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2Piedmont Region – Saprolite Heterogeneities   (Photo Credit: Chris Turner, Haley & Aldrich)



1. Site Location/Background

• Site
• Piedmont Region
• Approx. 30 acres
• Former manufacturing facility

• GW Discharge
• Stream ½ mile east of Site

• Source Areas
• Two identified areas
• Chlorinated solvent releases 

(primarily TCE)

• Groundwater Flow
• Not easterly towards stream

GW FLOW
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2. Aquifer Testing

DR-05
DR-06

DR-09

DR-08

DR-01

SR-16

DR-11B
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• Pumping Period: 7 days
• Recovery Period: 7 days
• Transducers: >100 wells
• Discharge  Treatment System

~150 monitoring wells

How about one more well?



2. Data Workflow

RAW DATA DOWNLOAD BARO CORRECTION RESPONSE TO 
PUMPING?
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DATA ANALYSIS

AQTESOLVDERIVATIVEt/r2

K, T, S, DDIAGNOSTICSCONNECTIVITY

STATISTICAL ANALYSIS

DATA CORRECTIONS

AMBIENT TRENDS EARTH TIDES DECONVOLUTION



3. Data Analysis: Response to Pumping
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DR-06 (OH)
(37 – 205.5 ft)

DR-05 (OH)
(43 – 205.5 ft)

DR-09 (OH)
(42 – 192.7 ft)

DR-08 (OH)
(40-46 ft)

SR-16   
(20-40 ft)

DR-01 (OH)
(63-90 ft)

DR-11B
(50-80 ft)



• Elongated N-S corridor
1. Connectivity  diffusivity
2. Magnitude of drawdown

• Performed Surface Geophysical Surveys
1. MASW: bottom of saprolite
2. Seismic Reflection: top of competent bedrock
3. Resistivity
4. Magnetics

• GW Analytical Results

3. Data Analysis: Responsive Corridor
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MASW - SEISMIC



3. Data Analysis: Responsive Corridor
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  Spatial Correlation
1. Geophysics

• Partially Weathered Zone - Thick

2. Laboratory Analytical Corridor
3. Responsive Corridor

   

     Fracture Corridor



3. Data Analysis: Drawdown/Derivative
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Understanding diagnostic plots for well-test interpretation; Renard et al.; Hydrogeology Journal (2009) 17: 589-600

Smoothing Methods

Benefits of Derivative Analysis
• Data interpretation: improved sensitivity

• Curve matching

• Heterogenous aquifer behavior

• Derivative patterns for flow regimes/flow 
characteristics/boundary conditions

s = drawdown
t = time



Purple – derivative for DD period
Turquoise – derivative for recovery period

3. Data Analysis: Drawdown/Derivative
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Shallow Wells - South 
Total Depth: 25 - 50 feet bgs
Weathered Unit (saprolite)

DR-08
SR-16

~0.5 slope

(Renard et al., 2009)

Solid = drawdown
Dashed = derivative

Derivative = slope 0.5

LINEAR FLOW

Flow Regimes
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3. Data Analysis: Drawdown/Derivative
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Shallow Wells - South 
Total Depth: 25 - 50 feet bgs
Weathered Unit (saprolite)

LINEAR FLOW
Derivative Slope = 0.5



3. Data Analysis: Drawdown/Derivative
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Shallow Wells – North
Total Depth: 25 - 50 feet bgs
Weathered Unit (saprolite)

DR-01
DR-11B

LINEAR FLOW OR 
BILINEAR FLOW
Derivative Slope = 0.25



3. Data Analysis: Drawdown/Derivative
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Intermediate Wells – Central 
Total Depth: 65 - 90 feet bgs
Partially Weathered Unit

DR-01
DR-11B



3. Data Analysis: Drawdown/Derivative
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Intermediate Wells – Central 
Total Depth: 65 - 90 feet bgs
Partially Weathered Unit

Slope = 0

(Renard et al., 2009)

Solid = drawdown
Dashed = derivative

Derivative = horizontal

RADIAL FLOW
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3. Data Analysis: Drawdown/Derivative
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Intermediate Wells – Central 
Total Depth: 65 - 90 feet bgs
Partially Weathered Unit

RADIAL FLOW
Derivative = Horizontal

Lagged Response

Screen: 90 – 120’ bgs



3. Data Analysis: Drawdown/Derivative
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Intermediate Wells – Central 
Total Depth: 60 - 110 feet bgs
Partially Weathered Unit



3. Data Analysis: Drawdown/Derivative
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Screen: 55 - 60 feet bgs Screen: 95 - 105 feet bgs

Screen: 65 - 70 feet bgs Screen: 99 - 109 feet bgs

DW-01

DW-40

DW-19
SUBVERTICAL 
FEATURE



3. Data Analysis: Drawdown/Derivative
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Deep Wells – Site-Wide 
Total Depth: 140 - 205 feet bgs
Competent Bedrock

DR-09

DR-05 DR-06

(Renard et al., 2009)

Derivative = 
slope -1

Constant Head Boundary
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-1.6 slope
log(t)



3. Data Analysis: Drawdown/Derivative
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Deep Wells – Site-Wide 
Total Depth: 140 - 205 feet bgs
Competent Bedrock

DR-09

DR-05 DR-06

(Renard et al., 2009)

Leakage/Leaky Aquifer

s,
 d

s/
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-1.6 slope
log(t)



3. Data Analysis: Drawdown/Derivative
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Deep Wells – Site-Wide 
Total Depth: 140 - 205 feet bgs
Competent Bedrock

Leakage/Leaky Aquifer
Steep Negative Derivative
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4. Key Findings/Implications

1. Pronounced responses to pumping are aligned in elongated N-S corridor.
2. Derivative patterns provide supporting evidence to distinguish responses to 

pumping for separate (vertical) zones.
3. Communication is observed between the regolith and bedrock (leakage observed 

in deeper bedrock under pumping conditions). 

1. Deep pumping exacerbates downward gradients, coupled with leakage. Potential 
to increase vertical downwards transport of residual shallow impacts.

2. Optimization of pumping system.
3. Utilization of applicable well hydraulic solutions. 
4. Identification of separate Geo-Hydraulic Units (GHUs).

Key Findings

Implications



Questions?
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