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PEAK Water Introduction

Holistically and collaboratively examining water to
enable sustainable local and global solutions.




PEAK Water: Pillars

Forum connecting interdisciplinary research community
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PEAK Water: Pillars

Fostering collaboration with partners




PEAK Water: Pillars

Serve as scaffolding to support research efforts

& PEAK WATER
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PEAK Water Executive Council
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NSF Southwest Sustainability 1
Innovation Engine (SWSIE)

Mission: Southwest Sustainability Innovation
Engine aims to transform the pressing climate
challenges facing the Desert Southwest into
economic opportunities by unleashing the
potential of STEM discovery and education.

[=];

Reach Out Directly: swsie@utah.edu



mailto:swsie@utah.edu

Thank You

PEAK Research Roster Large Infrastructure Funding Team

Join PEAK Water Research Roster LIFT assists response teams large-scale,
and receive digital communication interdisciplinary grant opportunities
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PEAK Water Kickoff Agenda

3:45-4:15 PM

4:15-4:30 PM

4:30-5:00 PM

5:00-5:15 PM
5:15-6:00 PM
6:00-6:30 PM

CHECK-IN

WELCOME
Welcome — Jakob Jensen, Associate Vice President of Research
Introduction to PEAK Water — Marian Rice, Associate Director

KEYNOTE
Soren Simonsen, Executive Director Jordan River Commission
Laura Briefer, Director Salt Lake City Department of Public Utilities

PEAK WATER

> SUSTAINABILITSY ENGINE

BREAK
LIGHTING TALKS
SOCIAL AND NETWORKING
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Boundary Waters, Minnesota






Colorado River / Lake Austin, Austin, Texas : e et 2



Colorado River / Lake Travis, Austin, Texas
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Jordan River, North Salt L
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“3 Bison” — Antelope Island & Great Salt Lake, Davis County (Halle SiFﬁbﬁSen, 2021)
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https://www.slchistory.org
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Jordan River & Parkway Info

Jordan River & Watershed

e 51 mile river, through Utah’s most urbanized region

e Flows north from Utah Lake to Great Salt Lake

e 3,805 square mile watershed including the entire Utah Lake watershed

e 13 natural creek and stream tributaries, 4 waste water treatment
discharges, and numerous stormwater discharges

Wildlife

e 157 “common” bird species — migratory and year round varieties
e 52 large and small mammal species

e 27 fish species — 9 families (not including invertebrates)

e 17 amphibian and reptile species

Outdoor Recreation

e 46 mile multi-use trail, part of larger 170+ mile urban trail network

e Diverse recreation opportunities include: multi-use trails and
connectors, water trail, bike parks, sports parks, nature centers, wildlife
preserves, fishing areas, golf courses, active and passive parks,
community gardens, open space and natural lands
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Regulatory Jurisdictions

Cities

e 16 municipal jurisdictions

¢ - land use and.zoning, storm water, transportation and mobility
systems, parks, trails and open space, fire and public safety

Counties

e 3 counties —Utah, Salt Lake, Davis
e parks, trails and open space, transportation and mobility, public
health, watershed and flood control, fire and public safety

Special Districts
¢ \water, waste water, storm water, transportation and mobility

State & Federal

¢ |and management, water quality, water rights, air quality,
transportation and mobillity, fish and wildlife protection, fire and
public safety, emergency management
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http://BlueprintJordanRiver.org

BlueprintJordanRiver.org



http://BlueprintJordanRiver.org

VISION AND ACTION PLAN

BlueprintJordanRiver.org



http://BlueprintJordanRiver.org
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Jordan/River, Lehi (2022)






Jordan River, Bluffdale (2024)
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Find | Follow | Explore | Share | Sustain

JordanRiverCommission.gov

BlueprintdJordanRiver.org
MydordanRiver.org
GetloTheRiver.org

JordanRiverFriends.org

LoveYourWatershed.org

#JordanRiverParkway: #OurRiverOurFuture
#GetToTheRiver #MydordanRiver. #NaturelnTheCity
#LoveYourWatershed #LitterAndleaves

@JordanRiverComm @GetToTheRiver

Thank You!


http://www.jordanrivercommission.gov
http://BlueprintJordanRiver.org
http://www.MyJordanRiver.org
http://www.GetToTheRiver.org
http://www.JordanRiverFriends.org
http://LoveYourWatershed.org

Planning
Salt Lake City's
Water Future

PEAK Water Sustainability Engine Kickoff Event
Laura Briefer, Director

Salt Lake City Public Utilities

January 22, 2025

g Public




Drinking Water — 365,000
people along the Wasatch
Front in 141 square miles

Watershed jurisdiction
across 190 square miles of
Wasatch Mountains

Wastewater and stormwater
— 200,000 people in Salt Lake
City
e “Serving our community,
protecting our environment”

Salt Lake City Public Utilities
Mission and Water Services
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Why do we
plan?

* Conditions change
* Physical and environmental
* Legal/regulatory
e Population Changes
* Public values
* Changes in risk factors affecting water

e Qur understandings change

* We've gained knowledge over time that may
require new approaches

e Examples — climate change; PFAS; nutrient
and pharmaceutical impacts to water quality




What are we planning
to address?

Climate change

Population growth and land use
changes

Great Salt Lake and ecological needs

Water quality needs and regulations

Aging infrastructure

Public values toward water




How are we
planning?

e Water supply and demand through
2065

Drought contingency and conservation

Watershed/source water protection

Stormwater and integrated water
management

-
]

Climate vulnerability and adaptation

Great Salt Lake water needs prlellc il SALT LAKE CITY, COUNTY FOCUSING ON WATER @
Infrastructure needs L/ * Bl CONSERVATION AS PEAK-DEMAND SEASON STARTS

Financial strategies and water
affordability

Public engagement

Public policy strategies



Water supply and
demand — 2065
and Beyond

e Drivers for 2065 Plan:

* Land use changes and growth

e 20-25% residential population
growth by 2060

e State prison relocated to service area

* Inland Port and growth in industrial
uses

¢ |ncreased densification
e Regulatory

e Updated climate change information

* Updated National Climate
Assessment

e Local research




Projected
Annual\Water

Supply and
Demand
Scenarios

Figure 3-1
Projected Salt Lake City Annual Preduction Requirements vs, Supply (Drv Year)
Conservation Alternatives
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Risk and Redundancy
Planning

* Single Source Loss
 Loss of a groundwater well or
equivalent quantity
e Catastrophic Source Loss

e For annual supply, loss of Big
Cottonwood Creek or equivalent
guantity

* For peak day, loss of Parleys, or
equivalent quantity

e Great Salt Lake

e Climate Change

19



Water supply and
demand 2065
findings

Water supplies will be adequate to
meet 2065 demands if the following
occur:

e 1) Additional conservation efforts are
implemented

e 2) Additional water source
development occurs

e 3) Assumes a climate factor of net 10-
20% change due to any combination of
increased demand or reduced supply

* 4) Incorporates redundancy buffers in
case of loss of a water source




Academic partnerships

 Climate vulnerability and adaptation
planning — multi-year phased project

 Dr. Paul Brooks — Geology and Geophysics
* Dr. Steve Burian — Engineering
* Dr. Court Strong — Atmospheric Sciences

* Engaging students and research
opportunities

* Training the next generation of water
stewards




Lightning Talks

Paul Brooks; Court Strong,
Ryan Johnson; Steve Burian

The SLCDPU-UU Partnership: Advancing
Fundamental Understanding and Societal Application
In Water Resources

Joshua Graham
Nathan Lunstad
Zinan Yu

Ling Zang

Deisy Carvalho Fernandes
Ryan Johnson

Rick Forster

Sameer Rao
Ramesh Goel
Brig Daniels
Emily Lewis

Shoring Up: Art Education on the Edge of the Great Salt Lake
Integrated Water Distribution Systems

Phosphate Recovery from Wastewater

PFAS Separation Technology

Pollution Prevention and PFAS Mitigation: Building a
Sustainable Future

Coupling Large-Scale Datasets and Machine Learning to
Advance High-Resolution Snow Mapping

Seasonal Snow and Glacier Measurements using Radar Remote
Sensing

Atmospheric Water Harvesting and Brine Management
Harmful Algal Blooms

Legal Reforms and the Effort to Save Great Salt Lake

Water Policy




The SLCDPU-UU partnership: Advancing fundamental
understanding and societal application in water resources

How much will it show? How efficiently will that snow be
translated to streamflow?



Two critical questions in western water resources

Seasonal Precipitation Outlook & L
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How efficiently will that snow be

How much will it show?
translated to streamflow?



How much will it show?

El Nino Cold Quadpole Neutral Quadpole Warm Quadpole

El Nino

Atlantic Quadpole
Mode (AQM)

Neutral ENSO

La Nina

Atlantic Sea Surface Temperature interacts with ENSO to control western
North American climate

Stone et al. 2023, npj Climate and Atmospheric Science



How much will it show?
El Nino
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Atlantic Sea Surface Temperature interacts with ENSO to control western
North American climate

Stone et al. 2023, npj Climate and Atmospheric Science



How efficiently will that snow be translated to streamflow?

City Creek
Water Year Daly Discharge: 1500 .
1000t
500 1
0

* JCC +* JPC
* JRB * JMC

JEC =« JEBC

» JIC = WILC
* WEC * WOS

s WCC s WO s

Precipitation

Observed Annual Streamflow {mim)

1500 |

1000 |

500

500

1000

Precipitation + Storage

1500

Runoff efficiency is strongly related to the amount of groundwater storage

Gelderloos 2019, Brooks et al. 2021, Wolf et al, 2023, Wolf et al. in press



How efficiently will that snow be translated to streamflow?

5611.16
3709.09
1883.11
46.26
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Mean Annual Precipitation (mm)

Tritium age dating

Clastic

Esr

— Hard Rock

USGS

Brooks et al. In Review Science

Runoff efficiency is related to the age of groundwater
The age of groundwater is related to bedrock geology

On average, it takes 5.5 years for snowmelt to reach the stream



How do we put this to work for decision support?

14

How efficient is runoff?

10

Baseflow City Creek (cfs)
Supply (Acre-Feet)

El Nino

How much snow?

32 44 50
— Snow Water Equivalent at Lookout Peak Snotel (in)

Low dimensional models and “simple”, physically-
relevant tools based on emerging process understanding

La Nina




Lightning Talks

Paul Brooks; Court Strong, Ryan The SLCDPU-UU Partnership: Advancing Fundamental

Johnson; Steve Burian

Understanding and Societal Application in Water Resources

Joshua Graham

Nathan Lunstad
Zinan Yu
Ling Zang

Deisy Carvalho Fernandes
Ryan Johnson

Rick Forster

Sameer Rao
Ramesh Goel
Brig Daniels
Emily Lewis

Shoring Up: Art Education on the Edge of the Great
Salt Lake

Integrated Water Distribution Systems

Phosphate Recovery from Wastewater

PFAS Separation Technology

Pollution Prevention and PFAS Mitigation: Building a
Sustainable Future

Coupling Large-Scale Datasets and Machine Learning to
Advance High-Resolution Snow Mapping

Seasonal Snow and Glacier Measurements using Radar Remote
Sensing

Atmospheric Water Harvesting and Brine Management
Harmful Algal Blooms

Legal Reforms and the Effort to Save Great Salt Lake

Water Policy
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Lightning Talks

Paul Brooks; Court Strong, Ryan The SLCDPU-UU Partnership: Advancing Fundamental
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Phosphate Recovery from Wastewater
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Pollution Prevention and PFAS Mitigation: Building a
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Coupling Large-Scale Datasets and Machine Learning to
Advance High-Resolution Snow Mapping

Seasonal Snow and Glacier Measurements using Radar Remote
Sensing

Atmospheric Water Harvesting and Brine Management
Harmful Algal Blooms

Legal Reforms and the Effort to Save Great Salt Lake

Water Policy




Integrated Water
Distribution Systems

Nathan Lunstad, Ph.D., P.E.,

Director




Relevant and of Interest
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Water Resources Planning and Management
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Over two million Americans
live without basic access to

Smart Water Management is NOT
Solving our Water Health Crises e

V ‘% World Health

2.2 billion

people still lack access
to clean drinking water

Safe, Reliable

Drinking Water HERTTRRIR R .ﬁ‘ﬂ “ﬂ“\?\&\“‘
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— [Integrated Water Distribution Systems

Cloud Assets
Demand-Side LLLLLL Supply-Side
(Customer-Side) Assets (Utility-Side) Assets
—— —
TTTTTT

Avrtificial Cybersecurity  Environmental
Intelligence Justice
Tools

t
-
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Virtual Command Center




Nathan Lunstad,
Ph.D., P.E.

Director
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PHONE
(385) 239-5974
EMAIL

nlunstad@utah.gov




Lightning Talks

Paul Brooks; Court Strong, Ryan
Johnson; Steve Burian
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Understanding and Societal Application in Water Resources

Joshua Graham
Nathan Lunstad
Zinan Yu
Ling Zang

Deisy Carvalho Fernandes
Ryan Johnson

Rick Forster

Sameer Rao
Ramesh Goel
Brig Daniels
Emily Lewis

Shoring Up: Art Education on the Edge of the Great Salt Lake
Integrated Water Distribution Systems

Phosphate Recovery from Wastewater

PFAS Separation Technology

Pollution Prevention and PFAS Mitigation: Building a
Sustainable Future

Coupling Large-Scale Datasets and Machine Learning to
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Sensing

Atmospheric Water Harvesting and Brine Management
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Legal Reforms and the Effort to Save Great Salt Lake
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UTAH

Phosphate recovery from

wastewater
Receptors for Direct Ocean Capture

of CO,

Valerie C. Pierre
Department of Chemistry



Phosphate removal and water purification

Chemical Biological nutrient removal

* Precipitation with metal salts (Al'")

2012 2013 2014 2015 2016

SR T

e

After remediation: P retained in the sediment

Drawbacks:
Costs, time, phosphate level remain high, no phosphate recovery

THE UNIVERSITY OF UTAH UTAH




From phosphate removal to recovery

struvite
slow-release
fertilizer
RELEASE &
REGENERAT

MgCl, + NH,CI
pH 7
RECOVER

THE UNIVERSITY OF UTAH UTAH
S



Consequences

Eutrophication Depleting Resources

Other countries

o
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Morocco & Western Sahara
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Requirements for phosphate receptors

Environmental applications Medical applications

« Efficacy in complex » Efficacy in complex
aqueous media aqueous media

 Affinity for [Pi] < 0.1 uM  Affinity for [Pi] <1.4 mM
— High affinity receptors — medium affinity receptors

« High selectivity over » Complete selectivity
HCO; and ClI- over HCO4 and CI-

« Coastal water required
applications: complete » Selectivity over SO,%,
selectivity over CI- lactate, citrate favored
required

THE UNIVERSITY OF UTAH UTAH




Achieving high selectivity for phosphate
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THE UNIVERSIT' Huang, S.-Y.; Qian, M.; Pierre, V. C. Inorg. Chem. 2020, 59, 4096-4108. UTAH




Material regeneration in 53ppm
wastewater activated sludge elution
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Solid supported receptors: media affect
affinity but not selectivity

8 [ ] Theoretical q
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o Mississippi river -  Activated sludge Wastewater Human serum
< ~ phosphate spiked elution influent

Matrix

Experimental condition: 1cm2 membrane (10mg) placed in 2ml matrix solution (1ml for serum).

n=3. Different adsorption capacity across matrix is due to different phosphate concentration in

each sample.
THE UNIVERSITY OF UTAH

Matrix Name qmatrix/qtheory X
100%

Mississippi 81.3%
River
Activated 66.4%
Sludge Elution
Wastewater 26%
Influent
Human Serum 5.6%

Higher complexity, larger loss
of adsorption capacity

UTAH



SLM Transport of Bicarbonate

d <> 1pm = hydrophobic HCOs selective

100pym transporter
4 [ @ = hydrophobic photoacid

Macroporous

Hydrophilic =~
Polymer Hydrophobic Solvent ~ HCOs + H* —» H,0 + CO,(q)
—. Droplet with Dye
_“‘— Microporous
= Hydrophobic Polymer .\

‘_\.:  * ‘3»

@ .

v J—» CO,+ H,0

transport
pH 6

www.nsfcasc.com
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Full range treatment of PFAS: detection, filtration, destruction
Ling Zang, MSE department

PFAS contaminated
water PFOS

—
Sensor

: : - Complete
200998 oo 000998 defluorination

= — || g desorption |(mineralization)
) | of PFAS - non-
Negative toxic species
iy iy uu potential like F-ion, small
acids

Repeated

1st stage 2"d stage 3 stage Clean water

stages

Patents: U-7522, U-8030, U-8554,

Positive Potential Applied on Each Stage
U-8556, U-8676, U-8712
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Pollution Prevention and PFAS
Mitigation: Building a
Sustainable Future

Dr. Deisy C. Carvalho Fernandes
Assistant Professor

PEAK Water Kick-Off Event

01/22/2025
Department of
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*  THE UNIVERSITY OF UTAH




u gﬁEaTEIEfENGINEERING
The Urgent Need for Action

e Utah: A rapidly growing
state facing severe
environmental
challenges.

e Water Scarcity:

e 97% of the state in
severe drought.

e The Great Salt Lake at

historic lows, risking - e S AT A— A
ecological collapse. Figure 2._ Th_e Great Salt Lake aerial imagery sh_owmg the
. ] devastating impact from the prolonged drought in the west,
e Air and water pollution coupled with a surging population in Utah.
threaten health and
ecosystems.
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Pollution Prevention through
Industrial Assessments
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The U2P3 Program Overview

Mission: Reduce water pollution, hazardous
chemical use, and industry emissions.

Key Sectors:

 Food and Beverage

e Chemical Manufacturing
 Automotive and Aerospace
* Metal Fabrication

Collaborators:

. I(ntAeéTountain Industrial Assessment Center

e Utah Division of Environmental Quality

ITAC and U2P3
Combined Operations:
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Measuring Impact

Metrics:
- 95 -1006th
* \Water saved per facility assessed.
e Reduction in hazardous chemicals
and materials released to water. '
. 80- 90th
* Dollar savings for businesses - percentiie
. . . . 70 - h
implementing recommendations. o IS e
Examples of Expected Results: g 60 - 70th
percentile
10 facilities assessed, leading to 50 - 60th
me.aSL:lrable redUCtlonS In water and Figure 3. EPA’s Pollution Prevention (P2) Environmental
emissions over two years. Justice (EJ) Facility Mapping Tool for Utah, highlighting

regions with low life expectancy. Dots indicate facilities listed
in EPA’'s P2 EJ tool. Each of these facilities have P2 contact

62
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Experimental Research

PFAS Mitigation Innovations
by 3D printing integrated system
combining adsorption and sensing.



U E?E:d?észENGINEERING
PFAS and Graphene

 PFAS ("forever chemicals") persistin the

environment and bioaccumulate. Graphene
* Linked to health issues: cancer, immune

disruption, and developmental impacts.

 EPA monitoring shows over 27 million
people exposed to PFAS above safe limits.

Regional Focus:

* Great Salt Lake: A terminal lake
accumulating pollutants, including PFAS.

* Impact: 80% of Utah’s population
potentially affected.

Fluorine
Oxyfen 1 \ /
\ f
15 / % -
‘._ N
[ /7 \
Hydrogen Carbon

Ritter, K. A. & Lyding, J. W. Nat Mater 8, 235-242, doi:http://www.nature.com/nmat/journ al/v 8/n3/suppin fo/nmat2378_S1.html (2009)



http://www.nature.com/nmat/journ%20al/v%208/n3/suppin%20fo/nmat2378_S1.html
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3D printing

3D-Printed Graphene
Oxide Gels:

*High adsorption o
capacity.
*Scalable and
environmentally
adaptive.

*Highly porous 3D-
printed structures









U E?E:d?észENGINEERING
Outcomes and Implications

3D-Printed Graphene Oxide Gels:
* High adsorption capacity.
e Scalable and environmentally adaptive.

Key Outcomes:
e Rapid, portable, and scalable PFAS detection.

e Dual-function materials for monitoring and
remediation.

* Broad applicability for diverse water systems.

1590 rel. /cm

Future Directions:

Expanding applications with other 2D
nano[naterlals and other contaminants like heavy
metals

1570 rel. /cm

Intensity (a. u.)

G Peak Position

20 < Pt

80 g

3504

3004

200-

100+

250

150

G Peak

50

e () 1M

e 20 M
e 40
=60 um
=80 pm
2D Peak




U E?E&TEzEfENGINEERING
Challenges of PFAS Detection and Remediation

 Key Challenges:

 Resistance to degradation due to

strong carbon-fluorine bonds. 1985
e Limitations of current methods: 1584
Expensive, time-consuming, and low 1583 I 1
sensitivity. 1582 I I
e Complexity of environmental 1581 I ]:
matrices (e.g., sediment and
1580
wastewater).
. : , 1579
* Visual: Diagram comparing -
traditional and innovative 1 9 3

detection/remediation
approaches.



Department of
U CHEMICAL ENGINEERING
# THE UNIVERSITY OF UTAH

Conclusion Questions

Synergies: Thank you for your attention!

o INOMEA
Combining advanced materials for PFAS C{ffﬂ‘*?
mitigation with holistic pollution prevention N e \
strategies amplifies environmental benefits. Thank you for your attention
Commitment:

Acknowledgment

Leveraging research and partnerships to
build sustainable water management
systems.
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Combining Large-Domain meteorological datasets and remote sensing products in a Machine Learning

framework to create high spatial resolution, SWE maps: SWEMLv2.0

4

0

Vishnu Gindi
Hudson Markin

Savalan Neisary N
Md Shahabul Alam PhD -~

OFFICE OF
OWP)
PREDICTION



Modeling Domain: Sierra Nevada, Colorado Rockies, Pacific
Northwest

ASO regions in the Pacific NW Mountains

ASO SWE product used as ML
model target

Sierra Nevada:
Tuolumne
Merced
San Joaquin
Kings

Colorado Rockies
East
Taylor
Upper Rio Grande
Conejos
Blue

Elevation (m)

Pacific Northwest
e Olympic Peninsula

—124.5 —124.0 =123.5 ~123.0 —-122.5 -122.0 -121.5 -121.0




ML Snow Modeling Approach

Copernicus
DEM

Sturm Snow NLCD Vegetation NLDAS to-date
Classification Indices Precipitation

In Situ
Observations

NASA VIIRS
Imagery

Haversine
Distance
Formulation

Data Processing
& Feature
Engineering

Train ML
Algorithms

Target: 300m
NASA ASO
Observations

Optimized ML
Algorithm

Hyperparameter]
Optimization

Feature
Selection

Assess Algorithm
Performance




SWEMLv2.0 Training Protocol

* Target: ASO SWE product 2013-2019  season precip cm

e« Removed bad ASO scenes W mees

sturm_value
ns_2

e 97 scenes from the Sierra Nevada ns5

. ns_ 4
Elevation_m

e 11 scenes from the Colorado Rockies ms1week mean
. . Seasonal_ns_1_rel
e 2 scenes from the Olympic region Seasonal_ns_2 rel

Seasonal ns 5 rel

e Removed SWE values<1cm Seazonal e S rdl
. . Seisﬁnal_n§_3_lrel
e 300 m spatial resolution Aspect Deg

ns 3 week mean

> 800,000 data points to train ML mode xga;xg;t;mgz:
ope_Deg
region_class

* Hold-one-out model evaluation hasSnow
e Train on 67/33% of remaining data 0.00 0.05 0.10 0.15 0.20 0.25 0.30

73



SWEMLv2.0 Evaluation: Tuolumne River Basin, Sierra Nevada

Predicted SWE (cm)

SWEMLv2.0 Model Prediction 2013-04-29
Tuolumne River Basin, Sierra Nevada

SWEMLv2.0 Model Performance 2013-04-29
Tuolumne River Basin, Sierra Nevada

7 RMSE: 11.6 cm
"1 KGE:0.85 »

150 - e
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PBias 3.37% e °
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I T T T
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Tuolumne River Basin, Sierra Nevada
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100

Mean SWE at Low, Mid, and High Elevation Bands
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40 4
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o

Below 2632m 2632m - 3275m Above 3275m
Elevation_Range

Snow-Water-Equivalent (cm)

mmm Mean_SWE_Prediction ~ === Mean_SWE_Observation

SWEMLv2.0 Model Error 2013-04-29
Tuolumne River Basin, Sierra Nevada

Volumetric Frozen Water Content at Low, Mid, and High Elevation Bands
Tuolumne River Basin, Sierra Nevada 2013-04-29

- (=] @
o o o
L 1 1

Frozen Water Volume (x10000m3)
=
L

!
Above 3275m

T
Below 2632m

o
L

T
2632m - 3275m

Elevation_Range
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SWEMLv2.0: Comparison to SNODAS using NWM Hydrofabric

SWEML SWE (mm)
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Seasonal Snow and Glacier Measurements
using Radar Remote Sensing

Rick Forster, Smriti Srivastava, Avina Khatri, and Jewell Lund

THEU

UNIVERSITY
OF UTAH

School of Environment, Society & Sustainability
(formerly Department of Geography)




Measuring SWE from space at 25 m:
An experimental approach

Interferometric Synthetic Aperture Radar (InSAR)
measurement of snow depth/SWE change

(modified from Guneriussen et al., 2001)



Radar and supporting Measurement Techniques used in Little Cottonwood Canyon

GPR (UNM) L-band

Ku-band SAR(CU Boulder) Terrestrial Lidar Scanner (CRREL)

Ground truth:

Snowpits
SnoTel
MesoWest
UAVSAR (NASA/JPL)
L-band SAR

Airborne Lidar



Little and Big Cottonwood Canyons

& | At

TN T A
- * b . -
. - '. — -

[ UAVSAR swath
CarSAR
[ CarSAR, Ku-band, GPR
[] CarSAR, Ku-band, GPR, TLS
Airborne Lidar

@ SnoTel
® Snowpit

1, 2ol e W g Y ® MesoWest




UAVSAR, ground-based radar and lidar
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Mt. Superior- Coherence from CarSAR
CarSAR pair spanning avalanche control work

Coherence

Goagle Earth



NASA ISRO Synthetic Aperture Radar (NISAR)

Scheduled to launch April 2025

NISAR displacement applications:
Glacier and Ice Sheet velocity

@fd =4

Joughin et al.,2017

Global coverage every 12 days =y
Earthquakes, fluid withdrawal, volcanoes, etc.
~4.. ~ Speed (m/a)
m i o I 10 100 1000>3000




Snow Wetness from SAR

Big Cottonwood Canyon, plateau near Cardiff Fork

-

Google Earth

Satellite:

Sentinel -1, C-band (5.6 cm)
Every 6 to 12 days ~7am

25 m pixels

Ground truth:
Coincident snow wetness in
snow pit every 10 cm depth
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NSF Engines:
Southwest Sustainability
Innovation Engine

Chevron

-

%
Phase Change Phenomena to ' 4

Address Water Scarcityina ~ Rao Lab
Decarbonizing World

Sameer R. Rao
Assistant Professor
Department of Mechanical Engineering

University of Utah

PEAK Water Sustainability Engine Kickoff
1/22/2025

Department of
U MECHANICAL ENGINEERING
7. THE UNIVERSITY OF UTAH
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Atmospherlc Water
Harvesting




. s Qﬂge,
Atmospheric water harvesting . ‘@i "
d0 La

Efficiency-optimal technology
Realistic operation

Fog harvesting:
* Passive
* Requires 100% RH

|

Kgw
kﬂair
o
o
w
2

Humidity ratio [
o
o
S

Sorption based AWH: 0.010.
* Passive or active

[ i A e Neededto serve Me
Refrigeration dewing: millions of people 285 290 295 300 305 310 315 320 325
* Vapor compression Temperature [K]

[Rao ‘22]
* Most prevalent technology

Department of
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Sorption-based AWH

91

Sorbent material saturated

Rapidly release adsorbed
water vapor

Condense vapor from the
humid air stream

Repeat

Adsorption

Condensatio Desorption
= vt R i

‘;.Capture liquid

e D

ooooooooooo
U MECHANICAL ENGINEERING
»  THE UNIVERSITY OF UTAH




Technology development

NS

W

1000 ¢ .
Compact systems w/

low production

100 | v

10 b 4

o
#~ For realization of
-~ practical AWH systems

Volumetric Productivity (kg/m*-day)

1 L 1

Compact systems w/
high production A Ortiz cutdoor
Ortiz cutdoor
Ortiz indoor
Ortiz indoor
Ortiz sim
Gentie 2022(18)
Shao 2023[18]
Shan 2022(4]
Song 2023(20]
Wang 2022{21]
Xu 2021[22)
Kim 2018[23]
Fathieh 2018[5]
Lapotin 2021(24]
Chen 2024[25)

4 E O FSVYEFSOE S

Large systems w/
high production

0 2

Productivity (kg/kg-day)

Reduced scale prototype (5:1)

i H M
I|IL” I
i

‘”i-l'l-l!l!lll'fu'!

5inches
—

Heat pipe
|l assembly

Heat pipe condenser
Heat pipe evaporator
Cartridge heaters (x2)

Air gap AHX enclosure
~3.5 mm

MOF copper AHX inlet
foam layer
(3 mm thick)

Copper fin
(0.15 mm thick)

—
6 mm

H
Inlet
Rotary vane
it anemometer
collection Rem'ti\fe ol
humidity probe‘NICAL ENGINEERING
JERSITY OF UTAH




Spin off — Sorption Water Solutions é:
(o)

Sorption Water Solutions LLC

Nathan Ortiz Sameer Rao
Captarning the Futune of (lean Water PhD Candidate Assistant Prof.
Founder Founder

Department of
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Brine evaporation




Chevron

BRINES: Brine Recovery and Integrated g

Evaporation Systems USM2g

Thermal storage pond Evaporation brine pond Fresh water condensed in
underground reservoir (cold)

<~ solar < solar

Air vented
F 3

Jile piwnH

80°C
Waste storage

Hot air

T d air — .

Ambient air



Backup



: : %
Sorption materials ' 4
Rao Lab
e Absorption materials “*T Hydrogelwith Lict
* High uptake 20
 Hygroscopic salts improve B
low RH performance ]
. . 21.04
* Leeching and scaling §
concerns 0.5-
e Adsorption materials . oo
oo o "o 10 20 30 40 50 60 70
* Naturally strong adsorbers  _ | el Relative humidity (%)
= _W-cg.;!;,;—rjﬁw N [Guan ‘22]
at low RH - 2
P 400 para———
* Proven safe over 1000s of 2 P
G 300 & -
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S 200} § -
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Harmful Algal Blooms

Ramesh Goel
The University of Utah
January 22, 2025

THE Peak Water Day
U UNIVERSIT?
OF UTAH




Surface Water Quality: Worldwide Issue

—_—
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*® EXPLANATION

0 100 200MILES i -\: [ ] Anecdotal re i
ports of cyanobacterial harmful

algal bloom (CyanoHAB) poisonings
0 100 200 KILOMETERS ' ) L ’

| (555 states with CyanoHABs, beach closures, and
health advisories in August 2016

[1 No anecdotal reports of CyanoHAB poisonings T

Toxic cyanobacterial harmful algal blooms (CyanoHABs) have
been implicated in human and animal illness and death in at
least 43 States in the United States (Hudnell, 2008; Graham and
others, 2009)
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Lake Utah



TYPES

Planktonic : Regulates position in the water column through buoyancy control.
Some planktonic cyanobacteria have gas vesicles that contribute to their
buoyancy. These vesicles help them stay suspended in water and reach the
surface.

Cyanotoxins are produced by many planktonic cyanobacteria like Microcystis,
Dolichospermum, and Planktothrix.

Microcystis is a common bloom-forming genus, typically toxic, forming greenish,
paint-like accumulations along shores.

Dolichospermum species create slimy summer blooms on the surface of eutrophic
lakes, resembling green paint or large dark dots in water.

Planktothrix agardhii forms long, slender filaments that form dense surface
scums, often detected by their strong earthy odor.

Benthic cyanobacteria grow on different substrates such as sand, cobbles,
and aquatic plants.

These cyanobacteria can form thick mats vertically, reaching over 70 cm in
thickness.

Common genera with toxin-producing benthic species include Nostoc,
Oscillatoria, Phormidium (now Kamptonema/Microcoleus), Microcoleus, and
Microseira (previously Lyngbya).

While benthic proliferations may include non-toxic species, toxin-producing
ones can be dominant or co-dominant

Benthic Cyanobacteria (source : ITRC)
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e Cyanotoxins can harm organisms in various ways: liver damage, cell dysfunction, nervous tissue damage, and allergic reactions.

* Cyanotoxins include diverse compounds like peptides, alkaloids, and amino acids, posing risks to aquatic organisms and humans. Common cyanotoxins include :
Microcystins, Cylindrospermopsins, Anatoxin-a, Guanitoxin, formerly known as anatoxin-a(S), Saxitoxins, Nodularins, Lyngbyatoxins.

e Cyanotoxins are released into water when cyanobacteria cells die, often due to water treatment or algaecide use.

* Different cyanobacteria species can produce multiple toxins, affecting aquatic life differently.

* Exposure to microcystins, a common cyanotoxin, can cause liver problems, oxidative stress, growth inhibition, reproductive issues, kidney damage, and even
death.

* Neurotoxic cyanotoxins can cause symptoms such as dizziness, vision problems, and convulsions.



Phylum and Cyanobacterial Genus Level
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Ongoing Research- Benthic cyanobacteria
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Function variations with time

ﬁ%ﬂa - Function Profiling

* |t showed the N and P function variations
at different bloom periods and sites.
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* The main nitrate and nitrite reductase
subunits were relatively higher in May
and early June and less detectable in
August and September.

* The Pho regulon and ppGpp was activated
in May. It suggested that phytoplankton
responded to early summer nutrient
stress and started to assimilate P.



B. Dolichospermum circinale (ID:G_DOLI), bin completencss 73.89% and 1.56% contamination

C. Plankrovivix agardhii (ID:G_PLANK), bin completeness 95.74% and 0.66% contamination
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Figure. The construction of essential inorganic N cycling,
Inorganic P assimilation and stringent response metabolic
pathways of dominant cyanobacterial MAGs and their gene
expression correlations. (A) Aphanizomenon flos-aquae (ID:
P_APHA), bin completeness 80.22% and 1.78% contamination.
(B) Dolichospermum circinale (ID: G_DOLI), bin completeness
. 13.89% and1.56% contamination. (C) Planktothrix agardhii (1D:
G _PLANK),

7 bin completeness 95.74 % and 0.66% contamination. (D)

/ Microcystis aeruginosa (P_MICR), bin 71.96% completeness

and 1.83% contamination. The schematic map on the lefthand

.. Shows the metabolic pathways. The Pearson correlation (r) and
“»significance values (p) were calculated between genome relative
/. abundance and expression quantification (TPM) of specific genes
\ /AN : : )
during a bloom period ((before, during and after the main

bloom). The positive values demonstrate the positive correlation

) .between genome and gene expression abundance, while the

negatlve values show the opposite trend. The chord diagram on

| N /;the righthand side show the correlation among different gene
L0 expressions during a bloom period.



Schematic Diagram of the Ecological Changes in Summer
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Lightning Talks

Paul Brooks; Court Strong, Ryan
Johnson; Steve Burian

The SLCDPU-UU Partnership: Advancing Fundamental
Understanding and Societal Application in Water Resources

Joshua Graham
Nathan Lunstad
Zinan Yu

Ling Zang

Deisy Carvalho Fernandes
Ryan Johnson

Rick Forster

Sameer Rao
Ramesh Goel
Brig Daniels
Emily Lewis

Shoring Up: Art Education on the Edge of the Great Salt Lake
Integrated Water Distribution Systems

Phosphate Recovery from Wastewater

PFAS Separation Technology

Pollution Prevention and PFAS Mitigation: Building a
Sustainable Future

Coupling Large-Scale Datasets and Machine Learning to
Advance High-Resolution Snow Mapping

Seasonal Snow and Glacier Measurements using Radar Remote
Sensing

Atmospheric Water Harvesting and Brine Management
Harmful Algal Blooms

Legal Reforms and the Effort to Save Great Salt Lake
Water Policy




Peak Water Engine
Water Law & Policy Perspectives
Collaboration for Complex Water Problems

Emily E. Lewis

CELEBRATING 75" ANNIVERSARY




Emily E. Lewis

Clyde, Snow & Sessions

- Director and Shareholder, Co-Chair of Natural
Resources and Water Law Practice Group

- Adjunct Professor Law, SJ Quinney College Fil 482 22056
Water Law

-  Water Law Committee Chair, Utah Bar
- Podcast Host — Ripple Effect Podcast
- Strategic Projects

- General Gadfly A PODCAST PUTTING

WATER IN CONTEXT

* cel(@clydesnow.com

e (307) 690-6459


mailto:eel@clydesnow.com

Experience and Areas of Expertise

Municipalities and retail water supplies

Water quality standards and water reuse

Irrigation companies and agricultural water use

Water Conservancy District and Federal wholesale water supplies
Developers and exaction requirements

Water distribution and reservoir operations

Water markets and water transactions

Prior Appropriation Doctrine

Mining companies and extractive industries

Innovative water policy recommendations



Legal and Water Policy Perspective

Complex water problems often benefit from a water law and policy perspective

- Does the project involve water rights — are they the “right” rights?
- Do | need a water right?
- Does a water right exist for what | want to do? (DLE?; atmospheric water harvesting?)
- Prior Appropriation? Priority? Distribution Issues? Conveyance Questions?

- Are here other contracts/governing rules | should know about?
- Federal Reclamation Contracts limit water use?
- lrrigation Company Governance? Shares often confused with water
- Reservoir operations?

- Are there legal or political barriers | am not seeing?
- Cache Valley Water Bank — designed without considering irrigation company structure
- Water Trading Platform — designed without considering Change Application Process

- How do | scale a project/concept in a way that meshes with existing law or process?
- OpenET technologies and Saved Water Change Applications (tech and law meeting)
- Water “politics” and taking progressive ideas “to the water user”



SAMPLE PROJECT:
GREAT SALT LAKE ADVISORY COUNCIL:
2020 LEGAL ANALYSIS — LEGAL STRATEGIES TO BRING WATER TO THE

- Foundational Strategies

- How do we change Utah Water law to allow for conserved
water to be brought to Lake

- Operational Strategies STRATEGY 4 STRATEGY 11
, Egré Slo we manage our water differently to bring water to the Groundwater Management
STRATEGY 5 STRATEGY 8
- Tactical Strategies M&I Water Conservation Ag. Water Conservation
- What activities can we do to “create” more water that could STRATEGY o STRATEGY o & @
be brought to the Lake Split-Season Leasing Water Acquisition

. Organizational Infrastructure STRATEGY (@ Watershed Best Practices

- How do we organize our decision makers to execute these
strategies in a manner that prioritizes bringing water to the
Lake

STRATEGY o Shepherding Water

STRATEGY @ Quantifying Conserved Water

v
-]
§
3
m
&y
-z
e
w
m
-
(]
<
()
=]
=]
-
e
=
Q
=1
=
=
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Legal Analysis and Review

of Select Water Srategies | LEGEND

for Great Salt Lake
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SAMPLE PROJECT:
2023 GREAT SALT LAKE BASIN INTEGRATED PLAN (GSLBIP)

* HB429(2022) GREAT SALT LAKE BASIN INTEGRATED PLAN
. Released November 2023
. Approach

— Inventory and categorize laws and policies

— Review and status of law and link in associated programs
. Show Progress

—  What have we done

—  What are we working on

— WhatIs Next




WHY?
Physical Summary and Document
* Comprehensive — programs
* Inferactive
e Drop on someone’s desk
Respond to public questions about action
Identify redundancies, gaps, and opportunities

WOow!!

Good work team!! Accomplished a LOT in 5ish years
STATE WEBSITES!! -

programs, Programs, and Programs
$$$$$$S$ - So many 000,0000,000s

ClydeSnow

ClycleSnow

_

Clyglesnow
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SAMPLE PROJECT:
2025 Colorado River Authority of Utah: Demand Management Pilot Program

 Employing OpenET to quantify water depletion from three
pilot projects (fallowing land; irrigation conversion; and storage
forbearance).

* Navigating Change Application process for having OpenET
quantifications legally recognized and distributed to Lake
Powell

*  Working with team to understand storage facility operating
principles and contracts to store quantified saved water
(Federal Reservoirs and local reservoirs)

V, \\ THE COLORADO
| RIVER AUTHORITY ABOUT v BOARD v ADVISORY COUNCILS v  MANAGEMENT PLAN

N / OF UTAH

Utah Demand Management %
Pilot Program |

Conservation With a Purpose



SAMPLE PROJECT:
2025 Living Rivers Direct Lithium Extraction Law Suit

* Challenging of appropriation of new water from deep brine
aquifers for the beneficial use of Direct Lithium Extraction

* Questions as to whether process complies with local area
policy prohibiting water rights appropriated for “consumptive”
uses when water is diverted from one aquifer and returned to

another

* Questions as to whether the Appropriation violates the
“public welfare” when no current authority exists under Division
of Qil, Gas, and Mining (or any other agency) regulating
extraction of lithium from deep brines

—~ Robust process for processing lithium from GSL

Coalition files lawsuit to challenge groundwater rights
for lithium mine on Green River

The lawsuit asks important questions about regulating deep groundwater drilling along the banks of a major river. As
companies push to meet the demands of the green energy transition, the effort ensures accountability for our
communities — plant, animal and human.



SAMPLE PROJECT:
2024 Utah Statewide Water Marketing Strategies

e Multi- disciplinary Team setting up pilot projects to test
Water Banking Act and create Water Marking Strategies

* Applying and creating new administrative processes for
approving water banks

*  Working with water users across the state to hear their
concerns and preferences

*  Working with engineering firm, hydrologists, and biologist to
better understand stream flow in East Canyon and install
proper stream gauges —contemplated contracts suited to
trigger when certain stream targets were met

WATER MARKETING STRATEGIES

Top 10 Lessons Learned about B
Water Marketing -'

Moving from Curlosity to Clarity Water users are interested

n “water marketing/water banks” but lack a clear understanding
of the terms, the benelit. and next steps. Water is complex

and descussions can quicidy lose direction. Water users want
step-by-step guidance on how to constructively explore and
implement a water market. Utah's Statewide Water Marketing
Strategies meet this need

A Veluntary, Flexible, and Timely Tool \Water markets

“ can addross diverse water supply and demand imbalances.

Once the mechanics of a water iransaction are set up, water
ugers can choose wihen and Rowy 1o uae it ULing et B

S Koy DFRETEES, WwOlun Lary Waler markets Can quickly miove
Water Lo new demands

Local, Local, Local Most water markets vwill meet local conditions
Successful water transactions require the expertise, participation,
and endorsement of local water users. Water leasing is one tool to
keep water rights and revenue in the local community,

Someone Heeds to Lead: It takes significant tirme and

MELOURCES 10 exdEute & walbir Transaction, Having an engaged and
committed local champson is imaluable in setting up a succosaful
Water market. Appoint representatives from parucipating groups
10 Spiid dicussions



Complex problems are complex for a reason — they challenge thinking and the status quo from multiple perspectives.

Incorporating a water law and policy perspective can help collaborative teams design solutions that work in the real world.

Expedite shared solution making.
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