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Background and

Motivation for the Study ,

» Shellfish growing areas in the
Salish Sea are impacted by poor
water quality

» Despite restoration efforts, numerous
shellfish beds remain impacted

» Whatcom and Skagit Pollution
Identification and Correction (PIC)

» Need to better understand how
currents driven by tides and winds
move freshwater and fecal bacteria
from rivers, streams, and outfalls.
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Portage Bay

Drayton Harbor
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* Objectives

= |dentify the temporal and
spatial variation of fecal
bacteria at impacted region

= |dentify the sensitivities of
potential fresh water sources
on fecal bacteria

= Revalidate the current TMDL
lImits
e Task

= Conducting simulations with
Salish Sea Model to produce
hydrodynamics and water
guality of the impacted region

Samish Bay

Hydrodynamics u Biogeochemistry

_ M Fecal bacteria
Flushing and i Module

Fresh water
Simulating the
Fecal Bacteria in
Samish Bay

plume study
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e Salish Sea Modeling Framework

Salish Sea Model (SSM) - Grid

Biogeochemical Component

Model Specifications

46°N

52N

50" N

48" N

Hydrodynamic
modeling
0 45 90km K

Water Quality Modeling

Air-sea

Nitrification
Nutrients

(DIC, NOs, NH,, PO,) I‘ Mineralization

"Photosynthesis

Benthic flux

Mineralization
Denitrification

‘Two Algae Groups

Predation and Algae Losses

Sediment Diagenesis
Carbonate Chemistry & pH

Hydrodynamic Model
+ FVCOM (Chen et al 2003)
* 3-D Baroclinic
+ 10-layers, sigma coordinates

* Boundaries
. Strait of Juan de Fuca
. Strait of Georgia
. S, T, and Elevation
* Meteorology
. UW — WRF Model
* Hydrology

. River flows
. Watershed models

Water Quality Model
«  CE-QUAL-ICM / USACE
+  FVCOM-ICM (Kim and Khangaonkar
2012)

« Nutrients, phytoplankton/algae, carbon,
DO, .... 19 ea}’itatﬁes g

» Benthic fluxes, pH

« Boundary loads based on DFO
monitoring data / HYCOM

+ Point source loads (99)...
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» Data and the sources:

» Gather data to characterize Fecal
Bacteria loading

e Fecal coliform Concentrations
e Flow measurements in watershed

 Land use information of the
watershed

» Obtain watershed and nearshore e - ot : :
bathymetry for model grid Samish Bay Portage Harbor/Bellingham Bay
development B | : s

o USGS/Lidar Survey data

» Gather monitoring data for model

validation/calibration
e County/DOH monitoring Data
e Data from Tribes in the regions

2266 2260 EF 2248

Drayton Harbor
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» Standard Salish Sea Model resolution
of = 800m T

» Detalled, refined grids were
developed for domains of study

A __

12254

Samish Bay in regular SSM grid
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Regular SSM shoreline grids = 400-600 m

Refining the Grid - Samish, Portage Bays, Drayton Harbor

Refined Samish Bay shoreline grids = 10-15 m
(Completed)



Model setup for hydrodynamic simulations

o Model forcing; River flows, Open Ocean boundary
acirtic
Northwest
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» Samish Bay — Model: Setup for Hydrodynamics

» Highest fecal bacteria related beach closures for
Samish Bay — 2012, 2013 and 2014

» Higher fecal bacteria detected in Samish Bay - 2012

Open Ocean Boundary — HYCOM model
data for year 2012

= — 99 WWTPs

': New Canadian watershed inflows

: ‘ o > 0 { 7
- i - LY Yy
" y % 4
o ' & ) = e
lemcmmmmmmm=a=y &) & ] l::};‘ ol
...... 3 b | v g 2 =

Legend

:— Average flow for
B 1999 - 2008 (mgd)
4 *  (0.000-1.000
@ 1.001-4.000
@ 4001-10.000
. 10,001 - 40.000

@ ccoi-ses0 |

New m.ratershet'iI in
along the coast

i g P ol
CLu " o (T (R
il Y ] ; Ao Rl

---------

/3¢ 135 ungaged watershed streams (1 node/stream )
26 gaged major rivers (2 nodes/stream)

11
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Pacific Model setup for hydrodynamic simulations
Northwest
» Samish Bay — Model: bathymetry and additional river flow Year 2012
RS ’} f\ :J/W * ’ \'\ = - R 30 T——
% 20 1
£ 10
(o
(}an Feb Mar AiJr M'ay _IL'm Jﬁl Aﬁg Sép Oct Nov  Dec Jan
—{48.60 Days
3 —— Edison - flow
). BedElevation | 2 S e
-3 A — Alice - flow
| ;0.;25 é i
.. EdisonSlough 0 i B——— —— éLé .
i *‘*-..\ j W Jan Feb  Mar Apr  May Jun 7Jul Aug Sep Oct Nov  Dec Jan
"“1 e Days
| g NSO 7 - o L . . :
Tl e e o LN . /{__lws Inaddition to Samish River, Edison Slough,

ainage

Colony Creek, Oyster Creek and Alice Drainage
were added to SSM river inputs.

Flow estimates were obtained from National
Water Model (NWM)

12
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» Samish Bay — Model: Meteorological input

Model setup for hydrodynamic simulations

NOAA Station at Cherry Point

A

|pun||
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Samish Bay

© 16 km
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» Validation of SSM Temperature and Salinity predictions in Samish Bay for Year 2012:

DOH Station : 273

3,
— 4 .
= 1
§24:
3,16{ .
E gl
= ©7 — Model
w 0:'. Dﬂta_
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Date (days)

i — Model
820E e Dﬂta‘
2 151
© 101
.
- o]
CACE

Jan 'F(‘ab Mlar Ai)r M|ay _]1111 _]1|]l Alllg Sép 0‘ct NL)V Déc Jan
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» SSM — Validation Biogeochemistry for Year 2012: = 10/ = n
-y % 8 []::*
oxygen [mg/I] 3 3 ] ‘/ 1 “ i
| AqmiraltylnletISOUth (ADMQ03). D=214 meters ' ' 0 5 10 = 3 = ! APt
14 0 : e e
7.5 107
_ . 5 10 15 75 & 85
= 0.4 ! Observed do Observed ph
E a RMSE:0.46
P N i s | Standard Y2012 Validation
D 4 - Typical simulation using inputs derived from
5 | 0.8 32‘5’9. i 2012 data
4 | . . ] 1 | [ 1 | l ME RMSE WSS
0 50 100 150 200 250 300 350 T
Time [days] °C) -0.27 0.76 0.96
S 0.12 0.97 0.84
oxygen [mg/l] (ppY)
» : | East Passage (EAP001), D=212.5 meters 00 5 10 (n?g?L) 007 0.92 091
12 .54 Nitrate
10+ ' NO;+NO, -0.83 7.55 0.88
=M 04- - (1 mol/L)
g a RMSE:0.54 Chloronhvll
~ 6 N 08/13 phylt a
o 6 bié i (ng /L) 0.19 2.63 0.74
47 B ] - Phosphate
2 o 98 | PO, -0.06 0.61 0.79
0 T T T T T T T 1 T T (n mol/L)
0 50 100 150 200 250 300 350 pH
Time [days] -0.09 0.142 0.67
ME = Mean error (bias)
AME = Absolute mean error
RMSE = Root-mean-square error
WSS = Willmott (1982) Skill Score
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» Samish Bay — Simulation of Freshwater Plumes in Samish Bay - high flow spring tides:

9 Water Depih of Middle of

W

Samish Bay (deeper end)
80 100 120 140 160 180 200 230 24D 260 280 0 Mo
(Hrs.)
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o o o ~ @
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&

g
= E
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o &
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160 180 200 220 240 260 280 300 M0 Time (Hrs.
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32 4y
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» | , 1
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26 | 'z . 5
’\/’ﬁ e En'
| o z 4 £
: @ - 3
3 . :
] 20
20
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» Samish Bay — Simulation of Freshwater Plumes in Samish Bay high flow neap tides:

g Water Depth at Middle of Samish Bay (deeper end)
8
7
&
5
B ulinliorunaw

ime (Hrs.
Salinity at DOH station - 80

Time: 12.9 days Time: 12.7 days

Water Depth (m)

Water Depth (m)
- .

180 200 220 240 260 280 00 M0
)

Time (Hrs.
Salinity at DOH station - 80

(N ] E!
32 32
{ 29
4
26 Y 26
5 | S
-] k-]
w ©“
20 20
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0.0e+00 5 10 15 20 25 3.2e+01 0.0e+00 5 10 15 20 25 3.2e+01
| : | - _ _‘, E ] —
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Time (Hrs.) Time (Hrs.)
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» Samish Bay — Simulation of Freshwater Plumes in Samish Bay low flow spring tides:

Water Depth at Middle of Samish Bay (deeper end)

Water Depth at Middle of Samish Bay (deeper end)

Time: 10.6 days Time: 11.3 days

(m)
L § ! o L
S - o o w )
— 2

|l|| \ A
au | "|| a9
et L «‘ L ¥, YR , o g A
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» Samish Bay — Simulation of Freshwater Plumes in Samish Bay low flow neap tides:

Water Depth at Middle of Samish Bay (deeper end)

Water Depth at Middle of Samish Bay (deeper end)

Time: 5.8 days Time: 6.2 days
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» Samish Bay — Simulation of freshwater plumes in Samish Bay under different Winds:
» Southwesterly winds
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Wind effect on the freshwater plume on January 5th
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» Samish Bay — Simulation of freshwater plumes in Samish Bay under different Winds:
» Northeasterly winds
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Conclusions from the study so
far:

= Successfully simulated the water
circulation in Samish Bay

* The freshwater plumes from
Samish river is significantly
affected by tides and winds

Next Steps:

» Fecal bacteria loading estimate
using land use characterization

= Simulate fecal bacteria fate and
transport inside Samish Bay

* Do the same for Portage Bay and

Land use classifcation

N i b
e skagit_county_stations i1 <
Berry Hl

[] Cereal Grain
[~ Developed

71 Hay/Silage \
[ orchard f~ x 3

] Other o
[ Pasture

[ Seed Nl = g
[ Turfgrass e "“\\ = & -
[7] Vegetable b I

3 basin J

Agricultural Land use

Characterization for estimate
Drayton Harbor fecal bacteria loading
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Questions
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