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Abstract

Quantifying hydrologic exchange fluxes (HEF) and subsurface water residence times (RT) are important for managing the water
quality and ecosystem health in dynamic river corridor systems. Laboratory-scale experiments and models have shown that
hydrodynamic pressure variations on the riverbed induced by dynamic river flows can strongly impact HEFs and RTs. In this
study, the impacts of hydrodynamic pressure on HEFs and RT for a 30 km section of the Columbia River in Washington State
over a three-year period were quantitatively evaluated using a coupled transient three-dimensional (3D) multi-phase surface
and subsurface water flow transport approach. Based on comparisons between model simulations with and without considering
hydrodynamic pressure, we found that hydrodynamic pressure increase the net HEF's by 7% of flowing into river from subsurface

domain, and also leads to a reduction of the area with long RT, and increase of area with short RT.

Hosted file

v15_revl5_NoFigurev3.docx available at https://authorea.com/users/304273/articles/523923-
evaluate-the-impact-of-hydrodynamic-pressure-on-hydrologic-exchange-fluxes—and-resident-
time-for-a-large-scale-river—section-over-a-long-term—-period

of
Washington S
State = Elevation imi
L\ I 95 101 106 112 117 123 128 134 139 145
8l 7%
o -
2|
Columbia
River 1
/'\ 3l
Priest \ uo) e
Rapids 1
Dam Hanford
Site
Inlet
1
C’0 5000 10000 15000 20000

X (m)


https://authorea.com/users/304273/articles/523923-evaluate-the-impact-of-hydrodynamic-pressure-on-hydrologic-exchange-fluxes-and-resident-time-for-a-large-scale-river-section-over-a-long-term-period
https://authorea.com/users/304273/articles/523923-evaluate-the-impact-of-hydrodynamic-pressure-on-hydrologic-exchange-fluxes-and-resident-time-for-a-large-scale-river-section-over-a-long-term-period
https://authorea.com/users/304273/articles/523923-evaluate-the-impact-of-hydrodynamic-pressure-on-hydrologic-exchange-fluxes-and-resident-time-for-a-large-scale-river-section-over-a-long-term-period

Names in this study Total pressure (piezometer)

Hydrodynamic/non-hydrostatic pressyre Hlydrostatic pressure

1 oo
P =5 pv* +pra + pgh

S

‘ Static pressure

Stagnation/total pressure

o Dvnamic pressure  Hydrostatic pressure
Traditional names y P

T T ] T T T T T T T T T T T
Inlet stage Outlet stage Inlet velocity Outlet velocity

Velocity (m/s)

2015, 1

1 1

Q\‘ Q 6\ Q\‘ Q\’ Q\‘ 6\ Q\‘ Q\’ ,Q\’ 9\ ,6\' Q\‘ Q\‘ ,Q\' 0 Q\’ ,Q\’ Q\‘ ,Q\’ 6\
P P N O e T Y o e T o e e WY 0 o e WY o e

(Assume the riverbed is impermeable; The river inlet and outlet
boundary conditions are derived from 1-D river model MASS1)
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