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Watershed function is an emergent outcome of 
complex hydrologic and biogeochemical 
processes acting at molecular to basin scales

Hydrologic Exchange Flows (HEFs)
The dynamic exchange of water, and its 
chemical and biological constituents, between 
river channels and adjacent environments. 

Biogeochemical Processes
Transformations of key nutrients (C, N, P) and 
contaminants (e.g., NO3) through physical transport, 
mixing, and interactions with organic matter, 
microbes, minerals, and other aqueous species.



Graham et al., STOTEN, 2019
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Our scientific grand challenge 
is motivated by critical 
knowledge gaps

Grand Challenge
Understand and quantify 
processes governing the 
cumulative effects of HEFs, 
OM chemistry, microbial 
activity, and disturbances
on river corridor hydro-
biogeochemical functions at 
watershed to basin scales

Mechanisms

Cumulative Effects

Disturbances
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Organic matter (OM) chemistry strongly 
influences biogeochemical reactions

• Aerobic respiration, denitrification, and contaminant removal (and linkages 
between them) are primary focus of our project

Surface 
OM

Subsurface 
OM

Respiration/
Denitrification
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Organic matter (OM) chemistry strongly 
influences biogeochemical reactions

Surface 
OM

Subsurface 
OM

• Aerobic respiration, denitrification, and contaminant removal (and linkages 
between them) are primary focus of our project

• Interactions between nutrient status and OM thermodynamics drive river 
corridor respiration

Respiration/
Denitrification

Gararyburu-Caruso et al. 2020
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Novel modelling approaches translate field/lab 
results into predictions

DOM  chemistry
FTICR, LC-MS, GC-
MS, and NMR

Inorganic chemistry
(O2, NH4

+, NO3
−, PO4

3−, 
Fe(II), N2O)

Sensor network 

Lab data collection

Microbial function
Metagenome
Metatranscriptome

Reactive transport 
modeling 
(PFLOTRAN)
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Wildfire Impacts on Water Quality

• New line of research 
as of October 2020

• Fire generates 
pyrogenic OM 
(PyOM) with specific 
chemistry

• Nutrients and 
sediment erosion 
impact river 
corridors
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Hydrologic Exchange Flows (HEFs) modulate river 
temperatures

• Subsurface water 
temperature is more 
stable than that of 
surface water; storage 
and mixing can help 
moderate extremes in 
the riverbed 
(hyporheic zone)

• Why it matters: Fish 
(and other organisms) 
are strongly impacted 
by temperature 
variations

http://www.netmaptools.org/Pages/NetMap_Analysis_Types/thermal_refugia.htm

Hyporheic zone 
temperatures colder than 
both river water and inland 
groundwater
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Hydrologic Exchange Flows (HEFs) modulate river 
temperatures

Research Findings:
• Hyporheic zone can 

store cool (or warm) 
water for months

• River stage 
fluctuations (e.g., 
hydropeaking) can 
accentuate this, 
especially in low flow 
periods

• Salmon spawning 
may be associated 
with upwelling zones 
and morphology

Most temperature 
variability occurs in 
shallow sediments 
(alluvium).

Alluvium temperature 
tracks river temperature 
with lag (months).

Song et al., Water Resources Research, “Drought conditions maximize the impact of high-
frequency flow variations on thermal regimes and biogeochemical function in the hyporheic zone,” 
doi: 10.1029/2018WR022586



10

Distributed open science through community 
collaborations

• Sensor network and 
sampling across >30 
distributed sites
§ Both pristine and 

wildfire-impacted
• Heavy work in the YRB 

in the next 1-2 years
• Continue YRB work and 

also move to the whole 
CRB after that

• Lots of opportunities for 
collaboration or 
participation
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Community science advances our understanding 
of river corridors

Worldwide 
Hydrobiogeochemistry

Observation Network for 
Dynamic River Systems 

(WHONDRS)
https://whondrs.pnnl.gov/



Thank you

This research is part of the 
Scientific Focus Area (SFA) 
project at PNNL, sponsored by 
the U.S. Department of Energy, 
Office of Science, Subsurface 
Biogeochemical Research 
(SBR) Program. A portion of 
this research was performed 
using EMSL (grid.436923.9), a 
DOE Office of Science User 
Facility sponsored by the 
Office of Biological and 
Environmental Research.

https://sbrsfa.pnnl.gov
#PNNLSBRSFA
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