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BACKGROUND 

 

Pall Life Sciences (PLS) provides an analysis of the hydraulic capture zone of the PLS 

Evergreen System extraction well AE-3.  PLS has been operating AE-3 with two other nearby 

extraction wells (LB-1 and LB-3) for the purpose of containing the Unit D2 plume. The 

Evergreen System has been in operation for close to 15 years and has been the subject of several 

reports during this period. In addition, the capture zone for the Evergreen System under other 

flow conditions has been analyzed by PLS and the Michigan Department of Environmental 

Quality (MDEQ) on numerous occasions since this system was put into operation.  

 

PLS has had to reduce the flow of AE-3 to 15 gallons per minute (gpm) as a result of lowered 

water levels in the area, and to some degree, well fouling. Historically, AE-3 has been operated 

at flow rates up to 32 gpm. This analysis examines whether AE-3 operating at 15 gpm in 

conjunction with the operation of LB-1 and LB-3 operating at a combined rate of approximately 

185 gpm is containing the Unit D2 plume (or 1,4-dioxane levels over 85 micrograms per liter 

[µg/L]).  

 

APPROACH 

 

PLS has used various models for previous capture zone analyses (MODFLOW, WINFLOW). 

For this analysis, the steady-state capture zone of AE-3 was analyzed using methods described 

by Grubb and others (Grubb 1993, Fetter 2001, Todd 1990).  

 

The controlling equation for the one-half of the curve-shape for the capture zone is as follows: 
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X = -Y / Tan (2πKbiY/Q) where X and Y are the number of feet in the X or Y 

direction as defined on a Cartesian grid system; and 

Q   is the pumping rate (units = L3/T; cubic feet per day (ft3/day) or gallons per 

day (gpd) 

 

K   is the hydraulic conductivity (units = L/T; ft/day or gpd/ft2) 

 

B   is the aquifer thickness (units = L; ft) 

 

i   is the hydraulic gradient of the flow field (units are dimensionless [ft/ft]) 

(remembering that the tangent or Tan (Y) must be in radians) 

 

To calculate the two-dimensional shape of a capture zone requires three steps. First the distance 

from the pumping well downstream to the stagnation point is determined. The stagnation point 

(X0) is the point marking the downgradient edge of the capture zone and is calculated as follows: 

 

X0 = -Q / (2πKbi)  

 

Second, the maximum width of the capture zone is calculated. This is the maximum width of the 

capture zone as X approaches infinity and is given by: 

 

Ymax = + Q / (2Kbi) where Ymax is the half-width of the capture zone as X 

approaches infinity (effectively, this is the line denoting the most upgradient edge 

or limit of the capture zone at steady-state conditions).  

 

Once this maximum Y-value is known, smaller values of Y are substituted into the controlling 

equation that defines the overall curve shape of the capture zone. 

 

Because the overall dimension of a capture zone is controlled by the time it takes for water to 

flow from an upgradient direction, each capture zone will require time to extend upgradient to 
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the closest groundwater divide (Fetter, 2001). Additionally, we have simplified the shape of the 

capture zones by imposing their outlines on the map and extending the capture zone for each 

well in the upgradient direction for a limited distance.  

  

INPUT 

 

Aquifer Thickness 

 

The hydrostratrigraphy of the AE-3 area has been presented multiple times in reports submitted 

to the MDEQ. Cross sections depicting the hydrostratigrapy of the Allison Street area are 

provided in Attachment 1. The total aquifer thickness shown on the cross section at AE-3 is 

approximately 90 feet. It is important to note that this aquifer fines downward at this location. As 

such, using a 90-foot-thick aquifer is considered conservative for this analysis. 

 

Hydraulic Conductivity 

 

AE-3 is completed in a portion of the Unit D2 that is considerably less transmissive than the area 

around the LB-series wells. This is supported by a review of drilling logs, geophysical logs, and 

well capacity information.  

 

An aquifer performance test at LB-1, west of AE-3, indicated the aquifer has a transmissivity of 

approximately 18,333 ft2/day. The aquifer at this location was 76 feet thick, resulting in an 

average hydraulic conductivity of 241 ft/day.  

 

The data collected from drilling near Allison Street (AE-1, AE-2, and AE-3) indicate that east of 

LB-1, the Unit D2 has a higher percentage of finer-grained material; therefore, it is known that 

the hydraulic conductivity of the aquifer materials is lower in this area. Estimates from grain size 

analyses of samples collected during the installation/design of AE-3 suggest the hydraulic 

conductivity of materials in the screen zone at AE-3 is approximately 50 ft/day. Given some 

uncertainty in this value, for our analysis, we have used hydraulic conductivity values of 25, 50, 

and 75 ft/day. 
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Hydraulic Gradient/Flow Direction 

 

The hydraulic gradient in the Allison Street area has changed with time as extraction has varied, 

but has consistently been very gentle. PLS has used a hydraulic gradient of 0.001 ft/ft for 

previous capture zone analyses and this analysis. The orientation of the capture zone is generally 

west-east based on available groundwater flow data. 

 

RESULTS 

 

The simulated capture zones for various hydraulic conductivity estimates are tabulated below 

and shown on Attachment 2, along with isoconcentration and potentiometric surface contours 

(October-March 2007/2008 and February 25, 2008 data, respectively).  Supporting calculations 

are provided as Attachment 3. 

 

Table No. 1  
 

WELL 
NO. 

Q 
Pumping 

Rate 
(gpm) 

Q 
Pumping 

Rate 
(gpd) 

i 
Hydraulic 
gradient 
(unitless) 

K 
Hydraulic 

conductivity 
(gpd/ft2) 

b 
Aquifer 

thickness 
(ft) 

Ymax 
 
 

(ft) 

X0  
Stagnation 

point 
(ft) 

AE-3 15 21,600 0.001 25 90 642 -204 
AE-3 15 21,600 0.001 50 90 321 -102 
AE-3 15 26,000 0.001 75 90 214 -63 
gpm = gallons per minute  
gpd = gallons per day 
ft = feet or foot 
 

COMPARISON OF RESULTS TO AVAILABLE DATA 

 

PLS has compared the simulated capture zone to available water level and water quality data. 

The capture of the Evergreen System can be estimated from analyzing measured water level 

data. A comprehensive round of water level data were collected on February 25, 2008, from 

wells in the Evergreen area. A potentiometric surface map has been prepared using the February 
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25, 2008 data. The simulated capture zone compares well to the field data. The upgradient extent 

of the capture zone for AE-3 becomes difficult to interpret where there is overlap with the LB-

1/3 capture.  More advanced modeling, such as that used in prior simulations, is necessary to 

simulate the relationship between the LB-1/3 and AE-3 capture areas. 

 

Water quality data along with isoconcentration contours for the Evergreen Allison Street area are 

shown on Attachment 2.   Comparing these contours to the extent of the simulated capture zones, 

it is apparent that the simulated capture zones, depending on the given hydraulic conductivity, 

either fully encompass both the estimated width and downgradient extent of the plume (25 ft/day 

simulation), or capture the width, but show a minor area east of the capture area (50 and 75 

ft/day simulations).  Because there is no data point available between AE-3 and MW-47s/d, the 

exact location of the plume in this area can only be estimated. However, historic data from 

residential wells at 584 and 580 Allison have not exceeded 85 µg/L. As such, it should not be 

interpreted that the plume is in fact outside the capture.     

 

As indicated in our recently submitted Valley Drive Area investigation, water quality data for 

key wells east of the Evergreen extraction demonstrate the Evergreen System has been effective 

in halting the migration of the plume at concentrations above 85 µg/L. These wells include, but 

are not limited to, MW-47s and MW-47d, MW-92, MW-107, MW-110, and residential wells at 

545 Allison, and 2652 and 2643 Dexter Street.   

 

CONCLUSION 

 

This analysis indicates the Evergreen System operating at the current extraction rates is 

maintaining capture of the Unit D2 plume.  

 

LIMITATIONS OF THIS ANALYSIS 

 

There are many assumptions regarding the use of the steady-state capture zone solution. It is also 

important to note that dispersion is neglected from the capture zone analysis. If dispersion were 

included in the analysis, there would not be a sharp capture zone boundary, instead there would 
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be a wide boundary with width proportional to the dispersion coefficient. It should also be noted 

that this equation considers only advective flow and does not consider contaminant transport 

related effects.  

 

REFERENCES 

 

Grubb, Stuart, 1993, Analytical model for estimation of steady-state capture zones of pumping 

wells in confined and unconfined aquifers, Ground Water, 31, no. 1:27-32. 

Fetter, C.W., 2001, Applied Hydrogeology, 4th ed., Upper Saddle River, New Jersey, Prentice 

Hall. 

Todd, D.K., 1980, Groundwater hydrology, 2nd ed. New York: John Wiley. 

 

  Page 6 of 6 
 




















	AE3CaptureAnalysisApril2008.pdf
	Attachment1XSEC 08-06.pdf
	Attachment1XSEC 08-09.pdf
	Attachment1XSEC 08-12.pdf

