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Background

» PNNL Salish Sea Model
Development

M 2009 - present

B Need for a comprehensive
predictive computational tool for
management of the Salish Sea
Ecosystem

» U.S. EPA/ Ecology NEP Grant

B Objective: Evaluate the effects of
current and potential future
nutrient loads on dissolved
oxygen (DO) levels in Puget
Sound
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Salish Sea Model — PNNL / Ecology / EPA 7
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Salish Sea Model (SSM) - Grid Biogeochemical Component Model Specifications
P Hydrodynamic Model

52°N

B FVCOM (Chen et al 2003)
' B 3-D Baroclinic
i B 10-layers, sigma coordinates
S ] Boundarle_s
= Mineralization Nutrients @ Strait of Juan de Fuca
8 Denitriication °| (DIC, NO,, NH,, PO,) | Mineralization @ Strait of Georgia
Photosynthesis ® S, T, and Elevation
Two Algae Groups . Meleoﬁ)\l/sg_yWRF Model
Predation and Algae Losses B Hy drolo ay
of ® River flows

® Watershed models
P Water Quality Model
B CE-QUAL-ICM/USACE

B FVYCOM-ICM (Kim and
Khangaonkar 2011)

B Nutrients, phytoplankton/algae,
carbon, DO, .... 19 variables

B Benthic fluxes, pH

* Sediment Diagenesis u ﬁ%‘ﬁ,?ti’,?{gg'%g‘fg based on DFO

* Carbonate Chemistry & pH B Point source loads (99)...

46°N

0

128°W 126°W 124° W 122°w

Salish Sea Model — http://salish-sea.pnnl.gov/

* Khangaonkar et al. (2011 a,b, 2012, 2013, 2016, 2017)
* Pelletier at al. 2017 a,b, Bianucci et al 2018,

* Khangaonkar et al 2018 (under review)]




Hydrodynamic Model Simulation

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

50°N |
0 15 30 km

Tides — Greenbank, Whidbey Basin

P )
KN 4
% \ed
K3 N

§

y 4%
'GV
55

X0
oV
R .
} A Fraser River
AVAVA
AYaVA¥)Y!
LA\VAY #‘%"
49°N NG i ]
R AR ANS O P
\ S

1 1 1 1 1
3n 35 320 325 330 335 340

ORI I | ! L

32 ! !
CATAVAVAVAVA R AY 5 : :

SR

o
)
SN
X
R
TAVATAT A Y
P SR
PRI RN VOO
PR R SRk Tal]
S ARSI SR POORSR —
R R S SIS AN IR
btl: 2 DS < VAV,
R S RO o P OORY) /
*AVaYs (o= KOS
VA A SN TAVATA oIS - -
‘ﬂ N SRS |

L INSTRT,
BRI
v

i i

48° N »”

Aﬁ\\.\ Snohomish : i : i F -
4 River : :
Legend B
Tidal Sites Water Quality Sites © 12 ADM003 -
A 0 Friday Harbor  © 0BLLO09 © 13HCBO10
A 1 CherryPoint  © 1ADM002 © 14ELBO15 B
A 2 PortTownsend © 2SAR003 © 15 EAP0O1 Duwamish 18 - : : : : ) L
A 3 Seattle ©  3SIN001 © 16 HCBO004 B = Simulated Surfaceilayer 1) - ' Simulated Bottom{layer8 &  Observed Surface O Observed Botton
A 4 Tacoma © 4PSB003 © 17 NSQ002 16 T T T T T : i
A 5 Budd © 5CMB003 © 18 DNA0O1 0 50 100 150 200 250 300 350
A 6 Green Bank © 6GOR001 © 19 HCB003 i Tima fdauel
A 7 Bangor © 7BUD00S © 20 SKG003 ‘ ‘:!
A 8 PortAngeles  © 8GRG002 © 21ELDO001 g p
© 9PTHO05 © 22 SJFO00
. © 10 ADMO01 © 23 SJF001
47N o 11PSS019 © 24 SJF002 ) ]

125" W 1240 W 123°W 122" W May 22, 2018 4



Salinity Gradients
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Sailinty (PSU)

3.2002+401
. E24.75
Freshwater Inflows to Salish Sea »
(2014) E8.25

South Puget Sound 0.0002+00
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Hood Canal
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Fraser River
Central Puget
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2.76E+02 :
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Geogia Strait N. of
Strait of Juan De

San Juan Islands
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Circulation in the Salish Sea
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Circulation in the Salish Sea
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ADM = Admiralty Inlet EP/CP = East Passage / Colvos Passage
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R = Reflux Flow at Admiralty Sill (estimated at 19 k, = 60% of surface outflow& )
[Khangaonkar et al. (2017) — Ocean Modelling]
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Biogeochemical Model Simulation
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Progression
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Hypoxia in Hood Canal -
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Bottom Water Hypoxia in Salish Sea
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Salish Sea Model - Summary

» Salish Sea Model — Puget Sound and Northwest Straits
B http://salish-sea.pnnl.gov/

» Hydrodynamic Model (Expanded Domain)
m Validation of the Circulation in Embracing Sills

o Nearly 2/3™ of surface outflow is refluxed back to Puget
Sound near the Admiralty Inlet sill [Khangaonkar et al. (2017) — Ocean Modelling]

m Salish Sea Circulation Maps

» Biogeochemical Model of Salish Sea
m Nutrients, phytoplankton (two algae groups) and carbon
B Sediment diagenesis
B Carbonate chemistry — alkalinity and pH [Banuceetal- (2018

. . . [Khangaonkar et al. (2018) —JGR Oceans
®m Hypoxia — sensitive to Nutrient Loads (undergreview)] 2018

<EPA

United States
Environmental Protection PEPARTMENT OF

) — Elementa Sci Anth ]

Fisheries and Oceans
l*. Canada

e USGS .

cience for a changing world

US Army Corps
Ag(\ancy ECOLOGY 4 : O, & of Engineers.

State of Washington




o

Comparison to Historical Measurements I
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Pacific Northwest

Representative Model Error Statistics (2014) ... o

Proudly Operated by Baftelle Since 1965

» Tides Hydrodynamics
> Nitrate
-0.03 0.35 7.8% ME
ug/L (uM/L)

» Salinity 0.96 6.49
> Algae (Ch -
-0.12 0.97

RMSE

0.83 4.37

» Temperature

» Phosphate

028 076
| . -0.67 0.93
» DO » pH

. ME RMSE
Water Quality
: 0.12

0.24 0.99 0.21
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