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Objective #2: Enhance access to data- and
computationally-intensive modeling
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Goal is to provide and use these tools to enhance the capacity for water
resource planning and management in the Utah-Wyoming region



Challenges

Every model is unique
Large datasets
Spatial data

Remote resources
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Proposed Solution

Geodatabase
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Model Files — e ﬁ & ﬁ
Server %

GIS Workflow Web Mapping

Cloud-Based Modeling and Engineers, Decision

Visualization Mzkers’ Advocacy
roups, Public



Prototype: Utah Division of Water Rights

31 MODFLOW
models used for
impact analysis
Challenges
Modeling expertise

Software
installation and
maintenance

User error
Cost




Arc Hydro Groundwater Data Model
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MODFLOW DATA MODEL v3.0

Last updated May 16, 2011

Arc Hydro Groundwater
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MODFLOW Analyst Tools

Developed as
geoprocessing (GP) tools
Classes of tools
Import
Export
Visualization/Map Layers
Model editing
Building package input
Working with transient input/
solutions

- &P Arc Hydro Groundwater Tools
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 Boundary to DIS Refine Points
~ Build Boundary Rectangle

, Create MODFLOW Cell2D

- Create MODFLOW Cell3D

~ Create MODFLOW Node2D

. Create MODFLOW Node3D

, DIS to Boundary
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~ Add Output File

. Create MODFLOW World File
, Fill Qutput Arrays

. Import Georeferenced MODFLOW Model
, Import MODFLOW Model

. Import MODFLOW Output

, Import MODFLOW Tables
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Import MODFLOW Model Tool
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Make MODFLOW Features Tool

& Attributes of DRN
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Geoprocessing Tools

Create Well
Feature Output Well
Feature



Geoprocessing Tools - Workflows

GP tools enable the development of as
models or scripts

—You can create your own workflows
Leverage low-level tools to

** Import Modflow One Step




Web Interface

(© Well Permitting Tool

€ (¢

(© utahdwr.groups.et.byu.net/app3

Automated Well Permitting Tool
Tool Input and Map View | Table of Well Applications | Documentation

v 1ool: Analyze Fermit Applicanon with MUDF LUW
Application ID:

» Output Options

Submit |

| Load Previous Results | | Load Saved Results |

» Tool Results

~ N. Utah County MODFLOW Model
Layer 1

v Grid Geometry

iZ| » Model Boundry

7| » Active Grid with Elevation Data (Polygon
Features)

» Active Grid (Image Overaly)
v Hydraulic Conductivity

iZ| v Horizontal Conductivity

m

Conductivity (ft/day)
I
I -
3.5
6-10
1-20
21-50
51-100
101- 200
I 201 -500
I 5o - 1000
I 1001 - 3000

» Vertical Conductivity (Upper Interface)
» Baseline Conditions and Flows

v Static Model Properties

v Wells

» Drain Conductance
» Recharge Flows

B http://utahdwr.groups.et.byu.net/app3/

Eye alt 50.53 km |‘

40;32:52/96NR111HE43°50:085 W, elev’ 3118 m




Static Model Data

€« C' @ utahdwr.groups.etbyu.net

Automated Well Permitting Tool
Tool Input and Map View | Table of Well Applications | Documentation
supmit

Load Previous Results | | Load Saved Results

» Tool Results

~ N. Utah County MODFLOW Model
Layer 1

v Grid Geometry

./ » Model Boundry

/ » Active Grid with Elevation Data (Polygon
Features)

» Active Grid (Image Overaly)

~ Hydraulic Conductivity

» Horizontal Conductivity

» Vertical Conductivity (Upper Interface)
» Baseline Conditions and Flows

~ Static Model Properties
7~ Wells

/v Drain Conductance
[10-306

1307 - 1067
01068 - 2601

[ 2602 - 26010

[ 26011 - 130048

~ Recharge Flows
(cfd)
[10-2543
12544 - 7508
7509 - 18076
[ 18077 - 46332
[ 46333 - 111809

» Database Well Table

~ Divison of Water Rights

» Water Right Areas
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Map Layers from UDWR Server

€« C O utahdwr.groups.etbyu.net/app3

Automated Well Permitting Tool

Tool Input and Map View | Table of Well Applications | Documentation

v Hydraulic Conductivity
» Horizontal Conductivity
» Vertical Conductivity (Upper Interface)

» Baseline Conditions and Flows

v Static Model Properties Owner LEEHANSEN

- Wells | 81100} ' Type Underground

@ - s Location S250 W1200 E4 36 58 1ESL
; Drain Conductance k > - - Click Here for more information

30 - 306

1307 - 1067

01068 - 2601

[ 2602 - 26010
[ 26011 - 130048

~ Recharge Flows
(cfd)
[10-2543
32544 - 7508
17509 - 18076
[ 18077 - 46332
[ 46333 - 111809

» Database Well Table

~ Divison of Water Rights
J » Water Right Areas
./ » Public Land Survey
./ » Points of Diversion

m

v Roads and Cities
» Borders and Labels
» Roads

~ Map Options and Components
Z 3D Elevation
| Navigation

7| Status Bar imagellSpRirarmiSenviceligency)
Historical Imagery ‘
Scale
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Table of Well Applications

/ O Well Permitting Tool
& C'  (© utahdwr.groups.etbyu.net/app3 w @ N
Automated Well Permitting Tool

Tool Input and Map View | Table of Well Applications | Documentation

Well ID | Latitude | Longitude | Flow_cfd | ScreenTopElev_ft | ScreenBotmElev_ft [ ApplicationID||  TIMESTAMP
1 40337982 -111.737053  -40000 4100 4000 // 1001 \\ 0000-00-00 00:00:00 Edit  Delete
2 40369701 -111.813683  -24000 4100 4000 {/ 1001 \ 0000-00-00 00:00:00 Edit  Delete
3 40329506 -111.816437  -22000 4200 4000 1002 0000-00-00 00:00:00 Edit  Delete
4 4034351  -111.728073  -200000 4100 4000 1003 2011-11-02 17-54:33 Edit  Delete
5 40343044 -111.725983  -100000 4100 4000 1003 2011-11-02 17-54:36 Edit  Delete
6 40337982 -111.737053  -40000 4100 4000 1110 2011-11-03 17-01:10 Edit  Delete
7 40369701 -111.813683  -24000 4100 4000 1110 2011-11-03 17-01:10 Edit  Delete
8 40376972 -111.768066  -3320 4100 4000 \ 1110 / 2011-11-03 17:02:50 Edit  Delete
15 403 -111.79 42145 4130 4000 \\ 1231 // 2011-11-16 16:50:53 Edit  Delete
17 4035 -111.73 0 4100 4000 \ 1/ 2012-02-11204021 Edit  Delete
18 4035 1118 0 4100 4000 \ 1004 / 2012-02-17 20:00:38 Edit  Delete
N Add Row




Submitting a Model Run

AuUutomarteq '

Tool Input and Map View | Table of Well Applications | Documentation

v Tool: Analyze Permit Application with MODFLOW

Application ID: 1001

+ Output Options
New Wells
Drawdown Contours

Change in Spring Flows
Total Change in Spring Flows
PDF Report

0.1 Drawdown Contour Interval (ft)

Submit

Load Previous Results Load Saved Results

> Tool Results

» N. Utah County MODFLOW Model
» Database Well Table
» Divisan of Water Richts



Model Results

O Well Permitting Tool

€« C O utahdwr.groups.etbyu.net/app3 w @ X\

Automated Well Permitting Tool '

1 Tool Input and Map View | Table of Well Applications | Documentation

~ Tool: Analyze Permit Application with MODFLOW

Application ID: 1001
~ Output Options
i 2 New Wells

v Drawdown Contours
2 Change in Spring Flows
7] Total Change in Spring Flows

& PDF Report

0.1 Drawdown Contour Interval (ft)

Submit

Load Previous Results Load Saved Results

v Tool Results
~ Saved Results for Demonstration
i Seript completed successfully.
4 » New Wells
» Drawdown (Layer 4)
Z| » Spring Flow (Layer 1)
» Spring Flow (Layer 2)
Z| » Spring Flow (Layer 3)
PDF Report

» Database Well Table ‘ ‘t. Sl

» Divison of Water Rights o i') \\_\ ‘%“.‘ ¢ & T 3 " 4 ‘ -
» Roads and Cities s o W 5 USBA Rl %w 5 <e}1cy B o 7 - SR
\ :

» N. Utah County MODFLOW Model “‘
-
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Impact on Springs

4 Total Change in Spring Flows
v PDF Report

0.1 Drawdown Contour Interval (ft)

NULL
Submit

Cell2D_OBJECTID
Cell2D_HydroCode

Cell2D_I1J 2631
FLOB_Drains_HRES 271.61
FLOB_Drains_HSIM -75793.3
FLOB_Drains_HOBS -76064.91
FLOB_Drains_IJK 2631

Load Previous Results Load Saved Results 2631

~ Tool Results
~ Saved Results for Demonstration
Script completed successfully.

J » New Wells

./ » Drawdown (Layer 4) Basic_IBOUND 1
7| + Spring Flow (Layer 1) CellIndex_OBJECTID 2631
Change in Flow (cfd) CellIndex_I 38
CellIndex_J 41
| CellIndex_K 1
-3 = CellIndex_1J 2631

[ 32-101

[ ]101-195
[ 195 - 317
| B

» Spring Flow (Layer 2)

CellIndex_IJK 2631

» Spring Flow (Layer 3)
PDF Report

» N. Utah County MODFLOW Model
» Database Well Table
» Mvican nf Watar Richtc




PDF Output
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BYU CI-WATER Tools

Two primary components

Cloud-Based Simulation Web Interface
API

Model Scripting Tools



Cloud-Simulation API

(©) Well Permitting Tool
(_

C  © utahdwr.groups.etbyu.net/ap

w e A
Automated Well Permitting Tool
Tool Input and Map View | Table of Well Applications | Documentation

v Lool: Analyze Fermit Applicanon with MUDFLUW
Application ID:
» Output Options

| Submit

Load Previous Results | | Load Saved Results |

» Tool Results . ; I
v N. Utah County MODFLOW Model
Layer 1
v Grid Geometry
Z » Model Boundry

Lib PI) f
s ibrary (API) for
’ ) L\ c
i » Active Grid with Elevation Data (Polygon RN ‘ ¢ ¢
Features) X .
v Hydraulic Conductivity

building web
» Active Grid (Image Overaly)
| v Horizontal Conductivity .
s , modeling workflows
I -2 f ; ‘ ; X ; x
3.5 Ly ¢
21-50
201- 500
» Vertical Conductivity (Upper Interface)

n

% | B ot e § interfaces to scripted
== and for visualizing

O, R ' archived model
S W AR ' solutions

1
» Baseline Conditions and Flows
+ Static Model Properties

v Wells

» Drain Conductance
» Recharge Flows

: Googl¢ earth

Eye alt 50.53 km




Cloud-Based Water Level Mapping Utility

Inputs
Sub-region (aquifer, district, county, etc.)
Date (or range of dates)

Output

Water level and/or drawdown maps

Texas Drou_gh't and Resources Updates

Developed by the Drought Techiiology Steering Committee




Web Interface

Automated Water Table Mapping Tool

Tool Input and Map View New

~ Tool: Generate Water Table Maps

Select By: Aquifer
- - / ‘ : i \ ALENSES
Start Date: ' y :
Oklahoma
End Date: ‘
v Output Options Mogollon|Rim

& Annimation
Z| PDF Report

Submit
~ Tool Results .
: MisSiSsippi
~ Map Layers £
v Boundaries -
./ v Major Aquifers 3
o 4
e -
LCouisiana
Pecos Valley A
- Seymour
Gulf Coast

- Carrizo - Wilcox (outcrop)
Carrizo - Wilcox (subcrop)
- Hueco - Mesilla Bolson
Ogallala
Edwards - Trinity Plateau (outcrop)
Edwards - Trinity Plateau (subcrop)
I Edwards BFZ (outcrop)
Edwards BFZ (subcrop)
I Trinity (outcrop)
Trinity (subcrop)

» Wells (not working)
./ » State Boundary . | ) f
./ v Counties / K 1

SiermaiMadre|Oriental’

N7

0 %
VL 5 (7age USD zgfgcf,g;‘; LY GOOSIQ earth

4 \ < 2012INEGI

Image NASK

./ ~ Water Planning Areas
i Tk

Eye alt 1100.96 mi



Sample Maps

Groundwater Surface Elevation
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Model Scripting Tools

® Simulation Models
G / S Geodatabase
’ - MODFLOW
IDM |«
ArcGIS
GeoProcessing and > y.
Scripting DM |<e— GSSHA
Environment
UWYO
Interface Data DIV Model
Models
~—




GSSHA Data Model and Tools

Gridded Surface/Subsurface
Hydrologic Analysis (GSSHA) model

UNIVERSITY
OF WYOMING

New Thinking




GSSHA Data Model

EJ-—-

g.r--» E_‘
| |

ﬁlf_(onstants ﬁlr_Connectivity
3ble able
=| Fields =| Fields
v OBJECTID v OBJECTID
v Alpha v LinkID
v Beta v DS
v Theta v NumUS
v Links v US1
v MaxNodes v US2
=| Indexes v US3
+ FDO_OBJECTID -~ Indexes
+ FDO_OBJECTID

_Links
able

=| Fields
v OBJECTID
v LinkType
v NumElements
v DX
=| Indexes
+ FDO_OBIECTID

LinkType
Coded Vzluz Domain




GSSHA Model File in ArcGIS

Q Structures.mxd - ArcMap - Arcinfo

File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

OpEas B b - | 130584 v EGEE B Pe| w2 o Editore

QRANQ 2« E-TI K@ BIEND IR

Table Of Contents X ~ | Catalog
1888 v ol @

7 Layers Location: [Zg) Home - Embankment and Struc v
S StreamNodes
LinkiD

= 7% Home - Embankment and Structures
# |3 Scratch.gdb

© # (3 Structures.gdb

° # @& CIFxls

° # @] GAG.xs

° Q] Structures.mxd

o 3] Folder Connections

°

°

°

°

@] Toolboxes

({7 Database Servers

£l Database Connections
1 . 3 GIS Servers

Wetlands

EMBANKMENT

MaskMap

Mask

Uniform

SOIL

LUSE

COMBO

Elevation

ROO0oOoooono

Value
™ High:183

Low:132

@& 2 u < A\ U}

766338.246 4292608.929 Meters




Applications

Snowmelt

Flooding
Stormwater runoff
Levee breach
Burned area analysis




CI-WATER Integration

Univ. of
Utah

Data Storage
Urban Hydrology
Climate

UWyo

Watershed Model
Access to NCAR Machine

Cloud-Simulation API
Model Scripting Tools
Web Applications

S

Hydrologic Modeling

Hydrologic Information Syste

Water Resources Decision
Support

STEM-QOutreach
Community Models
Tools for Educators/Students

Utah State U. UEN
NWSC
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Thank you
Norm Jones




