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1. INTRODUCTION 

1.1 Introduction and Background 

This Well Installation and Aquifer Testing Report was prepared on behalf of Hercules, 
LLC (“Hercules”) by Geosyntec Consultants, Inc. (“Geosyntec”). Well installation and 
aquifer testing activities were performed at an industrial facility located at 2801 Cook 
Street in Brunswick, Glynn County, Georgia (the “Brunswick facility” or “Site”).  The 
Brunswick facility consists of approximately 322 acres of real property, portions of which 
are owned by Hercules and portions of which are owned by Pinova, Inc. (“Pinova”).  Site 
features and the locations of the groundwater monitoring well network are shown on 
Figure 1.

The aquifer testing program consisted of installation of one pumping well (APT-01) and 
two observation wells (PWOW-01 and PWOW-02) in the study area (Figure 2),
completion of a step-drawdown and aquifer recovery test, and aquifer test data evaluation.  
Well installation activities were completed between February 26, 2020 and March 6, 
2020.  The step-drawdown test was completed on March 12, 2020.  This report provides 
details of the well installation and step-drawdown test procedures, and data evaluation 
results.

1.2 Objectives 

The Brunswick facility is subject to Hazardous Waste Permit No. HW-052 (D&S), which 
requires implementation of groundwater monitoring and corrective action at the Site 
pursuant to the Resource Conservation and Recovery Act (“RCRA”).  The aquifer testing 
was performed to evaluate aquifer properties to inform the evaluation of potential interim 
corrective measures (ICMs), as well as potential long-term remedial options, to address 
groundwater in the deep zone of the upper surficial aquifer beneath portions of the 
facility.  Key information developed from the aquifer testing are summarized below: 

Well Performance and Efficiency – Results from the step-drawdown portion of 
the program can be used to evaluate the performance and efficiency of the 
extraction well APT-01. 

Aquifer Parameters – Results from the testing can be used to estimate the in-situ
horizontal hydraulic conductivity (Kh), effective porosity (ne), groundwater 
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velocity (V), and storativity (S) of the deep zone of the upper surficial aquifer in 
the study area.

Radius of Influence – Results from the testing program provide information 
regarding the anticipated radius of influence (ROI) during pumping of well APT-
01, and the anticipated shape of the drawdown cone induced by groundwater 
extraction. 

Groundwater Quality – Laboratory analytical testing of groundwater samples 
collected from the APT-01 discharge during the step-drawdown test will be used 
to evaluate water quality.   

Geosyntec conducted the step-drawdown test in general accordance with the Standard 
Operating Guideline 160 (General Pumping Test Procedures) provided in Appendix A.
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2. SITE SETTING

A detailed description of the hydrologic, hydrogeologic and geologic setting at the 
Brunswick facility is provided in the Groundwater Technical Summary Report prepared 
by Antea Group (“Antea”), dated September 6, 2016; the Refined Groundwater 
Conceptual Site Model (CSM), prepared by Integral Consulting, Inc. (“Integral”), dated 
March 15, 2019; and the Baseline Human Health Risk Assessment and Screening Level 
Ecological Risk Assessment, prepared by NewFields LLC (“NewFields), dated March 22, 
2019.  A summary of key information as it pertains to the pumping well and observation 
well installation and aquifer testing activities completed between February and March 
2020 is provided below. 

2.1 Site Geology and Hydrogeology 

Five aquifer units underlie the Brunswick area. These aquifer units, from shallowest to 
deepest, are as follows: 

Surficial aquifer (0 – 200 feet below ground surface; [ft bgs])

Upper Brunswick aquifer (280 – 355 ft bgs)

Lower Brunswick aquifer (400 – 475 ft bgs)

Upper Floridan aquifer (500 – 970 ft bgs)

Lower Floridan aquifer (1,000+ ft bgs)

The unit of interest for this study is the surficial aquifer, which generally begins a few 
feet below the ground surface and is approximately 200 feet thick in the vicinity of the 
Site. The surficial aquifer consists of interlayered sand, clay, and thin limestone beds 
(Clarke et al. 1990). The surficial aquifer has been divided into the upper and lower 
surficial aquifer, with the generally unconfined upper surficial aquifer extending to a 
depth of 100 - 120 ft bgs. Clay layers/lenses within the surficial aquifer range from 5 - 40 
feet in thickness, and, where laterally extensive, create semiconfined or confined 
conditions in the deeper portions of the upper surficial aquifer (Clarke et al. 1990). 
Aquifer tests in the Brunswick area have confirmed the presence of these deeper 
semiconfined or confined conditions (Clarke et al. 1990). The lower surficial aquifer 
extends to a depth of approximately 200 ft bgs and is semiconfined to confined in the 
eastern portion of the Site, meaning that it is at higher pressure than the overlying 
unconfined water table portion of the aquifer (Integral, 2019). 
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The upper surficial aquifer beneath the Site has been subdivided into shallow (0 – 40 ft 
bgs), intermediate (40 – 70 ft bgs), and deep zones (70 – 100 ft bgs). The upper surficial 
aquifer consists of interbedded clays, silts, sands, and channel deposits. In the western 
portion of the Site, where the majority of groundwater recharge occurs, the shallow, 
intermediate, and deep zones of the upper surficial aquifer consist primarily of sands. In 
the eastern portion of the Site, including the area of interest for this study, discontinuous 
clay lenses separate the shallow, intermediate, and deep zones of the upper surficial 
aquifer, and aquifer materials generally become coarser with depth.

Based on potentiometric surface contour maps utilizing multiple rounds of groundwater 
elevation measurements (as presented in semi-annual groundwater monitoring reports 
prepared by Antea and submitted to Georgia Department of Environmental Protection 
Division [“EPD”]), the prevailing direction of groundwater flow in the upper surficial 
aquifer beneath the Brunswick facility is generally to the east-southeast, with local 
variations due to heterogeneities in the aquifer (i.e., zones of highly permeable subsurface 
materials compared to zones of relatively impermeable subsurface materials).  A local 
groundwater high exists in the western portion of the Brunswick facility due to freshwater 
recharge from precipitation.  A downward hydraulic gradient exists beneath the central 
and western portions of the Brunswick facility such that releases to groundwater from 
historic operations at the Brunswick facility in these areas have migrated vertically to the 
deep zone of the upper surficial aquifer and then laterally in a generally east-southeast 
direction.  The upper surficial aquifer consists of freshwater to the west of the Brunswick 
facility and grades to brackish to saline groundwater beneath the salt marsh to the east of 
the Brunswick facility. 

The water table depth and the corresponding vadose zone thickness at the Brunswick 
facility varies, on average, between 1 - 10 ft bgs, with decreasing vadose zone thickness 
from west to east.  As described in the Revised Groundwater CSM (Integral, 2019), a tidal 
study documented tidal influence on groundwater elevations across all three zones of the 
upper surficial aquifer beneath the Brunswick facility. Tidal influence was most 
pronounced in groundwater monitoring wells in the intermediate and deep zones of the 
upper surficial aquifer (approximately 0.05 to 0.15 ft of influence), with less influence on 
water table elevations in the shallow zone of the upper surficial aquifer (less than 0.05 ft 
of influence) beneath the Brunswick facility. 
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3. WELL INSTALLTION AND DEVELOPMENT ACTIVITIES 

3.1 Well Installation 

From February 26 to March 5, 2020 drilling activities were conducted in support of 
aquifer testing in the study area.  One pumping well (APT-01) and two observation wells 
(PWOW-01 and PWOW-2) were installed. Drilling, well installation and well 
development activities were performed by SAEDACCO of Fort Mill, South Carolina, 
under the oversight of a Geosyntec geologist.  Prior to subsurface disturbance, utility 
locating was performed around the proposed boring locations by The Underground 
Detective of Atlanta, Georgia, on February 26, 2020, to identify subsurface anomalies 
that could potentially represent underground utilities.  No utilities were detected near the 
drilling locations.  As part of subsurface clearance procedures, each borehole was hand 
excavated to 5 ft bgs using a post hole digger to further avoid the potential for 
encountering any buried utilities. 

Drilling was performed using a rotasonic drill rig and a combination of 4, 6, 8, and 10-
inch diameter drill casing. Soils were logged by a Geosyntec geologist according to the 
Unified Soil Classification System (USCS). In addition to logging, the soil was screened 
for the presence of volatile organic compounds (VOCs) using a photoionization detector 
(PID).  The majority of PID readings were below 20 parts per million (ppm).  An attempt 
was made to collect two undisturbed samples of the aquifer material at the pumping well 
location using Shelby tube sampling methods; however, the sandy aquifer material was 
not sufficiently cohesive to be retained in the Shelby tube.  To provide aquifer property 
data, aquifer material was collected from APT-01 at three intervals (79 – 80 ft bgs, 84 – 
85 ft bgs, and 94 – 95 ft bgs) and from PWOW-02 at two intervals (81-82 ft bgs and 86 
– 87 ft bgs), and submitted to TestAmerica Laboratories in Savannah, Georgia 
(“TestAmerica”) under chain-of-custody protocols for grain size analysis in accordance 
with ASTM D422.

The pumping well, APT-01, borehole was 10-inches in diameter and had a total depth of 
97 ft bgs.  Based on review of adjacent boring logs, APT-01 was screen in the deep zone 
of the upper surficial aquifer.  APT-01 was screened from 75-95 ft bgs with 6-inch 
diameter, 0.020-inch wire-wrap stainless steel screen and schedule 40 PVC riser with 2.5 
ft of stick up above the ground surface. The sand filter pack consisted of 5/16 mesh sand 
and extended from 71 to 95 ft bgs, with 4 ft of 0.25-inch time-release bentonite pellets 
placed on top.  The depth to the top of the bentonite seal was checked by the Geosyntec 
geologist to confirm that bridging did not occur and to monitor expansion of the seal 
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during hydration.  The bentonite seal was allowed to hydrate for 24 hours prior to 
grouting. The annular space above the seal was grouted from 67 feet to just below ground 
surface with a high-solids bentonite grout via a tremie pipe.

Following completion of the drawdown test, the well riser was cut down to just below 
ground surface, and a 3-ft by 3-ft by 4-inch concrete pad with a 12-inch manhole cover 
was constructed around the well on March 13, 2020.  The pad was sloped outward to 
direct surface drainage away from the manhole cover.  A well tag containing the well 
identification information, date installed, and construction information was installed in 
the well pad. 

Two aquifer pumping test observation wells, PWOW-01 and PWOW-02, were installed 
at distances from APT-01 of approximately 50 ft and 100 ft, respectively.  The 
observation wells were installed as 2-inch diameter wells in a 6-inch borehole diameter. 
Both observation wells were drilled to terminal depths of 90 ft bgs, and the wells were 
constructed with 0.010-inch machine slotted PVC screen set at 80-90 ft bgs, with schedule 
40 PVC riser.  Each well had 5/16 mesh filter pack sand added to 2 ft above the screen 
from 78 to 90 ft bgs. Approximately 2.5 ft of 0.25-inch time-release bentonite pellets was 
added on top of the filter pack sand.  Depth to the top of the seal was checked by the 
Geosyntec geologist to confirm that bridging did not occur and to monitor expansion of 
the seal during hydration.  The bentonite seal was allowed to hydrate for 24 hours prior 
to grouting. The annular space above the seal was grouted from 75.5 feet to just below 
ground surface with a high-solids bentonite grout via a tremie pipe.  A 3-ft by 3-ft by 4-
inch concrete pad with a 12-inch manhole cover was constructed around each well. The 
pads were sloped outward to direct surface drainage away from the manhole cover.  A 
well containing the well identification information, date installed, and construction 
information was installed in each well pad. 

Well construction information for APT-01, PWOW-01, PWOW-02, and additional 
observation wells previously installed in the study area in 2016 and 2019 used during the 
aquifer pumping test are summarized in Table 1.  Boring and well construction logs for 
newly installed wells APT-01, PWOW-01, and PWOW-02 are provided in Appendix B.
The PID soil screening results are included on the logs.

3.2 Well Development 

APT-01 was developed using a combination of surge block and air-lift methods using 
compressed air.  An initial development was performed on February 28, 2020, before 
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installation of the grout seal, to remove drilling mud and to promote hydraulic connection 
between the well and aquifer. Depth to water at time of initial development was measured 
at approximately 2 ft bgs. Approximately 35 gallons of water were pumped from the well 
until the discharge water was free of visible fines. Following installation of the grout seal, 
additional development was performed on March 2, 2020, and approximately 150 gallons 
of water were pumped from the well. At the termination of development, the water purged 
from the well was free of visible fines, and final turbidity was measured at 8.96 
Nephelometric Turbidity Units (NTUs). 

PWOW-01 and PWOW-02 were developed on March 5, 2020. The wells were surged 
and purged using a submersible pump until the pumped water was free of visible fines. 
Depth to water at PWOW-01 and PWOW-02 at the time of development were 
approximately 2 ft bgs and 2.3 ft bgs, respectively. Approximately 30 gallons were 
purged from each well.  Final turbidity measurements for PWOW-01 and PWOW-02 
were 2.92 and 7.32 NTU, respectively. 
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4. STEP-DRAWDOWN AQUIFER TEST ACTIVITIES 

4.1 Step-Drawdown Test Procedures 

The step-drawdown test was performed at well APT-01 to (i) estimate the well efficiency 
of APT-01, (ii) estimate hydraulic properties of the aquifer at APT-1, and (iii) assess the 
ROI and approximate shape of the drawdown cone during pumping.  The step-drawdown 
test well network consisted of pumping well APT-01, new observation wells PWOW-01, 
and PWOW-02, a background well (MW-49D), and two existing wells (PSOW-8 and 
PSOW-10) installed in 2016 as part of a remedial technology pilot test using in situ 
sorption using nanoscale carbon.  The observation wells were chosen to provide 
groundwater level data at various distances from APT-01: PSOW-10 located at a distance 
of 6 ft, PSOW-8 located at a distance of 9 ft, PWOW-01 at 50 ft, and PWOW-02 at a 
distance of 100 ft.  Background well MW-49D is located approximately 1,600 ft 
southwest of APT-01 (Figure 2) and was selected to provide background groundwater 
level data beyond the influence of the step-drawdown test.

Monitoring of water levels in the aforementioned pumping well and observation wells 
commenced one day prior to the start of step-drawdown test.  Pressure transducers (In-
Situ Rugged Troll 200 Data Loggers®), set to collect water level information on a linear 
interval of 5 seconds, were installed in APT-01, observation wells PWOW-01, PWOW-
02, PSOW-10, and PSWO-8, and background well MW-49D on March 11, 2020.  Manual 
water levels were collected from each location at the time of transducer installation.  A 
barometric pressure transducer was deployed to measure changes in atmospheric pressure 
during the test.  After completion of the step-drawdown test, water level recovery was 
monitored with the transducers for 14 hours.

A 3-inch diameter stainless steel Grundfos single-phase submersible groundwater pump 
was used to extract groundwater in APT-01 during the step-drawdown test.  A 2-inch 
diameter galvanized steel drop pipe was used to connect the pump to the surface wellhead 
manifold.  The wellhead manifold included a pressure gauge, gate valve, and analog flow 
meter.  The gate valve was used to control the flow rate during each step of the aquifer 
test.  The flow meter was placed on flat ground approximately 10 ft downstream of the 
gate valve.  The pump was powered with a 230V power source provided by a 6,000-watt 
portable gas-powered generator.  The pump was capable of providing flow rate ranges 
expected to be used during the step-drawdown test. 
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The step-drawdown test began at 1300 on March 12, 2020.  During the test, APT-01 was 
pumped at five flow rates (8, 12, 15, 25, and 35 gallons per minute [gpm]) at durations 
ranging from 40 minutes and 145 minutes.  Discharge rates during each step of the 
drawdown test were measured using an inline analog flow meter.  Water levels were 
continuously monitored by the pressure transducers installed in APT-01, the four 
observation wells, and the background well using pressure transducers as noted above.  
With the exception of the background well, water levels at each instrumented well 
location, and four additional observation wells located in the vicinity of APT-01 (PSOW-
12, PSOW-4, PSOW-2, and PSOW-6) were gauged manually at one-hour intervals during 
the test and just prior to the end of the test to provide supplemental information on ROI 
achieved during the aquifer test.

Extracted groundwater was pumped through a 2-inch hose that discharged into a 275-
gallon tote located next to the pumping well.  Water from the 275-gallon tote was 
transferred from the totes into a 21,000-gallon frac tank using a 2-inch centrifugal gas-
powered trash pump and 2-inch fire hose. 

The pumping portion of the test was shutdown at 2100 on March 12, 2020 and the 
recovery portion of aquifer testing began.  After 14 hours of recovery the pump and 
transducers were recovered on March 13, 2020, and SAEDDACO and Geosyntec 
demobilized from the Site. 

4.2 Groundwater Characterization 

Temperature, pH, conductivity, dissolved oxygen (DO), oxidation-reduction potential 
(ORP), and salinity were measured at the APT-01 discharge at one-hour intervals during 
the aquifer test and measurements were recorded on a groundwater sampling 
measurement log (Appendix C).  Three groundwater samples were collected from the 2-
inch hose discharge from APT-01 at approximately 2 hours (PT-01), 4 hours (PT-02), 
and 7 hours (PT-03) from the start of the pumping test for laboratory analysis for 
groundwater quality characterization.  The samples were shipped under chain-of-cusotdy 
protocol to TestAmerica Laboratories (TestAmerica) in Savannah, Georgia, for 
laboratory analysis.  Samples were analyzed for Site-specific VOCs, pesticides, total 
metals, anions, hardness, alkalinity, total organic carbon (TOC), dissolved organic carbon 
(DOC), total dissolved solid (TDS), and total suspended solid (TSS).  Analytical results 
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are presented in Table 5 and the laboratory analytical report for the groundwater 
characterization samples is included as Appendix D.

4.3 Step-Drawdown Test Analysis 

4.3.1 Overview 

Transducer data from pumping well APT-01 and the four instrumented observation wells 
were downloaded and plotted along with manual water level measurements to evaluate 
transducer accuracy. A graphical summary of the correlation of manual water levels and 
transducer data for APT-01 and PSOW-10 are shown in Figure 3 as a demonstration of 
transducer accuracy.  At APT-01, the transducer was moved after the initial water level 
measurement was collected and prior to the start of the pumping test, resulting in the 
approximate one-foot discrepancy as shown in the graph.  The discrepancy does not affect 
the results or the interpretation of the step-drawdown test data as data evaluation is based 
on the change in water levels relative to static during the drawdown portion of the test, 
and recovery to static at termination of pumping; as shown in Figure 3, the change in 
groundwater level from static to the first step and between each subsequent step measured 
by the transducer is consistent with that measured manually.  Manual readings from the 
other observation wells were also in good agreement with the transducer readings. 
Transducer data from APT-01 and the four observation wells were corrected for tidal 
(rhythmic) fluctuation using a tidal cycle recorded during background monitoring at APT-
01 and the four observation wells prior to initiation of the step-drawdown test.  A 
reference level was selected at the beginning of the tidal cycle, then the transducer data 
was corrected with respect to the reference level by subtracting and adding during high 
tide and low tide, respectively (Kruseman and de Ridder, 1994).

APT-01 was pumped at five distinct steps (8, 12, 15, 25, and 35 gpm), as shown in 
Figure 4, at durations ranging from 40 minutes and 145 minutes.  Drawdown over the 
period of each step is shown below: 

Step 1 at 8 gpm: 0.41 ft over 40 minutes;

Step 2 at 12 gpm: 0.28 ft (cumulative drawdown of 0.69 ft) over 100 minutes;

Step 3 at 15 gpm: 0.50 ft (cumulative drawdown of 1.19 ft) over 120 minutes;

Step 4 at 25 gpm: 1.08 ft (cumulative drawdown of 2.27 ft) over 145 minutes; and

Step 5 at 35 gpm: 0.71 ft (cumulative drawdown of 2.98 ft) over 70 minutes.
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Total drawdown from static conditions observed at APT-01 over the duration of the 475-
minute step-drawdown test was 2.98 feet.  Total drawdown observed at PSOW-8, PSOW-
10, PWOW-1, and PWOW-2 over the duration of the 475-minute step-drawdown test 
was 0.82 feet, 0.78 feet, 0.59 feet, and 0.57 feet, respectively.  Drawdown measured at 
each step and total drawdown observed at APT-01 and the four observation wells are 
summarized in Table 2.

4.3.2 Aquifer Loss, Well Loss Coefficient, and Well Efficiency 

The step-drawdown test results can be used to evaluate the performance of APT-01 under 
the various discharge rates. Specifically, the formation or aquifer losses, well losses, and 
well efficiency can be assessed using the step-drawdown data.  Jacob (1947) proposed 
the following drawdown equation to determine aquifer loss and well loss as a function of 
discharge rate (Jacob, 1946): 

Sw = BQ + CQ2

 Where: 
 Sw = Total drawdown measured in the well (ft) 
 B = Formation or aquifer loss coefficient (ft/gpm) 
 Q = Discharge rate of the well (gpm) 
 C = Well loss coefficient (ft/gpm2)

The total drawdown in a pumping well consists of two components, aquifer loss 
coefficient (B) and well loss coefficient (C), which can be determined from the step-
drawdown test data.  Aquifer loss is the component of drawdown that occurs in the aquifer 
where the flow is laminar, is time-dependent, and varies linearly with the well discharge 
(i.e., BQ).  Well loss is the component of total drawdown resulting from turbulent flow 
in the vicinity of the well caused by the effects of drilling and well construction (non-
linear well loss), and can be described as proportional to the square of the discharge rate 
(i.e., CQ2).  By plotting the specific drawdown (Sw/Q) against the discharge rate (Q) for 
each step, the aquifer loss coefficient (B) is obtained as the y-intercept, and the well loss 
coefficient (C) is obtained as the slope of the best fit straight line (Figure 5; Bierschenk, 
1964).

Well efficiency is the ratio of the theoretical drawdown assuming no turbulence (i.e., CQ2

is not considered, retaining only aquifer loss component BQ) to the actual drawdown 
measured in the well (Sw).  Well efficiency is often expressed as a percent (%).  Well 
efficiency (Ew) is defined by the following equation (Roscoe Moss, 1990): 
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Ew = 100 (BQ/SW) = 100/ (1 + CQ/B) 
 Where: 
 Ew = Well Efficiency (%) 
 Sw = Total drawdown measured in the well (ft) 
 B = Formation or aquifer loss coefficient (ft/gpm) 
 Q = Discharge rate of the well (gpm) 
 C = Well loss coefficient (ft/gpm2)

An efficiency of 70 to 80% is usually obtainable if good design, construction, and 
development practices are followed (Driscoll, 1986).  Well efficiency calculations for 
APT-01 are shown in Table 3. As pumping rates increase, turbulent flow around and 
within the pumping well will increase, resulting in a decrease in well efficiency (Driscoll, 
1986).  This decrease in efficiency as pumping rates increase was observed during the 
APT-01 step-drawdown test, as well efficiency decreased from 93.5% during Step 1 (8 
gpm) to 56.1% during Step 5 (35 pgm).  Overall, the high well efficiencies calculated 
indicate good design, construction, and development of APT-01. 

4.3.3 Aquifer Properties 

Hydraulic properties, including horizontal hydraulic conductivity (Kh), transmissivity 
(T), and storativity (S), were estimated from the APT-01 step drawdown test using both 
the drawdown and recovery data.  Based on the APT-01 boring log showing semi-
confining sandy lean clay and lean clay units (Appendix B) and the near-instantaneous 
drawdown response from the four observation wells, the aquifer in the interval screened 
at APT-01 (75 – 95 ft bgs) is considered to behave as a confined to semi-confined aquifer.  
Analytical solutions used for the confined to semi-confined aquifer scenario include the 
following: 

Theis (1935) - Confined Aquifer; 

Dougherty-Babu (1984) - Confined Aquifer; and 

Hantush-Jacob (1955) - Leaky Aquifer. 

Transducer datalogger output files were downloaded, exported directly into a spreadsheet 
and converted to an appropriate input file format for analysis using AQTESOLV 
(HydroSOLVE, Inc.; Duffield, 2007) to estimate aquifer properties through curve 
matching, using the analytical methods listed above.  Both drawdown and recovery data 
were used for curve matching.  The geometric mean was then used to summarize the 
hydraulic property values calculated with each analytical method. Table 4 summarizes 
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the inputs and results of the step-drawdown test analysis using curve matching techniques 
and distance-drawdown results from the last step (35 gpm) of the step-drawdown test. 
Individual AQTESOLV output plots are included in Appendix E and F.

Kh values were calculated by dividing the transmissivity (T) output from AQTESOLV by 
an aquifer thickness (b) of 65 ft, which corresponds to the saturated poorly graded sand 
thickness observed at APT-01.  Based on curve match techniques for the step-drawdown 
test and assuming aquifer anisotropy of 0.1, the estimated Kh of the aquifer at APT-01 
ranged from 3.41 × 10-2 cm/sec to 3.89 × 10-2 cm/sec, with a geometric mean of 3.70 × 
10-2 cm/sec (105 ft/day). Estimated storativity (S) of the aquifer at APT-01 ranged from
1.01 × 10-2 to 1.82 × 10-2, with a geometric mean of 1.48 × 10-2, which is within the range
of representative values for loose sand.  Aquifer anisotropy sensitivity was evaluated by
increasing the anisotropy ratio (Kv/Kh) from 0.1 to 1.0. Estimated Kh ranges only
decreased to 3.02 × 10-2 cm/sec to 3.35 × 10-2 cm/sec, with a geometric mean of 3.19 ×
10-2 cm/sec (90 ft/day).

Based on the distance-drawdown results and assuming aquifer anisotropy of 0.1, the 
estimated Kh of the aquifer at APT-01 ranged from 5.63 × 10-2 cm/sec to 5.93 × 10-2

cm/sec, with a geometric mean of 5.82 × 10-2 cm/sec (165 ft/day). Estimated storativity 
(S) of the aquifer at APT-01 ranged from 1.01 × 10-2 to 1.24 × 10-2, with a geometric
mean of 1.14 × 10-2, which is within the range of representative values for loose sand.
Aquifer anisotropy sensitivity was evaluated by increasing the anisotropy ratio (Kv/Kh)
from 0.1 to 1.0. Estimated Kh ranges only decreased to 3.91 × 10-2 cm/sec to 3.92 × 10-2

cm/sec, with a geometric mean of 3.92 × 10-2 cm/sec (111 ft/day).

4.3.4 Radius of Influence  

At a pumping rate of 35 gpm, the ROI from APT-01 extended as far as 100 feet, as 
indicated by 0.57 ft drawdown measured at PWOW-2 (Figure 6).  As shown on Figure 
6, the ROI is generally oblong, slightly elongated in a northwest-southeast orientation. 
Distance-drawdown data from the last step (35 gpm) of the step-drawdown test were used 
to calculate the theoretical radius of influence from APT-01.  Based on a pumping rate of 
35 gpm, the lateral distance form APT-01 where no drawdown is expected ranges from 
approximately 500 - 600 ft.  Individual AQTESOLV output plots are included in 
Appendix F.
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3.4 Aquifer Material Properties 

Soil samples were collected from three depth intervals at APT-01 (79-80 ft bgs, 84-85 ft 
bgs, and 94-95 ft bgs) and two depth intervals at PWOW-02 (81-8 ft bgs and 86-87 ft 
bgs) during drilling of the well boreholes.   The samples were submitted to Test America 
for analyses for grain size to provide an understanding of the grain size distribution of the 
sandy aquifer material in the study area.  The material was almost exclusively sand (85-
90%) with trace fines, and the dominant grain size (65%) was held on 20 to 40 mesh 
sieves, indicating a medium sand.  The USCS classification of the material is medium 
sand with trace silt.  The aquifer parameters used in the analysis of the pumping test data 
are within the range presented in published literature (Bouwer, 1978) for medium sand.  
Furthermore, the estimated Kh, S, and T derived from the analysis presented in Section 
4.3.3 is also within the range expected for medium sand.  The laboratory results for the 
grain size analysis are included in Appendix G.
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5. MANAGEMENT OF INVESTIGATION DERIVED WASTE (IDW) 

IDW generated during the monitoring well installation activities consisted of solids (i.e., 
soil cuttings), liquids (i.e., drilling fluids, decontamination liquids, and well development 
water), and general solid waste including disposable sampling equipment and personal 
protective equipment (“PPE”) such as nitrile gloves.  General solid waste and PPE was 
placed in garbage bags and disposed of as general trash.

5.1 Soil IDW 

Soil cuttings were containerized in a dewatering roll off box staged adjacent to the drilling 
locations.  Liquid accumulated in the dewatering box that separated from the drill cuttings 
was pumped from the dewatering box into a 21,000-gallon frac tank staged adjacent to 
the drilling locations.  The roll off box was labeled as “IDW – soil” with the dates of IDW 
generation and drilling locations.   Two soil samples, one representing soil having PID 
readings above 20 ppm and one representing soil with PID readings below 20 ppm, were 
collected for waste characterization analysis.  The samples were shipped under chain-of-
custody protocol to TestAmerica in Savannah, Georgia.  The samples were analyzed 
using the Toxicity Characteristic Leaching Procedure (“TCLP”) for VOCs and pesticides.  
VOCs and pesticides were not detected above the applicable laboratory reporting limits 
(“RLs”).  The solid IDW from the field activities was therefore determined to qualify as 
non-hazardous waste.  The dewatering roll off box containing soil IDW generated during 
the well installation activities was removed from the Site by Clean Harbors under the 
oversight of Geosyntec Antea on June 9, 2020.  The soil IDW waste characterization 
laboratory report is provided in Appendix G.

5.2 Liquid IDW 

Liquid IDW were containerized in a 21,000-gallon frac tank staged adjacent to the drilling 
locations.  The liquid IDW included equipment decontamination fluid, liquid 
accumulated in the dewatering soil roll off which had separated from the drill cuttings 
and was pumped into the frac tank, well development purged groundwater, and 
groundwater extracted during the step-drawdown test.  The frac tank was appropriately 
labeled as “IDW – liquid” and the dates of IDW generation and generation activities were 
noted on the label. 

For waste characterization of the liquid IDW, one composite grab sample was collected 
from the frac tank on March 12, 2020, at the end of the aquifer step-drawdown test and 
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shipped under chain-of-custody protocol to TestAmerica in Savannah, Georgia.  The 
sample was analyzed using TCLP for waste characterization for VOCs and pesticides. 
No VOCs or pesticides were detected above the applicable laboratory RLs in sample 01-
PT-03122020 with the exception of benzene and chlorobenzene.  The detection of 
benzene (0.29 mg/L) did not exceed the applicable toxicity characteristic limit of 0.5 
mg/L.   The detection of chlorobenzene (0.23 mg/L) did not exceed the applicable toxicity 
characteristic limit of 100 mg/L.   As such, the liquid IDW was determined to be non-
hazardous waste liquid.  All liquid IDW generated during monitoring well installation 
activities and aquifer step-drawdown test activities was removed from the Site by Clean 
Harbors during the week of June 8, 2020.  The liquid IDW waste characterization 
laboratory report is provided in Appendix D.
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6. CONCLUSIONS 

A pumping well and two observation wells were installed in the eastern portion of the 
Site for use in aquifer testing activities.  The step-drawdown test was completed to obtain 
hydrogeological and groundwater quality information from the deep zone of the upper 
surficial aquifer.  The test included baseline (background) water level monitoring, a step-
drawdown test, and a recovery test.  The deep zone of the surficial aquifer is semi-
confined to confined in the portion of the Site where the test was conducted, and primarily 
consists of medium grained sand.

Well efficiency at pumping well APT-01 under the various discharge rates used during 
the step-drawdown test ranged from greater than 80% at rates less than 15 gpm to 56% at 
35 gpm.  Three analytical solutions were used to estimate the hydraulic properties of the 
deep zone of the upper surficial aquifer material and the geometric mean of the step-
drawdown test results indicate a horizontal hydraulic conductivity of approximately 3.70 
× 10-2 cm/sec (105 ft/day).  Geometric mean of distance-drawdown results from the last 
step (35 gpm) of the step-drawdown test indicate a horizontal hydraulic conductivity of 
approximately 5.82 × 10-2 cm/sec (165 ft/day).  Results of the distance-drawdown 
analyses, based on a maximum pumping rate of 35 gpm, estimates the ROI to be 
approximately 600 feet from pumping well APT-01. 
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Table 1
Well Construction Summary - Aquifer Test Area Wells

Hercules/Pinova Facility
Brunswick, Georgia

Well ID Installation Date Northing Easting
Total Depth Below Ground 

Surface (ft bgs)

Screened Interval Depth 
Below Ground Surface

 (ft bgs)

Top of Casing Elevation (ft 
msl)

Well Purpose for Aquifer Test

APT-01 3/2/2020 425185.29 872100.41 97.0 75-95 6.50 Pumping Well

PWOW-01 3/5/2020 425139.32 872120.32 90.0 80-90 5.96 Observation Well

PWOW-02 3/5/2020 425107.94 872158.61 90.0 80-90 6.22 Observation Well

PSOW-8 6/13/2016 425176.69 872101.34 89.5 84.5-89.5 6.68 Observation Well

PSOW-10 6/13/2016 425189.91 872104.55 90.0 85-90 6.58 Observation Well

PSOW-2 6/13/2016 425107.94 872158.61 90.0 85-90 6.22 Observation Well

PSOW-4 6/13/2016 425181.50 872091.09 89.0 84-89 6.61 Observation Well

PSOW-6 6/13/2016 425168.44 872097.87 89.8 84.8-89.8 6.76 Observation Well

PSOW-12 6/13/2016 425177.84 872110.41 89.0 84-89 6.62 Observation Well

MW-49D 6/10/2019 424232.10 870735.10 103.0 86-96 9.79 Background Observation Well

Notes:

Wells installed in June 2016 and 2019, well coordinates and elevations were surveyed on October 1, 2015 and are referenced to NAD 1983 and NAVD 1988 datum. 

Wells installed in March 2020, well coordinates and elevations were surveyed on March 27, 2020 and are referenced to NAD 1983 and NAVD 1988 datum. 
All wells are screened in the deep zone of the upper surficial aquifer

ft = feet

ft bgs = feet below ground surface

ft msl = ft above mean sea level
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Table 4
Summary of AQTESOLV Input Parameters and Test Analysis Results 

Hercules/Pinova Facility
Brunswick, Georgia

6 6

10 10

75 to 95 75 to 95

95 95

Confined/Semiconfined Confined/Semiconfined

65 65

8/12/15/25/35 8/12/15/25/35

65 65

0.1 1.0

Partial Penetration Partial Penetration

45 45

20 20

0.25 0.25

0.25 0.25

0.083 0.083

K (ft/day) 108.61 91.38

T (ft2/day) 7059 5940

K (cm/sec) 0.0383 0.0322

T (cm2/sec) 75.91 63.87

S 0.0177 0.0177

K (ft/day) 110.19 95.01

T (ft2/day) 7162 6176

K (cm/sec) 0.0389 0.0335

T (cm2/sec) 77.02 66.41

S 0.0101 0.0101

K (ft/day) 96.75 85.57

T (ft2/day) 6289 5562

K (cm/sec) 0.0341 0.0302

T (cm2/sec) 67.62 59.80

S 0.0182 0.0182

K (ft/day) 105.01 90.57

 T (ft2/day) 6825.42 5886.99

K (cm/sec) 0.0370 0.0319

T (cm2/sec) 73.39 63.30

S 0.0148 0.0148

K (ft/day) 167.08 110.88

T (ft2/day) 10860 7207

K (cm/sec) 0.0589 0.0391

T (cm2/sec) 116.77 77.50

S 0.0124 0.0013

K (ft/day) 159.69 110.89

T (ft2/day) 10380 7208

K (cm/sec) 0.0563 0.0391

T (cm2/sec) 111.61 77.51

S 0.0101 0.0040

K (ft/day) 168.15 111.23

T (ft2/day) 10930 7230

K (cm/sec) 0.0593 0.0392

T (cm2/sec) 117.53 77.74

S 0.0119 0.0013

K (ft/day) 164.93 111.00

 T (ft2/day) 10720.52 7215.06

K (cm/sec) 0.0582 0.0392

T (cm2/sec) 115.27 77.58

S 0.0114 0.0019

Notes:

  in. = inches

  ft = feet

  cm = centimeter

  sec = second

  ft BGS = feet below ground suface

  ft/day = feet per day

  ft2/day = square feet per day

  cm/sec = centimters per second

 cm2/sec = square centimeters per second

  gpm = gallons per minute

  S = storativity

  T = transmissivity

  K = hydraulic conductivity

  Kv/Kh = vertical to horizontal hydraulic conductivity anisotropy ratio

  AQTESOLV = AQuifer TEst SOLVer
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Table 6
Grain Size Analysis Results 

Hercules/Pinova Facility
Brunswick, Georgia

Sample Location APT-01 APT-01 APT-01 PWOW-02 PWOW-02

Sample Interval (ft BGS) 79-80 84-85 94-95 81 86

Sample Date 2/27/2020 2/27/2020 2/27/2020 3/3/2020 3/3/2020

Sample Time 11:30 11:30 11:30 13:00 13:00

Grain Size Analysis (%)

Fines 8.3 12.9 10.6 9.7 8.7

Sand (1) 90.5 85.6 88.5 89.2 89.4

     Fine Sand 17.4 13.4 13.2 9.2 15.8

     Medium Sand 62.3 64.3 67.6 71.8 66.0

    Coarse Sand 10.6 7.9 7.7 8.2 7.6

Gravel 1.2 1.5 0.9 1.1 2.0

Notes: 

(1) Total sand component is further subdivided into fine, medium, and coarse grain size components.

Grain size analysis performed by ASTM Method D422 sieve analysis
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Figure

3
Kennesaw, GA May 2020

APT-01 Step-Drawdown Test Summary of Transducer 
and Manual Groundwater Measurements

Hercules/Pinova Facility
Brunswick, Georgia

Notes:

ft BTOC – feet below top of casing

The approximately 1-foot discrepancy between transducer and manual readings following the start of 
the step-drawdown test are due to repositioning of the transducer following re-installation of pumping 
equipment just prior to the start of the test. Step-drawdown test analyses require only evaluation of the 
drawdown from static conditions; therefore, the difference between the manual and transducers 
measurements do not affect data analysis as the overall drawdown observed at each data point is the 
same for both manual and instrument measurements.
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Figure

4
Kennesaw, GA May 2020

APT-01 Step-Drawdown Test Data

Hercules/Pinova Facility
Brunswick, Georgia
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Figure

5
Kennesaw, GA May 2020

APT-01 Step-Drawdown Test Discharge vs. 
Specific Drawdown 

Hercules/Pinova Facility
Brunswick, Georgia

Notes:
S – Groundwater level drawdown measured at APT-01 at 
n = step and Q = discharge rate

Q – Discharge rate

GPM – gallons per minute
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
 
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
 
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
 
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






















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




   

    

    

    

    

    


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




  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
















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









 



 

 

 




 



 




 



 




 






 






 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
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 

       

 

    

 






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










 

      

   

     

     

     

     

    

    

    

     

     

     

    

     

     

     

     

     

    

     

    

    

      

  

     

     

     


 

      

   

     

      

  

     

     

     


 

       

   

      

      

      

      

       

  

       


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










 

      

   

     

     

    

    


 

     

   


 

       

   

      

      

      

     

     

     


 

     

   

   





   






 

     

   

    

     

     

    

     

    

    

    

 

     

   

    


 

     

   


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










 

      

   

     

     

     

     

    

    

    

     

     

     

    

     

     

     

     

     

    

     

    

    

      

  

     

     

     


 

      

   

     

      

  

     

     

     


 

       

   

      

      

      

      

        

  

       


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










 

     

   

     

     

    

    


 

     

   


 

       

   

      

      

      

     

     

     


 

     

   

   





   






 

     

   

    

     

     

    

     

    

    

    

 

     

   

    


 

     

   


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










 

      

   

     

     

     

     

    

    

    

     

     

     

    

     

     

     

     

     

    

     

    

    

      

  

     

     

     


 

      

   

     

      

  

     

     

     


 

       

   

      

      

      

      

       

  

       


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










 

     

   

     

     

    

    


 

     

   


 

       

   

      

      

      

     

     

     


 

     

   

   





   






 

     

   

    

     

     

    

     

    

    

    

 

     

   

    


 

     

   


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










 

      

   

    

     

     

     

    

     

     

     

     

      

  

     

     

     


 

       

   

      

      

      

      

      

      

       

  

      


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










 

      

   

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

      

  

     

     

     


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







     

   

   





    

    

    

    

    

    

    

    

    

    

    

    

    

    

    














     

   

   





    
















   

 

 





  









Page 20 of 46 4/23/2020

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15













   

 

 
















   

 

 





  












   

 

 





  












   

 

 












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









   

 

 
















   

 

 





  








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







 


 

      

 

  

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     

       

 

   

       

      

        
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

 

  









       

       

       

       

       

       

       

       

       

       

       

       

       

       


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







 


       



 

  









        

       

       

       

       

   





 

 

    

   

     


 
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         



 

  







 



         

         

         

         

         

         

         

         

         

         

         

         
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     


 


 

      

 

  

     

     

     

     

     

     

     

     

     

       

 

   

       

      

        






 
 

 

       

 

  

      

      

      

      


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









 
 

          

 



 

  

          


 
 

       



 

  









       

       


 
 

     





 

 

     


 
 

         



 

  







 



         

         


 
 

     





 

 

     


 
 

 

       

 

  

      

      

      

      


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









 
 

 

       

 

  

      

        

 



  

  

          


 
 

       



 

  









       

       

       

       

     





 

 

     


 
 

 

       

 

  

      

      

      

      

      

      

        

 



  

  

          


 
 

 

       

 

  

      

      


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









 
 

 

       

 

  

      

      

      

        

 



  

  

          




 


 

      

 

  

     


 


       



 

  









       


 


         



 

  







 



         


 


 

      

 

  

     

     

     


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







 


       



 

  









       

       

       


 


         



 

  







 



         

         

         


 


 

      

 

  

     

     

     


 


       



 

  









       

       

       


 


         



 

  







 



         

         

         


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







 
 

 

       

 

  

      

      

      

      

      

      


 
 

       



 

  









       

       

       

       

       

       




 


 

      

 

  

     

     

     

     

     

     


 


       



 

  










 


         



 

  







 




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







 


 

      

 

  


 


       



 

  










 


         



 

  







 






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          

          




 


 

      

 

  

     


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







 


       



 

  









       

       

       

       

       


 


         



 

  







 



         

         

         

         

         


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








     

   

   

   

   

   

   

   



     

   

   



     

    

    

   

   

   



     
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    

    



     

   

   

   

   

   

   


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
 


 




   









 







 

 





  

 

        



       

        



        



         



        



       

       

      



      



      



        



        



       

        



        



 




   









 







 

 





  

 

        


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        


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


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
 
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



   









 







 

 





  

        



       

       

      



      



      



        



        



       

        



        



 




   









 







 

 





  

 

        



       

        



        


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
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

      




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
 


 




   









 







 

 







        



        



       

        



        



 




   









 







 

 





  

        



       

       

      



 




   









 







 

 





  

 







Page 43 of 46 4/23/2020

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15



Page 44 of 46 4/23/2020

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15





 



  
























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
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
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
 









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
















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





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    

    

    

    

    
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



  

  

  

  





 

  

  

  

  




















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









 



 




 






 



 

 




 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


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




 





 

       

 

     

     

     

    


   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 





 

       

 

     

     

     

    


   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   




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




 







       

 

   

   

   

 





 

       

 

     

     

     

    


   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 





 

       

 

     

     

     

    


   

   

   

   

   

   

   

   




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




 







       

 

   

   

   

   

   

   

   

   

   

   

   

 



 





 

       

 

     

     

     

    


   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 



 






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










 

     

   

 

      

   

     

     

     


 

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   


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










 

     

   

 

      

   

     

     

     


 

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   


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










 

     

   

 

      

   

     

     

     


 

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   


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









 

     

   

 

      

   

     

     

     


 

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   


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







 

      

   

     

     

     

     

     

     

     

     

     

     

      

  

     

     

     


 

       

   

      

      

      

      

      

      

       

  

      


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










 

     

   

 

      

   

     

     

     


 

    

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   


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










 

      

   

     

     

     

     

     

     

     

     

     

     

      

  

     

     

     


 

       

   

      

      

      

      

      

      

       

  

      


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










 

      

   

     

      

  

     

     

     


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







     

   

   





    

    














     

   

   





    

    














     

   

   





    

    

    
















   

 

 





  


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















   

 

 
















   

 

 





  

  









Page 30 of 48 3/27/2020

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15











 


 

      

 

  

     

     

     

     

     

     

     

     

     

     

      

 

   

     

     

     


 


       



 

  









       

       

       

       

       

       

       

        

       

       

   





 

 

   

   

   


 


         



 

  







 



         
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







 


         



 

  
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

         

         

         

         

         

          

         

         

   





 

 

   

   

   


 


 
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 

  

     

      

 

   

     

     

     


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
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
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







 
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





 



         

   




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   

   

   


 


 

      

 
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     

     

     

     

     

     

     

     

      

 

   

     

     

     






 
 

 

       

 

  

      

      

      

      

      

      


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









 
 

       

 





  

      


 
 

       



 

  









       

       

       

       

    





 

 

   


 
 

         



 

  







 



         

         

         

         

    





 

 

   


 
 

 

       

 

  

      

      

      

      

      

      


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









 
 

       

 





  

      




 


 

     

 

  

    

     

    


 


     



 

 







 



      

     

     




 


 

      

 

  


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

   









 







 

 





  

 






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

Page 39 of 48 3/27/2020

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15



Page 40 of 48 3/27/2020

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15



Page 41 of 48 3/27/2020

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15



Page 42 of 48 3/27/2020

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15



Page 43 of 48 3/27/2020

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15





 



  





























































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

 



  












 
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


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