GEL 380 – Hydrogeology – Mass Transport Part #2

To be completed in lab 11/16/12 and 11/30/12 
Group/Name:_________________________________________________________________
Objective:  In this lab you will observe the characteristics of a real contaminant plume to identify important features used to predict contaminant transport.  
A link is available on Bb to take you to the university library catalog so that you can print a copy of LeBlanc, D., Garabedian, S., Hess, K., Gelhar, L., Quadri, R., Stollenweark, K., Wood, W. “Large-Scale Natural Gradient Tracer Test in Sand and Gravel, Cape Cod, Massachusetts !. Experimental Design and Observed Tracer Movement”.  Water Resources Research, V 27, No. 3, Pg. 895-910 from the library to use during the lab.  
Background:  Since the early 1900’s the Massachusetts Military Reservation has been an active training and staging area for the US military.  Operations here have included firefighting training, machinery, vehicle, and aircraft maintenance, and firing practice.  Over 80 source areas containing flammable oils and residues, fuels, other NAPLs, dissolved solutes, unexploded ordinances, and other contaminants have been identified.  In the late 1980’s efforts began to clean up these threats to the aquifer.  A simultaneous effort began to connect residence to municipal water supplies that did not rely on untreated groundwater.  A detailed examination of the aquifer properties was undertaken by LeBlanc et al. (1991) utilizing a tracer test.  Since few residences were using groundwater anymore, the tracer test was able to include conservative and reactive tracers.  LeBlanc published the tracer test results as a demonstration of the advective-diffusive process at work.  
Cape Cod is made up of glacial deposits 18,000-23,000 years old from the recession of the Laurentide ice sheet.  The till contains all size particles in an unsorted matrix.  There are local clay deposits from the bottoms of kettle lakes and overlaying alluvial deposits from the local rivers.  The aquifer is considered a sole source aquifer meaning that it supplies >50% of the drinking water for the area or that there are few viable non-groundwater sources of drinking water available.  Although most residences have been converted to municipal water sources, groundwater is still the primary source.  Municipal water supplies simply offer a better opportunity to test and monitor the water quality, treat it, and supply homes with a reasonable guarantee of safe water.  In addition to providing drinking water, the streams and lakes of the area are all gaining from groundwater so there are risks of contamination impacts beyond drinking water.  
The map below delineates several of the plumes that are undergoing remediation.  As you can see, they appear to radiate away from a central location near the label for the Massachusetts Military Reservation (MMR).  This is because the MMR facility was located on a broad hill, which is the highest point in this section of Cape Cod.  Given that this is an unconfined aquifer, that also means that the plumes originate from a recharge area to the aquifer.  The gradient is quite flat and the heads are only marginally above sea level in this area.  
  
[image: ]
Skim LeBlanc et al. 1991 before coming to class on Friday so that you are familiar with the experiment and data.  The result of LeBlanc’s experiments were groundwater concentrations of tracers at many locations down gradient of the release site and at several times after the releases occurred.  The three they used were Bromine, Molybdate, and Lithium.  Take a moment to familiarize yourself with the data by observing the values of the X and Y axis on each plot of the tracer plumes in the paper and thinking through how the plots relate to the three dimensional plume.
Read carefully and follow the directions to utilize the tracer test data to characterize the MMR’s transport properties.
As a contaminant plume moves it does so in two ways, advection and dispersion.  Advection is the movement due to the average forward velocity.  Advective transport is the “go with the flow” part of contaminant spread”.  When we calculate a Darcy flow rate and reduce that to an actual flow velocity we are determining the direction (down gradient) and magnitude (velocity) of the advective flow.  
1.  Determine the hydraulic gradient at the Cape Cod site.  
a. First, examine the vertical profiles of the Bromine plume.  How has the center of mass changed moved over time?  Determine the elevation of the center of mass at two times.  Record these values as heads 1 and 2 on the calculation sheet and use them to calculate dh.

b. Using the plan view of bromine concentrations, estimate the location of the center of mass at the same two time points you used for the heads.  Record these locations and use them to calculate dl.

c. Calculate the hydraulic gradient from your dh and dl values.


2. Estimate the actual groundwater flow velocity.  
a. Divide your dl value by the time difference between the two points.  This is the actual flow velocity.

b. Calculate the hydraulic conductivity along this flow path.  The aquifer is expected to be sand and gravel and have a porosity of 39%.  Check this against tables of hydraulic conductivity from your class notes.  Is the value reasonable?





			
	Head, m
	X, m

	Time 1
	
	

	Time 2
	
	

	Gradient
	
	

	Velocity
	
	

	Conductivity
	
	



		c. Is the value of hydraulic conductivity that you calculated reasonable for a sandy 			gravel?



Dispersion is a spreading process that results in dilution of the contaminant plume.  Although the total mass of contaminant in the plume cannot change, it can slowly become less concentrated as the plume lengthens and widens over time.  This occurs because the contaminated water doesn’t travel at exactly the velocity you calculate from Darcy flow.  That velocity is the average, but some molecules will travel faster and some slower.  In addition, as water seeks pathways around the particles in its down gradient flow paths some will be diverted to pores that are outside the area occupied by the plume in the up gradient direction.  Dispersion is lumped together with diffusion because in the field we can’t separate the two effects. Diffusion causes dilution of the plume due to the mixing of molecules that are always in motion.  
 
3.  Estimate the hydrodynamic dispersivity.  Hydrodynamic dispersivity, aL, is the term we will use to encompass the effects of all kinds of spreading in the plume.  aL=0.83*Log(L)2.414 where L is the travel distance of the center of mass of the plume.

a. From the plan view, estimate the travel distance of the center of mass of the bromide plume at the three times given on the calculation sheet.

	Time, days
	Travel L, m
	aL, m

	33
	
	

	237
	
	

	461
	
	



b. Why might dispersivity, the spreading of the plume, appear to increase as the plume travels farther?



c. Examine the plumes of lithium and molydate.  They have not traveled as far because they are sorbing tracers.  Estimate the length and width of the plumes at t=461 days.  Circle the narrowest plume. 
	Plume
	Plume L, m
	Plume W, m
	Travel length, m

	Bromine
	
	
	

	Lithium
	
	
	

	Molybdate
	
	
	



d.  Plot the length of each plume versus the travel length of the center of mass for each plume  at t=461.  What trend do you observe?  What might explain this trend?



When contaminants sorb, they appear to travel more slowly than a non-sorbing (conservative) contaminant in a process we call retardation.  Lithium and molybdate were used as sorbing tracers compared to bromine, the conservative tracer, so their plumes were expected to lag behind the bromine plume.  

4. Estimate the retardation factors for lithium and molybdate.  
a. Calculate the average actual velocity of each plume.  This velocity is the retarded velocity.  


b. Calculate R, the retardation factor, for Lithium and Molybdate by dividing the actual flow velocity of the Bromine plume by the observed actual flow velocity of each Lithium and Molybdate.  
	
	Time, days
	Travel L, m
	vc, m/day
	R

	Bromine
	33
	
	
	

	
	461
	
	
	

	Lithium
	33
	
	
	

	
	461
	
	
	

	Molybdate
	33
	
	
	

	
	461
	
	
	





c. If the soil has a porosity of 39% and a density of 2.65 g/cm3, what is the distribution coefficient for Lithium and molybdate?  The distribution coefficient is the factor that indicates how much the sorbing contaminant sorbs and is found from its relationship to the retardation factor because R = 1 + b*Kd/ where b is the bulk density, Kd is the distribution coefficient, and  is the porosity.   So the distribution coefficient can be reverse estimated from R.   

	
	Kd

	Lithium
	

	Molybdate
	









The rest of the calculations we will complete together on 11/30/12.  Save your sheet until then.  If you have not had your project meeting yet, please use this time to plan with your project group.  

5. Calculate the expected concentrations to compare with the field results using the 1D Advection-Dispersion equation discussed in class..
a. If the diffusion coefficient for Bromine is about 20.1 x 10-6 cm2/s, does the plume match the calculated concentration at x=100m, after 237 days?  

	
	C field mg/L
	C calc mg/L

	Bromine C (100m, 237 days)
	
	

	Lithium C(100m, 461 days)
	
	


b. The diffusion coefficient of Lithium is very similar to Bromine.  Does the concentration in the field do what you expect?

GEL 380 – Hydrogeology – Mass Transport Part #1


Objective:  to compare the 1-D Advection Dispersion model to field results
To practice changing the parameters of the model and observe the resulting trends in outcome.

1.  Download and open the 1-D A-D model spreadsheet from Blackboard.

2. Spend a few minutes clicking on each calculation box to observe the formula entered within.  Also note the units of the parameters, given in gray font.  

3. Compare these formulas to the example we calculated in class.  The spreadsheet should match in formula but the result is slightly different.  Explain why the spreadsheet does not get exactly the same result as the calculation we made in class.



4. Experiment with the starting concentration.  For a given L and t, what is the effect of increasing C0?  Make a plot of at least 5 values of downstream concentration versus C0 for a single pair of L and t values and observe the shape of the line.  Make a generalized sketch below (be sure to label your axis).  If we were to describe this relationship we’d say that C is _____________ related to C0.



5. Reset C0 to 725 mg/L.  Experiment with a series of downstream distances.  Make a plot of C vs L for at least 5 L values and then make a generalized sketch below.    If we were to describe this relationship we’d say that C is _____________ related to L.




6. Reset L to 15m.  Experiment with a series of travel times.  Make a plot of C vs t for at least 5 t values and then make a generalized sketch below. If we were to describe this relationship we’d say that C is _____________ related to t.






7. Reset t to 3.15x107 seconds.  Experiment with a series of hydrodynamic dispersion constants to determine what happens as diffusion or dispersion is increased or decreased.  Make a plot of C vs DL for at least 5 DL values and then make a generalized sketch below. Why does C change the way it does with DL?



8.  Set your conditions to match those given in part 1, question 5.  Calculate C for a range of L’s including the one given.  How do the calculated C’s compare to the field data?  





9.  This model assumes a continuous source.  Does that match the test at the MMR? Why or why not?  




10.  Change R to your value for Lithium and move the reference in the formulas to vr instead of v.  How does this change the concentration?



11. [bookmark: _GoBack] If no treatment is ever utilized at the MMR, what will happen to the tracer plumes over a long time period?
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