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Hyporheic exchange

Meander Driven
Exchange

1. Why hyporheic exchange?

How it’'s measured and modeled

e Model assumptions - well-mixed vs.
stratified hyporheic zones

e Fits to real data

2. What does stratification mean?

 Distribution of water age, exchange
rate

Bedform Driven
Exchange

3. Implications for understanding
biogeochemistry

Stonedahl et al. 2010



Hyporheic exchange

Meander Driven
Exchange

Bedform Driven
Exchange

The hyporheic zone and its exchange with surface water is a
major contributor to dynamics of whole stream ecosystem...

Stonedahl et al. 2010

- Temperature
- Nutrient spiraling
- Ecosystem energetics and metabolism

DelVecchia et al. 2022




Measuring hyporheic exchange

tracer solution
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Hyporheic exchange models

Well-mixed assumption Stratified assumption
e Exponential hyporheic * Power law hyporheic
transit time distribution transit time distribution
dCC q, . -
=— (= C
=7 (G = Co)



Hyporheic exchange models

Well-mixed assumption

e Exponential hyporheic
transit time distribution
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Stratified assumption

e Power law hyporheic
transit time distribution
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Hyporheic exchange in experimental flumes

LOGGER

15cm

Raceway (~10cm wide x 15cm deep channel,
15cm sediment)

Aquarium pump to spin water
Conductivity /temperature logger
15 flumes, salt tracer release in each

Fit 2 models (well-mixed vs. stratified
assumption) with Bayesian algorithm



LOGGER

Concentration

RMSE
Trial 15

Prediction:

Exponential RTD
(well-mixed)

Power Law RTD
(stratified)

Time (min.)




Trial 13

Trial 14

RMSE
Trial 15

Prediction:

Exponential RTD
(well-mixed)

Power Law RTD
(stratified)




Hyporheic exchange

Meander Driven
Exchange

stratified hyporheic zones

2. What does stratification mean?

Bedform Driven e Distribution of water age,
pichanee exchange rate

Stonedahl et al. 2010



What does stratification mean?

Stratified assumption - power law hyporheic transit time distribution

- Simulate data across reasonable a values, unit maximum residence time (7, = 1)
(all else, such as volumes, held constant)




What does stratification mean?

20 bins - each an
equal fraction of
aquifer storage

Total
exchange flow 34.2 83.5 219. 564.

[m—
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What does stratification mean?
J ol fow 3

Stratification!!

Total
exchange flow 34.2 83.5 219. 564.

[m—



Hyporheic exchange

Meander Driven
Exchange

« Why hyporheic exchange?

e How it’'s measured and modeled

e Model assumptions - well-mixed
vs. stratified hyporheic zones

e Fits to real data

Bedform Driven
Exchange

Stonedahl et al. 2010



Hyporheic exchange

Meander Driven
Exchange

stratified hyporheic zones

Bedform Driven
Exchange

e Implications for understanding
biogeochemistry

Stonedahl et al. 2010



Implications of stratification for biogeochemical uptake

DelVecchia et al. 2022



Implications of stratification for biogeochemical uptake

More flow #
more uptake!
(Not all flow
created equal...)



Hyporheic exchange

Meander Driven
Exchange

e Why hyporheic exchange?

e How it’'s measured and modeled

e Model assumptions - well-mixed
vs. stratified hyporheic zones

e Fits to real data

e What does stratification mean?

e Distribution of water age,
exchange rate

Bedform Driven
Exchange

e Implications for understanding
biogeochemistry

Stonedahl et al. 2010
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Hyporheic exchange
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e How it's measured and modeled

e Model assumptions - well-mixed vs.
stratified hyporheic zones

e Fits to real data
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e Fits to real data
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e How it’s measured and modeled

 Model assumptions - well-mixed
vs. stratified hyporheic zones

e Fits to real data



Hyporheic exchange

Driven
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e What does stratification mean?

e Distribution of water age,
exchange rate



Hyporheic exchange

DelVecchia etal. 2022

Driven
EEEEEEEE

e Implications for understanding
biogeochemistry



Hyporheic exchange = e

DelVecchia et al.

Driven
EEEEEE

Representing
hyporheic stratification
likely very important in
adequately representing

biogeochemical processes!
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Thank you!

Hayley Oakland
(hayleyoakland@montana.edu)

Samuel Fritz, Anna French,
Lindsey Albertson, Geoffrey Poole

Montana State University
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