Rob Stewart e
Gretchen Gettel

In collaboration with MBL, Clark U., Penn State, U. Georgia
Funding from NSF (LTER, Ecosystems, CHN)

Lamprey River Symposium. January 16, 2009



i = - - ——r
= E —a — =

" = River systems can effectively “treat” nitrogen
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pollution under base flow conditions

= But, this abllity declines If nitrogen pollution

levels increase too much .
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ﬁiw NS are less e#ec'tive at treating

nitrogen pollution at high flows (but this
requires more research to fully assess)
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~ = How effective are river networks at
e
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controlling nitrogen fluxes to the coastal
Zone In suburban basins?

= \What limits their effectiveness?
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‘ OSystem services significant?
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Ipswich R. Watershed, MA
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Elevated loading in residential areas – findings as elsewhere
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Biological and Hydrological
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- : the process : '0 OX
carbenwhen oxygen is not available. Removes nitrate from the v water to
the atmosphere.

Biological Controls Hydrological Controls

Nutrient concentrations (efficiency loss) Width, depth of channels

Water temperature Lakes, reservoirs

Supply of reactants (carbon, nitrate) River network geomorphology (lengths)
Biological communities Floodplain connections

Oxygen Conditions Transient storage exchange and
characteristics

Affect water depth and residence time

Affect microbial demand for nitrate (.e. the likelihood that nitrate will
encounter a denitrifying zone)
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= A simple equation for denitrification removal:
R =1 — exp(-v; 1/h)

v; = biological activity (length/time)
E
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gr/h :@ idencetimey/water depth =
= hydrological conditions (time/length)

Components vary in space and time — need models to integrate
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__* Simple N removal model (denitrification)

= Gridded river network
= Nutrient loading — function of land use and runoff
= Hydrology

— Specified runoff
— Impervious effects

- -
ﬂéan hydraulics (downstream'a -a-S|te Changes)
ﬂp@iﬁﬂim =non- Mﬂﬂlagd et al. 2008)

= Considers channel network only
— Transient storage implicit in reaction term.
= Dally time step




Biological control Is reduced with
ricrezsing runoff conditons.
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Discharge (m®s™)
'Usmg typical denitiification rates i s
sERIVernetwork effective at low flows (>40%.removed)
= Not very effective at high flows (< 10% removed).

= Moderately effective over annual time scales (16 — 30%)

Wollheim et al. 2008. Dynamics of N removal over annual time periods.
JGR-Biogeosciences VOL. 113, G03038, doi:10.1029/2007JG000660
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Comparison of Models Denitrification

¢ Obsened
Predicted MM
Predicted EL
= = =Predicted Mulholland2008

. 1500

In individual stream reaches, as nitrate concentrations increase,
efficiency of N use declines

Peterson and Thomas, In Prep. PIE-LINX2
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Key aspect of this model is the incorporation of saturation kinetics


15t order assumption
y = 0.2169x .o
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DENIT: RN-Umax =27 t/yr

‘ ‘ ‘ ‘ ‘ RN-Ks =93 t/yr

o0 ‘ 100 150 200 250 300 350 400 450
Current River Network Inputs (t/yr)

Exports will increase at faster rate than inputs.




Bielegicaliconitelisynostimpacied

cluripiel ke e erieelaraiiailoys

pe— -

_—

Three scenarios of differing N inputs
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= |mpact ofiincreasedloading is'strongest near base flow.

*“Hydrological conditions override this effect at high and low
flows.




DIN concentration (mg/l)
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" Role oflakes beaverp pondp1a1n34

= Role of transient storage (see poster: R. Stewart)
— Surface transient storage
— Hyporheic transient storage

Hydraulic heterogeneity Channel Cross Section

Beaver ponds

—

Lakes

Floodplal s
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Hyporheic Zone (HTS

Two storage zone hydraulic characterization: Briggs et al. In Press. WRR.

River network




Conclusions
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- — are effectlve At T removmg nitrate from the water column
e especF'IlV%Tt‘low to moderate flows.

= Their effectiveness declines with increasing N inputs
= Their effectiveness declines with increasing flow.

= Effect of increasing N inputs Is most strongly. felt near
baseflows

— i%u’ng period when estuarine residence times are longer..

e
tely account for heteregeneities and

gradients in transient storage
— (see Rob Stewart Poster for more)
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DIN Nonpoint Loading SubModel -
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~Inputs to streams
based on empirical model
derived from headwater

stream surveys conducted
over a range of flow.
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DIN concentration (mg/l)
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