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AAAAAAAAAAAAAAAAAA What is nutrient

=% pollution?
(Nutrient loads > natural)

|

(DIN - NO, + NH,)

Impact?

 Excessive primary
production

* Eutrophic conditions

« Water quality
impairment
* Increase in exposure to
hypoxic condition

= Fish kills ... etc.
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Need for regionwide
management of
nutrient pollution and
hypoxia

* Development of a
comprehensive predictive
computational tool for the
Salish Sea Ecosystem

* Tidal hydrodynamics
* Biogeochemistry

e Salish Sea Model (SSM)

(2010 — present)
= U.S. EPA
= Wa. Dept. Ecology

150 - -
o — Y2014 basaling
E 100, — Y2014 without land-based loads
NH
2 E |
—_ 5'[:" rlr.f
g N
(a) |/ L
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te
Bottom Hypoxia (DO < 2 mg/L) Occurrence [Days]
S . &
I{::igl_n;enr;lfj - ?K; ;;' » ® s A= HL*@
ood Cana K} T4 W I TR $1,. =m0 N,
s FEBN e s BN e
@ Dabob Bay " I"”: {E‘?}:‘g ;{?@ 1 {Jﬁ’% :ji:;@
@® Discovery Bay |/ e o B 'WL@
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o g S
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I ;éﬁf{ } Pat ?:l"\"ﬁ'-"-
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140

120
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Y2014 Without Land-base Loads

Khangaonkar T, A Nugraha, W Xu, W Long, L Bianucci, A Ahmed, T
Mohamedali, and G Pelletier. 2018. Analysis of Hypoxia and

Sensitivity to Nutrient Pollution in Salish Sea. Journal of Geophysical

Research - Oceans, 123(7): 4735-4761. doi: 10.1029/2017)C013650
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https://ssmc-uw.org/salish-sea-modeling-center/salish-sea-model/
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2017JC013650
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Potential opportunity to reduce the nutrient

pollution impact

Depth [m]
0
o

-

o

o
!

120 ~

140 A

0

0 i

m) 20 20
Outflow
40 40
(N)
Outflow Layer Depth (60m)
60 60
80 80
100 100
120 120
140 140
200 400 600 800 1000 O 20 40 60 —20 -10 0 10
PAR [pEinsteins/m ™ 2/sec] Chl alug/L] Current [cm/s]

PAR measurements from 7 stations in Puget Sound (2002 to 2003) by Washington
State Department of Ecology (Ecology) and King County

Chlorophyl data from Ecology’s monthly marine monitoring program

Tidally averaged current profile from ADCP data (NOAA-COOPs 2015)

20

Estuarine outflow
depth > Euphotic
zone depth

Passive export of
anthropogenic
nutrients out of

Puget Sound

Reduction in total
primary production
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Characterization of nutrient loads to Puget Sound
99 WWTP outfalls, 161 River inflows

(a) Average DIN Loading [kg/s] of Salish Sea  {b) Average DIN Loading [kg/s] of Point Source (US)

Tolay's lo-‘ln.f-' J0/15/2024 07:00 PST

L

Wastewater Point

Source (CA) Above Photic Zone

0.46 kg/s 0.106 kg/s
29% A
Below Photic Zone
River (US) 0.267 kg/s
Wastewater Point 0.35 kg/s 72%
Source (US) 23%
0.37 kg/s

24%

The loading value % are presented relative to the total average DIN loading
(1.44kg/s) to the Salish Sea, including Canadian and U.S. regions
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CENTER

Susnsm Daily 48hr forecast of surface salinity produced by SSCOFS at SSMC



https://ssmc-uw.org/2023/07/10/sscofs-salinity/

129|°W 126;°W 12§°W 12q°W 5 w
; : N _e.ceptlon assA A _}%

e = z ck B o} =
Pacific = b & <
Northwest & & L S
NATIONAL LABORATORY o m o

© A Y ©
< <
s

Z| = STLLAGY, JER 2
S ] %  Pacific Ocean AMisk R i 8
%O A | Legend %O
<t ssm_shelf_top <t

—==-= brief_border

[ ] COASTLINE_POLYGON_1

[ ] Model Grid

——— OBC line
Zlzlo 205 410k | =
1 & o)

=t | S E—
T T ' T

129°W 126°W 123°W
z | |z sl zZ
8 i A Wastewater point source i 8
R~ before relocation R~
< : f

A Wastewater point source
after relocation
® NOAA-COOPS Stations
< ® Ecology Stations Z
8 J e PS flux transects | g
R~ Flux transects: - R~
< A. Admiralty Inlet e?' <
B. Deception Pass b?'
z 8) z
o Q o
O 0y %
N~ N~
< <
Z Z
8 8
S i SKOKOMISH i S
<t RIVER <t
Z VAN pd
o A o
[e] [e]
N~ A Q N~
< PE 9 <
County egitsap, Bureau of Land Management, Esri, HERE, Garmin,
0 20 40 km Ky \) USGS, EPA, NPS
ALISH SEA | | | A OUTH 14

MODELING

CENTER T T T T T T T

123°30'W 123°15'W 123°W 122°45'W 122°30'W 122°15'W 122°W

0 SJF SJF
m / +—— |39k +—— y\ ! +— ! 15k

. £ 1 1 _,f
- R : 15k
2 F I g
g 120 95k 4
2150 p 7 o Inflow/Outflow |
2 200 Haro Strait i
7:;: = Inflow/Outflow '
2 ap Rosario Strait and San Inflow/Outflow to South
= ) Juan Island Channels Saratoga Passage Puget Sound

iy Strait of Juan De Fuca ; . L | ‘

T 420000 10000 150000 200000 250000 300000

ADM /ADM HNV/P

P/CP TN
4_

Distance along the transect, m

SJF = Strait of Juan De Fuca HNV/PSB = Hansville, Puget Sound
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R = Reflux Flow at Admiralty Sill (estimated at 19 k, = 60% of surface outflow)

24.6kU10.0k

24.7 “0.4k

0.9k Ul 0.7k

(b) Surface layer exchange outflow pathway ©
from Puget Sound via Admiralty Inlet
Bottom layer exchange outflow pathway _ _ _ _
From Whidbey.Besiayia Deception Pass
.0k
o)
'7%) %
2% /7 2
gL % ’ %2
9.% /¢/ @ %
>e S 4153 2 o
@ 1.7k
2 15.55&\ 2.9k
>
o
1 o ~
= N
o
]
18.1k®8
ux from
0 bottom.
flow
Exchange flow Arrows are not to scale es Reflux
Magnitude in and indicate direction of oin surface to
k (1000) m3/s transport only bottom

Circulation cells in Puget Sound separated by sills (Khangaonkar
et al., 2017. Ocean Modeling)



https://www.frontiersin.org/articles/10.3389/fmars.2023.1192111/full#B19
https://www.frontiersin.org/articles/10.3389/fmars.2023.1192111/full#B19

Sensitivity tests using SSM

(a) River based nutrient loads
(b) Wastewater based nutrient loads
(c) Outfall location

« Su Kyong Yun
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INutrient reduction scenarios |

(2) Reference (3) pnt_to_ref (4) riv_to_ref

Ant. River Loads =0

' L = Ant. River Loads = 0
Point Source Loads =0 Point Source Loads =0 nt. River Loads

IOutfaII relocation scenarios |

(5) pnt_to_bot (6) pnt_to_surf (7) 99% pnt_reloc

Point Source Loads = Point Source Loads = 99% of point source

Bottom Surface loads=Bottom
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werswest Direct impact of nutrient reduction on DO
= iImprovement _
| Nutrient reduction scenarios { Hypoxia ]

* Dissolved O 2ma/L
(2) Reference (3) pnt_to_ref (4) riv_to_ref 'ssolved Dxygen < 2mg

Point Source Loads =0 Ant. River Loads =0

Point Source Loads =0

Ant. River Loads =0 .
Impairment

* Dissolved Oxygen < 5mg/L

Hypoxia volume days [km3Days] Impairment volume days [km3Days] % GPP Change [%)]

M@ s ¢ ) %
8 0.5 0

400 o 2%

~ 04 0%

300 03 o

200 -4%

0.2 6%

100 0.1 8%

0 0 -10%

2019 2020 2019 2020

M ref pnt_to_ref riv_to_ref m exist
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| Outfall relocation scenarios

(5) pnt_to_bot

Point Source Loads =
Bottom

(6) pnt_to_surf

Point Source Loads =

Surface

(7) 99%_pnt_reloc

99% of point source
loads=Bottom

500

0.6

480

460

440

420

400
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x 10000

0.55

0.5

0.45

0.4

Impairment volume days [km3Days]

(d)

2019

M pnt_to_bot W pnt_to_surf @99% pnt_reloc m exist

2020

-' Varying Impacts of Outfall Relocation Scenarios
on DO Improvement

Estuarine outflow
depth > Euphotic
zone depth

Passive export of
anthropogenic
nutrients out of

Puget Sound

Reduction in total
primary production
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Regional Variability in Response to Outfall
Relocation
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e Regional Variability in Response to Outfall
- Relocation: Percent Change of GPP

99% pnt_reloc
(YR2019)

Estuarine outflow

«}ﬂ;tu B, Percent depth > Euphotic
’ ( aNE Change of GPP zone depth
] - Y e 0
i = [%]
Z 4. .‘ ' - y : %
3 | 1
| Passive export of
] : anthropogenic
] & Ty 0.5 nutrients out of
gd’ b Puget Sound
: & T 0
| 1 2 0.5
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=] 0 10 20km “ A% o W& reducing primary
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Outfall Relocation Impacts on South Sound

Hansville, East Tacoma
pnt_to bot pnt_to surf P:get Si)und PaiSjge 4_N:;\I:row‘_
(YR2019) (YR2019) Jr o Puge‘—tSwnd TN

i Central Basin
1 | ; 2_5&/‘
East Passage East Passage e ! L, —
& S , Jutflow ¥ ! )ﬂ
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| | Inflow/Outflow to South Péssage
) o ) o Saratoga Passage Puget Sound
S S
@ N @ N Seattle
Souty A Souty A )
oZ 0 5 10km oZ 0 5 10km i
N L | N L | =
R a4 i - YR _ | Y < i - YR _ | East Passage
123°W 122°40'W 122°20'W 123°W 122°40'W 122°2(

Tacoma Narrow (TN)

Legend
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Effects of Outfall Relocation on Exchange Flow
Dynamics in Puget Sound

Reducing the
strength of

22% increase in

Relocation of freshwater Affecting reducing 4% reduction in

outfalls the salinity exchange flow the strength of
(99%_pnt_reloc) rele%%?%;[rc]) e gradients and circulation in exchange flow
Puget Sound
Average YR19-20 Admiralty Inlet (outflow)
Scenario Volume Flux, m3/s AVolume Flux% | DIN Flux, kg/s | A DIN Flux %
(1) Existing 15,757 -5.24
(7) 99% pnt reloc 15,196 -4% -5.04 -4%
Admira |ty Average YR19-20 Deception Pass (outflow)
Scenario Volume Flux, m3/s A Volume Flux % DIN Flux, kg/s | A DIN Flux %
18.1k'\ \\18.3 WK (1) Existing 1,561.4 0.543
{:Jk : (7)99%_pnt_reloc 1,546.7 -0.9% 0.538 -0.9%
6. 5.2k
31.6 j
N l‘—"EJQ.O k Reflux from
/ surface to bottom.
23-““ l 31.6 k inflow
Arrows are not to scale includes Reflux
and indicate direction of 26.0k from surface to
transport only ’ bottom
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=" Conclusion

Estuarine outﬂo_w

Nutrient Reduction in
Puget Sound Not Effective: MB, SS * Reflux circulation between the sills

Passive export of
anthropogenic
nutrients out of

Puget Sound

Effective: WB + Lack of sills and availability of
(9% hypoxia reduction) export outlet at Deception Pass

Partially
successful in
reducing primary
production
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Figure 11 (A) Exchange flow (m3/s) at the entrance to Puget Sound at the Admiralty Inlet north boundary, and DIN
concentration (mg/L) profile, and (B) exchange flow (m3/s) at the Deception Pass connection of Puget Sound to the
Strait of Juan de Fuca and DIN concentration (mg/L) profile.
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Nutrient load reduction scenarios

?00 Hypoxia volume days [km3Days] B 0e Impairment volume days [km3Days]
§ :
400 S 0.5
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300
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200
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100 0.1
0 0
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Wastewater point source relocation scenarios
C Hypoxia volume days [km3Days] D Impairment volume days [km3Days]
500 3 0.6
480 S
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The Salish Sea model — hydrodynamics and
= biogeochemistry (2013-2020)

B
. (b) NOAA and Ecology stations 2019-08
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Hypoxia volume days [km3Days] DO [mg/L] at bottom layer

8.5°N

r ™ (YR 2019) (September 8™, YR 2019)
W C
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