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CI-WATER: Cyberinfrastructure to
Advance High Performance Water
Resource Modeling




Water Demand

Water is often a non-

renewable resource

Water demand in the
Western US is surpassing
available supplies



Water Resource Management

« Increasingly sophisticated

« Requires innovative solutions
> Conservation and re-use

> Aquifer storage and recovery

> Water rights/diversions

Aquifer Storage and Recovery (ASR)

- Storm/Waste-water to aquifer in wet season

—3 Recovery from aquifer in dry season ——
Irrigation Ml Stormwater /
. 2 njection o
2 i D Well oy PO

Wetland/Basin Iw‘ - o WY [

Confining Layer

Aquiler




Team Members

BYU

BRIGHAM YOUNG

A

L)) UtahStateUniversity
oy COLLEGE OF ENGINEERING

THE
U UNIVERSITY
OF UTAH

UNIVERSITY
OF WYOMING

New Thinking

Norm Jones, Jim Nelson, Gus Williams

David Tarboton, Jeff Horsburgh, David Rosenberg

Steven Corbato, Laura Hunter, Steve Burian,
Christine Pomeroy , Courtenay Strong

Fred Ogden, Craig Douglas, Kristi Hansen, Scott
Miller, Ye Zhang, Gi-Hyeon Park, Ginger Paige,
Robert Aylward



Project Objectives

Enhance
cyberinfrastructure facilities
Enhance access to data- and
computationally-intensive
modeling

Advance high-resolution
multi-physics watershed
modeling

Promote STEM learning and
water science engagement
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Objective #1

Enhance cyberinfrastructure facilities




Cyberinfrastructure

Access to NWSC
supercomputer
New mid-level

supercomputer at UWYO
Disk farm at UU




For more information visit, www.nwsc.ucar.edu
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Wyoming’'s 20% Share of NWSC's 72,300
cores represents a huge increase in EPSCoR

HPC capabilities...

* On the latest (6/11) Top500 list of fastest supercomputers,
Wyoming’s share on NWSC-1 alone is estimated to be...

The 28th fastest computer in the world
The 14th largest supercomputer in the US

The largest system in an EPSCoR state outside of Department of Energy
facilities

The largest resource controlled by a university in the US

Reference: http://www.top500.0rg



Objective #2

Enhance access to data- and computationally-intensive modeling




Enhance Access

Hydrologic |
| Researchers

Public

@& EStudenrs ﬁﬁ ‘ General

Data Repositories

| Model Components |

Models |

Map & Data Servers |

Model Result Repositories

State Planners @

Goal is to provide and use these tools to enhance the capacity for water
resource planning and management in the Utah-Wyoming region




Data Modeling and Services - USU

Consortium of Universities for the Advancement of Hydrologic Science, Inc.

110 US University
members

e 6 affiliate
members

e 12 International
affiliate members

(as of March 2009)

An organization representing more than one hundred United States
universities, receives support from the National Science Foundation to develop
infrastructure and services for the advancement of hydrologic science and

education in the U.S.

Support
CUAHSI http://www.cuahsi.org/ @ ~ EAR 0753521

universities allied for water research




CUAHSI Hydrologic Information System (HIS)
Services-Oriented Architecture

HydroCatalog
Data Discovery and
Integration

HydroServer HydroDesktop

Data Analysis and
Synthesis

<> 2
ODM Geo Data Lo
OpenMI

Information Model and Community Support Infrastructure

Data Publication Data Services




Climate and Urban Modeling - UU
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UU Research Plans

Develop software to quickly

generate future

meteorological (precip., ® - . % :
temp., etc.) scenarios [ Red\ g pohf - Crosie OB, Oy
Link climate simulation ' §
results to urban water
systems models

Analyze urban water system
response to climate
variability and the
associated adaption costs




Modeling and Visualization Tools - BYU

Geodatabase
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Cloud-Based Modeling and Engineers, Decision

Visualization Makers, Advocacy
Groups, Public




UDWR Web-Based Simulation Tool

(©) Well Permitting Tool
€« €' (© utahdwr.groups.etbyu.net/app3/

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

~ 100l Analyze Permit Application with MULFLUW

Application 1D: i
» Output Options

[ Submit |

| Load Previous Results | | Load Saved Results |

» Tool Results

« N. Utah County MODFLOW Model
Layer 1

~ Grid Geometry

= » Model Boundry

7 + Active Grid with Elevation Data (Polygon
Features)

» Active Grid (Image Overaly)
~ Hydraulic Conductivity
- ~ Horizontal Conductivity

i

Conductivity (ft/day)
I ©
-
3.5
6-10
1"-20
21-50
51-100
101- 200
B z01- 500
B s01- 1000
I 1001 - 3000

» Vertical Conductivity (Upper Interface)

+ Baseline Conditions and Flows
~ Static Model Properties

~ Wells =

; ‘ ] leeartt
! : ¥ - ale ear
+ Drain Conductance A g P P C eartn
» Recharge Flows .t S o)

NE1REA3'50,

Eyealt 5053 km (O




Static Model Data

<« C' @ utahdwr.groups.etbyunet/app3/

| Tool Input and Map View | Table of Well Applications

| BUDMIT |

» Tool Results

~ N. Utah County MODFLOW Model
Layer 1

- Grid Geometry

7 » Model Boundry

i » Active Grid with Elevation Data (Polygon
Features)

» Active Grid (Image Overaly)

« Hydranlic Conductivity
» Horizontal Conductivity
» Vertical Conductivity (Upper Interface)
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| Load Previous Results | | Load Saved Results |

Documentation
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Map Layers from UDWR Server

O ‘Well Permitting Tool

€ C (O utahdwr.groups.etbyu.net/app3

Automated Well Permitting Tool |
Tool Input and Map View | Table of Well Applications | Documentation
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- Divison of Water Rights
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Table of Well Applications

; ; o
y {7) Well Permitting Tool L

< C' (O utahdwr.groups.etbyu.net/app3 w e A
Automated Well Permitting Tool

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

Well ID | Latitude | Longitude |Flow cfd | ScreenTopElev ft | ScreenBotmElev ft |/Applicationll) |  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
g 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 11173 0 4100 4000 \\ 1 // 2012-02-11 20:40:21 Edit  Delete
18 4035 1118 0 4100 4000 \ 1004 / 2012-02-17 20-00:38 Edit  Delete

\\/ Add Row




Submitting a Model Run

AlNtomarea !
Tool Input and Map View | Table of Well Applications | Documentation
. R . R
- Tool: Analyze Permit Application with MODFLOW o T L R

Application ID: 1001

» Output Options

e New Wells

7| Drawdown Contours

7 Change in Spring Flows

7 Total Change in Spring Flows
7 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
v Thvison of Water Rights



Model Results

O ‘Well Permitting Tool -

L2 C (@ utahdwr.groups.etbyunet/a

Automated Well Permitting Tool

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

= Tool: Analyze Permit Application with MODFLOW

Application ID: 1001
+ Output Options
£ New Wells
7 Drawdown Contours
= Change in Spring Flows
7] Total Change in Spring Flows
7] PDF Report

0.1 Drawdown Contour Interval (ft)

| Submit |

| Load Previous Results | || Load Saved Results||

- Tool Results

- Saved Results for Demonstration
i Script completed successfully.
% » New Wells

= » Drawdown (Layer 4)

| + Spring Flow (Layer 1)

&

+ Spring Flow (Layer 2) ‘ \ 9 1 R . _‘*‘;_:J
» Spring Flow (Layer 3) 3
PDF Report

&

» N. Utah County MODFLOW Model
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+ Roads and Cities
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PDF Output

SIMULATED AQUIFER DRAWDOWN: LAYER 4
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Model Scripting Tools

© Simulation Models
Geodatabase
GIS —
» MODFLOW
IDM |-
ArcGlS
GeoProcessing and
Scripting GSSHA
Environment
DM |<e— UWYO
Interface Data Model
Models
MH_______F_,M




Web-Mapping API

(©) Well Permitting Tool
(_

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

~ Lool: Analyze Fermit Application with MUK LUW

Application ID:
» Output Options

‘-Submit |

| | Load Previous Re:

» Tool Results
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GSSHA Toolkit

Gridded Surface/Subsurface
Snowmelt Hydrologic Analysis (GSSHA) model

looding

rban flooding
tormwater runo
evee breach

el
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Objective #3

Advance high-resolution multi-physics watershed modeling




CI-WATER Component 3 Objective

Develop a high-resolution, large-scale
hydrologic model to answer three questions:

What are the potential impacts of climate change on

the long-term yield of water from the upper Colorado
River basin?

How will future land-use changes due to development
and natural causes such as fire, pine bark beetle affect
water supplies?

What are the effects of trans-basin diversions and
increases in water consumptive use on the water
storage in Lake Powell in 5o years?



Upper Colorado River Basin

Lower Basin

/nﬂ

[ ] states
- Dams

N/ Streams
"5 Reservoirs

Upper Basi

Lower Basin

0 25 50

Basin Area: 288,000 km?
Streams: 467,000 km
Population: 400,000 (est)

Area above 2700 m: 14.5%
(9,000 ft)

Area above 3050 m: 3.2%
(10,000 ft)




Test Area: Green River Basin in Wyoming

200 Kilometers A
|||||||||

Darker blue areas are those
above 2700 m elevation
(9000 ft) where most snow
melt occurs.

4] 15 30 B0 Kilometers A
|||||||| ]




Leveraging — Model Development

USACE-ERDC providing:

Finite element computational kernel derived from
ADH model

Computational model builder (CMB)
ezVIZ HPC vizualization tools
ezHPC user interface toolkit



Objective #4

Promote STEM learning and water science engagement




Outreach Program

Laura Hunter, UEN

K-12 Students and Teachers

« Science Teacher Workshop at Uofl

« New curriculum & student interactives
s Student Field Research

s Teacher Toolkits

Higher Education and
Water Agency
Professionals

» Annual Symposia

» Hydrolnfomatics Distance
Education Course

« Publications
s Presentations
s Shared data sets and models

Adult Learners

» Broadcast Water Week programs in Utah and
Wyoming

* Updated website
» Film Screenings with science panel discussions

+Call-in broadcast program with Science panel in
Wyoming



WWW.CI-Water.Org Home | About the Grant | Partners | Contact Us

i

. ‘IEWMEB A Utah-Wyoming Cyberinfrastructure

Water Modeling Collaboration

An EPSCoR Project

Cyberinfrastructure Data & Modeling Services Watershed Modeling Community: Learn More STEM Careers Reporis & Hesulls

Community: Learn More

CI-WATER will enhance STEM learning and water science
engagement:

& Foster STEM learning through coordinated K-12 activities between Wyoming and Utah.

s Foster colkborative research and strategic partnerships among institutions, junior faculty,
students and industry professionals.

s Engage the general public and increase cyber-literacy and regional water understanding.

STEM Learning and
Water Science

Long-term Impacts and Outcomes:

Engagement

MNew colleborative online course in Hydroinformatics
Greater public awareness of water issues and water science
Programnming challenges, code camps, and surmmer of code opportunities for students * Laura Hunter (UU)

Production and national distribution of new curricula and resources including CI-WATER * Beth Cable (UWYO]
toolkits » Rudy Calvert (WY PBS)

» David Rosenberg (USU)
s Morm Jones (BYU)
» Madhn Runburg (UMHH}

& | nica Starle 10

s Increased networking and coleboration among water researchers, students, water
industry professionals and the general public.




Project Status

Student Recruitment

Planning

Outreach

First Annual Meeting in September



BYU

Continued planning and recruiting

1 Post-Doc starting next week

2 PhD students engaged in early work and
planning

-urther application of DWR well permitting
Development of GSSHA geodatabase model
Rolling out Agile database management for
all parties to use.




Agile Program Management

T
& = C M O ci-watergroups.etbyu.net/ag w RN ‘
cl WAI E R A "Jtal'\—\”«f‘,fo_rning_ Cybe 'inf_'ast'uu:t-;n-'e Y CL-WATER Sprint E i i =
Water Modeling Collaboration y
@ ci-water.groups.etbyu.net/agile/sprint.phy
Sprint Backlog Burndown Team: | Data & Modeling Senices [+ & CfiC gronp g4 -
| Project Backlog CI WAI ER PRTrI—
g I TER Burndown
I Water Modeling Coly
I |[Name School Days Avail Days Alloc &« C fi © ci-water.groups.etbyu.net/: ) el TR 8 |
Jones, Norm BYU 3.7 14.3 Sprint Backlog Burndown Team: |Data -
| [melson. Jim BYU 2 14.9
: Latu, Kris BYU 2.3 2.4 ‘ I WAI E R A
| [Swain, Nathan BYU 1.8 3 Sprint Management A Utah-Wyoming Cyberinfrastructure {NST ig
W (christensen, Scott BYU 2.1 5.3 [ Water Modeling Collaboration » e
Smith, Joe uwyo 3 1 [Submit) | B Backlog e Team: |Data & Modeling Semvices [« CI-WATER
| [uu. FooBar uu 16 3 An EPSCoR Project
Usu, Agaie usy 2.9 1 | Start Date: 2012-06-04 End Date: |2012-06-29
: Totals 194 44.9 Add Team Member i Burndown H
I i I
i | [Name School | Days Avail | school: [a1 [+] Person: | Al [=] =
| School: (Al [+] Unfinished tasks Sprint items ! Christensen, Scott BYU 21 I ,
Burndown
" Jones, Norm BYU 37 : H
|| Add Mew Task : Latu, Kris BYU 23 i
i
| [ Submit| <-- Select after making changes to fields in table below Nelson, Jim BYU 2 |
I | Smith, Joe uwyo 3
I task description school prior
I Fix Name field in all make name field update when form is BYU 4 | Swain, Nathan BYU 18 H
forms submitted i USU, Aggie usu 29
I 2 |add New Task - name |see what happens when no name is Uy 1 i |
check selected UL, FooBar uu 16 i
I 3 |Burndown - Chanae to display name instead of person id BYU 2 i
Person column —
I 4 ||test other schools not working uu 3 v UU, FooBar B 1 10 i
5 [Burndown - Allocation |create a method for selecting tasks by BYU 5 [ Latu, Kris B 2.4 12.4
I team member and summing days
6 |Get edit task to Getting error BYU 5 v Swain, Nathan |Z| 3 15.4
update database
7 |Test - Burndown - |create button (or automatic) to update BYU 7 7 Melsan, Jim [«] 55 20.9 -
4 m L3




1 Post Doc to start in August

1 PhD student recruited to start in August
Working with SLC Public Utilities to apply
their climate — water resources modeling
tools.

Developing plans



Usu

Two PhD’s recruited (2 in July, the otherin
transition from an MS)
Programmer/Analyst hired to start mid July
HubZero evaluation for hosting tools
General access from modeling data to HIS
being evaluated

Modeling workshop Aug. 9-10 to explore
other aspects of data management and
model integration.



Wyoming

Writing specifications for the UW cluster
acquisition, developing a competitive bidding
process, meeting with vendors, and soliciting
bids.

Writing job descriptions / hiring

Hired two positions

Meeting with Army Corps to develop
collaborations

Planning with UW team

Discussion, planning for suitable map projection
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