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Abstract

Ecology is developing an intermediateale model for the entire Puget Sound estuary system to
further our understanding of procesdeat affect dissolved oxygen (DOT.his project will help
determindf current nitrogen loadings from point and nonpoint sources into Puget Sound are
significantly impacting water quality at a large scale and what level of nutrient reductions are
necessaryo reduce or eliminate human impactto levels in sensitive area3.he northern
boundary will be set at the entrance to Johnstone Straits past theiras north of Vancouver
B.C. Themodelresolution will be finer than the largealebox mode| being developed in

tandem with this modegnsuring reasonable representation of the varioubasibs within

Puget Sound.

The model willsimulate full eutrophication kineticdNutrient loads willbe specified as input
variables for all important soces. The objective of this intermediateale hydrodynamic and
water qualitymodelis to develop a large scale understanding of nutrient assimilation capacity of
Puget Sound. The preference is to develop the water quality model-coagled configurgon

so that it may be applied repeatedly using previoustyprded hydrodynamic solution3he

water quality model will be calibrated using data collecteduget Sound from 1998008 and

will be used to simulate the effects of alternative nutrienidgagtenarios.

Each study conducted by the Washington Sbeteartment of EcologgEcology)must have an
approvedQuality Assurance@A) Project Plan. The plan describes the objectives of the study
and the procedures to be followed to achieve thbgertives. After completion of the study, a
final report describing the study results will be posted to the Internet.

Background and Project Overview

Nutrient pollution is considered one of the largest threats to Puget $éignde1). Recognized
nation-wide, the following characteristics of nitrogen pollution apply equally and imperatively to
Puget SoundQGlibert et al., 2005Howarth, 2006 Howarth and Marino, 2006

e Human acceleration of the nitrogen cycle over the past 40 years is far morénaapid t
almost any other aspect of global change.

¢ Nutrient pollution leads to hypoxia and anoxia, degradation of habitat quality, loss of
biotic diversity, and increased harmful algal blooms.

e Technical solutions exist and should be implemented, but furtietific work can best
target problems and solutions, leading to more cost effective solutions.

While eutrophication can be a natural process, anthropogenic nutrient pollution can cause
cultural eutrophicatiorwhichis the process of enhanced eutropharatesultingfrom human
activity. Both natural and cultural#rophicationoccurwhena body of water becomes enriched
with nutrientswhich, in turn,stimulate excessive algal growtxygen consumptioresulting
from the subsequent decompositimmd repiration of theexcessalgae by bacterideads to
dissolved oxygeiDO) depletionin areas that are not well ventilat@dg., quiescent bays and
nearbottom waters)
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Nutrient inputs fronoceanic sourcesibutary inflows, point source discharges, noimp source
inputs, sedimentvater exchangeandatmospheric depositiashetermine the loads to Puget
Sound. Hydrodynamic characteristics, such as tides, stratification, mixing, and freshwater
inflows, govern transport of nutrients and other parametéretosynthéc rates (influenced by
light and nutrient availability, temperature, addalspecies assemblages) and other processes
(growth, death, respiration, settlirgnd bacterial decompositijpdetermine nutrient
transformations anthedegree oDO depletion.

In generallargescale eutrophication iRuget Sounthas beerthought to be unlikely for two
reasons. First, Puget Sourgteives relativelyiigh concentrations of nutrients froitme Pacific
Ocearso incrementahutrientadditionswerethought todo little to influenceoverall
phytoplankton productivity. Secopestuarine circulation and tidal mixing throughout much of
Puget Sound ensuresapid exchange of water (agimately 1 year turnover time). evtical
mixing, especiallyn CentralPuget Soundurtherlimits exposure of phytoplankton to light and
therefore reducealgal growthand biomass accumulatigiMackas and Harrison, 1997)

These characteristics @entral Puget Sound were responsible forsilecessfutliversion of

sewagd r om Lake Washington to West Point (Puget
1991). While nutrient loading to Lake Washington caused excessive algal girothis lake the

same loading at West Point did ragpear to enhance algal growthmarine wéers Much of

the current understanding of Puget Sound phytoplankton dynamics has been based on modeling
and measurements of ambient productivity and nutrients at West Point (Winter et al., 1975).

In contrasta more recent study Byewton and Van Vods (2002) observed substantial
increases in algal primary production when water samples from Central Puget Sound and
Possession Sound were artificially enriched with nutrieNtstrientenhanced productionas
observed at all stations but the degreenbiamcementaried both spatially and temporally
suggestinghat the system isiorecomplex and that thergelikely to bea diversity of
responses to nutrient addition. These responses are expectaxifest differently at different
times and locationwithin greater Puget Sound.

Mackas andHarrison (997 evaluated the issue of eutrophication in the Strait of Juan de Fuca,
GeorgiaStrat, and Puget SoundThey judged potential impacts from eutrophicatioiCehtral

Puget Sound to be relatively lowHowever, they reported thtite most sensitive stiggions are

likely to be small tributary inlets and fjords that have low flushing rates and that adjoin urbanized
shorelinesThey specul ated that the fiearly warning
becoming evident in these areds. present, most dhese areas lialong the south and west

margins of Puget Sound

Bricker et al. (1999Jaterreported the overall level of expression of eutrophic conditions to b
moderate irCentralPuget Sound and/hidbey Basin and high in Hood Canal and South Puget
Sound. They predicted conditions to worsen, especially in Hood Canal and South Puget Sound,
due to increasing population pressurbsresponse to the increasing threahofrientstimulated
eutrophcation in Puget Sound, Eagly hasbothinitiatedandbeenactivelyinvolved withthe
continuation ofocusedwater quality studies thesespecific areagRoberts et al., 20@8

Albertson et al., 2007; Roberts et al., 260Albertson et al., 2002)
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This project capitalizes on whiaas beertearned in these prior studies and seelexftand this
foundation to develop a unified water quality model applicable to the éntget Sound estuary
system.As part of mandates under the Clean Water Act to mapelggant loading to meet
water quality standardsl.S.EPA, Pacific Northwest National Laboratory (PNNEyd Ecology
have jointly initiated this water quality model development project to address the following
specificnutrient management questions.

e Arehuman sources of nutrients in and around Puget Sound significantly impacting water
quality?

¢ How much do we need to reduce human sources of nutrients to protect water quality in
Puget Sound?

PNNL is tasked with the development of the hydrodynamic andrwaality moded for use by

the agencies to evaluate the effect of human sources of nutrients on dissolved oxygen across
Puget Sound and to define potential Puget Seude nutrient management strategies and

decisions. The model developmentwilloccun P NNL&6s Marine Sciences
an intergovernmental agreement between PNNL and Ecolbigig.document describes the
development othis intermediatescale model of Puget Sound.cAmplementar@A Project

Planhas been created whidetaik development of thiarge scalescreeningnodel(Sackmann,

2008)
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Figure 1. Map of western Washington and lower British Columbia, Canada. Shaded region
defines the Puget Sound Action Area. Thick black lines outline thaidarhthe intermediate
scale model. Thick red lines outline Puget Sound and the domain of thedatgescreening
model. Major rivers have been labeled, but the models will include others. Only major
Canadian rivers in watersheds that share a bavrilethe U.S.A. have been shown.
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