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I. OVENiEW - | T ; Modeling Process:

A MATLAB wasused to defindoundary conditions

Hydraulicconductivity (K) is a constantrelated to how fast water flows through sedimentsunder Pl | 1 1 A Finite difference methodiasused to solve the Laplace
given pressureconditionsand is an important parameterused in hyporheicexchangemodels e 1 N T Equation (usindlODFLOW)

Hyporheicexchangas the exchangeof water betweenthe surfacewater and sedimentsin rivers o, 1 B — Waterflowing into cell = water flowing oubf cell
and streams,which allowsthe water to be filtered thus improvingwater quality (Stonedahket al, i L _~ .1 A The resultingheadvalueswereused to calculate velocity
2010. Hydraulicconductivityis knownto vary greatly in streambeds(Ryanand Boufade] 2007). 0. L oLl distributions

We usedthe fallingheadmethod (Landonet al., 2001) to measurethe hydraulicconductivityof a e A The velocity (v)of the water flowing down insidiae column
variety of sandsin a controlled laboratory setting K valueswere calculatedusingthe Hvorslev ~ S was used to calculat®lumetricflow rate(Q)

falling-head equation Individualvariableswere manipulatedin order to determinethe effect of | sEEsEgsissseses — Q=vA, where A= crossectional area of column
eachon the K values A finite differencemethod wasusedto modelthe system Kvaluesfor the o
different setupswere comparedto experimentalalues B No-flow boundary

Il Constant head, H, _ N 4Q It + LO Equation 2
Figure 4 System boundaries B Constant head, H, F|gure 5: Cross -sectional Flgure 6: Water velocities 1 o q

defined Using MATLAB O Variable head slice of head values from head values =K  (Hvorslewxconstanthead equation)

V. Results \. Discussion/Conclusions
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0.0005 Figure 7 The experimental —and Individual Sand Lab Testing

W Superior modeled hydraulic  conductivit . : :
Experimental data at muﬁime column deptﬁs A Test properties foone sand, or a homogenausxture, that have little effect on K value:

m Superior Model | for both the Lake Superior and — Usingdifferent columndepths
Ottawa F65 sand . — Having sand not level insicddoutsideof column

® F65 A Test properties to control to reduce error:
Experimental — Keeping column off bottom of cylinder in the lab, or a layer of rocks in the field
® F65 Model — Allowing sand to settlebefore testing in the lab

ll. Methods

In order to calculatethe hydraulic conductivity value (K), the falling head
methodwasused This methodteststhe K of the sandby insertinga column
Into the sand,raisingthe water level within the columnandtiming how long it
takesthe waterlevel to fall a measuredlistance K valueswerecalculatedusing
Equationl, for which m is the isotropictransformationwhich we assumeavas 005 01 015 02 035 Layered Sand Lab Testing

one Othervariablesaredefinedbelowandshownin Figure2. Column Depth, L (m) A TheK values for layered sand fell betwettye values for the two separate sandiso the deeper
the column is pushed into tkecondljottom) layer theloser the K value is shifted towards that of

evfallinahead . ; . the lower sand. Model simulations showed similar behavior, but there were discrepancies betw
(Hvorslevfallinghead equation) e the model and the experimental data.

Figure 8: The experimental and
Falling-head Method: modeled hydraulic  conductivity

Measured the height and diameter (D) of the column data at multiple  column  depths
The cylinder was partially filled with water | | for the layering of Ottawa F65
Sand was added to the cylinder and allowed to settle for 24 hours Figure 1. 3D diagram below: Lake Superior - sand .

. . of falling head setup
The column was then inserted into the sand
Depth of column inserted into the sand (L) was measured
The sand was leveled Superior F65
Water was added to bring the water level to the top of the cylinder. Ho 005 01 015 02  0.25
The column was filled with water to a certain heighf)(&bove the water Ha Column Depth, L (m)
level in the cylinder

9. The water fell a certain distance,{tand the timedd) it took to fall was | ; VI F t W k
recorded. | * $’;‘;T$"”e”ta' . u u re O r

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

11.The column was then removed from the sand and the sand was allowed tc }L
settle for five minutes.

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

13. Steps 512 were repeated for a total of 10 trials. °
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Equation 1

Field Testing

# Experimental A If different K values are measured at different depths at the same location this could indicate th:
¢ Model the sand isheterogeneous.

——Superior K A Therecan be variation of K values at different locations within the same creek

—F65 K A Thefalling-headmethod can be used in the laboratory to replicatalles measured in the field.
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Experimental | Figure 9: The experimental and _ o _ _ . .
Trial 2 modeled hydraulic  conductivity A Investigate variability perhaps due to packing and improve method to increase consistency

¢ Model data at multiple column depths A Test the effects of the column being angled in the sand

for the layering of Lake Superior A Try running only onérial per setup, as moving the column through a setup may lead to a change
below Ottawa  F65 sand . in the configuration of the setupeatingerror

—FesK A A deeper look into the effect of cylinder size on the measured K value due teffsige

A More experimentgomparingk values in the labo sand collected in the field
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Another sedimentpropertymeasuredvas porosity (4 ). Porosityis the ratio of Figure 2: Labeled
void spacewithin the sandto the total volume To measureporosity,dry sand  giagram of setup
wasaddedto a known amountof waterandthe final volumesof sandandwater

weremeasured
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Figure 10: In situ hydraulic
0.395+£0.005 0.400+0.009 0.419+0.017 0.395+0.009 conductivity values measured
along a cross -sectional transect

] : . of Duck Creek compared to
In the nextexperimentatiorphasewe layeredrF-65 andLake Superiorsands To laboratory  values obtained from

createthe layers, the first sandwas addedto the cylinder and leveled The a sample of the same sand .
column was insertedinto the first sand The secondsandwas addedin and

aroundthe columnand|eveled The falling-headmethodwas applied After the A We would like to thank Dr. Katie Trujillo, Dr. Jodi Prosise and Vickie Logan for organizingthe St
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