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I. Overview 

II. Methods 

Hydraulic conductivity (K) is a constant related to how fast water flows through sediments under 
given pressure conditions and is an important  parameter used in hyporheic exchange models.  
Hyporheic exchange is the exchange of water between the surface water and sediments in rivers 
and streams, which allows the water to be filtered thus improving water quality (Stonedahl et al, 
2010). Hydraulic conductivity is known to vary greatly in streambeds (Ryan and Boufadel, 2007). 
We used the falling head method (Landon et al., 2001) to measure the hydraulic conductivity of a 
variety of sands in a controlled laboratory setting. K values were calculated using the Hvorslev 
falling-head equation. Individual variables were manipulated in order to determine the effect of 
each on the K values. A finite difference method was used to model the system.  K values for the 
different setups were compared to experimental values. 

In order to calculate the hydraulic conductivity value (K), the falling head 

method was used.  This method tests the K of the sand by  inserting a column 

into the sand, raising the water level within the column and timing how long it 

takes the water level to fall a measured distance.  K values were calculated using 

Equation 1, for which m is the isotropic transformation, which we assumed was 

one.  Other variables are defined below and shown in  Figure 2. 

 

 

 

 
 

Falling-head Method:  

1. Measured the height and diameter (D) of the column  

2. The cylinder was partially filled with water  

3. Sand was added to the cylinder and allowed to settle for 24 hours 

4. The column was then inserted into the sand 

5. Depth of column inserted into the sand (L) was measured 

6. The sand was leveled  

7. Water was added to bring the water level to the top of the cylinder.  

8. The column was filled with water to a certain height (H0) above the water 

level in the cylinder  

9. The water fell a certain distance (H1) and the time (Δt) it took to fall was 

recorded.  

10. Steps 8-9 were repeated for a total of 3 runs.  

11. The column was then removed from the sand and the sand was allowed to 

settle for five minutes.  

12. After the five minute wait the column was reinserted into the sand. 

13.  Steps 5-12 were repeated for a total of 10 trials. 
 

Another sediment property measured was porosity (ϴ). Porosity is  the ratio of 

void space within the sand to the total volume.  To measure porosity, dry sand 

was added to a known amount of water and the final volumes of sand and water 

were measured.  

 
 
 
 
 
 
  
In the next experimentation phase, we layered F-65 and Lake Superior sands.  To 

create the layers, the first sand was added to the cylinder and leveled. The 

column was inserted into the first sand. The second sand was added in and 

around the column and leveled. The falling-head method was applied. After the 

three runs at a certain depth, the column was pulled up a set distance and the 

method was repeated until the column could no longer stay upright in the sand.  

IV. Results 

VII. References and Acknowledgements 
• Landon, M.K., Rus, D.L., and Harvey F.E., 2001, Comparison of Instream Methods for Measuring Hydraulic 

Conductivity in Sandy Streambeds, Ground Water, 39(6): 870-885, doi:10.1111/j.1745-6584.2001.tb02475.x 
 

• Ryan, R.J., and Boufadel, M.C., 2007, Evaluation of streambed hydraulic conductivity heterogeneity in an urban 

watershed, Stochastic Environmental Research and Risk Assessment, 21:309-316, doi:10.1007/s00477-006-0066-1. 
 

• Stonedahl, S.H., Harvey, J.W., Wörman, A., Salehin, M, and Packman, A.I., 2010, A  Multiscale Model for Integrating 

Hyporheic Exchange from Ripples to Meanders, Water Resources Research, 46, W12539, doi:10.1029/2009WR008865. 

 

We would like to thank Dr. Katie Trujillo, Dr. Jodi Prosise, and Vickie Logan for organizing the St. 

Ambrose Undergraduate Summer Research Institute and to extent a special thank you to our private 

donors who have made the St. Ambrose Undergraduate Summer Research Institute possible through 

their generous support.   

V. Discussion/Conclusions 

Individual Sand Lab Testing 
• Test properties for one sand, or a homogenous mixture, that have little effect on K value: 

─ Using different column depths 

─ Having sand not level inside and outside of column 

• Test properties to control to reduce error: 

─ Keeping column off bottom of cylinder in the lab, or a layer of rocks in the field 

─ Allowing sand to settle  before testing in the lab 

 

Layered Sand Lab Testing 
• The K values for layered sand fell between the values for the two separate sands.  Also the deeper 

the column is pushed into the second (bottom) layer the closer the K value is shifted towards that of 

the lower sand.  Model simulations showed similar behavior, but there were discrepancies between 

the model and the experimental data. 
 

Field Testing 
• If different K values are measured at different depths at the same location this could indicate that 

the sand is  heterogeneous. 

• There can be variation of K values at different locations within the same creek 

• The falling-head method can be used in the laboratory to replicate K values measured in the field. 

Ottawa F-50 Ottawa F-65 Lake Superior Duck Creek 

Average K(m/s) ± 
2 x standard error  

4.32E-4 ± 0.09E-4 2.63E-4 ± 0.08E-4 4.81E-4 ± 0.08E-4 3.13E-4 ± 0.12E-4 

Average ϴ ± 
2 x standard error 

0.395 ± 0.005 0.400 ± 0.009 0.419 ± 0.017 0.395 ± 0.009 

Figure 7: The experimental and 
modeled hydraulic conductivity 
data at multiple column depths 
for both the Lake Superior and 
Ottawa F65 sand. 

Figure 8: The experimental and 
modeled hydraulic conductivity 
data at multiple column depths  
for the layering of Ottawa F65 
below Lake Superior sand. 

Figure 9: The experimental and 
modeled hydraulic conductivity 
data at multiple column depths 
for the layering of Lake Superior 
below Ottawa F65 sand. 

Figure 10: In situ hydraulic 
conductivity values measured 
along a cross-sectional transect 
of Duck Creek compared to 
laboratory values obtained from 
a sample of the same sand. 

Figure 1: 3D diagram 
of falling head setup 

Figure 2: Labeled 
diagram of setup 

Figure 3: Diagram 
of layered setup 

• Investigate variability perhaps due to packing and improve method to increase consistency 

• Test the effects of the column being angled in the sand 

• Try running only one trial per setup, as moving the column through a setup may lead to a change 

in the configuration of the setup creating error 

• A deeper look into the effect of cylinder size on the measured K value due to edge effects 

• More experiments comparing K values in the lab to sand collected in the field 

 

VI. Future Work 
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III. Model Modeling Process: 
• MATLAB was used to define boundary conditions  

• Finite difference method was used to solve the Laplace 

Equation (using MODFLOW) 

─ Water flowing into cell = water flowing out of cell  

• The resulting head values were used to calculate velocity 

distributions 

• The velocity (v) of the water flowing down inside the column 

was used to calculate volumetric flow rate (Q) 

─ Q=vA , where A= cross-sectional area of column 

Figure 4: System boundaries 
defined using MATLAB 

Figure 5: Cross-sectional 
slice of head values 

Figure 6: Water velocities 
from head values  (Hvorslev constant-head equation) 
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Equation 1 

Equation 2 

(Hvorslev  falling-head equation) 


