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Tidal mixing rates and residence times from data and modeling for Willapa Bay,

Box 355351
A three-dimensional circulation model of The model reproduces tidal velocities These diffusivities are equivalent to residence o Seattle. WA 98195
Willapa Bay, Washington is used, in concert throughout the bay to 5-20%, and also—a more times of ~ 8 d for the upper reaches of the bay B q r a ra H I C e ’
with three years of hydrographic data, to stringent test—reproduces empirical estimates ~ but only a few tidal cycles for an equally sized neil@ocean .quhington edu
determine tidal mixing rates and residence of the effective horizontal diffusivity K, a direct region near the mouth: thus while tidal stirring
times throughout the bay durin measure of the strength of large-scale tidal appears to be an efficient mechanism of
low-to-moderate riverflow conditions. The mixing. K is found (in the absence of ocean-estuary exchange over much of the bay's
model is an implementation of GETM riverflow-driven exchange, which is weak volume, long retention times are possible in
(Generalized Estuarine Transport Model), a relative to tidal mixing in summer) to vary some subregions.
finite-difference model developed for systems  from 1200 m? s7! at the mouth to 20-50 m? s
like Willapa with substantial intertidal area. in the upstream reaches of the bay.
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Willapa Bay is the largest, after the Columbia River, of the Most of the nutrients that fuel primary production in Willapa q t 0 e s t I S 0 O I e p | |
~7 W coastal-plain estuaries of Washington and Oregon. Like the come not from the rivers but from wind-driven coastal - Tidal currents are ~40% weaker in the
w o : . : : : : . . .. ~—— southern bay than at the mouth, but this is
other estuaries on this coast it experiences strong tides, and  upwelling—thus the rate at which tidal stirring draws new — not enough to explain the difference in
roughly half its area and volume are intertidal. River input ocean water into the bay and mixes it upstream is a high slack - - diffusion rates: local channel geometry is
can be strong in winter but is close to zero during much of the fundamental control on estuarine ecology. Mapping this tidal diggrjy it porET:
o U summer growing season. Banas et al. (2004) found that except exchange process is the goal of this poster. A In c’?ntlr ast, 3 d%’e Banetly ey dhamel measen dharses e
UAILETEEY | b during high winter flows, the river-driven gravitational ' P ,f gscl;i te}?esfn ean q process is the subject of the next stage of this
Z u | c . . . . . . g . . c c c
circulation is not nearly as important to the circulation of the of the bay takes ?:;}ﬁsé? ggﬁﬁﬁfﬁﬁ{;ﬁﬂéﬁ i,sylﬁf}fefﬂﬁs
bay as tidal stirring and mixing. days or weeks to either in space (across the channel) or in time
% disperse. (flood vs. ebb) in flow velocity, tracer
o concentration, and cross-sectional area.We
P can calculate these correlations individually
e | and weigh their relative influence: each
- represents a qualitatively distinct mixing
d process.
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The horlzoni‘al dlfFUSIVIt K < GICUIG'IIIn K From dd'l'q : , mid ebb: _ . For example: water may become trapped in
. mid flood . Following a initial release mid ebb again ) side channels on flood, and re-enter the main
is the parameter we use to measure exchange rates. line of dye over loljgocli channel in a different position from where it
. o . one tidal Cyde shows began: this shows up mathematically as a
It can be defined and used several different w ays: In low-riverflow conditions, when the Banas et al. (2004) evaluated this budget the stretching and 25 el o temporal correlation between tracer
river-driven salt fluxes through the estuary equation at each of four CTD time-series folding around 10% AN o concentration ?ﬂd Ve,kiflt%’l- Altceimatwely/
channel cross-sectional area are small, the first definition of K aboveisa  stations maintained by Jan Newton / WA topography by which 5 L Z\}’f:g;ggl ];f)lroeo?iriﬁgaogt aozraﬁgf(‘:ﬁ;‘gnel
P ’ P good approximation to the tidally-averaged =~ Dept of Ecology and the Hickey group at tidal currents cause on ebb, so that the pair of C}Il)annels becomes
. ™ Y,/ el J‘as aX — aK _S K relates the flux of.a salt budget of the estuary. UW. rapid diSperSion in 1% a kind of Circu]ating pump: this shows up
higher salinity: \ ot J dx spread-out tracer (like salt) the seaward part 10 cycles) mathematically as spatial correlations
‘ | to the local concentration o Bay Center Oysterville Naselle fthe b P between concentration and velocity. Both of
San Francisco Bay rate of change of total ~ along-channel gradient of that tracer. Rate of change of 2° " | o | \ QLIS Lok he ) these mechanisms, and others, appear to be
salt stored upstream  salinity gradient upstream salt stora g1e . ) S\Opec— 0-0.1% 4 C),C|es | ' active in the seaward reach of the bay
(psucms') 0 o : a2
std dev? o o3 24% S N O - ! overlapping snapshots: at
/dt}cliei)ositign laa_f Ja s OX AN = i : low slack 2 cycles | “= each tirpe,t jche t
| K also describes the rate at d _ _ . A A concentration contour
:_) ~ K= ] aAPC'fCh Wﬁliﬁ the surface area of a 290-2 0 02 04 02 O 02 04 -02 O 02 04 02 0 02 04 ; ‘ after 1 cycle L Containing 90% of the dye
A 2 ot patch of tracer (like dye) Along-channel salinity gradient ds/0x (psu km-7) m q O '
A spreads over time.

- [ ) ! patch is plotted
initial release | ‘ 4
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%a,. 55 For a bOXbof a,give?tshize These four empirical tidal ¢ ® ® el Tt
r say, a subregion of the : - g .
T Abox estl};ary), K con be used to 1tc)l1ffu}sllv1’c1i:(sfare an important t I q I U s I v I t I e s
1/2= S enchmark for testing the

A K determine the half-life of a T ] L
tracer }ctlliff}lsing guEOftt.hat mixing behavior of the model.
OX. 1S 1S One dernitaon
of the estuarine residence U
time. X
= ) Residence time throughout Willapa Ba
/ N \ g p y
e
12 ]
) 40 4 The model matches observations within a small factor in . . A, ‘ ﬁ\
¥ the landward reach of the estuary, and very closely near Finally, we can use this formula Tiz= S
90— the mouth. Both model and data show a strong decrease (see “Background” on the left) 10 S . o HSHSEED
: in K landward of the mouth as well. to convert these diffusivities e, @ Nahcotta channel
46 into local and bay-wide neton
K (m2 g- | ) N residence times. half-life (in days) e
o of a passive %ec"‘z
estimated at —30— ¢ tracer distributed 9&0\0«“\
. . . evenly over each o (e ®
+ d ' ' ‘ Direct comparison of horizontal B %O
o o ata fime-series stations ]50 e pari O] , box Ao
o e vq I a -I-I o n _ A mixing rates with empirical results is SOQ
— model cross-sections v a stringent test for a circulation &Q‘ @d&%
...is an implementation of GETM (Generalized Estuarine Transport © model, since it requires that the north of Stanley- $O&‘° S°
Model), a new finite-difference, primitive-equation model with For model validation, NOAA was done. Standard values were . model reproduce not only the overall 4 o o@“og
high-order advection schemes, many choices of turbulence closure tidal-height data from Toke used for bottom roughness z 750\ magnitude of tidal currents but also N
mcéu(;im.g the1 k-e.sitlheme used here, and a stable, accurate wetting Point (% ) for particular time I [ . N tihdeesinaasll ;aﬁglr&ﬁggrézi ‘}\2} é};esides y / bl even at a piven box size, there is sl
emel UFINGE Al GO, periods was used for the parameters. Even with this very the chan}r]1e1 betwoen flood and 5 o ereat variation in local flushing rate.
GETM is open-source and still under development: more seaward boundary condition simple modeling strategy, the A9 ebb—that cause net dispersion, as mouth Al By o™
£ it be found at ' (conveplent, but a source of mpdel reproduces tidal currents 60" opposed to a simple sloshing back @ |l B
Lntgm-l? /1(]3)11 f?;} e % g et 5-10% inaccuracy) and the with errors of 5-20%. A6 \, and forth.
= crarng-burcliard.org/getm. resulting model tidal currents v | 100 200 300
compared with observations. A UN This level of validation of tidal area of each box (km2)
depth below , | No tuning of model parameters 20— models is not often done in estuary
MSL (m) g(m;%estge %{’Ut%‘}'éhe g modeling, for lack of a method for
30 obean is fiot tesolved determining K from data.
I realistically. ‘
.
Depth-averaged M2 (semidiurnal) tidal ( 1. Larval transport and
18 . velocities at four locations, Oct 1998. retention. When the larvae of
o ) | ocean-spawning or -developing species like
RO =~ g = Note that while data and model current amplitudes Dungeness crab arrive Ei‘lt the mputh ofﬁhe estuary
10 L = agree closely, the real flow follows bends in the channel EiRoegI:ier et al. 200d3)aW at portlonkof t e'leslglfary
near the mouth that the flow in the model doesn’t seem ﬁ)es 1 ‘f’eChO}? arn 115;’@1' sion make avatlable to
B on over to feel. This is probably because model bathymetry is them betore they settle:
1 A\ .
2 the interior of the imoother and channel edges less abrupt than in the real Or: there is strong anecdotal evidence (] Ruesink
-2 bay is 255 m. ay. : . 8
and A Trimble, pers. comm.) that natural settlement A k I d .I.
Data source: Army Corps Seattle District (see Kraus of (iysterllarva?—which 1requilr(es rfitention in the C n OW e g e m e n S
2000). water column for several weeks after spawning—is
WO p}(l)ssible hin the southern reaches of the bay but not
: : : the northern, with the dividing line close to where, This work is supported by Washington SeaGrant.
o . . As ,a final model .Vahc.ia’.upn, ® ® in our model results, the tidal diffusivity chan es
{ Instantaneous tidal velocity averaged over a horizontal tidal diffusivities I I from < 100 m2 57! to 200-1000 m2 s~1. Is this tidal Many thanks to Jan Newton and the Washington Dept of Ecology, who
full cross-section of the thalweg, May 5, 2000. were calculated in the model by the dispersion pattern the explanation? The question is provided much of the time series data used tor model validation, to Brett
, , same method by which they were central to the problem of the recovery of Willapa’s Dumbauld and the Washington Dept of Fish and Wildlife for their
: calculated from data: the slope between ° native oyster population, now largely centerecf generous help with fieldwork; and Adele Militello and the Army Corps of
e The north-south velocity component (normal to the the local along-channel salinity q I C a t I 0 n s within Shoalwater Bay in the southern estuary. Engineers Seattle District, who shared their model grid with us.
- cross-section) is shown. Integrating over the channel in gradient and the flux of salt through a ’
Ve this way tests the overall tidal transports in the model number of cross-sections.
" Tidal forcine is specified as a time while averaging out point-by-point errors caused by
series of seaglevg at the open discrepancies in the bathymetry. (Results are not sensitive to the initial Re Fe rences
boundary. Data source: lice N-S velocity over thalweg (m/s) salinity pattern assumed.) 2 C on |'|"0 I s on P ri M ry p rod U C'l'i on. Do
repeated 300 kHz o . , . : . . DO
. ADCP t ts of model : hytoplankton blooms within Willapa arise primarily from in situ growth
In addition, the model can be run g thahl/‘\?en;ec >0 o data iiotﬁ}sus Oa 81,1 e(;t}ilg éaIIIilZOe%etli ég?%tiii}éo—w; Fuele by upwelled nutrients, or from offshore blooms advected into the Banas NS, Hickey BM, MacCready P, Newton JA (2004) Dynamics of
with time-variable ocean water - ol PO di 1 tide wh bay? An equivalent question: what controls the strong gradients in biomass Willapa Bay, Washington, a highly unsteady partially mixed estuary. J. Phys.
Froper’ues, initial water-property y : 06:00 12:00 18:00 SIPS sem1h 1ur1}11a O s TangE observed over the length of the estuary and between channel and shoals, Oceanogr., In press.
ields which then evolve, river input, X R 1 | | gty ion) PSS ot fang il i e atterns of tidal dispersion and advection, or point-by-point balances ’
and wind forcing, ) [t el 20 (b var (4010 Toke Point—was used to simplity Eetween licht benthic erazing, and benthic nutrient supply? ation ch SIENP :
o (RO NeIY > ~1. \m from V. analysis. sht, & <y ppPLy: Kraus NC, ed. (2000) Study of navigation channel feasibility, Willapa Bay,

Washington. US Army Engineer District, Seattle, 440 pp.

In this poster, we show results using To answer these questions we are adding nonconservative tracers,

tidal forcing and passive (density-less) Ts representing chlorophyll, to GETM: these t h ifiabl :
o yil, 1o - these tracers nave a specitiable, Roegner GC, Armstrong DA, Hickey BM, Shanks AL (2003) Ocean
tracers only, although the response of - depth-dependent loss or production rate which represents the sum of local di g-b - ng Y b 1 (d ) O
the model to riverflow and fF , : : \ ; 1stribution patterns of Dungeness crab megalopae and recruitment
factors affecting phytoplankton growth. This work is being done in patterns to estuaries in southern Washington State. Estuaries 26(4B)

upwelling-downwelling cycles,
including density-driven circulations,
is already being investigated.
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(WDFW) and many others in a Wash SeaGrant-supported project.



