


  

 
 
 
 
 

NC LIC. NO. C-0828 (ENGINEERING)   
 

14 N. BOYLAN AVE  RALEIGH, NC 27603  TEL. 919-828-0577  FAX 919-828-3899  WWW.RSGENGINEERS.COM 

 
 
March 5, 2010 
 
Mr. Zinith Barbee 
NCDENR – Solid Waste Section 
1646 Mail Service Center 
Raleigh, North Carolina 27699-1646 
 
RE: Revised Site Study 
 Avery County C&D Landfill 
 Spruce Pine, North Carolina 
 
Dear Mr. Barbee: 
 
As you know, Avery County has previously submitted a Site Study1 to evaluate their 
current C&D landfill property for suitability for expansion.  Your review of this report2 
indicated additional work was needed prior to issuing a letter of Site Suitability.   Our 
letter of February 26th 2009, outlined additional work that would be needed to complete 
the site study, which included the installation of three additional piezometers and 
additional geotechnical laboratory analysis of soils collected from these piezometers. 
 
Site Geology 
 
As stated in the Site Study, the site is located in the Blue Ridge province, approximately 
12 miles from the Brevard fault zone.  Geologic mapping of the area indicates an 
amphibolite of the Alligator Back Formation occupies the higher elevations of the site.  
Although bedrock was not evaluated during this additional investigation, the soils 
encountered are consistent with those encountered in other portions of the site that 
exhibited amphibolite bedrock.  As you are aware, additional study will be required and 
conducted under future development of the site under the five (5) year phase design 
hydrogeologic investigations. 
 
Recent Site Investigation 
 
On October 27 2009, RSG personnel and personnel from Mad Dawg Drilling, Inc. began 
the installation of three piezometers (PZ-14, PZ-15 and PZ-16) across the site.  A track 
mounted drill rig with augering capability was chosen for this project due to the steep 
terrain and slick conditions at the time of drilling.  The borings were advanced by hollow 

                                            
1 Richardson Smith Gardner and Associates, Inc., Site Study Report Avery County Landfill, April 2008 
2 Letter from Zinith Barbee to Avery County, Notice of Incomplete Demonstration for Site Suitability, 
November 18, 2008 
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stem auger techniques with split spoon samples collected every 5 feet.  The locations of 
these borings are shown on Figure 1 (attached). 
 
The unconsolidated sediments encountered during drilling were similar to those 
previously encountered as part of the initial site study.  These included clayey silts, silty 
and sandy clays and, in PZ-16 silty sand to sandy silts.  The near surface soils exhibit 
SPT blow counts that range from 3 to 44+ blows per foot. 
 
The borings for PZ-14 and PZ-15 were both advanced to a depth of 45 feet.  No water 
was encountered during drilling, however, water was noted in the boreholes the day 
after drilling.  Due to the elevation of water in the borehole for PZ-14, the bottom 5 feet 
of the boring were filled with sand and the piezometer was set to a depth of 40 below 
grade.  This allowed the water table surface to be below the top of the well screen. 
 
Bedrock was not encountered in the borings for PZ-14 and PZ-15, however, auger 
refusal was encountered in the borehole for PZ-16.  Prior to reaching auger refusal at a 
depth of 42 feet, partially weathered rock (defined as >100 blows per foot) was 
encountered from a depth of approximately 30 feet below grade.  The samples collected 
from 30 ft. – 42 ft. indicated granitic saprolite with relict texture.  Boring logs for these 
piezometers are included in Attachment 1. 
 
Geotechnical Laboratory Analysis 
 
Soil samples were collected from each of these borings for geotechnical analysis.  
Samples were analyzed for moisture content, atterberg limits and by sieve analysis with 
hydrometer to fully characterize the silt and clay fractions.  The results of these 
analyses are included in Attachment 2.    
 
Generally the geotechnical analyses indicated the soils ranged from silty sands with 
varying amounts of clay.  The U.S.C.S. classification of the soils ranged from SM to ML.  
The moisture content ranged from 9.8% (PZ-16) to 36.5% (PZ-15) and the atterberg 
limit tests indicated non-plastic soils (PZ-16) to a plasticity index of 30% (PZ-15). These 
analytical results are similar to those previously performed for the original site study 
investigation.   
 
The sieve analysis with hydrometer data were used to evaluate the effective porosity of 
the soils using the Textural Classification Triangle3 which relates grain size to specific 
yield (which is a valid approximation of effective porosity in an unconfined aquifer).  
Effective porosities ranged from 1% to 19% based upon this analysis.  This analysis of 
effective porosity is included in Attachment 3. 
 
An undisturbed sample for hydraulic conductivity analysis was not collected, therefore 
we have estimated hydraulic conductivity based upon grain size from the sieve analysis 
with hydrometer4.  An evaluation of the sandy silts encountered at the site indicates the 
                                            
3 Fetter, Applied Hydrogeology, 4th Edition, 2001, Page 80 
4 Johnson Division, Groundwater and Wells, 2nd Edition, 1986, Page 75 
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hydraulic conductivity of these soils should be approximately 6 x 10-4 cm/sec.   This is 
consistent with hydraulic conductivity results previously analyzed.  Further evaluation of 
hydraulic conductivities in the western portion of the site will be conducted prior to 
submittal of future permit to construct applications and future groundwater monitoring 
plans. 
 
Piezometer Surveying 
 
After installation, each piezometer was surveyed for location and ground elevation by 
Appalachian Professional Land Surveyors and Consultants, PA.  Stick-up 
measurements were made for each piezometer and the top of casing elevation was 
calculated by RSG.   After the surveying was completed, measurements of the depth to 
water were collected from each piezometer. 
 
Revisions to Previously Submitted Site Study 
 
The data collected during this investigation was used to update the tables and figures 
previously submitted in the original Site Study.  The following tables were revised: 
Tables 1, 1A, 2 through 5, 5A and Table 7.  Table 6 of the previously submitted Site 
Study summarized vertical gradients and did not require revision.  The revised tables 
are included in Attachment 4.  Revisions to the tables include the addition of surveying 
and hydrogeologic data pertaining to the installation of piezometers PZ-14 through 16.   
 
Revisions to the figures include the addition of PZ-14 through PZ-16 on each figure and 
the addition of the Lechler property which has been purchase by Avery County.   This 
property was purchased as a part of the Waste Relocation Plan5.  A copy of the deed 
for the lechler property is included in Attachment 5. 
 
The following figures were revised: Drawings 1 – 5, Figure S1, S2, S3, X1, X2 and X3 
from the original Site Study.  The Seasonal High Potentiometric Surface Map was 
revised based upon water level data collected on February 22 2010.  The revised 
potentiometric surface indicates groundwater flow in the western portion of the site flows 
more toward the central stream, rather than towards Brushy Creek as it had been 
previously depicted. Finally, the original cross-section D-D’ on Figure X3 was revised to 
include PZ-15 and PZ-16.  The revised figures are included in Attachment 6. 
 
Figures S1, S2, S3 and X1, X2, X3 should replace the drawings of the same name in 
the original Site Study Hydrogeologic Report.  Figures 1 through 7 should replace 
drawings of the same name in the original Site Study Facility Plan. 
 
Conclusion 
 
The results of this investigation indicate the hydrogeology of the areas included in this 
investigation are similar to the rest of the property and are similar to those presented in 
                                            
5 Richardson Smith Gardner and Associates, Inc, Waste Relocation Plan Avery County C&D Landfill, July 
2009 
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the original Site Study.  The soils encountered were consistent with the previous 
investigation, while bedrock was encountered in one piezometer at a depth of 42 feet 
below grade.   
 
As stated above, the seasonal high potentiometric surface was revised to include data 
from the new piezometers.  The revised (composite) potentiometric surface map 
indicates the flow direction on the western portion of the site is more easterly than 
previously thought toward the stream at the center of the site.  This slight shift in flow 
direction will not impact the ability to monitor this site in the future, or the ability 
to develop this portion of the property as a landfill.  Both the original investigation 
and this additional investigation indicate that the site will be monitorable to evaluate any 
future potential impact from the landfill on the ground water aquifer at the site.  Based 
upon this additional investigation and analysis this site is suitable for development as a 
landfill. 
 
Additionally, it should be noted that the Lechler property has been purchased and is 
added to the figures included in the Site Study.  This property was purchased in 
accordance with the Waste Relocation Plan previously referenced. 
 
If you have any questions, or require additional information, please contact us at your 
earliest convenience at 919-828-0577 or by e-mail (below). 
 
Sincerely, 
Richardson Smith Gardner and Associates, Inc. 
 
 
 
Joan A. Smyth, P.G.    Stacey A. Smith, P.E. 
Senior Hydrogeologist    President, Senior Engineer 
joan@rsgengineers.com    Stacey@rsgengineers.com  
 
CC: Mr. Buddy Norris, Avery County 
 Mr. Allen Gaither, NCDENR 
 Mr. Bill Wagner, NCDENR 
 File 
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Attachment 1
Boring Logs



FIELD BOREHOLE LOG
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Attachment 2
Geophysical Lab Report





































Attachment 3
Textural Classification Triangle
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Attachment 4
Revised Site Study Hydrogeologic Report Tables



Elevation Data Test Boring Data Piezometer Construction Data
Boring Boring PVC Pipe Ground Stickup Total Bottom PWR* PWR* Refusal Refusal Top of Piez. Screen Bottom of Piez. Screen
Number Date Elev. Elev. feet Depth, ft. Elevation Depth, ft. Elevation Depth, ft. Elevation Depth, ft. Elev. Depth, ft. Elev.

MW-1d (core) 12/12/2007 2880.95 2878.64 2.31 64.7 2813.9 34.0 2844.6 49.5 2829.1 54.7 2823.9 64.7 2813.9 2
MW-2d (core) 12/17/2007 2869.07 2866.10 2.97 46.0 2820.1 17.0 2849.1 31.0 2835.1 36.0 2830.1 46.0 2820.1 2
MW-3d 12/18/2007 2915.03 2911.87 3.16 41.0 2870.9 24.0 2887.9 41.0 2870.9 31.0 2880.9 41.0 2870.9 1B
MW-4d 12/12/2007 3035.77 3032.53 3.24 73.0 2959.5 55.0 2977.5 73.0 2959.5 63.0 2969.5 73.0 2959.5 1B
MW-4s 11/19/2007 3035.85 3032.72 3.13 32.0 3000.7 --- --- --- --- 22.0 3010.7 32.0 3000.7 1A
PZ-9 12/17/2007 2889.20 2886.13 3.07 40.0 2846.1 24.0 2862.1 40.0 2846.1 30.0 2856.1 40.0 2846.1 1B
PZ-10 12/18/2007 2955.35 2952.44 2.91 58.0 2894.4 44.5 2907.9 58.0 2894.4 48.0 2904.4 58.0 2894.4 1B
PZ-11d 1/9/2008 2960.45 2957.40 3.05 41.0 2916.4 14.5 2942.9 41.0 2916.4 31.0 2926.4 41.0 2916.4 1B
PZ-11s 12/19/2007 2965.15 2962.12 3.03 18.5 2943.6 14.5 2947.6 --- --- 8.5 2953.6 18.5 2943.6 1A/1B
PZ-12 1/11/2008 3131.50 3128.59 2.91 77.5 3051.1 74.0 3054.6 77.5 3051.1 67.5 3061.1 77.5 3051.1 1A/1B
PZ-13d 1/9/2008 3143.48 3141.21 2.27 88.0 3053.2 48.0 3093.2 88.0 3053.2 78.0 3063.2 88.0 3053.2 1B
PZ-13i 1/10/2008 3143.81 3140.92 2.89 40.0 3100.9 --- --- --- --- 30.0 3110.9 40.0 3100.9 1A
PZ-13s 1/10/2008 3143.95 3141.38 2.57 20.0 3121.4 --- --- --- --- 10.0 3131.4 20.0 3121.4 1A
PZ-14 10/29/2009 3088.08 3084.82 3.26 45.0 3039.8 --- --- -- -- 25.0 3059.8 40.0 3044.8 1A
PZ-15 10/30/2009 3173.03 3169.47 3.56 45.0 3124.5 --- --- -- -- 30.0 3139.5 45.0 3124.5 1A
PZ-16 11/3/2009 3086.01 3082.80 3.21 42.0 3040.8 30.0 3052.8 42.0 3040.8 27.0 3055.8 42.0 3040.8 1A

Elevation Data Test Boring Data Monitoring Well Construction Data**
Boring Boring PVC Pipe Ground Stickup Total Bottom PWR* PWR* Refusal Refusal Top of Piez. Screen Bottom of Piez. Screen
Number Date Elev. Elev. feet Depth, ft. Elevation Depth, ft. Elevation Depth, ft. Elevation Depth, ft. Elev. Depth, ft. Elev.

MW-1 Unk 2880.37 2878.22 2.15 20.1 2858.1 --- --- --- --- 10.9 2867.3 20.1 2858.1 1A
MW-2 Unk 2869.16 2866.54 2.62 20.0 2846.6 17.0 2849.5 --- --- 13.3 2853.3 20.0 2846.6 1A
MW-3 Unk 2914.76 2912.38 2.38 20.6 2891.8 --- --- --- --- 12.9 2899.5 20.6 2891.8 1A

Notes: PWR is defined by standard penetration test value of 100 blows per foot, or higher, but is considered to behave as porous saprolite media
Materials below refusal might exhibit a transitional boundary with a highly weathered zone in the upper few feet
Data designated 'Unk" indicate unknown values (records and construction data for these wells are not available)

1.  Ground elevations for MW-1a, PZ-14, PZ-15, and PZ-16 were based on survey performed in January 2010, all others were based on survey performed in January 2008
2.  Auger refusal depths and elevations (denoted by bold numbers) indicate top of bedrock
3.  All depths referenced from ground surface
4.  Water levels referenced from top of PVC piezometer pipe
5.  Piezometers consist of 2" diameter PVC
6.  Well nests occur at MW-1/MW-1d, MW-2/MW-2d, MW-3/MW-3d, MW-4/MW-4d, PZ-11s/PZ-11d and PZ-13s/PZ-13i/PZ-13d.
7. Core indicates that boring was advanced below auger and rotary tri-cone refusal with NQ rotary core barrel
8.  PVC Pipe elevations for MW-1a, PZ-14, PZ-15, and PZ-16 were measued by hand from a surveyed ground elevation
* = PWR is defined by standard penetration test value of 100 blows per foot, or higher.
** No well records have been located, well gauging performed by RSG Engineers
Table originally prepared by David Garrett and Associates

Hydrogeological
Unit

Hydrogeological
Unit

Table 1
Test Boring/Piezometer Data

Table 1A
Supplemental Test Boring Data

Data for Current Ground Water Monitoring Wells

Avery County CDLF 3/1/2010 11:18 AM Site Suitability Update



Boring Sample % Gravel %Sand %Fines* %Silt %Clay Liquid Plasticity Natural Effective USCS Hydrogeologic
Number Depth, ft. >4.5 mm 4.5 -- 0.075 mm 0.075 mm> 0.075 -- 0.005 mm 0.005 mm> Limit Index Moisture Porosity Class Description **

MW-4d 3.5 - 5.0 53.10 37.90 9.01 7.01 2.00 NP NP 6.5% 36% GP-GM
Poorly graded gravel with

silt and sand
MW-4d 8.5-10.0 0.00 64.22 35.78 21.78 14.00 47 11 41.7% 17% ML Sandy Silt
MW-4d 13.5 - 15.0 0.00 75.07 24.93 17.93 7.00 NP NP 24.8% 24% SM Silty Sand
MW-4d 18.5 - 20.0 0.00 48.51 51.49 24.49 27.00 44 13 31.9% 6% ML Sandy Silt
MW-4d 23.5 - 25.0 0.00 75.37 24.63 19.63 5.00 NP NP 27.1% 26% SM Silty Sand
MW-4d 28.5 - 30.0 0.00 54.99 45.01 33.01 12.00 38 9 24.0% 18% SM Silty Sand
MW-4d 33.5 - 35.0 0.00 51.48 48.52 38.02 10.50 42 5 38.9% 18% SM Silty Sand
MW-4d 38.5 - 40.0 0.00 44.19 55.81 47.81 8.00 40 4 38.3% 19% ML Sandy Silt
MW-4d 43.5 - 45.0 0.00 46.81 53.19 45.19 8.00 37 8 68.6% 20% ML Sandy Silt
MW-4d 48.5 - 50.0 0.00 59.29 40.71 31.21 9.50 33 9 34.4% 16% SM Silty Sand
PZ-12 0.0 - 15.0 3.76 53.88 42.36 25.36 17.00 38 12 27.4% 15% SM Silty Sand
PZ-14 8.0 - 9.0 8.78 51.71 39.51 23.28 16.23 35 9 23.4% 12% SM Silty Sand
PZ-15 19.0 - 20.0 0.93 23.92 75.15 31.82 43.33 62 30 36.5% 1% ML Sandy Silt
PZ-16 11.0 -12.0 9.25 75.49 15.26 12.11 3.15 NP NP 9.80% 19% SM Silty Sand

Notes to Above: Effective porosity values calculated from Textural Classification Triangle method
referenced to A.I. Johnson, US Geological Survey Water Supply Paper 1662-D, 1967 
(after C.W. Fetter, Applied Hydrogeology, 3rd ed. 1988)
NP - Non-plastic material

Moisture-Density, Conductivity, and Strength Data

Bulk Samples Remolded Moisture-Density Data Hydraulic Conductivity Data Shear Strength Data

Sample Sample Max. Dry Optimum Total Effective Confining K Phi Coh. Phi' Coh.'
Number Depth, ft. Density, pcf Moisture, % Porosity, % Porosity, % Pressure (psi) cm/sec degrees psf degrees psf

PZ-12 0.0 - 15.0 107.4 17.9 --- 15%

Undisturbed Samples In-Situ Moisture-Density Data Hydraulic Conductivity Data Shear Strength Data

Sample Sample Dry Moist Total Effective Confining K Phi Coh. Phi' Coh.'
Number Depth, ft. Density, pcf Density, pcf Porosity, % Porosity, % Pressure (psi) cm/sec degrees psf degrees psf

B-13i 18.0 - 20.0 93.3 127.2 45% --- 5.0 7.00E-06 -- -- 24 211

Notes to Above: Total porosity values determined in laboratory testing of specific sample
Original table prepared by David Garrett and Associates

Table 2
Geotechnical Laboratory Data

Grain Size Distribution and Soil Classification
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Piezometer Hydrological Hydrogeological Average RQD Effective Total Hydraulic Conductivity (k)
Number Unit Description (1) for Screen Interval Porosity (2,3) Porosity (2,3) ft/min ft/day cm/sec

MW-1d 2 Fractured mica gneiss 62.5% 10% 20% 5.23E-03 7.53E+00 2.66E-03
MW-2d 2 Fractured mica gneiss 17.0% 10% 20% 1.11E-03 1.60E+00 5.64E-04

MW-3d 1B Silty Sand (micaceous) NA 19% 40% 1.61E-05 2.32E-02 8.19E-06
MW-4d 1B Sandy Silt (micaceous) NA 15% 35% 4.53E-04 6.53E-01 2.30E-04
PZ-9 1B Silty Sand (micaceous) NA 19% 40% 3.14E-03 4.53E+00 1.60E-03
PZ-10 1B Sandy Silt (micaceous) NA 16% 35% 2.93E-03 4.22E+00 1.49E-03
PZ-11d 1B Sandy Silt (micaceous) NA 18% 40% 3.09E-05 4.45E-02 1.57E-05
MW-13d 1B Sandy Silt (micaceous) NA 15% 35% 1.97E-03 2.84E+00 1.00E-03

PZ-11s 1A/1B Sandy Silt (micaceous) NA 20% 45% 8.43E-04 1.21E+00 4.28E-04
PZ-12 1A/1B Sandy Silt (micaceous) NA 18% 40% 6.72E-04 9.68E-01 3.42E-04

MW-4s 1A Sandy Silt (micaceous) NA 22% 45% 8.72E-04 1.26E+00 4.43E-04
MW-1a 1A Sandy Silt (micaceous) NA NA NA NA NA NA
PZ-13i 1A Sandy Silt (micaceous) NA 20% 40% 1.51E-03 2.17E+00 7.67E-04
PZ-13s 1A Silt (micaceous) NA 20% 40% 9.47E-04 1.36E+00 4.81E-04
PZ-14 1A Sandy Silt (micaceous) NA 12% 40% 1.2 E-03 1.7 E+00 6.0 E-04*
PZ-15 1A Sandy Silt (micaceous) NA 1% 40% 1.2 E-03 1.7 E+00 6.0 E-04*
PZ-16 1A Sandy Silt (micaceous) NA 19% 40% 1.2 E-03 1.7 E+00 6.0 E-04*

Notes Slug test data acquisition and data reduction performed by David Garrett & Associates
Piezometers PZ-14, PZ-15 and PZ-16 were installed by direct push methods.
Top of Unit 1 is water table

(1) Unit 1A - silty/sandy near-surface soil, low to moderate plasticity (SPT <50 bpf).
Unit 1B - Dense saprolite-silty sand (generally with SPT values in excess of 100 bpf)
Unit 2 - Consolidated, fractured rock (variably weathered)

(2) Total and Effective porosity values for soils assigned based on laboratory testing (see Table 2)
(soils in contact with well screen interval taken into consideration)

(3) Total and Effective porosity values for bedrock assigned based on published literature, adjusted for 
avg. rock core RQD values, ref. Sinhal and Gupta, 1999 (furnished courtesy of NC DENR SWS)
(NOTE: Total Porosity for Clayey SAND sample at G-2A, 13.3' - 13.8' used to represent silty and clayey sand, 
but values were adjusted up to exceed the slightly higher calculated effective porosity values)

* These values are estimated based upon grain size.  See Groundwater and Wells, 2nd Edition, 1986, Page 75

Table 3
Hydrogeologic Properties of Lithologic Units
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Boring Boring PVC Pipe Ground Time of Boring Readings 24-hour Readings Stabilized Readings
Number Date Elevation Elevation Depth, ft. Elev. Depth, ft. Elev. Depth, ft. Elev.
MW-1d 12/12/2007 2880.95 2878.64 10.0 2868.6 8.33 2872.62 9.38 2871.57
MW-2d 12/17/2007 2869.07 2866.10 9.0 2857.1 2.68 2866.39 4.60 2864.47
MW-3d 12/18/2007 2915.03 2911.87 14.0 2897.9 11.45 2903.58 12.65 2902.38
MW-4d 12/12/2007 3035.77 3032.53 20.0 3012.5 16.88 3018.89 20.85 3014.92
MW-4s 11/19/2007 3035.85 3032.72 20.0 3012.7 15.78 3020.07 18.30 3017.55
PZ-9 12/17/2007 2889.20 2886.13 24.0 2862.1 21.80 2867.40 23.00 2866.20
PZ-10 12/18/2007 2955.35 2952.44 48.0 2904.4 45.66 2909.69 47.45 2907.90
PZ-11d 1/9/2008 2960.45 2957.40 6.0 2951.4 5.73 2954.72 13.38 2947.07
PZ-11s 12/19/2007 2965.15 2962.12 6.0 2956.1 5.25 2959.90 8.38 2956.77
PZ-12 1/11/2008 3131.50 3128.59 7.0 3121.6 8.32 3123.18 9.80 3121.70
PZ-13d 1/9/2008 3143.48 3141.21 12.0 3129.2 10.37 3133.11 12.26 3131.22
PZ-13i 1/10/2008 3143.81 3140.92 8.0 3132.9 7.02 3136.79 9.05 3134.76
PZ-13s 1/10/2008 3143.95 3141.38 8.0 3133.4 6.42 3137.53 8.85 3135.10
PZ-14    * 10/29/2009 3088.08 3084.82 --- --- --- --- 27.73 3060.35
PZ-15    * 10/30/2009 3173.03 3169.47 --- --- --- --- 32.98 3140.05
PZ-16    * 11/3/2009 3086.01 3082.80 --- --- --- --- 38.42 3047.59
MW-1 Unknown 2880.37 2878.2 --- --- --- --- 10.55 2869.82
MW-2 Unknown 2869.16 2866.5 --- --- --- --- 7.05 2862.11
MW-3 Unknown 2914.76 2912.4 --- --- --- --- 9.95 2904.81
MW-1a  * 10/26/2009 2874.13 2870.9 --- --- --- --- 6.98 2867.15

*  Stabilized water levels acquired on 2/22/2010, all other Stavilized readings acuired on 2/7/2008.

Table 4
Short-Term Ground Water Level Observations
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Boring PVC Pipe 2/29/2008 3/17/2008 4/17/2008 7/17/2008 8/18/2008 10/1/2008 11/25/2008 2/22/2010
Number Elevation Depth, ft. Elev. Depth, ft. Elev. Depth, ft. Elev. Depth, ft. Elev. Depth, ft. Elev. Depth, ft. Elev. Depth, ft. Elev. Depth, ft. Elev.
MW-1s 2880.37 9.39 2870.98 8.59 2871.78 9.46 2870.91 11.05 2869.32 11.75 2868.62 10.29 2870.08 10.3 2870.07 N/A N/A
MW-1d 2880.95 9.65 2871.30 9.19 2871.76 N/A N/A 10.83 2870.12 11.43 2869.52 N/A N/A 10.3 2870.65 N/A N/A
MW-2s 2869.16 6.29 2862.87 6.04 2863.12 6.49 2862.67 7.33 2861.83 7.63 2861.53 6.88 2862.28 6.78 2862.38 5.36 2863.80
MW-2d 2869.07 4.93 2864.14 4.50 2864.57 N/A N/A 5.98 2863.09 6.4 2862.67 N/A N/A 5.42 2863.65 N/A N/A
MW-3s 2914.76 8.55 2906.21 7.73 2907.03 8.37 2906.39 9.86 2904.9 10.55 2904.21 9.6 2905.16 9.48 2905.28 7.26 2907.50
MW-3d 2915.03 12.94 2902.09 12.20 2902.83 N/A N/A 14.46 2900.57 15.38 2899.65 N/A N/A 13.98 2901.05 N/A N/A
MW-4s 3035.85 17.59 3018.26 16.64 3019.21 16.35 3019.5 17.33 3018.52 18.23 3017.62 18.42 3017.43 19.06 3016.79 13.22 3022.63
MW-4d 3035.77 20.70 3015.07 20.04 3015.73 N/A N/A 19.98 3015.79 20.7 3015.07 N/A N/A 21.33 3014.44 16.5 3019.27
PZ-9 2889.20 22.93 2866.27 12.93 2876.27 N/A N/A 24.63 2864.57 25.61 2863.59 N/A N/A 24.19 2865.01 N/A N/A
PZ-10 2955.35 47.09 2908.26 46.35 2909.00 N/A N/A 47.72 2907.63 49.8 2905.55 N/A N/A 48.56 2906.79 N/A N/A
PZ-11s 2965.15 8.47 2956.68 8.21 2956.94 N/A N/A 8.78 2956.37 8.78 2956.37 N/A N/A 8.71 2956.44 N/A N/A
PZ-11d 2960.45 13.49 2946.96 13.05 2947.40 N/A N/A 13.88 2946.57 14.16 2946.29 N/A N/A 13.58 2946.87 N/A N/A
PZ-12 3131.50 9.61 3121.89 8.81 3122.69 N/A N/A 11.53 3119.97 13.16 3118.34 N/A N/A 11.13 3120.37 N/A N/A
PZ-13s 3143.95 9.00 3134.95 8.79 3135.16 N/A N/A 9.57 3134.38 10.05 3133.9 N/A N/A 9.49 3134.46 N/A N/A
PZ-13d 3143.48 12.36 3131.12 11.75 3131.73 N/A N/A 13.11 3130.37 13.8 3129.68 N/A N/A 13.27 3130.21 N/A N/A
PZ-13i 3143.81 9.24 3134.57 8.92 3134.89 N/A N/A 9.78 3134.03 10.3 3133.51 N/A N/A 9.7 3134.11 N/A N/A
PZ-14 3088.08 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 27.73 3060.35
PZ-15 3173.03 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 32.98 3140.05
PZ-16 3086.01 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 38.42 3047.59

All elevations are in feet mean sea level
Original table by David Garrett and Associates, Inc.  

Table 5
Long-Term Ground Water Level Observations

All water levels referenced from Top of Casing (TOC)
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TOC ELEV.
4/28/00 
DTW

4/28/00 
GWE

4/26/01 
DTW

4/26/01 
GWE

10/31/01 
DTW

10/31/01 
GWE

4/8/02* 
DTW

4/8/02 
GWE

10/9/02 
DTW

10/9/02 
GWE

MW-1 2880.37 9.2 2871.17 9.62 2870.75 11.5 2868.87 19.47 2860.9 10.8 2869.57
MW-2 2869.16 6.6 2862.56 7.62 2861.54 8.36 2860.8 19.39 2849.77 7.21 2861.95
MW-3 2914.76 9.74 2905.02 11.12 2903.64 13.68 2901.08 10.21 2904.55 12.95 2901.81

TOC ELEV.
5/23/03 
DTW

5/23/03 
GWE

10/20/03 
DTW

10/20/03 
GWE

4/27/04 
DTW

4/27/04 
GWE

10/20/04 
DTW

10/20/04 
GWE

4/27/05 
DTW

4/27/05 
GWE

MW-1 2880.37 8.43 2871.94 9.83 2870.54 6.77 2873.6 6.78 2873.59 6.54 2873.83
MW-2 2869.16 6.29 2862.87 7.06 2862.1 9.42 2859.74 9.06 2860.1 8.92 2860.24
MW-3 2914.76 8.97 2905.79 10.88 2903.88 9.42 2905.34 8.46 2906.3 8.42 2906.34

TOC ELEV.
10/27/05 

DTW
10/27/05 

GWE
4/28/06 
DTW

4/28/06 
GWE

10/31/06 
DTW

10/31/06 
GWE

4/20/07 
DTW

4/20/07 
GWE

5/7/07 
DTW

5/7/07 
GWE

MW-1 2880.37 6.74 2873.63 6.12 2874.25 9.39 2870.98 6.56 2873.81 6.56 2873.81
MW-2 2869.16 9.30 2859.86 8.25 2860.91 6.67 2862.49 9.09 2860.07 9.09 2860.07
MW-3 2914.76 9.30 2905.46 6.7 2908.06 12.35 2902.41 8.41 2906.35 8.41 2906.35

TOC ELEV.
11/27/07 

DTW
11/27/07 

GWE
3/18/08 
DTW

3/18/08 
GWE

MW-1 2880.37 10.55 2869.82 9.19 2871.18
MW-2 2869.16 7.05 2862.11 6.04 2863.12
MW-3 2914.76 9.95 2904.81 7.73 2907.03

  Data from 10/20/03 through 3/18/08 collected by Pace Analytical
  Data from 11/27/07 collected by RSG

All measurements in feet from top of casing.
DTW= Depth to Ground Water
GWE= Ground water elevation

Note:         * Data suspect due to significant difference from all other measurements collected over 

Table 5A
Historic Ground Water Level Observations

All water levels referenced below Top of Casing (TOC)

  Data from 4/28/00 through 5/23/03 collected by Engineering Tectonics, P.A.
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Well/Piez. Hydrologic Hydraulic Conductivity (k) Grd. Water Reference delta-Elev. Map Length Hydraulic Effective GW Velocity Unit Average
No. Unit ft/min ft/day cm/sec Elevation* Elevation* in feet in feet Gradient (I) Porosity (n) (V), ft/day Velocity, ft/day

MW-1d 2 5.23E-03 7.53E+00 2.66E-03 2871.57 2875 3.43 84 0.04 0.10 3.07
MW-2d 2 1.11E-03 1.60E+00 5.64E-04 2864.47 2875 10.53 162 0.06 0.10 1.04 2.06

MW-3d 1B 1.61E-05 2.32E-02 8.19E-06 2902.38 2900 2.38 147 0.02 0.19 0.002
MW-4d 1B 4.53E-04 6.53E-01 2.30E-04 3014.92 3000 14.92 76 0.20 0.15 0.85
PZ-9 1B 3.14E-03 4.53E+00 1.60E-03 2866.20 2875 8.80 115 0.08 0.19 1.82
PZ-10 1B 2.93E-03 4.22E+00 1.49E-03 2907.90 2925 17.10 74 0.23 0.16 6.10
PZ-11d 1B 3.09E-05 4.45E-02 1.57E-05 2947.07 2950 2.93 69 0.04 0.18 0.01
MW-13d 1B 1.97E-03 2.84E+00 1.00E-03 3131.22 3125 6.22 76 0.08 0.15 1.55 2.19

PZ-11s 1A/1B 8.43E-04 1.21E+00 4.28E-04 2956.77 2950 6.77 90 0.08 0.20 0.46
PZ-12 1A/1B 6.72E-04 9.68E-01 3.42E-04 3121.70 3100 21.70 219 0.10 0.18 0.53
MW-4s 1A 8.72E-04 1.26E+00 4.43E-04 3017.55 3000 17.55 77 0.23 0.22 1.30
PZ-13i 1A 1.51E-03 2.17E+00 7.67E-04 3134.76 3125 9.76 70 0.14 0.20 1.52
PZ-13s 1A 9.47E-04 1.36E+00 4.81E-04 3135.10 3125 10.10 75 0.13 0.20 0.92 0.94
PZ-14 1A ---- ---- 6.0 E-04** 3060.35 ---- ---- ---- ---- 0.12 ----
PZ-15 1A ---- ---- 6.0 E-04** 3140.05 ---- ---- ---- ---- 0.01 ----
PZ-16 1A ---- ---- 6.0 E-04** 3047.59 ---- ---- ---- ---- 0.19 ----

Notes: Ground Water Velocity Calculated from Equation

V=KI/n where K = Hydraulic Conductivity in units of ft/day
I = Hydraulic Gradient in units of ft/ft
n = Effective Porosity (unitless)

Hydraulic Conductivity values from aquifer slug testing using the Bouwer-Rice method
Hydraulic Conductivity Conversion Factor: 1 ft/day = 3.59E-04 cm/sec
Hydraulic Gradient values were calculated from the potentiometric surface map
Effective Porosity values derived from Table 3
*Ground water elevations and potentiometric surfaces for reference elevations (MW-1a, PZ-14, PZ-15, PZ-16) derived from water level observations 

Table 7
Horizontal Ground Water Gradient and Velocity Calculations
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Attachment 5
Lechler Parcel Deed









Attachment 6
Revised Site Study Figures
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