Great Salt Lake Integrated Water
Resources Management Model (GSLIM)

Current Status and Future Work

Krishna Khatri, PhD UTAH Y
Engineer, Hydrology and Modeling Section DNR
Utah Division of Water Resources o

[Great Salt Lake Advisory Council Meeting]
March 13, 2019




The model evaluation processes: three phases
(Aug 2017 to Jan 2019)



FIRST PHASE: 201 7
* Report received

August September

* Aug 11, 2017: The model and report from Jacobs ‘:
* Comments on the report and model i GO AR TS &

v 2

 Sep 1,2017: DWRe shared the comments to FFSL (Utah Division of
Forestry, Fire & State Lands through Laura Vernon)

e Comments discussed with Jacbos

* Sept 5, 2017: Model comments were updated to the Jacob’s team
skype call




SECOND PHASE:
* Updated model and report sai

* Internal meetings and updates
* Mar 28, 2018

agencies and the tech. committee memebers
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* Model errors and calibration issues were informed to DFFSL (Laura Vernon)
* FFSL was requested to share the model and evaluate the model with other
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THIRD PHASE: 201 8

Joint evaluations with Jacobs (Six Skype Meetings):
e Started on Jul 10, 2018

1) First Skype meeting: Sept 19, 2018

2) Second Skype meeting: Sep 26, 2018
* Thelupdated Calibrated Modellon Oct 1, 2018

3) Third skype meeting: Oct 17, 2018

4) Fourth skype meeting: Nov 2, 2018

5) Fifth Skype meeting: Dec 4, 2018
* The|extended (Dynamic) Module|on Dec 17, 2018

6) Final Skype meeting: Jan 23, 2019
* Discussed on the next steps

2019
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Outline:

 Model features
 Model simulation results
* Model performances and future work



Outline:

e Model features



GSLIM

 How do changes in GSL
and its watersheds
impact the lake’s water
levels and salinity?

 Modeled on the GoldSim
Software Platform

I‘) GoldSim Player - GSLIM beta v1.10_Integrated Historical (GSLIM_v1.10_IntegratedHistorical.gsp)
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Three modules

* River Basin (Integrated) Module
 Wetland and Lake (Dynamic) Module
e Lake (USGS Lake) Module



(1)River Basin Module: Basins, Subareas, & 12 km size grids

Sub-area Summary Results

Great Basin

| Grid level: rain

| and runoff

Kilometers
S
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About 38 Subareas About 305 Grids of 12 km




Integrated Module: Subareas flow diagram
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(2) Lake Module and (3) Dynamic Module (Lake and Wetland)
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Both modules: Water and Salt Balance USGS equations

Water Balance
South g

g North
()
SIS EOS PIS %
O

PIN  EON

GIS

North part
AVN=QS-QN-EON+ PIN + GIN

meas meas meas meas

O QS-QN=AVN + PIN + GIN - EON

GSL6OH {2/086

Source: USGS 2000

Salt Balance

South part % North part
vES g LWP
Y EN
LS Qs
LN
CLNP
EXPLANATION

fm=ii= Zone of diffusion and mixing of upper and lower
brine layers (Deep layer of brine in south part
was present during 1965-86)

LND Redissolved salt in the north part

ES  Water-surface altitude of the south part
EN Water-surface altitude of the north part
LS Dissolved salt load in south part

LSL Dissolved salt load in deep brine layer in south part
LN  Dissolved salt load in north part
CLNP Precipitated salt load in north part
QS  Total south-to-north flow through causeway
QN  Total north-to-south flow through causeway
LWP Load loss to West Pond

[USGS WRI Report: 4221]




Model lllustrations
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Outline:

e Model simulation results



Five Scenarios Run (Hypothetical): How will lake levels
and salinity change in the future (2017 to 2040)?

1. Base scenario: Assuming same historical climatic and water
uses observed from 1989 to 2012, and lake levels and
salinity recorded on Jan 15t 2017

2. Temperature increases by 0.50°C

3. Precip. decreases by 1%

4. Temperature increases by 0.50°C & precip. decreases by
1%

5. Population growth @4% of 2010
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Normal Probability Plot (Observed data 1950 to 2010)
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USGS 10010000 GREAT SALT LAKE AT SALTAIR BOAT HARBOR, UT

4198.89

4197 .8

4196.8

4195.8

4194.8

4193.8

4192.8

elevation above HGVYD 1929, feet

n

Jan Apr Jul oct Jan Apr Jul oct Jan
2017 2017 2817 2817 20138 28138 2018 2018 2819

Lake or reservoir water surface

— Lake or reservoir water surface elevation above ngwd 1929

— Estinated lake or reservoir water surface elevation above ngvwd 1929
m= Period of approved data

& value affected by equipnent malfunction,

=== Period of provisional data




Salinity (%)

GSL South Arm Salinity
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2017 2019 2021 2023 2025 2027 2029 2031 2033 2035 2037 2039
Time
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 Model performances and future work



Lake and dynamics modules

—GSLIM Dynamic

—GSLIM Lake
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e Observed

—GSLIM Dynamic

——GSLIM Lake Calibration
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GREAT SALT LAKE

BEGINNING MILE POST, RAMBO BRIDGH PROPOSED BRIDGE
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\
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ENDING MILE POST
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Old bridge

- Update New Bridge
hydraulics using data
collected since 2017




Update
scenarios:
industrial water
uses
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- Model other water
quality parameters and
deep brine layers
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River Basin (Integrated) Module
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Utah | Idaho
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- Verify water balance in subareas level incorporating reservoirs,
snowmelt and river routing



Stream inflows,
61%

Precipitation,
36%
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GSL Water Balance

(UPRR, 2014)
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- Update input data Clmate LandUse  Population Water Use Eﬁiciency

(e.g. climate,
Inflow \ Water Quality
Changes i Changes

population growth,
and land use changes)

Water Surface
Elevation

- Update scenarios
incorporating
important diversions
in river basins (e.g.
Bear River)
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Summary

Lake and Dynamic Module: Good performances
1. Future climate parameters

Bridge hydraulics and bidirectional flows

Deep brine layer

Sensitivity analyses

Scenarios update

& WN

River Basin Module: Needs improvement

Reservoir operation rules, snowpack, and showmelt analyses
Subareas water balance analyses and verification

Sensitivity and errors analyses

Routing module

Scenarios update[e.g. Bear River diversion]

NeWwWNRE




Organization supporting the GSLIM
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Thank you!
DNR

/\(46

Any questions/comments/suggestions?

WATER RESOURCES

Craig Miller, P.E. Candice Hasenyager, P.E. Todd Adams, P.E.
Manager, Asst. Director Deputy Director
Hydrology and Modeling



