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ABSTRACT

The discharge of groundwater into the ocean (submarine groundwater discharge, SGD) 
is recognized today as a major component in the exchange between land and sea. Submarine 
groundwater discharge can consist of both fresh water and recycled sea water, and this 
flow is expressed most often not through offshore spring vents, but as diffuse and 
ephemeral shore-proximal flow that is inherently difficult to quantify.  The persistent
 discharge of coastal groundwater can be an important pathway for solute and contaminant 
transport from land to the coastal ocean.  As a consequence, SGD and associated material 
loads should be taken into account in any calculation of water or constituent mass balance 
for coastal systems.  

Ecological impacts of SGD are varied: elevated SGD-derived nutrient loads may serve to fuel 
biological activity, leading to possible coastal eutrophication or heightened algal bloom activity.  
Redox sensitive constituents may participate in tidally modulated oxidation-reduction reactions 
that can impact biological availability or toxicity.  The coastal salinity regime may also be 
impacted by the discharge of fresher or saltier groundwater.   Here we present geochemical 
and geophysical studies of SGD in select sites within Puget Sound (Hood Canal, Liberty Bay, 
and Skagit Bay) to evaluate the potential role of SGD in affecting the near-shore ecology.
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U/Th series radionuclides as submarine groundwater tracers
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Short-lived Ra isotopes (223,224Ra) as water mass mixing coefficients
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Mixing coefficient x 224Ra gradient = offshore flux
must be balanced by coastal inputs as SGD.  Divide by 
gw conc. for estimate of water flux
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(A)

Mass balance of 222Rn to 
determine total (saline + fresh) SGD rate

Multiple 222Rn detectors plumbed in parallel for ‘near‛ continuous coverage
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(2) Hood Canal

Is submarine groundwater discharge  (SGD) 
important in a nutrient budget of Hood Canal?

If so, can we better quantify this ‘missing‛ 
contribution?
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Lynch Cove (Hood Canal) time series results
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Lynch Cove (Hood Canal) SGD-derived nutrient loads
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Summary:
SGD-derived nutrients are a significant component of the overall 
nutrient budget into Lynch Cove (Hood Canal) 

(3) Liberty Bay

LB15 - High tide

LB14 - Mid tide

LB16 - Low tide

LB9- Mid tide

LB8- High tide

LB10 - Low tide

Water line

Oyster Plant site Sandy Hook site
water line water line

27.8 cm d - 1

19.3 cm d - 1

Liberty Bay: Rn-derived SGD rates 

Liberty Bay: Rn-derived SGD nutrient loading estimates 

 Oyster Oyster P antlP antl

NHNH44 S OiS 4iO4 PPOO44 NO2+NO 3NO2+NO 3

(mM m- 2 d- 1(mM m- 2 d- 1 ))

DDIINN DDOONN TTDDNN

00..00 5577..44 00..33 1122..66 1122..66 77..11 1199..77

 Sandy Sandy  Hook Hook (( )EM)EM 22..33 22..77 00..77 00..00 22..33 11..33 33..66

 Sandy Sandy  Hook Hook (( RRnn  ) ) 33..33 1100..00 00..99 00..00 33..33 33..99 77..22

(4) Skagit Bay
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Skagit Bay: Rn-derived SGD rates 
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Skagit Bay: Rn-derived SGD nutrient loading estimates 
NHNH44 S OiS 4iO4 PPOO44 NO2+NO 3NO2+NO 3 DDIINN DDOONN

(mM m-(mM m- 22 dd-- 11 ))

TTDDNN

 LT LT dd ngyingyi 00..66 116611..55 22..11 4400..66 4411..11 4422..22 8833..33

 LT LT KarKar uklukl 0.0.55 115522..99 22..00 3388..44 3388..99 3399..99 7788..99

TurnerTurner  ' ' BBaayy 0.0.55 113344..55 11..77 3333..88 3344..33 3355..11 6699..44

SneeOoshSneeOosh 0.0.33 3366..22 11..88 4444..66 4444..99 2211..77 6655..44

iSiS imim klkl 4343..66 113355..77 22..88 00..00 4433..66 55..66 4499..22

Summary:
Results of SGD rates and associated SGD-derived 
nutrient loads can be interpreted in terms of a coastal typology
that may provide insights into broader scale SGD impacts on the 
coastal geomorphology and ecology.


