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River networks retain 80-90% of nitrogen loading

Oyster
Lamprey
Parker

Ipswich

2



With uptake

S
te

w
ar

t, 
R

. J
., 

W
. M

. W
ol

lh
ei

m
, e

t a
l. 

20
11

. W
at

er
 R

es
ou

rc
es

 R
es

ea
rc

h 
47

(1
0)

, D
O

I: 
10

.1
02

9/
20

10
W

R
00

98
96

.

Oyster
Lamprey
Parker

Ipswich

No uptake

Uptake reduces nitrogen concentration

3



A river is not a pipe

Lamprey River

Transient 
storage
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Volumetric uptake rate constant                
(1/time or 1/distance) 
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Wetland vegetation increases nitrate retention    
at patch scale
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Click to edit Master title style
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Click to edit Master title style
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Study wetlands representative of               
other New England wetlands
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Breakthrough curve following tracer release

11

NOR1

0

5

10

15

20

25

30

35

40

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 2 4 6 8 10 12

Di
sc
ha
rg
e 
(L
/s
)

O
ut
le
t c
on

ce
nt
ra
tio

n 
of
 R
W
T 
(m

g/
L)

Time after release (hr)

Detention time

Variance

Measurements

NOR1



Breakthrough curve following tracer release
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Single storage zone representation

Multiple storage zone representation 
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In total, 690 STAMMT-L simulations of 10 breakthrough curves 
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Breakthrough curve
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Surface transient storage important for 
solute transport in study reaches

Streams 
(Ensign and Doyle 20015; 
Hensley et al. 2012)
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Wetland-dominated reaches increase tail of 
breakthrough curves

384 BTCs from 
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into different 
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95% confidence interval 
on streams & rivers 

Detention time (seconds)

Va
ria

nc
e 

(s
ec

on
ds

2 )

1012

1014

BAR1

BOX BYF

CAN
LEE

NOR1

NOR2

REA1

REA2

WIL

Series1

Series8
Study wetlands
Additional studies at 

same wetlands

18

Adapted from González-Pinzón, R., R. Haggerty, et al. 
2013. Scaling and predicting solute transport processes 
in streams. WRR 49(7): 4071-4088.



Fluvial wetlands delay solute transport

PHYSICAL 
CHARACTERISTICS

Watershed area
Wetland area

Total width
Wetted width

Length
Length:width ratio

Sinuosity
Channel length
Channel depth
Channel width

Channel XS area
Floodplain depth
Floodplain width

Floodplain XS area
Water surface slope

Stream order

not 
correlated 

with

TRANSPORT 
CHARACTERISTICS

Advective velocity 
(v = 102–104 m/day)

Channel dispersion
(D = 102–104 m2/day)

Storage zone total size 
(As/A = 0.1–1)

Storage zone size distribution 
(power law distribution coefficient 1–3)

Storage zone connectivity
(α = 10-1–102 1/day)
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Nitrate concentrations & flux
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Storage zone representation of reactive solute
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Storage zone representation of reactive solute
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Storage zone representation of reactive solute
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Storage zone representation of reactive solute
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Storage zone representation of reactive solute
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Storage zone representation of reactive solute
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d Reach-scale 
retention at 
different times 
in same reach

Connectivity limited

This study

Reach-scale retention depends on              
patch-scale uptake & connectivity
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Transport through river networks
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Next steps
• Measure patch-scale uptake rates 

during different connectivity, and 
compare to reach-scale retention

• Incorporate improved parameterization 
of wetland-dominated reaches into 
network models 

• Improve characterization of 
biogeochemistry 

• Examine role of impoundments on 
nutrient transport and retention at reach 
scale
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