Managing Salinity for Great Salt Lake Artemia During Drought:
An Adaptive Management Berm Provides a Unique Tool

Phil D. Brown
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The influence of the main causeway and its culverts

The midlake causeway permits

bidirectional flow through culverts

e South Arm lighter brine flows
into North Arm at the surface

* North Arm heavy brine flows
beneath into South

North Arm South Arm
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Mixing into upper water layer
.
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Causeway

North Arm South Arm Heavy brine

S flow Lower density brine >

* The heavy brine forms a deep
brine layer (DBL) in South Arm

* The heavy brine eventually
mixes into South Arm upper
waters, adding salt to the bay
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A timeline of culvert closure and DBL erosion
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New bridge and breach opened December 2016

Adjustable Berm
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Bidirectional flow after breach opening

10000 | Large unidirectional flush of water for 5

—eo—Gilbert to Gunnison
S _ _ months:
= i Gunnison to Gilbert . .
g AT * Hydraulic head had built up after 3
£ - . :
E years of disconnect from Gilbert Bay
4000 .

2 inflows
o : :
= AR e Large spring runoff in 2017

0o — : ' i —

Nov-16 Feb-17 May-17 Sep-17 Dec-17

Exported South Arm water and salt into the
North Arm

Date




Changing salinity-elevation relationships

South Arm Salinity at Elevation

4200

Increasing salinity

180
170 | o
(o)
. (o)

160 , W, <&°

150 | Q o8 ,
g 140 } Caﬁ&g '. ®
= ®
= 130 | O
[ O
“ 120 | &0 Po o,

.
110
. o®
100
90 1 1 1 1 J
4190 4192 4194 4196 4198
Surface Elevation
® 2010-2016 2017-2019.5 © 2020-2021
Culvert DBL Breach
Closures Dissolved Opened

S T

Ll 2012 2013 2015 Dec 2016

2020 Nov 2021



— e S T

Calculating South Arm salt load from monitoring data

Northwest Basin South Basin
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Export and return of salt load, 2017-2021
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17% export of South
Arm salt load to
North Arm

Gradual return of
~90% of it over the
next three years
Unwelcome at low
GSL volumes

Concerning trend

Endpoint was

unknown



Long term data informs management

Years of data collection
provided unexpected
results

Principles of salt movement
demonstrated

e Salt exported from South when
hydraulic forcing is strong (i.e.
spring runoff)

e Salt returns through breach when
hydraulic forcing is low

* Modifying the berm may allow
managers to manipulate this

* Unique observation
of salt movement

* Informative for
potential adaptive
management
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Management Implications

Short Term Options
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Raise berm after spring runoff, yet before
return flow

Raise berm for several years to allow
hydraulic head to rebuild, then open
Raising the berm may reduce or
eliminate the return flow at low lake
elevations
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Target salt loads which keep South Armin
100-180g/L salinity range across the
largest range of probable lake elevations

Avoid frequent berm changes
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Management actions

Results presented to the Salinity Advisory Berm was raised in July 2022

Committee in 2021 * Asimple 4 foot increase in berm

* Government scientists verified our findings height using rock fill

e Committee recommended raising the * Heavy brine return flow has been
management berm to stop return flow halted

e State government secured funds and e Salt load in Gilbert Bay is no longer
approved the change increasing

HDR Engineering, Inc.

Salt load, metric tons




Owens Lake Abert Lake Aral Sea Lake Urmia

Great Salt Lake is in a fortunate position

* Causeway location “protects” ~60% of original GSL lake volume

» Adaptive management structure and framework in place

* Other lakes either have no such protections, or the topography & available water
allow a much smaller percentage of restoration.
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Salt load transfer and changing salinities across a new
causeway breach in Great Salt Lake: implications for

adaptive management

Phil D. Brown, Thomas Bosteels, and Brad T. Marden
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