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Background

= Tetra Tech retained by Salton Sea Authority to
conduct engineering, field, pilot treatment, and
modeling studies to support the SSA preferred
restoration plan (2006)

= Engineering studies not directly related to
modeling

= Field studies conducted by UC Riverside
supported modeling

= Results of pilot treatment study used in
restoration scenario modeling

= Modeling study began in Fall 2006 and
completed Fall 2008
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Modeling Objectives

= Develop a fully coupled 3D hydrodynamic and
water quality model capable of long-term
simulation of the Salton Sea

= Demonstrate acceptable model performance
= Calibration and Validation

= Use the model to evaluate restoration scenarios
= SSA preferred plan and variants
= Focus on long-term, decadal scale, response
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Model Selection

= Model Requirements
= 3D hydrodynamics

= 3D eutrophication with predictive sediment flux
(diagenesis)

Fully coupled or linked

Capable of decadal scale simulation
Track record (not a research project)
= Public domain / Open Source

= Model Selection
= Few models or modeling systems satisfy requirements
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Previous 3D Hydrodynamic Models

= Cook, Orlob & Huston, 2002, Hydrobiologia,
473, pp 59-75
= Used RMA 10 hydrodynamic model
= @Grid in paper has about 350 horizontal cells
= Finer grids in Cook’s dissertation

= Supported by field observations including
temperature and currents

= Presented results for 10 day simulation periods
during May and October 1997

= SI3D Model application to Salton Sea
Referenced Draft PEIR
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A Previous 1D Water Quality Model

= Chung, Schladow, Losada & Robertson, 2008,
Hydrobiologia, 604, pp 57-75. Also in Draft
PEIR

= Includes 1D in vertical hydrodynamic model
= Includes Algae, P, N, O dynamics

= Particulate organics are fractionally associated with
suspended solids variable

= Sediment fluxes are specified

= Formulation differs significantly from models such
as WASP, CE-QUQL-ICM, RCA, and EFDC

= Formulation somewhat similar to CE-QUAL-W?2

= Model simulations compared with 1999 USBR data
set
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Some Potential Models

Model 3D Hydro | Nutrient Sediment | Public Speed
Cycling Flux Domain

EFDC Yes Yes Yes Yes Fast

CE-QUA- External Yes Yes Quasi Fast

ICM

WASP External Yes Under Yes Slow
Develop

RMA10 yes Yes No Quasi Slow

RAM12 /NO ?

CE-QUAL- | 2-D Yes Under Yes Fast

w2 Develop
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Why the EFDC Model?

= Model includes all necessary components for this study:
hydrodynamics, salinity, temperature, nutrient cycles, sediment
flux, and adsorptive contaminant transport

= The EFDC model is public domain: Source code and extensive
documentation is available to public from US EPA Center for
Exposure Assessment Modeling (CEAM)

= The EFDC model has been used for more than 120 applications
worldwide, Tetra Tech has conducted more than 70 applications

= The EFDC model is extremely computationally efficient.
Benchmarks indicate speed factors of 5 to 10 over RMA type
models on a CPU per cell/element basis

= The model developer has been with Tetra Tech for 12 years and
Tech Tetra maintains the model with support from US EPA

= (Code modifications can be readily made in a generic manner to
meet application needs
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EFDC Model Background

= Qriginally developed by John Hamrick at Virginia
Institute of Marine Science beginning in 1988

= Tetra Tech was first commercial user and has
continued to develop and maintain since 1996 with
primary support from US EPA

= EFDC is extremely versatile and can be used for 1,
2, or 3-dimensional simulation of rivers, lakes,
estuaries, coastal regions and wetlands

= The single source code implementation eliminates
the need for linking multiple models to arrive at an
effective modeling solution

= Currently used by federal, state and local agencies,
national laboratories, consultants, and universities
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EFDC Capabilities

= Three-Dimensional hydrodynamics with coupled
salinity and temperature transport

= Mellor-Yamada and GLS turbulence closures

= Directly coupled water quality-eutrophication model
with predictive sediment flux (diagenesis)

= Directly coupled sediment and toxic contaminated
transport and fate model

= |ntegrated near-field mixing zone model

= Preprocessing software for grid generation and input
file creation

= Post-processing software for analysis, graphic and
visualization

= Track record for surface water applications
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Hydrodynamics

Hydrodynamics

Dynamics - Near Field .
(E, u, v, w, mixing) Dye Temperature Salinity Plume Drifter
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EFDC Hydrodynamics

= Three-dimensional with 2-D and 1-D options

= 1-D Channel network option ssing HEC type
cross section data (also available in EFDC1D)

= Boundary fitted curvilinear Grid
= Sigma and hybrid (LCL Sigma) vertical Grids

= |ncludes vertical and horizontal turbulence
Closure Models

Mellor-Yamada (Vertical)
Smagorinsky (Horizontal)

= Full density coupling with salinity, temperature
and suspended sediment concentration
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EFDC Hydrodynamics

= GFDL and CE-QUAL-W2 based surface and
internal heat exchange formulations

= Drying and wetting of shallow regions

= Embedded narrow channels in larger scale grid
cells

= Hydraulic control structures including pumped
withdrawals and returns

= Vegetation Resistance

= Wave boundary layers and wave Induced
currents

= Embedded Lagrangian plume model

= Concentration and water surface elevation data
assimilation (Nudging with diagnostics)
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EFDC SEDIMENT TRANSPORT

= Multiple size classes of cohesive and con-cohesive
sediment

= Suspended and bed load transport

= Sediment bed geomechanics with armoring, cohesion
effects and finite strain consolidation

= Can be coupled with spectral wind wave model for wWave
induced resuspension

= Modular approach for parameterizing settling, deposition,
and erosion processes

= Additional Process Parameterizations Are Readily
Incorporated into Code via Process Functions

= Full morpho-dynamic coupling with hydrodynamics
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EFDC Toxics Transport and Fate

= Simulates water column and bed heavy metals and toxic
organic compounds

= Strongly coupled with sediment transport for sorbed phase
dynamics

= Multiple layer bed includes pore water advection and
diffusion and biological mixing

= Three-phase equilibrium partitioning with non-equilibrium
option under development

= Modular chemical processes models to simulation decay
and transformation processes
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EFDC Water Quality/Eutrophication

= Directly coupled to hydrodynamics. No external
linking is required

= Based on CE-QUAL-IC (Chesapeake Bay WQ
Model) kinetics

= 22 Water column state variables including multiple
classes of algae and organic carbon, nitrogen and
phosphorous

= QOptional 27 state variable sediment diagenesis/flux
sub-model base on work of Dr. Dominic DiToro

= Reduced number of state variable option allows
equivalence to WASP
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Water Quality/Eutrophication Model

[Hydrodynamic
Model % Water Quality

—
Organic : . COD Sediment
Algae Carbon Phosphorus | | Nitrogen | | Silica | | DO TAM FCB Diagenesis
Greens
Predicted Flux
Diatoms
Other Specified Flux
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EFDC WQ State Variables

1) algae group 1

2) algae group 2

3) algae group 3
)

4) refractory particulate organic
carbon

5) labile particulate organic carbon
6) dissolved carbon

7) refractory part. organic
phosphorus

8) labile particulate organic
phosphorus

9) dissolved organic phosphorus
10) total phosphate
11) refractory part. organic nitrogen

12) labile part. organic
nitrogen

13) dissolved organic
nitrogen

14) ammonia nitrogen

15) nitrate nitrogen

16) particulate biogenic silica

17) dissolved available silica

18) chemical oxygen demand

19) dissolved oxygen

20) total active metal

21) macro-algae

22) Rooted aquatic plants
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EFDC Water Quality Schematic
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EFDC Sediment Diagenesis (Sediment Flux)

= Developed by DiToro & Fitzpatrick for Chesapeake
Bay Model

= 27 state variables and fluxes

= Basic processes:
= Depositional flux of POM from water column
= Diagenesis (decay) of POM in sediments
= Flux of substances produced by diagenesis

= Predicts sediment oxygen demand, SOD, for aerobic water
column conditions and H2S flux (as oxygen equivalent) for
anaerobic conditions

» Benthic sediments represented by 2 layers
= Upper sediment layer can be oxic or anoxic
= Lower sediment layer is always anoxic
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Sediment Diagenesis or Flux Model Variables

Table 5-1. EFDC sediment process model state variables and flux terms

(1) particulate organic carbon G1 class 1n layer 2

(2) particulate organic carbon G2 class in layer 2

(3) particulate organic carbon G3 class i layer 2

(4) particulate organic nitrogen G1 class i layer 2
(5) particulate organic nitrogen G2 class in layer 2
() particulate organic nitrogen G3 class in layer 2
(7) particulate organic phosphorus G1 class i layer 2
(8) particulate organic phosphores G2 class in layer 2
(9 particulate orgamic phosphorus G3 class m layer 2
(10 particulate biogenic silica in layer 2

(11) sulfide/methane in layer 1

(12} sulfide/methane in layer X

(13) ammonia nitrogen 1n laver 1

(14) ammeoma nitrogen in layer 2

15) nitrate nitrogen in layer 1
16) nitrate nitrogen in layer 2
17) phosphate phosphorus in laver 1
18) phosphate phosphorus in layer 2
19} available silica m laver 1

207} available silica in layer 2

(

(

(

(

(

(

(21) ammoma nitrogen flux
(22) matrate nitrogen flux
(23) phosphate phosphorus flux

(24) silica flux

(23) sediment oxygen demand

(26) release of chemical oxygen demand
(

27) sediment temperature
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Two Layer Schematic of Sediment Bed
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Sediment Diagenesis Model Interaction with
Water Column
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Representative EFDC Applications

= Rivers - Blackstone (MA), Chattahoochee (GA),
Charles (MA), Duwamish (WA), Christina (DE),
Yazoo (MS), Housatonic (MA), Los Angeles
(CA), Willamette (OR ), Sacramento (CA)

= Lakes and Reservoirs - Lake Okeechobee (FL),
Conowingo Reservoir (MD), Ten Killer (OK),
Allatoona (GA), Jordan(NC), Wheeler (AL),
Maumelle (AR), Clear Lake (CA)

= Wetlands - South Florida Water Conservation
Areas, Everglades Stormwater Treatment
Areas, Southern Everglades National Park
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Representative EFDC Applications

= Estuaries and Harbors - Chesapeake Bay, James
River (VA), York River (VA), Potomac River (MD),
Peconic Bays (NY), Indian River Lagoon (FL), San
Francisco Bay, Morro Bay (CA), Mobile Bay (AL),
Neuse River (NC), Cape Fear (NC), Savannah River
(GA), South Puget Sound (WA), Charleston Harbor
(SC), Los Angeles/Long Beach Harbors, San Diego
Bay, Stephens Passage (AK), Cook Inlet (AK)

= (Coastal Regions — Mid-Atlantic Shelf (NC), Florida
Bay, Vero Beach (FL), Western Australian Shelf, Nan
Wan Bay (Taiwan), Arabian Gulf, Wadden Sea
(Germany), St. Louis Bay (MS), Santa Monica Bay
(CA)
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Example Application — Florida Bay

= |ssues include hyper-salinity, eutrophication, sea-grass
habitat and impacts of inland Comprehensive
Everglades Restoration Plan Projects

= Multiple resolution grid system (3 levels of resolution)

= Coupling with wetlands and large scale ocean
circulation models

= Completed 8 years historical hydrodynamic, salinity,
temperature, and eutrophication calibration and
verification with scientific peer review

= Full model will be used for decadal time scale
evaluation of CERP Alternatives

TETRA TECH, INC.
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Example Application — Lake Okeechobee

= |ssues include resuspension of high organic content
sediments during nocturnal sea breeze events,
phosphorous dynamics, and impact CEPR Projects

= Coupling with SWAM spectral wind wave model to
simulation wave induced resuspension

= Multiple year historical hydrodynamic, temperature, and
sediment calibration and verification

= Eutrophication and sea grass model has been developed
and calibrated

= Model is being used for decadal time scale evaluation of
CERP Alternatives

= Case Study in Ji, 2008, Hydrodynamics and Water
Quality, Wiley.
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Example Application — Peconic Bay

= |ssues include control of internal and external
nutrients and localized low dissolved oxygen
due to high SOD

= Multiple year historical hydrodynamic, salinity,
temperature, and water quality calibration and
verification

= Model demonstrated predictive ability for SOD
and nutrient fluxes

= Following plots show model — observation
comparison
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Peconic Bays
Located in the Eastern Fork of Long Island

==

e
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Sediment Oxygen Demand
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Ammonia Flux From Sediment
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NO3 Flux from Sediment
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PO4d Flux From Sediment

PECONIC WESTERN BAYS 406-CELL MODEL: 10/1983-10/19%96 CALIBRATION
FLANDERS BAY [42,18]
I

0.19 ! ! ! ! ! !

PO40 BENTHIC FLUX (g/m2/day)

.
10/88 10/89 10/90 10/91 10/92 10/93 10/94 10/9% 10/96

Time

Model

obs

TETRA TECH, INC. w



Long-term Sediment Recovery
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Salton Sea Data to Support Modeling

= Temperature and Current Profiles During 1997
= 5 Temperature Sites
= 3 Current Meter Sites
= Data provided by Dr. Chris Cook

= Water Quality Monitoring Data During 1999
= USBR data provided by Dr. Chris Holdren
= Temperature, Nutrients and Organics

= Additional water quality data
= River Inflow records

= Atmospheric conditions

= CIMIS stations provide wind, radiation, rainfall, relative
humidity
= Additions data from private facilities
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Temperature
and Current
Profile Sites

CIMIS®
Station 4138

ciMIs
Station #41_

g
i

m . Safoty Cloare
036912 Met. Station
Scale in kilometers

Shorzline Elevation =-88.2 m (-228 (1) below M3L
Contour interval 1.52 m (5 ft) starting from shoraline.

Figure 2-1. Location of temperature and current profile sites in the Salton Sea during 1997,
(Cook and Orlob, 2002)
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Location of
USBR 1999
water quality
monitoring
sites

n .
Kilometers e

Figure 2-23. Location of water quality monitoring sites in the Salton Sea during 1999,
{(Holdren and Montano, 2002)
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Current data
early May 97
in Southern Sea
showing CCW

gyre

Also note
diurnal
fluctuation
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Figure 2-2. Depth average velocity components at sites 1 and 3, May 8-20, 1997.
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Wind conditions
early May 97

128 and Desert
Valley Southern
127 mid-sea

Note diurnal
variation in speed
and direction

Figure 2-3. Wind velocity components, May 8-20, 1997,
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Current data
late May 97
Site 1 south
Site 5 north

Note weaker
currents in
nhorth and
diurnal
fluctuation
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Wind conditions
early May 97

128 southern
127 mid-sea
154 northern

Note diurnal
variation in speed
and direction
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Current data
October 97
Site 1 south
Site 5 north

Note weaker
currents in north
and diurnal
fluctuation
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Wind conditions
October 97

128 southern
127 mid-sea
154 northern

Note diurnal
variation in speed
and direction
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Model Configuration

= Grid and Bathymetry
= Rotated Cartesian Grid

= 2600 cell fine grid for sensitivity

= 650 cell coarse grid for long-term simulation
= Vertical Grids

= 16 Layer Sigma

= 25 Layer GVC (Z behaving, free surface
following)

= GVC grid produced slighly superior results
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Hydrodynamic and Temperature Calibration

= Hydrodynamics
= Adjustment of bottom resistance
= Wind field interpolation
= Wind stress parameterization

= Temperature

= Adjustment of net incoming solar radiation and cloud
cover

= Adjustment of sensible and latent heat transfer
coefficient wind dependence

= Adjustment of initial conditions
= Adjustment of bed thermal interaction
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Temperature
and Current
Profile Sites
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Figure 2-1. Location of temperature and current profile sites in the Salton Sea during 1997,
(Cook and Orlob, 2002)
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Comparison of
observed and
predicted depth
average velocity at
Sites 1 and 3 during
early May 97
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“igure 5-1. Depth average current velocity comparison at Sites 1 and 3 during early May.
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Figure 5-2. Depth average current velocity comparison at Sites 1 and 5 during late May.
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Figure 5-3. Depth average current velocity comparison at Sites 1 and 5 during late October.
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Figure 5-4. Comparison of observed temperature (top panel) with model predicted temperature for the first
eight months of 1997 at Site 1.
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Figure 5-6. Comparison of cbserved temperature (top panel) with model predicted temperature for the first
eight months of 1997 at Site 2.
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Figure 5-7. Comparison of observed temperature (top panel) with model predicted temperature for the last
seven months of 1997 at Site 2.
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Figure 5-10. Comparison of observed temperature (top panel) with model predicted temperature for the first
eight months of 1997 at Site 4.
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Figure 5-11. Comparison of observed temperature (top panel) with model predicted temperature for the last
seven months of 1997 at Site 4,
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.
Data Assimilation Experiment

= Do errors in velocity prediction translate
to similar errors in temperature prediction

= Or is correct mixing energy more
important

= Velocity data assimilated into model such
that velocity predicts at observation point
are exact

= Produced little change in temperature
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Figure 5-15. Model predicted temperature at Site 5 in late May. Top panel without velocity data assimilation.
Bottom panel with velocity data assimilation

34
32
30
Za
Z6
Z4
22
0
15
1a
14
1z
10

34
32
30
Za
Z6
24
22
0
15
1a
14
1z
10

] il
. NN 1 WA A
- BEottom
- Middle
T ouarter .
— Jurface dite |
T
138 140 142 144 146 145 150 152
Dayz Since 1 Jan 1997
- s
IV IV P DN PN WA Vb ALY
R T e R N P Y
_ _v_\_'_'_,_\__,_,_,—._,.\_,.\__,_,-—'—‘—’
- BEotromw
I Middle it 5
I Quarter Datg Lsm
— Jurface
138 140 142 144 146 145 150 152

Dayz Since 1 Jan 1997

TETRA TECH, INC. w



140

Comparison of
observed and
predicted depth |
average velocity at

Sites 1 and 5 during 10 - Sit::me Since 0O hrslnliia;l 1997 _
October 97 E Data iswm l ——Mod MW ——— Obs W

Velocity, cm/s
[}

Data assimilation J
experiment " i

Velocity, cm/s
(]

-10 ; . —t
290 292 294 296 298 300 302

Time Since 00 hrs 01 Jan 1997
igure 5-16. Velocity at Site 5 in late October. Top panel without data assimilation. Bottom panel with
t

F
data assimilation
TETRA TECH, INC. @



34

Bottom
Middle
Cuarter
— Surface

Temperaturs, C

a3ite |5

[3%]
o
[}

Z9Z Z94 Z9a 293 300 J0z
Days Since 1 Jan 1387

Comparison of :
observed (top) :
and predicted -
(bottom) -
temperature at )
site 5 ]
October 97 :
Data S Eh e

assimilation

Z9z 294 Z96 298 oo 3oz 304

experiment Days Since 1 Jan 1997

Figure 5-17. Model predicted temperature at Site 5 in late October. Top panel without velocity data
assimilation. Bottom panel with velocity data assimilation

Temperature, C

TETRA TECH, INC. w



Temperature
validation USBR
site 1 (north)
during 1999

40.00
35,00

15.00

Temperature, C

Q.00

S5-1T TBM

30,00
25.00 1
20,00 1

10,00 +
5,00 1

11eEe 2200188 411188 531180 T/200198 B8998 102818 121718
500 9800

40.00

25,00

15.00

Temperature, C

0.00

2600 9&00 9600 G000 99600 899800

35.00 1
30.00 1

20.00 |

10,00 |
5,00 |

1118Ee 2200188 411198 531188 T200199 9/EM1999 102818 1211719
§:00 g800

40.00
35.00

25.00

15.00

Temperature, C

5.00
0.00

900 9600 9600 6:00 99600 93600

551 10M TEM

30,00 1

20000 1

10,00 ¢

111989 2200199 411199 S31/199 T/20/199 /81999 10/28/19 12/17M19
&:00 9600

40.00
35.00
30.00
25.00
20.00
15.00
10,00

5.00

0.00

Temperature, C

5518 TEM

9600 9600 9600 600 99600 99600

11989 2/20/199 411499 5314199 7/20/199 ©/8/M999 10/28M19 12M17M9
6:00 8600

9600 9600 9600 G6:00  996:00 99600

Figure 5-18. Comparison of observed temperature (circles) with model predicted temperature for 1999 at BOR

Stations 881,
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Figure 5-19. Comparison of observed temperature (circles) with model predicted temperature for 1999 at BOR
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Water Quality Model Configuration and
Calibration

= Configured for 1999 with ability to repeat
conditions to achieve long- term simulation

= River loads based on observational data

= Calibration based primarily upon visual
comparison
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EFDC WQ State Variables

1) algae group 1

2) algae group 2

3) algae group 3
)

4) refractory particulate organic
carbon

5) labile particulate organic carbon
6) dissolved carbon

7) refractory part. organic
phosphorus

8) labile particulate organic
phosphorus

9) dissolved organic phosphorus
10) total phosphate
11) refractory part. organic nitrogen

12) labile part. organic
nitrogen

13) dissolved organic
nitrogen

14) ammonia nitrogen

15) nitrate nitrogen

16) particulate biogenic silica

17) dissolved available silica

18) chemical oxygen demand

19) dissolved oxygen

20) total active metal

21) macro-algae

22) Rooted aquatic plants
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EFDC Water Quality Schematic
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Table 3-1.
EFDC Water Column State Variables

Water Cluality State Variable

Sub-Classes

Algae Low temperature group
High temperature group
Crganic Carbon Lahile and Refractory Particulate

Lahile and Refractory Dissolved

Crganic Phosphorous

Lahile and Refractory Particulate
Lahile and Refractory Dissolved

Ortho-phosphorous Dissolved and FParticulate
(Equilibrium Sorption Formulation)

Crganic Mitrogen Labile and Refractory Particulate
Lahile and Refractory Dissolved

Ammaonium MA

Mitrate MA

Silica Available and Un-available

Hydrogen Sulfide (as Oxygen equivalent Chemical
Cooyaen Demand)

MA

Sulfate {as Owyagen equivalents)

MNA

Dissolved Oxygen

MA

Water Quality Model State Variables
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Sediment Diagenesis Model Schematic
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Sediment Flux Model
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Sulfide Dynamics

Diagenesis Model predicts sulfide flux from sediment

Model was modified to also allow sulfate reduction in water column

Under Aerobic Conditions in Sediment or Water Column
CH,0+0, - CO,+H,0

Under Anaerobic Conditions in Sediment or Water Column
2CH,0+H,S0, =-2C0O,+2H,0+H,S

H,S Exerts Chemical Oxygen Demand

H,S+20, — H,S50,

Ozone Treatment

H,S+20, - H,50, +0,
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[
Water Quality Model Calibration

= Comparison of model predictions and
observations during 1999
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Primary Water Quality Model Calibration
Parameters

= Algae — Grouped into 1-3 assemblages
= Carbon, Nitrogen, and Phosphorous to Chla ratios
= Maximum growth rate

Nitrogen and Phosphorous half saturations for
growth

= Optimum Temperature and Salinity Ranges
Maximum net decay and predation rates
Settling rate
= Carbon

= Labile and refractory organic decay rates

= Particulate organic settling rate
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Primary Water Quality Model Calibration
Parameters

= Nitrogen
= Labile and refractory organic decay rates
= Particulate organic settling rate
= Nitrification rate

= Phosphorous
= Labile and refractory organic decay rates
= Particulate organic settling rate
= PO4 partition coefficient

= Total Parameters = Approximately 20 for single algae
class
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Algae Parameters

Table 6-1.

Water Quality Parameters Related to Algae in the Water Column
(Section 2.4.1 of water quality theory manual)

Parameter Salton Sea Definition
Calibration

PMc (day-1) 32 maximum growth

Phd (day-1) 30

KHNx (g N m-3) 0.01 half-saturation for N

KHPx (g F m-3) 0.001 half-saturation for P

Keb (m-1) 0.01 background light extinction

KelS3S (m-1 per g m-3}) 0.05 light extinction coefficient for inorganic
suspended solid

KeNV3S (m-1 per g m-3) 0.0 light extinction coefficient for volatile
suspended solid

KeChl {m-1/mg Chl m-3) 0017 light extinction coefficient for algae
chlorophyl

CChlx (g C/ mg Chl} 0.08 algal carhon-to-chlorophyll ratio

{Dopt)x {m) [1R4] depth of maximum algal growth for algal
group x

TMlowe, TMuppe (1T) 25, 35 lower and upper optimal temperature for
algal group x growth

ThMlowd, TMuppd (1T) 14,23

KTG1c , KTG2c (T-2) 0.008, 0.006 effect of tempera ture below TM1x and
ahove TMux on growth for algal group x

KTG1d , KTG2d (T-2) 0.004, 0.007

BMRC (day-1) 0.07 basal metabolism rate at TRx for algal
group x

BMRd (day-1) 0.06

TRx (C) 20 reference temperature for basal metabolism
for algal group x

KTBx (T-1) 0.069 effect of temperature on metaboli sm for
algal group x

FRRc (day-1) 0. reference predation rate at BxF and TRx for
algal group x

PRRd (day-1) 0.25

WSc (m day-1) 0.10 Settling velocity for alaal group x

W3d (m day-1) 012
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Organic Carbon Parameters

Table 6-2
Parameters Related to Organic Carbon in the Water Column
(Section 2.4.2 of water quality theory manual)

Parameter Salton Sea Definition
Calibration

FCRP 01 fraction of predated carbon produced as
refractory POC

FCLP 07 fraction of predated carbon produced as
lahile FOC

FCDP 0z fraction of predated carbon produced as
DOC

FCD 0o fraction of basal metabolism exuded as
DOC at infinite dissolved oxygen
concentration for algal group

KHRx (g 02 m-3) 05 half-saturation constant of dissolved oxygen
for algal dissolved organic carbon excretion
far group x

WSRP (m day-1) 03 seftling velocity of refractory particulate
organic matter

WSLP (m day-1) 0.3 seftling velocity of labile pariiculate organic
matter

KHORDO (g 02 m-3) 20 oxic respiration half-saturation constant for
dissalved oxygen

KRC {day-1) 0.005 diszolution rate of refractory particulate
organic carbon

KLC (day-1) 0.05 dissolution rate of labile particulate organic
carbon

KDC {day-1) 0.08 heterotrophic respiration rate of dissolved
organic carbon at infinite dissolved oxygen
conceniration

KRCalg {day-1/g C m-3) 0.001 constants that relate dissolution of

KLCalg (day-1/ g C m-3) refractory and labile particulate organic

KDCalg (day-1/ g C m-3) carbon, respectively, to algal hiomass

TRHDR {TC) 20 reference temperature for hydrolysis of
particulate organic matter

TRMNL {T) 20 referance temperature for hydrolysis of
particulate organic matter

KTHDR {(1TC-1) 0.089 effect of temperature on hydroly sis of
particulate organic matter

KTMMNL (T-1) 0.069 reference temperature for minera lization of
dissalved organic matter

KHOMNM (g N m-3) 01 denitrification half-saturation constant for
nitrate
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Phosphorous Parameters

Table 6-3.

Parameters Related to Phosphorus in the Water Column
(Section 2.4.3 of water quality thecry manual)

Parameter Salton Sea Definition
Calibration

FPRP 0.05 fraction of predated phosphorus produced as
refractory POP

FPLP 010 fraction of predated phosphorus produced as
labile POP

FPDP 0.70 fraction of predated phosphorus produced as
DOP

FRIP 0.15 fraction of predated phosphorus produced as
inorganic phosphorus

FPRx 0.0 fraction of metaholized phosphorus by algal
group x produced as refractory POP

FPLx 0.0 fraction of metaholized phosphorus by algal
group ¥ produced as labile POP

FFDx 08 fraction of metabolized phosphorus by algal
group x produced as DOP

FPIx 0.2 fraction of metaholized phosphorus by algal
group x preduced as inorganic phosphorus

APCx(gPpergC) 0.0025 algal phosphorus-to-carbon ratio for algal
group ¥

WSs{miday) 0.5 inorganic sediment settling velocity

KPO4pim3ig) for TSS 0.01 Partition coefficient for PO4

CPprm1{g C perg F) 400 minimum carbon-to-phosphorus ratio

CPprm2(g C perg F) a difference between minimum and maximum
carhon-to-phosphorus ratio

CPoprm3 (perg P m-3) 0 effect of dissolved phosphate concentration
on carbon-to-phosphorus ratio

KRP{day-1} 0.0 hydrolysis rate of refractory POP

KLP{day-1) 0.05 hydrolysis rate of labile POP

KDP{day-1} 0.05 mineralization rate of dissclved organic
phosphorus

KRPalgiday-1 per g C m-3) 0.0005 constants that relate hydrolysis of refractory
POP to algal hiomass

KLPalgiday-1 perg C m-3) 0.001 constants that relate hydrolysis of labile POP
o algal hiomass

KDPalgiday-1 perg C m-3) 0.00m constant that relates mineralization to algal

biomass
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Nitrogen Parameters

Table 6-4.

Parameters Related to Nitrogen in the Water Column
[Section 2.4.4 of water quality theory manual)

Parameter Salton Sea Definition
Calibration

FMNRF 0.20 fraction of predated nitrogen produced as
refractory PON

FMLP 0.30 fraction of predated nitrogen produced as
labile PON

FMDFP 0.25 fraction of predated nitrogen produced as
DON

FMIFP 0.25 fraction of predated nitrogen produced as
inorganic nitrogen

FNRx 0.0 fraction metabolized nitrogen Ly algal group
¥ as refractory PON

FhLx 0o fraction metabolized nitrogen by algal group
¥ a5 labile PON

FMDx 0.7 fraction of metabolized nitrogen by algal
group x produced as DON

FMIx 03 fraction of metabalized N by algal group x
produced as inorganic N

AMCx (g N perg C) 0.14 nitrogen-to-carbon ratio in algal group x

AMDC (g N perg C) 0933 mass of nitrate nitrogen reduced per mass
of DOC oxidized

KRN {day-1) 0.001 hydrolysis rate of refractory PON

KLNM {day-1) 0.05 hydrolysis rate of lahile PON

KDN {day-1) 0.o7 mineralization rate of DON

KRNalg (day-1/g C m-3) 0.001 constants that relate hydrolysis of refractory
FON to algal hiomass

KLNalg (day-1 /g C m-3) 0.001 constants that relate hydrolysis of labile
PON to algal hiomass

KDNalg (day-1 /g C m-3) 0.001 constant that relates mineralization o algal
biomass

Nitm {a N m-3 day-1) 0.04 maximum nitrification rate

KHNItDO (g 02 m-3) 05 nitrification half-saturation constant for
dissolved oxygen

KHNitN (g N m-3) 0.1 nitrification half-saturation constant for
ammonium

THit1 (TT) 35 lower and upper oplimum temperature for

TNitZ () nitrification

KMit1 (T-2) 0012 effect of temperature below fabove TNit on

KNit2 (T-2) nitrification rate
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COD (H2S equivalent) and DO Parameters

Table 6-3
Parameters Related to Chemical Oxygen Demand and Dissolved Oxygen in the Water Column
{Sections 2.4.6 and 2.4.7 of water quality theory manual)

Parameter Salton Sea Definition
Calibration

KHCOD (g O m-3) 20 half-saturation constant of dissolved oxygen
required for oxidation of chemical oxygen
demand

KCD {day-1) 1.0 oxidation rate of chemical oxygen demand

TRCOD (T) 20 reference temperature for oxidation of
chemical oxygen demand

KTCOD (T-1) 0.03 effect of temperature on oxidatio n of
chemical oxygen demand

ADCR (g Q2 perg C) 267 dissolved oxygen-to-carbon ratio in
respiration

AOMT (g 02 perg N) 433 mass of dissolved cxygen consumed per
unit mass of ammonium nitrogen nitrified

Kro {in MES unit) 0.20 proporionality constant

KTr 1.024 constant for temperature adjustment of
dissolved oxygen reaeration rate
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Figure 2-23. Location of water quality monitoring sites in the Salton Sea during 1999,
{(Holdren and Montano, 2002)

TETRA TECH, INC. w



a0.00
S5-1T DO
-
o
E
o
[=]
531 830 W0 825 9428 10028 11027 12027
G0.00 r
S5-1T DOC
_ o o © 0 g
<
o
E
L]
O :
Calibrati )
alibration o

M w3 3z 41 s 93 630 T30 828 9028 10028 11027 12027

Site 1

5517 P4
Surface e
o
E D0 fmmmmmmmmm e e
; o
1999 S e
o o o o
0.00 T — T T T T
1M 131 32 41 &1 531 6/30 T30 8729 928 10028 11027 12027
1.00
5217 TP
I R e e L B e
-
E, DBl fmmmmmm e
F__- Dl fmmmmmm
DIED-______E"___&___C-_ ____________ 6 ___________________ E___
e e e
poo . N - R —

1M w3 ¥z 41 51 33 80 TA0 82% 928 10028 11027 1227

TETRA TECH, INC. w



wQ
Calibration
Site 1
Surface
1999

b)

TNimg/L) NO3(mg/L) NH4(mg/L)

COD{mg/L)

1.00

S5-1T NAH4

0e0 +
060 +
040 +

0.20 dom —— G- e ——
_‘L\n\‘\_ 3 o O . - N
0.00 0 oo ©

g.00

1131 32 41 51 53 B30 a0 829 @28 10428 11027 12027

£.00

4.00 +

2.00

0.oo

SE1T TH

11

131 32 41 51 3 630 70 829 w28 10028 11127 12027

z0.00

15.00 4

10.00 4

5.00

35-1T COD

0.00

"M w3 32 41 81 531 &30 730 8025 9028 10028 11027 12027

Figure 6-1. Comparison of ohserved and predicted water quality constituent concentrations near the water
surface at USBOR Site $5-1 during 1999 (“T" in the station label refers to the top of the water column).
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column)
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[
Water Quality Model Baseline

= Establish baseline condition for scenario
simulation comparison

= 1999 forcing and loads were repeated for
15 years

= Verify that 1999 conditions are near
dynamic equilibrium with respect to
sediment flux

= Verify that WQ dynamics are stable over
long-term

= Simple do nothing alternative
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Figure 6-10. Comparison of calibration and 15 year base-line simulation predicted surface and bottom

dissolved oxygen at USBOR Station $8-1.
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Water Quality Model Scenarios

= Base on baseline conditions for comparison

= 1999 forcing and loads were repeated for 15
years

= Spillage into salt sump to maintain stable sea
level

= Use anoxic volume days as performance
measure

= Also compared algae levels
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Simulation Scenarios to Evaluate SSA Plan

Table 7-1
Per Cent Volume-Days with Dissolved Oxygen Lower than Threshold Value
Scenario Mid Sea Water Per Cent Per Cent Per Cent Per Cent
Barrier Withdrawal Removal of Vol-Days Vol-Days Vol-Days
And Inflow Less Than Less Than Less Than
Treatment Phosphorous 1 mgiL 2 mg/L 4 mglL
Bassline MIA MIA MIA 36.80% 46.70% 63.20%
1 Yes Mo 0 23.80% 31.30% 42 30%
2 Yes Yes D 25.30% 33.10% 44 10%
3 Yes Mo an 0.00% 0.00% h.30%
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Figure 7-4. Histogram of Temperature Stratification. Top panel is current conditions. Bottom panel is SSA

restoration alternative.
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Figure 7-5. Model predicted velocities at Site 5 in late May. Top panel is current conditions. Bottom panel is

SSA restoration alternative
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Figure 7-6. Comparison surface dissolve oxygen at USBOR Station $5-1 for 15 vear baseline and restoration
scenario simulations. The three restoration scenarios in Table 7-1 are labeled as Sce1, Sce2, and Sce3.

TETRA TECH, INC. w



Comparison
of bottom DO
for baseline
and scenarios
at end of 15
year
simulation

DO{mgfL)

DO{mgA)

DO(mg/L)

DO(magiL)

Base-Bottom DO

2% L b\
0.00 A M e a A ha JLWU

o 30 &80 80 120 150 180 210 240 270 300 330 360

- u-ff
oo wa b

D 3 B0 B0 120 150 180 210 240 20 MO ¥ M0

30.00

Sca2-Bottom DO

20.00
15.00

10.00
500 M N
0.00 N Y

o 30 &0 90 120 150 180 210 240 270 300 330 360

20.00
Scel-Bottom DO

15.00
10.00 ¢

w e

0.00

o 30 60 80 120 150 180 210 240 270 300 330 360

Figure 7-7. Comparison bottom dissolve oxygen at USBOR Station $5-1 for 15 year baseline and restoration
scenario simulations. The three restoration scenarios in Table 7-1 are labeled as Scel, Sce2, and Sce3.
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Figure 7-8. Comparison surface chlorophyll ‘a’ at USBOR Station $5-1 for 15 year baseline and restoration
scenario simulations. The three restoration scenarios in Table 7-1 are labeled as Sce1, Sce2, and Sce3.
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I 4
Summary

= The EFDC based model was configured to simulate
and evaluate the major components of the Salton Sea
Authority’s preferred restoration plan

= The major findings of that evaluation are:

mixing and stratification in the SSA Plan’s northern
saltwater lake are not significantly different than
current conditions

Under extended current loading conditions water
quality in the northern saltwater lake is not
significantly different from current conditions

Reduction of external phosphorous loads was
determined to be more effective than treatment of
hypolimnetic water to remove sulfide and associated
oxygen demand.
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The following slide are additional information
not necessarily used in actual presentation
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The following slide are additional information
not necessarily used in actual presentation
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Salton Sea EFDC Model:
Stratification Prediction

= Prediction of thermal stratification is reasonable
for a uncalibrated first simulation

= Temperature Calibration

= Adjustment of net incoming solar radiation and cloud
cover

= Adjustment of sensible and latent heat transfer
coefficient wind dependence

= Adjustment of initial conditions
= Adjustment of bed thermal interaction

= Salinity Calibration

= Adjustment of inflow TDS

= Possible Replacement of UNESCO equation of state with
site specific relationship involving TDS
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Run Time Performance
(16 approximately 1 m vertical layers)

Horizontal Number of Hydro,S & T Combined
Resolution Horizontal Run Time Hydro and
Cells CPU Hr/ Year | Water Quality
Run Time
CPU Hr / Year
600 meters 2700 6 12-15
900 meters 1200 1.8 3.5-4.5
1200 meters 675 0.75 1.5-2
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Extra Florida Bay Slides Follow
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Salten Sea Authority Flanning
and Finance Boundary

Salton Sea Location Map and Existing Surface Area (360 sqg. miles)
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Salton Sea Location
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Figure ES-3 Conceptual Plan for Salton Sea Revitalization & Restoration Including Land-Use Plan for the
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