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1 INTRODUCTION 

Richardson Smith Gardner and Associates (RSG) is pleased to submit this semi-annual 

groundwater sampling report on behalf of the Johnston County Subtitle-D Phase 5 landfill in 

accordance with Solid Waste Section Rule 15A NCAC 13B.  The Phase 5 unit operated under 

Solid Waste Permit # 51-03.  This report presents semi-annual ground water monitoring results 

for the event performed October 24, 25 and 27, 2011.  

 

The Phase 5 ground water monitoring network includes ten ground water monitoring wells and 

four leachate lagoon monitoring wells. This report includes a field procedure summary, 

laboratory analyses, statistical analyses and ground water characterization.  Time concentration 

graphs and laboratory analytical reports are also provided. 

 

2 SITE GEOLOGY 

The site is underlain by Middendorf Formation sediments deposited largely in a deltaic system.  

According to Geology of the Carolinas (Horton/Zullo, 1991) the Middendorf Formation 

consists of unfossiliferous, interbedded, thin clay and sand.  The stratigraphy tends to be 

discontinuous, indicating that the sediment deposits are lenticular.  Most sediments range from 

silty clay to a coarse clayey sand and gravel with thin dense clay lenses.  There are occasional 

concretions of iron oxide minerals which form very hard thin layers within the sand layers. In 

general, the unconsolidated sediments logged during drilling events at the site consisted of 

medium to coarse sands with some silts and clays.  The Middendorf Formation is underlain by 

highly weathered metamorphic rocks of the Carolina Slate Belt. 

 

Topography controls the Middendorf Formation thickness with the bottom being relatively flat-

lying at elevations of approximately 170 fmsl
1
.  The unconsolidated sediment thickness ranges 

from approximately 65 feet to less than 10 feet in the lower elevations surrounding the landfill.   

 

3 SAMPLING LOCATIONS 

The ground water monitoring network for Phased 5 consists of ten ground water monitoring 

wells (MW-5-1, MW-5-2, MW-5-3, MW-5-4, MW-5-5, MW-5-6, MW-5-7, MW-5-8, MW-5-

9, and MW-5-10), two surface water locations, up and downstream on a tributary of Middle 

Creek, (SW5-1 and SW5-2) and six leachate collection points (Leachate Lagoon #1, Leachate 

Lagoon #2, Leachate Lagoon # 3, Leachate Lagoon #4, Leachate Jun Box and Leachate).  

MW-5-1 functions as the background well for this phase.  Surface water location SW5-2 

contained insufficient water and was unable to be sampled this event.  A trip blank (TB) and 

equipment blank (EB) were also included for quality control.   

 

Sampling locations are provided on Figure 1.  Boring information for monitoring well 

locations is presented in Appendix A. 

 

                                                 
1
 fmsl = feet above mean sea level 
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4 SAMPLING PROCEDURES 

The sampling event performed by Johnston County personnel, on October 24, 25 & 27, 2011 

was conducted in accordance with the approved site Water Quality Monitoring Plan.  Sampling 

methods followed the protocol outlined in the North Carolina Water Quality Monitoring 

Guidance Document for Solid Waste Facilities (NCDENR, DWM).  The depth to water in each 

well was gauged prior to purging and sampling.  Field measurements for pH, specific 

conductivity and temperature were recorded at each well.   

 

Samples were collected by Johnston County personnel in laboratory prepared containers for the 

specified analytical procedures.  Samples were collected using dedicated, Micropurge low-flow 

pumps.  Ground water samples were properly preserved, placed on ice and transported to a NC 

certified laboratory facility within the specified hold times for each analysis. 

 

Water table elevations are presented in Table 1. 

5 FIELD AND LABORATORY RESULTS 

5.1 Field Results 

Temperature, pH and specific conductance were measured in the field at the time of sampling 

via direct read instruments.  In general, field parameter results remained consistent with 

previously reported sampling events; however, turbidity levels at MW-5-4 were above average.  

Results are summarized in Table 2 

 

5.2 Laboratory Analysis 

Samples were transported to Environment 1, Inc., a North Carolina certified laboratory (NC 

Wastewater ID #10) located in Greenville, NC.  Groundwater and the four leachate lagoon 

samples were analyzed for Appendix I VOCs per EPA Test Method 8260B and Appendix I 

metals via EPA Test Method 200.8.  The leachate jun box and leachate sample were also 

analyzed for BOD, COD, total suspended residue, ammonia nitrogen, nitrate nitrogen, total 

phosphorous and sulfate via the SWS approved test method stated in the laboratory report.  

 

Samples were transported to the laboratory facility under proper chain of custody and analyzed 

at the specified DWM Solid Waste Section Limits (SWSL)
2
 for Appendix constituents. 

 

The laboratory analytical report is included as Appendix B. 

 

5.3 Laboratory Results 

The laboratory analysis results were compared with the 15A NCAC 2L 0200 Groundwater 

Standard (2L Standard), SWSL or Groundwater Protection (GWP) Standard.  Inorganic results 

remain generally consistent with historically reported detections.   

5.3.1 Inorganic Constituents 

Seven inorganic constituents were reported above their respective 2L Standard, SWSL or GWP 

                                                 
2
 New Guidelines for electronic submittal of environmental monitoring data memo, NCDENR DWM, Solid Waste 

Section, October 27, 2006. 
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standard.  Seven inorganic constituents (barium, beryllium, cadmium, cobalt, copper, lead and 

zinc) were detected above the SWSL.  Of these only: 

 barium (MW5-4); 

 cobalt (MW-5-4 & MW-5-10); and 

 lead (MW5-4) 

were reported above their respective 2L/GWP Standards.  These results likely have a high-bias, 

due to abnormally high sample turbidity in MW5-4 for this event. 

5.3.2 Organic Constituent 

The laboratory results detected two constituents: 1,1-Dichloroethane in MW5-5 and 1,2-

dichloropropane above their SWSL.  One organic constituent was detected above its 2L 

Standard:  

 1,2-dichloropropane (MW5-2). 

 

No contaminants were identified in the surface water sample above their respective 2B 

Standards.  Laboratory detections are presented in Table 3.   

 

6 STATISTICAL ANALYSIS & RESULTS 

6.1 Statistical Analysis 

RSG reviewed the laboratory data for this event to evaluate trends, examine major site changes 

and establish statistical significance while considering differences between up and down 

gradient wells.  The inorganic laboratory analytical results were entered into our statistical 

database for the site. Data entry and analysis was performed using the Chempoint/Chemstat™ 

statistical software package developed specifically for RCRA Subtitle D sites (Starpoint 

Software, Cincinnati, OH).  Chemstat follows EPA and DSWM protocols for approved 

statistical analysis methods for groundwater data. 

 

Initial analysis included basic data review and a graphical time-concentration comparison to 

observe major changes or trends.  Parametric Prediction Interval Analysis was used on most 

wells based on the percentage of non-detects.  Sens Slope Analysis was also run if a well was 

evaluated as significant.  Statistical analysis was performed on detected inorganic constituents 

using MW-5-1 as background well and MW-5-2, MW-5-3, MW-5-4, MW-5-5, MW-5-6, MW-

5-7, MW-5-8, MW-5-9 and MW-5-10 as the compliance wells.   

 

The following inorganic constituents were found to be statistically significant:  

 

 barium (MW-5-4);  

 cobalt (MW-5-10); and 

 lead (MW-5-4). 

 

A statistical analysis summary is included as Table 4; highlighted constituents were found to 

be statistically significant.  Turbidity levels above the field meters capability potentially 

influenced the increased metal detections reported in MW-5-4.  
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6.2 2L/MCL Statistical Analysis 

Additional analysis was performed on well data that presented statistically significant 

differences from background concentrations.  This analysis has recently been required as part 

of ongoing Assessment Monitoring for North Carolina landfills.  To perform the analysis, the 

respective 2L standard or MCL was determined for each parameter with statistically significant 

results.  Compliance wells demonstrating statistical significance were re-analyzed against the 

lower of the 2L or MCL standard as a Ground Water Protection Standard (GWPS). 

 

This analysis was performed using tolerance interval analysis.  Since a smaller subset of wells 

was analyzed during this step, the compliance well data were retested for normal distribution.  

Retested wells did not exhibit normal distribution and Poisson tolerance intervals were 

constructed as well. 

 

The statistical results for this additional analysis are presented in Table 4. An upper tolerance 

limit higher than the GWPS standard was considered to be a statistically significant result.  

This analysis indicated statistically significant results for: 

 

 barium (MW-5-4);  

 cobalt (MW-5-10); and 

 lead (MW-5-4). 

  

Note that the sample from MW-5-4 had a turbidity level of 60.4 NTU, potentially accounting 

for the elevated metal constituents detected. 

 

7 GROUND WATER CHARACTERIZATION 

A potentiometric surface map was prepared from ground water data collected during this 

sampling event.  Ground water velocity was calculated for each monitoring well using the 

equation V = (KI)/n where: 
   

K = hydraulic conductivity 

I = ground water gradient 

n = porosity 
 

Ground water velocities ranged from 0.004 feet/day (MW-5-10) to 0.682 feet/day (MW-5-2); 

calculations are included in Table 1.  Data indicates that ground water is flowing generally 

north toward Middle Creek; which is consistent with previously observed flow patterns for this 

site. The potentiometric surface map is presented as Figure 1. 

 

8 GROUND WATER ASSESSMENT 

1,2-Dichloropropane was detected in MW-5-2 for this sampling event.  Historically, decreasing 

concentrations have been detected in MW-5-2 and MW-5-8.  1,2-Dichloropropane can be used 

as a soil fumigant.  Since this property was historically used for farming, we believe that is the 

1,2-dichloropropane contamination source. 
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Detections of 1,2-dichloropropane below the SWSL have been intermittent.   During this most 

recent and multiple past sampling events no 1,2-dichloropropane was detected in leachate 

samples above the method detection limit (MDL);  therefore, it is unlikely that the landfill is 

the impact source.  Additionally, no other constituent detected in the leachate was found in 

these well samples; further supporting historical farming practices as the source.  We will 

continue to monitor 1,2-dichloropropane levels in future monitoring events.  

 

9 CONCLUSIONS 

Inorganic constituents were detected above the 2L Standard and reported as statistically 

significant for this event.  High turbidity levels resulting from excess sediment in the samples 

likely caused this high bias.  Additionally, an historical groundwater assessment on another 

portion of the property indicated that suspended sediment in groundwater samples impacts 

inorganic constituent concentrations.   

 

The organic constituent 1,2-dichloropropane was reported above the 2L Standard; however, we 

believe its source is historic farming practices at the site and is not a result of landfill activity.   

 

The next semi-annual sampling event is tentatively scheduled for April 2012.  Results will be 

submitted following laboratory and statistical analyses.   
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By: MG

Date: 1/26/2012

TOC Water Groundwater Hydraulic

Well Northing Easting Elevation Level Elevation Conductivity Porosity Gradient Velocity

(feet) (feet) (feet) (ft/day) (%) (ft/ft) (ft/day)

MW-5-1 642015.58 2169415.40 232.17 25.85 206.32 2.275 0.2 0.018 0.205

MW-5-2 642487.14 2168749.63 206.77 7.03 199.74 5.247 0.2 0.026 0.682

MW-5-3 642851.56 2168588.27 203.80 12.91 190.89 0.995 0.2 0.028 0.139

MW-5-4 643464.18 2168455.67 186.58 10.50 176.08 0.465 0.2 0.028 0.065

MW-5-5 643800.44 2168449.11 185.42 16.90 168.52 0.261 0.2 0.014 0.018

MW-5-6 643938.92 2168706.91 199.11 32.13 166.98 0.366 0.2 0.022 0.039

MW-5-7 643786.20 2169150.69 182.73 13.49 169.24 0.422 0.2 0.168 0.354

MW-5-8 643347.86 2169177.25 189.31 10.48 178.83 0.312 0.2 0.027 0.042

MW-5-9 643102.64 2169406.82 198.31 15.11 183.20 0.309 0.2 0.028 0.043

MW-5-10 642917.77 2169543.59 202.88 15.99 186.89 0.037 0.2 0.023 0.004

LL-1 645398.84 2168192.54 na na na na na na na

LL-2 645867.44 2168271.33 na 21.45 na na na na na

LL-3 645957.48 2168106.00 na na na na na na na

LL-4 645781.30 2167851.39 na 13.97 na na na na na

Notes: Velocity Calculated from V=K*I/n

V = velocity

K = Hydraulic Conductivity

I = Gradient

n = Porosity

Hydraulic Conductivity data from slug testing 

Porosity values assumed from Groundwater & Wells (Driscoll)

na = not available

Table 1

Johnston County Phase 5 Lined Landfill

Ground Water Elevations & Velocities

October 24, 25 & 27,  2011

Richardson Smith Gardner and Associates, Inc.



By: MG

Date: 1/26/2012

Well Identification #

Static Water 

Level (ft)          

(DTW)

Temperature 

(°Celsius)

Turbidity    

(NTU)
pH

Specific 

Conductivity 

(uS/cm)

MW – 5-1 25.85 19.81 111 4.23 160

MW – 5-2 7.03 18.57 47.7 4.01 394

MW – 5-3 12.91 20.45 192 4.29 106

MW – 5-4 10.50 17.88 * 4.78 56

MW – 5-5 16.90 20.77 54.4 4.66 49

MW – 5-6 32.13 19.77 7.04 4.86 72

MW – 5-7 13.49 16.93 38.4 4.98 61

MW – 5-8 10.48 18.54 1.51 4.76 345

MW – 5-9 15.11 17.78 15.3 4.58 80

MW – 5-10 15.99 17.47 57.2 5.33 56

Phase 5 Direct Leachate N/A 21.41 105 7.43 8420

Lagoon Lchte.#1 na 18.43 1.44 5.5 120

Lagoon Lchte. #2 21.45 17.37 1.57 5.64 119

Lagoon Lchte. #3 na 20.02 7.82 5.75 68

Lagoon Lchte. #4 13.97 17.66 74.3 5.84 116

SW5 – 1 N/A 13.43 9.67 6.58 321

SW5 – 2 N/A IWV IWV IWV IWV

N/A - Not Analyzed

Data collected by Kevin Shields of Johnston County

* Exceeded field instrument capability

IWV- insufficient water volume

October 24, 25 & 27,  2011

Field Parameters

Johnston County Phase 5 Lined Landfill

Table 2

Richardson Smith Gardner and Associates, Inc.
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Date: 1/26/2012

Inorganic Constituents

Parameter MDL SWSL 2L/GWP 2B MW-5-1 MW-5-2 MW-5-3 MW-5-4 MW-5-5 MW-5-6 MW-5-7 MW-5-8 MW-5-9 MW-5-10 SW-5-1

Antimony 0.14 6 1* 640 <0.14 <0.14 <0.14 <0.14 <0.14 <0.14 0.19 J <0.14 <0.14 <0.14 <0.14

Arsenic 0.10 10 10 10 0.42 J <0.10 0.34 J 4.4 J <0.10 0.21 J <0.10 <0.10 <0.1 0.66 J <0.10

Barium 0.02 100 700 2000000 186 474 126 1779 64.6 J 118 62.7 J 590 102 386 279

Beryllium 0.02 1 4* 6.5 0.31 J 1 1 2 0.15 J 0.15 J 0.25 J 0.35 J 0.29 J 0.16 J <0.02

Cadmium 0.02 1 2 2 <0.02 0.24 J 0.12 J 1 <0.02 0.06 J <0.02 0.11 J 0.06 J 0.16 J <0.02

Cobalt 0.03 10 1* 270 2.0 J 5.7 J 3.7 J 14 5.3 J 5.8 J 7.5 J 6.2 J 3.2 J 31 0.34 J

Copper 0.02 10 1000 7 0.93 J 2.1 J 6.0 J 14 1.2 J 1.8 J 2.0 J 1.2 J 1.3 J 2.1 J 0.74 J

Total Chromium 0.04 10 10 50 0.86 J 1.1 J 2.2 J 3.7 J 1.0 J 0.30 J 0.98 J 0.11 J 0.82 J 2.5 J 0.50 J

Lead 0.02 10 15 25 2.7 J 6.5 J 6.8 J 41 2.7 J 3.3 J 1.4 J 4.9 J 2.2 J 5.7 J 0.25 J

Nickel 0.04 50 100 88 3.3. J 6.3 J 3.7 J 13.0 J 2.2 J 2.6 J 7.6 J 6.8 J 3.0 J 6.2 J 1.3 J

Selenium 0.20 10 20 5 <0.20 <0.20 <0.20 2.9 J <0.02 <0.20 <0.20 <0.20 0.37 J 0.79 J <0.20

Silver 0.02 10 20 0.06 <0.20 <0.20 <0.20 0.27 J <0.02 <0.20 0.06 J <0.02 0.06 J <0.02 <0.02

Thallium 0.02 5.5 0.28* 0.47 0.09 J 0.13 J 0.04 J 0.37 J 0.03 J 0.12 J 0.05 J 0.14 J 0.04 J 0.33 J 0.06 J

Vanadium 0.14 25 0.3* NE 1.3 J 2.0 J 5.2 J 4.9 J 1.1 J 0.3 J 0.61 J <0.14 1.5 J 8.1 J 0.45 J

Zinc 0.24 10 1000 50 0.89 J 6.8 J 9.8 J 46 2.0 J 6.7 J 11 3.1 J 4.3 J 5.8 J 0.98 J

Organic Constituents

Parameter MDL SWSL 2L MW-5-2 MW-5-3 MW-5-5 MW-5-6 MW-5-7 MW-5-8 MW-5-9

1,1-Dichloroethane 0.20 5 6 <0.20 <0.20 <0.20 0.50 J 0.50 J 5.4 0.30 J
1,2-Dichloropropane 0.21 1 0.6 3.8 0.4 J <0.21 <0.21 <0.21 <0.21 <0.21
Benzene 0.24 1 1 <0.24 <0.24 <0.24 0.70 J <0.24 <0.24 <0.24
Toluene 0.23 1 600 0.30 J 0.40 J 0.30 J <0.23 <0.23 <0.23 <0.230
Cis-1,2-Dichloroethene 0.25 5 70 <0.25 <0.25 <0.25 0.70 J <0.25 <0.25 <0.25

NOTE:
MDL - Method Detection Limit

SWSL - Solid Waste Section Quantitation Limit
2L - Groundwater Standard (15A NCAC 2L 0200)

GWP Groundwater Protection Standard (indicated by *)
2B - NCAC 2B Standard for Class C waters

< MDL - Not detected at or above the MDL
Shading - Levels above 2L standard or GWP

Bold Letters - Constituent detected above SWSL
J - "J-qualified" reported from laboratory as data between the MDL and SWSL

Results are presented in ug/l.
Data from 11/09/2011 Environment 1, Incorporated Laboratory Report #6033.

October 24, 25 & 27,  2011

Detected Inorganic and Organic Constituents

Johnston County Phase 5 Lined Landfill

Table 3

Richardson Smith Gardner and Associates, Inc.



By: MG

Date: 1/26/2012

Location Parameter Result Detection Limit Test Units %ND Test

Statistically 

Significant?

2nd statistical 

Analysis Test

MW 5-1 Barium 186 100 ug/l 69 PP N -- --

MW 5-2 Barium 474 100 ug/l 58.6 PP N -- --

MW 5-3 Barium 126 100 ug/l 67 PP N -- --

MW 5-4 Barium 1779 100 ug/l 72.4 PP Y Y MCL-PTI (1992)

MW 5-6 Barium 118 100 ug/l 75.8 PP N -- --

MW 5-8 Barium 590 100 ug/l 69 PP N -- --

MW 5-9 Barium 102 100 ug/l 79.9 PP N -- --

MW 5-10 Barium 386 100 ug/l 65.5 PP N -- --

MW 5-2 Beryllium 1 1 ug/l 69 PP N -- --

MW 5-3 Beryllium 1 1 ug/l 72.4 PP N -- --

MW 5-4 Beryllium 2 1 ug/l 75.9 PP N -- --

MW-5-4 Cadmium 1 1 ug/l 79.3 PP N -- --

MW-5-4 Cobalt 14 10 ug/l 75.9 PP N -- --

MW-5-10 Cobalt 31 10 ug/l 37.9 PP Y Y MCL-PTI (1992)

MW-5-4 Copper 14 10 ug/l 75.9 PP N -- --

MW 5-4 Lead 41 10 ug/l 75.9 PP Y Y MCL-PTI (1992)

MW 5-4 Zinc 46 10 ug/l 72.4 PP N -- --

MW 5-7 Zinc 11 10 ug/l 72.4 PP N -- --

Legend:

%ND Percent non-detects

PP Parametric Prediction Interval Analysis

Shading indicates statistical significance.

Notes:

MW-5-1 was used as the background well

October 24, 25 & 27,  2011

Statistical Analysis Summary

Johnston County Phase 5 Landfill

Table 4

Richardson Smith Gardner and Associates, Inc.
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Date: 1/26/2012

Parameter Unit Leachate

Leachate 

Junction Box 

Leachate 

Lagoon #1

Leachate 

Lagoon #2

Leachate 

Lagoon #3

Leachate 

Lagoon #4

Ammonia Nitrogen as N ug/l 447000 583000 NS NS NS NS

BOD ug/l 42000 30000 NS NS NS NS

COD ug/l 935000 874000 NS NS NS NS

Sulfate ug/l ND 10700 J NS NS NS NS

Nitrate Nitrogen as N ug/l ND ND NS NS NS NS

Total Phosphorus as P ug/l 680 1240 NS NS NS NS

Total Suspended Residue ug/l 29000 39000 NS NS NS NS

Antimony ug/l 2.8 J 3.2 J ND ND ND ND

Arsenic ug/l 19 21 ND ND ND ND

Barium ug/l 374 454 10.6 J 9.1 J 14.4 J 1.3 J

Beryllium ug/l ND ND ND ND ND ND

Cadmium ug/l 0.60 J 0.58 J ND 0.10 J ND ND

Cobalt ug/l 17 9.7 J 0.29 J 3.7 J 0.31 J 2.1 J

Copper ug/l 4.4 J 5.9 J 0.42 J 0.45 J 0.94 J 1.3 J

Total Chromium ug/l 7.2 J 8.8 J 0.96 J 0.92 J 0.52 J 3.9 J

Lead ug/l 0.09 J 0.57 J 0.07 J 0.09 J 0.18 J 0.14 J

Nickel ug/l 61 71 2.6 J 2.4 J 1.6 J 1.7 J

Selenium ug/l 29 28 1.7 J ND ND 0.26 J

Silver ug/l 0.15 J 0.18 J ND 0.10 J 0.04 J ND

Thallium ug/l ND ND ND 0.39 J 0.15 J 0.10 J

Vanadium ug/l 5.2 J 7.3 J ND ND ND 0.46 J

Zinc ug/l 3.2 J 6.7 J 1.7 J 2.3 J 3.2 J 9.8 J

1,1-Dichloroethane ug/l 0.50 J 0.50 J ND ND ND ND

1,4-Dichlorobenzene ug/l 5.5 6.7 ND ND ND ND

2-Butanone ug/l 57.2 120 ND ND ND ND

4-Methyl-2-Pentanone ug/l 1.3 J 1.9 J ND ND ND ND

Acetone ug/l 94.5 141 10.70 J ND ND ND

Benzene ug/l ND 3.6 ND ND ND ND

Chlorobenzene ug/l ND 0.90 J ND ND ND ND

Chloromethane ug/l 1.2 1.9 ND ND ND ND

Cis-1,2-Dichloroethene ug/l ND 0.30 J ND ND ND ND

Ethylbenzene ug/l 0.50 J 7.7 ND ND ND ND

Styrene ug/l ND 0.30 J ND ND ND ND

Toluene ug/l 0.30 J 3.8 1 ND ND ND

Xylenes ug/l 1.5 J 18.2 ND ND ND ND

NM = Not Measured

ND = Not Detected

*EB with Leachate Jun Box detects (chloroform @2.9 J ug/l and bromodichloromethane @0.3 J ug/l

Table 5

Johnston County Phase 5 Lined Landfill

Leachate and Leachate Pond Summary

October 24, 25 & 27,  2011
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Appendix C

Time vs. Concentration Graphs
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 Barium
 Multi-Well Time-Series Graph
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 Beryllium
 Multi-Well Time-Series Graph
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 Cadmium
 Time-Series Graph of MW-5-4
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 Cobalt
 Multi-Well Time-Series Graph
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 Copper
 Time-Series Graph of MW-5-4
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 Lead
 Time-Series Graph of MW-5-4

 Sample Date
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 Zinc
 Multi-Well Time-Series Graph

 Sample Date
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 1,2-Dichloropropane
 Time-Series Graph of MW-5-2

 Sample Date
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