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Motivation

 ‘‘Streambed seepage’’ refers to the movement of water between the stream 

channel and streambed, it occurs on many temporal and spatial scales

 Streambed seepage may contribute to base flow; aquifer recharge, if 

downward seepage reaches the water table; or hyporheic flow, the 

movement of stream channel water into the shallow subsurface with 

subsequent return to the channel and no net change in channel discharge

 Numerous methods have been used to assess streambed seepage, including 

differential gauging, seepage meters, shallow piezometers, and tracer 

injection experiments



Motivation 



Motivation

To develop the new method of thermal records:

Benefits:

1. It requires no information on the absolute depths of temperature sensors, instead 

relying on the spacing between sensor pairs

2. The new method does not bypass common limitations of using thermal data to 

estimate seepage rates.
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Methods



Method
• At least two temperature logs should be installed,

one in the streambed and the other at the streambed

surface. Downward heat transfer from the surface to

the deeper part of the streambed occurs by

conduction and advection for stream water

percolating.

• The amplitude of the diurnal temperature time 

series in the streambed is smaller than that on the 

streambed surface and has a phase shift. Using the 

difference in temperature amplitude (∆𝐴) and phase 

shift (∆Ψ) in the following vertical flow equation. 
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Method

𝜅

𝜌𝐶
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𝜕𝑍2
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𝜕𝑇

𝜕𝑍
=
𝜕𝑇

𝜕𝑡

𝜅:thermal conductivity (W/m°𝐶)

𝜌:streambed bulk density (kg/𝑚3)

C:specific heat capacity (J/kg°𝐶)

q:infilitration rate (m/s)

Heat conduction advection
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T:temperature (°𝐶)

Z:depth (m)

t:time (s)



Governing equation

 T(𝑧, 𝑡) = 𝐴𝑒𝑥𝑝
𝑣𝑧

2𝑘𝑒
−
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)

A: amplitude of temperature variations

P: period of temperature variations (𝑃 =
1

𝑓
)

𝑣:The rate of penetration of the thermal front(𝑣=
𝑣𝑓

γ
)

𝛼 = 𝑣4 + (
8𝜋. 𝜅𝑒
𝑃

)2

Amplitude of temperature variation 

with depth

Shift phase with 

depth



Governing equation: Amplitude and Phase

𝐴𝑟(𝑧, 𝑡) = exp[
∆𝑧

2𝑘𝑒
(𝑣 −

𝛼+𝑣2

2
)] ∆∅ =

𝑃∆𝑧

4𝜋𝜅𝑒

𝛼 − 𝑉2

2

In the shallow condition, if effective sediment propertied 

between the measurement points are the same. 

The Amplitude and Phase equation can be reduce to: 

Amplitude method
Phase method
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Results



Sensitivity analysis

Type curves showing relations 

between the amplitude of 

temperature variations as a function 

of fluid seepage rates for different 

streambed measurement spacings.



Sensitivity analysis

Type curves showing relations between the phase 

of temperature variations as a function of fluid 

seepage rates for different streambed  

measurement spacings



• The amplitude is most useful for 

estimating seepage rate within a range of 

-5~3m/d

• The phase allow calculation of seepage 

rates for the range of -10~10m/d



Numerical tests illustrating the influence of transient fluid 

velocities on time series method for∆𝑍 = 15cm
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Conclusions

 The new method is based on quantifying changes in phase and 

amplitude of temperature variations between pairs of subsurface 

temperature sensors.

 The reliable estimation of seepage rates by amplitude is -5 to 3 

m/d and the phase method is ±10 m/d
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Thank you for listening!
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