 27872400 | Enter the Coordinates for the Upper Left Corner:
i | 1] ] i.

Remrd:ﬂﬂl 1 jﬂ Show: I Al  Selected | Records (0 out of j X I

v |
Angle I

Rotate Grid




Dry Alkaline Valley MODFLOW Grid

|
|
|
|
|
|
Dute { [ |
FID Shape * Cell_ID Layer | Row | Column ActiveCell Cell_area |
3 0] Pohygon ] 1 1 1 1 2737400 =
1| Pohygon 1 1 1 2 1 2737400
2| Polygon 2 1 1 3 1 2737400
3 | Pohlygon 3 1 1 4 1 2737400
4| Pohygon 4 1 1 5 1 2737400
5| Pohygon 10 1 1 11 1 27378400 | ¥
< 11T l.

s 1 7 5|

|
Show: I? Selected |

Records (0 out of

M

22
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Create ETV File

[ Create ETV-GIS Module =3
EEl Overlay Analysis
—Riparian Layer
Add Ripari hapeFile (shy
Ldd Riparian Layer || iparian shapeFile [ shp)
Browse

Add Riparain Name fils (inx)

Add Riparian Mame File (.inx)
I Browse |

Attribute Riparian Pol
PUiE Riparian relyaens Add MODFLOW Grid (.shp)
| Browse

Dwerday

—MODFLOW Grid

Draw MODFLOW Grid

Activate Grid

Ratate Grid

=

>
[ Create ETV File

—Create ETV File

Stepl- Overlay Analysi
=P veray ¥s15 Add Intersect Layer (.shp): I

Add PF5G Name File (im<):

Step 2 - Get Elevation Data

Add DEM Grid: |

[ Time step

Total number of seasons I
Current season: I j'




37/96.00
3791.00
3791.00
3796.00
1
3793.00
3788.00
3788.00
37/93.00
1
3789.00
3784.00

0.01364
0.00305
0.00305
0.01364
2
0.01364
0.00305
0.00305
0.01364
2
0.01364
0.00305

COAOODO0OO0OWOOOON

A

00909 0.00000

00451 0.00513
00451 0.00513
.Dﬂgﬂgql 0.00000
00909 0.00000
00451 0.00513
00451 0.00513

00909 0.00000

A

00909 0.00000
00451

0.00513

20000 20000

=N=

01515
00625
00625
01515

01515
00625
00625
01515

01515

24
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Postprocessor:
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Draw Heads

Ed RIPGIS-NET
Bxit Canstruct CRV Files ETC File Spatial Coverage | Output Control | || Create Head Maps |
N B R O | B S BE BN B Y o g Draw Heads >

Draw Depth to Water

FPlot Depth to Water for PFSG Polygons

B Draw Heads

Add MODFLOW Grid Shapefile (_shp):

|CATEMP\MODFLOWGRID shp

Load Head File (_hds)
IC:\.S FRAMMODFLOW project 3'F3Head hds

Time Step. Stress Period, Lﬂjer

Stress F‘enud 5 F‘enud
Stress Perod: 5; Period:
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Draw Heads for Dry Alkaline Valley

B P3Head.hds - Notepad
File Edit Format Wiew Help

1 1 6.311520E+406 6.311520E+06 HEAD 20 12 1 (20F10.3) &
3800.000 3788.691 3781.277 3776.750 3774.324 -999.990 -999.990 -999.990 -999.
3800.000 3788.144 3780.337 3775.874 3772.768B -999.990 -999.990 -999.990 -999.

3800.000 3786.498 3776.544 3772.987 376B.912 3764.825 3762.660 3760.605 37538,
-9909,900 -999.990 3769.658 3769.246 3767.004 3764.455 3762.762 3761.057 3759.
-999.990 -999.990 3765.643 3765.105 3763.884 3762.881 3762.085 376l1.348 3759.
-999,990 -999.990 3764.280 3763.891 3763.205 3762.754 3762.820 3763.998 3763.
-999,990 -999,990 3763.320 3763.051 3762.640 3702.482 3762.864 3704.473 3763.
-999,990 -999.990 3762.697 3762.479 3762.144 3761.989 3762.165 3763.130 3762.
-999.990 -999.990 3762.383 3762.170 3761.802 3761.479 3761.104 3759.448 3757.
-999,990 -999.990 -999.990 -999.990 -999.990 376l.374 3761.621 3762.621 376l.
-999,990 -999.990 -999.990 -999.990 -999.990 3761.353 3761.828 3763.351 3763.
-909,.800 -999.990 -999.990 -999.990 -999.990 3761.233 3761.492 3761.885 3761.

1 1 6.311520E+06  6.311520E406 HEAD 20 1.2 2 (20F10.3)
3778.919 3777.221 3774.923 3772.918 3771.695% -999.990 -999.990 -999.9590 -999,
3778.673 3776.765 3774.044 3771.784 3770.228B -999.990 -999.990 -999.990 -999.
3778.370 3776.073 3772.124 3769.569 3766.972 3763.525 3761.348 3759.353 3757.
-999,.990 -999.990 3768.404 3767.079 3765.075 3762.865 3761.086 3759.302 3757.
-999,990 -999.990 3765.892 3765.070 3763.650 3762.117 3760.727 3759.224 3757,
-809.900 -999.990 3764.224 3763.656 3762.623 3761.486 3760.396 3759.161 3757.

= i

Legend
MODFL OWG RID
Head

[Je=ee-zmoun
[ EER e
] =32 374554
I s7sses- 37 57
[ S
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Draw Depth to Water

EJ RIPGIS-NET

Exit Construct CRV Files FETC File Spatial Coverage | Cutput Control | || Create Head Maps
- NE S L B Draw Heads

q Draw Depth to Water >

FPlot Depth to Water for PFSG Polygons

¥ Draw Depth to Water Map

Add the DEM Grid:
|C:ATEMP:\lsdem50et

Add MODFLOW Grid Shapefile (.shp):
|C:\TEMP"-;MDDFLDWGF{ID.5hp

Type the Name of the Head Field |tmp_Head|

Create Depth to Water Gnd |




Calculate PFSG Depth to Water

29

Ed RIPGIS-NET
Exit

E BB EEKE

Construct CRV Files  ETC File

HE | B |

= | et 1 et
spgatigl Loverage AULDIUL &

Create Head Maps

Draw Heads

Draw Depth to Water

Flot Depth to Water for PFSG Polygons

E® Plot PFSG Depth To Water

— Caleculate PFSG Depth to Waler

Add MODFLOW Grid Shapehle (_shp):
IC:\TEHP‘\ MODFLOWGRID. shp

Mean Celi Elevation —————

Add "RIPGIS-NET" Riparian Polygon (shp):
|C:\TEMP\ RIPGISRippolys shp

Calculate Polygon's Depth
to Water

— Plot PFSG Status
Select PFSG: IC:\SFH\::ndeSaqﬂ&s\\\'etla’tdslﬂ Load |

I select Polygon Create RIPET Graph




Plot Current depth to Water For PFSG ™

Wetlands10-ET Curve

Wetlands10- ET Curve

Legend
—— Wetlandz10 curve
=—+— Current depth

Depth to water

| -II- |
=1

T T T T
0.15 0.2 0.25 .3
ET flux rate




In Summary >

 RIPGIS-NET is an application developed as a user
Interface for deriving the parameters for the RIP-ET
module in MODFLOW.

|t provides a user interface for visualizing MODFLOW
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Conclusion

e ArcGIS is a powerful environment for GIS
application development.

» Variety of platforms are available.

o User perspective * Programmer perspective

g
£
=
£
)

_B!'IS-NET

R
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