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1. Why hyporheic exchange?

How it’s measured and modeled
• Model assumptions – well-mixed vs. 

stratified hyporheic zones
• Fits to real data

2. What does stratification mean? 
• Distribution of water age, exchange 

rate

3. Implications for understanding 
biogeochemistry
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Hyporheic exchange 
The hyporheic zone and its exchange with surface water is a 
major contributor to dynamics of whole stream ecosystem... 

Stonedahl et al. 2010
DelVecchia et al. 2022

- Temperature
- Nutrient spiraling
- Ecosystem energetics and metabolism



Measuring hyporheic exchange

— hyporheic exchange model
Rate of tracer dilution :: 

rate of hyporheic exchange
Time to equilibrium :: 

maximum hyporheic residence time

tracer solution 

NaCl

mixing length Mugova & Worlkersdorfer 2022

conductivity / 
temperature 

probe



Hyporheic exchange models
Well-mixed assumption

• Exponential hyporheic 
transit time distribution

Stratified assumption
• Power law hyporheic 

transit time distribution 



mean upwelling concentration

Hyporheic exchange models
Well-mixed assumption

• Exponential hyporheic 
transit time distribution

Stratified assumption
• Power law hyporheic 

transit time distribution 

fraction of depth changing per time

How much that fraction of depth is 
changing (difference between mean 
upwelling C and current channel C)

Change in channel 
concentration per 
change in time mass / hyporheic water 

volume
flow-weighted 
average



Hyporheic exchange in experimental flumes

• 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

LO
GG

ER

15cm

15cm

10cm



LO
GG

ER
Trial 15

RMSE

Prediction:

Exponential RTD 
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Power Law RTD
(stratified)
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Stratified assumption – power law hyporheic transit time distribution 

What does stratification mean?



20 bins – each an 
equal fraction of 
aquifer storage

What does stratification mean?

Total 
exchange flow 
[Lx T 1]  

34.2 83.5 219. 564.
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Total 
exchange flow 
[Lx T 1]  

34.2 83.5 219. 564.

What does stratification mean?
98% of 
total flow

Stratification!!
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DelVecchia et al. 2022

Implications of stratification for biogeochemical uptake



Implications of stratification for biogeochemical uptake
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Representing 
hyporheic stratification 
likely very important in
adequately representing 

biogeochemical processes!
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