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TABLE 1  
QUANTIFIED DETECTED APPENDIX I AND APPENDIX II CONSTITUENTS

WELL ID PARAMETER RESULT UNITS SWSL NC2L LIMIT SSI
3406-MW02 Barium 140 μg/L 100 700 1,143.3 No
3406-MW03 Chromium 13 μg/L 10 10 18.2 Yes*

Notes:

1.  SWSL = NC DENR Solid Waste Section Limits.

2.  NC2L = 15A-NCAC-2L.0202 Groundwater Standards.

3.  LIMIT =  Background limit based on intra-well statististics.

4.  SSI = Apparent statistically-significant increase above background.

5.  Estimated and blank-qualified detections are excluded.

6.  Shaded values are greater than the NC2L Standard.

7.  * Chromium in MW-03 has been addressed in an ASD approved by DENR
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APPENDIX C:   

Groundwater Flow Regime Report – March 2012 Event 
 

On behalf of Waste Management, Joyce Engineering has reviewed groundwater 
flow rates and flow directions at the Piedmont Landfill and Recycling Center for the first 
semiannual groundwater sampling event of 2012.  The groundwater flow and direction 
calculations presented in this report are based on groundwater elevation data obtained by 
ProTech on March 14, 2012.  The information provided in this report will satisfy, in part, 
the environmental reporting requirements of Piedmont Landfill's Municipal Solid Waste 
Permit. 
 

The groundwater level measurements taken during the above referenced sampling 
event were used to construct the groundwater surface contour map attached to this report 
as Drawing No. 1.  A summary of groundwater elevations obtained during this and 
previous sampling events is provided in Table 2.  The potentiometric contours and the 
groundwater flow directions presented in Drawing No. 1 were used to calculate hydraulic 
gradients for the site. The hydraulic gradient calculations are provided in Table 3.  The 
hydraulic gradients (i) ranged from 0.012 ft/ft to 0.028 ft/ft.  These gradients are generally 
consistent with past interpretations for the site. 
 

An effective porosity value (n) of 41 percent was used in the equation based on an 
average of six laboratory-derived porosities as reported in the April 1994 Design 
Hydrogeologic Study, prepared by RUST Environment & Infrastructure. Hydraulic 
conductivities (K) were also taken from the Design Hydrogeologic Study, and were based 
on slug test data from piezometers located nearest the respective groundwater flow paths.  
Using the gradient (i) along each flow path, the linear flow velocity (V) was estimated 
using the modified Darcy equation:   V = i K/n.  The flow rate calculations are presented 
in Table 4. 
 

As shown on Drawing 1, groundwater flow at the site is generally west to 
northwest. Segment i1 was 20.6 feet/year to the north-northwest; Segment i2 was 5.3 
feet/year to the northwest; Segment i3 was 10.6 feet/year to the west.  The average 
groundwater flow rate for March 2012 was approximately 12.2 feet/year.  These 
groundwater flow directions and velocities are consistent with those calculated during 
other recent events.   

 
In summary, the groundwater measurements obtained during the March 2012 event 

are generally consistent with those obtained during previous sampling events.  Based on 
this information, it is our opinion that the groundwater monitoring system continues to be 
adequate for the detection of the release of solid waste constituents to the environment. 
 



TABLE 2
HISTORICAL GROUNDWATER ELEVATIONS

DATA
Well ID: MW-01 MW-02 MW-03 MW-04 MW-04D MW-05 MW-06 MW-07 MW-08 MW-09 MW-09R MW-10 MW-11 MW-11D MW-12 MW-12D

TOC Elevation: 823.93 778.04 770.08 756.92 757.33 743.17 800.82 771.57 748.95 770.62 764.95 777.20 776.80 776.36 751.48 751.53
Well Depth: 49.0 25.5 38.0 27.0 62.0 20.5 29.6 31.3 18.8 35.0 43.0 38.0 35.0 93.5 18.0 43.3

30-Jan-1998 781.82 750.71 746.26 745.46 745.46 738.49 779.84 744.32 744.30 737.47 NA 744.42 749.08 747.66 746.58 747.05
21-Jul-1998 784.78 750.06 746.76 743.92 743.78 737.14 781.04 745.07 741.20 738.96 NA 744.35 748.95 748.58 745.88 746.11
14-Jan-1999 780.98 749.16 744.91 744.27 744.16 737.60 777.86 743.57 742.68 736.62 NA 743.63 748.09 747.74 745.93 746.11
27-Jul-1999 780.48 749.08 744.86 743.26 743.28 734.04 777.52 743.92 740.53 737.12 NA 743.62 748.05 747.75 745.53 745.68
20-Jan-2000 780.30 748.51 744.83 744.77 744.43 737.82 777.27 743.87 743.18 NA 737.14 743.90 748.36 747.97 746.28 746.53
12-Jul-2001 780.10 748.73 745.30 742.88 743.06 737.08 776.81 744.25 740.40 NA 738.12 743.66 747.77 747.44 745.45 745.71
24-Jan-2001 778.93 748.91 744.43 744.69 744.73 737.72 775.84 743.40 743.41 NA 737.35 743.49 747.85 747.54 746.06 746.54

17,18-Jul-2001 779.59 748.41 744.61 742.72 742.78 736.76 776.08 743.92 739.99 NA 737.77 743.35 749.45 747.09 745.45 745.40
30,31-Jan-2002 777.29 748.14 743.08 743.09 743.49 737.37 773.72 742.57 742.17 NA 736.40 742.74 747.35 747.03 745.14 742.42
17,18-Jul-2002 776.47 747.29 742.88 741.80 741.93 736.48 772.97 742.57 738.97 NA 735.86 742.30 746.54 746.21 744.27 744.44
20,21-Jan-2003 777.12 748.14 745.45 743.87 743.96 737.40 775.08 744.06 742.51 NA 738.06 743.60 748.05 746.57 745.50 745.92
23,24-Jul-2003 782.10 749.48 748.08 743.92 743.83 738.07 778.39 745.53 742.74 NA 741.80 744.60 748.40 748.16 745.83 746.08
21,22-Jan-2004 781.75 748.89 746.57 743.77 743.84 737.36 778.02 744.37 742.30 NA 739.10 743.91 747.86 747.47 745.87 746.07
27,28-Jul-2004 780.80 748.24 745.18 742.27 742.43 736.77 776.65 743.96 739.65 NA 738.45 743.37 747.26 746.96 745.03 745.31
19,20-Jan-2005 780.38 749.11 745.43 744.35 744.37 737.97 777.46 744.56 743.35 NA 739.05 744.95 748.39 747.75 746.02 746.39

11,12,13-Jul-2005 780.55 748.59 744.82 742.81 742.87 735.22 777.51 744.96 740.87 NA 739.20 744.51 747.60 747.26 745.21 745.43
16,17,18-Jan-2006 778.76 748.58 744.75 744.03 744.13 737.77 776.53 744.19 743.40 NA 737.95 744.21 747.70 747.36 745.73 746.09
10,11,12-Jul-2006 779.27 748.17 744.47 743.69 743.58 737.39 776.09 744.08 741.90 NA 738.07 744.00 747.05 746.76 745.51 745.77

22, 23, 24-Jan-2007 781.16 749.52 745.64 744.30 744.30 738.22 778.37 745.67 743.79 NA 739.33 745.14 748.40 747.94 745.95 746.33
12,13-Sep-2007 781.71 747.84 743.58 741.65 741.58 736.57 773.75 744.06 738.53 NA 737.60 743.15 746.70 746.26 744.48 744.44

19-Mar-2008 780.19 749.02 744.26 744.04 744.04 737.91 777.94 744.85 743.34 NA 737.35 744.87 747.99 747.62 745.42 746.05
11-Sep-2008 779.78 747.53 743.05 742.03 741.98 736.92 775.93 743.93 739.86 NA 736.89 743.55 746.55 746.14 744.54 744.65
11-Mar-2009 779.55 749.34 744.67 743.91 744.14 737.96 777.02 745.84 743.52 NA 738.35 747.67 748.13 747.76 745.37 746.01
16-Sep-2009 780.08 747.87 743.28 741.69 741.56 736.64 775.82 744.64 738.49 NA 737.13 743.37 746.84 746.36 744.41 744.38
10-Mar-2010 781.45 750.17 745.87 744.22 744.21 738.17 779.04 748.14 743.24 NA 741.16 748.24 749.06 748.61 745.33 746.23
16-Sep-2010 781.85 748.47 744.64 742.51 742.53 737.22 777.86 745.57 740.03 NA 737.90 744.90 747.42 747.07 744.86 745.08
15-Mar-2011 780.68 749.36 745.05 743.89 744.35 738.29 778.17 746.17 743.74 NA 738.35 745.14 748.42 747.47 744.91 745.63
14-Sep-2011 779.51 747.58 742.58 742.01 741.95 736.34 775.42 744.48 739.28 NA 736.20 742.70 746.64 746.26 744.35 744.66
14-Mar-2012 779.74 748.97 744.85 743.92 743.91 738.05 777.61 746.82 742.95 NA 738.28 746.07 748.02 747.48 745.37 745.72

Notes:
TOC = Top of PVC casing.
All depths in feet measured from TOC.
TOC elevation for MW-02 is revised reflecting improvements were made to the well in July 2001 prior to sampling.
All water level elevations are reported in feet above mean sea level.  
NA = data not available.

MONITORING  WELL  WATER  LEVEL  ELEVATIONS
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TABLE 3
GROUNDWATER FLOW RATE CALCULATIONS

Elevation Gradient Velocity
(ft AMSL) (i, ft/ft) (V, ft/yr)

780

745

780

740

780

750

AVERAGE: 0.022 12.2

Note:
1.   An effective porosity  (“n” ) of 41% was based on average laboratory-derived porosity as reported in 
      the April 1994 Design Hydrogeologic Study, prepared by RUST Environment & Infrastructure.
2.   Hydraulic conductivities (“K”) were also taken from the Design Hydrogeologic Study, and were based 
      on slug test data from piezometers originally located nearest the respective groundwater flow paths. 
3.   V = i K / n

HYDRAULIC 
CONDUCTIVITY 

(K, cm/s)

HYDRAULIC 
CONDUCTIVITY 

(K, ft/s)

1.70E-04 0.41

9.51E-06

5.58E-06

5.58E-06

GRADIENT 
CALCULATION 

SEGMENT

FLOW 
DIRECTION

March 14, 2012

i 1

FLOW 
SEGMENT 
LENGTH     

(ft)

2.90E-04

EFFECTIVE 
POROSITY  
(n, unitless)

0.41 0.028

1217 W 0.025 10.6

20.61243 NNW

5.3

i 3

i 2 1.70E-04 0.41 3249 NW 0.012

Piedmont Landfill and Recycling Center Joyce Engineering






