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1.0 INTRODUCTION 

Duke Energy Carolinas LLC (Duke Energy) is conducting a remedial investigation (RI) 

at the location of the former Bramlette manufactured gas plant (MGP) (400 East 

Bramlette Road, Greenville, South Carolina) (Figure 1-1). The RI is being conducted 

under a Responsible Party Voluntary Cleanup Contract (VCC 16-5857-RP) with the 

South Carolina Department of Health and Environmental Control (SCDHEC) dated July 

29, 2016. RI activities are being completed to delineate MGP related impacts resulting 

from the former operation of the MGP site. Results of the investigation through April 

2020 were summarized in the RI Report, which was submitted to SCDHEC on June 26, 

2020. The RI reports was subsequently approved on September 1, 2020. 

The RI Report recommended the collection of additional data to further evaluate and 

delineate the extent of MGP-impacted groundwater within the fractured bedrock flow 

system at the Site. (Note: For the purposes of this work plan, the Site collectively refers 

to the location of the former MGP as well as four other contiguous parcels.) The aquifer 

performance test (APT) work described within this plan is proposed to gain a better 

understanding of the fractured bedrock system at the site, where non-aqueous phase 

liquid (NAPL) has been identified within discrete fracture intervals. 

1.1 Objectives 

The objective of the additional assessment work is to inform the Conceptual Site Model 

(CSM) with respect to interconnectedness of bedrock fractures below the Site and to the 

overlying transition zone, saprolite, and alluvium. The assessment work will also 

provide estimates of the magnitude and distribution of the hydraulic properties of these 

materials. This is particularly important in the Parcel 3 bedrock area (Figure 1-2), where 

NAPL has been detected. The NAPL contains volatile organic compounds (VOCs), 

semi-volatile organic compounds (SVOCs), and polycyclic aromatic hydrocarbons 

(PAHs) that potentially provide dissolved phase groundwater constituents of interest 

(COIs) to the groundwater within the bedrock aquifer system at the Site. The 

assessment work will improve overall understanding of the key geologic/hydrogeologic 

characteristics of the Site and help quantify hydraulic parameters. A program of 

additional data analysis, field characterization, and finally a large-scale aquifer 

pumping test are proposed to accomplish these objectives. These tasks are intended to: 

 Obtain Site-specific measurements of aquifer hydraulic properties. 

 Determine relative interconnectivity between wells, fractures, and the 

hydrostratigraphic units. 
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 Obtain data that could be used to support development of achievable Site-

specific remedial goals prior to completing the feasibility study (FS) for the Site, 

specifically the bedrock aquifer system. 

 Develop a sufficient and adequate data set for groundwater modeling. The 

model can be used to simulate exposure scenarios. Modeling may also assist with 

developing realistic extraction (i.e., pump and treat) and/or injection rates with 

which potential FS remedial scenarios can be developed and evaluated. 

1.2 Summary of the Hydrogeologic Conceptual Site Model 

The following is a summary hydrogeologic CSM from the RI Report (SynTerra, 2020) 

with conclusions from the remedial investigation assessment activities conducted 

through February 2020.  

Topography at the Site is relatively wide, flat, and low-lying, and includes delineated 

wetlands. Parcels 2, 3, 4, and 5 are located within the 100-year flood plain of the Reedy 

River (Figure 1-1). The Vaughn landfill (elevation of 942 feet above mean sea level 

(amsl) and debris piles on Parcel 2 (946 feet amsl) are the points of highest elevation at 

the Site. At Parcel 1, the location of the former MGP, elevations range from 

approximately 932 feet amsl to 938 feet amsl.  

Historical ditches provide surface water drainage southward from the floodplain area 

east of the elevated railroad. Stormwater drainage ditches from the former MGP parcel 

drain through a culvert southward under Bramlette Road to the historical drainage 

ditches in the floodplain. From Bramlette Road, the main floodplain drainage ditch 

extends approximately 2,200 feet south and drains under a railroad trestle near Willard 

Street to the Reedy River. There are no other known surface water drainage outlets from 

the Site to the river between Bramlette Road and the railroad trestle near Willard Street. 

A wet-weather ditch on the southern portion of Parcel 2 flows to the northwest through 

culverts beneath the railroad tracks and to the Reedy River during storm events.  

The Site is located within the Piedmont Physiographic Province, which is generally 

comprised of a regolith-fractured rock system that includes regolith (unconsolidated 

material), a transition zone (typically consisting of saprolite and weathered rock 

fragments), and crystalline bedrock. Fill material is generally present to a depth of 8 feet 

below land surface (bls) and overlies laterally extensive alluvial deposits that have an 

average thickness of 11 feet. Saprolite below the alluvium is laterally extensive over the 

Site and ranges in thickness from approximately 1 foot to 21 feet. The transition zone 

tends to vary in thickness from absent (southern portion of the Site) to 30 feet. Cross-
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section views of lithology and stratigraphic units are presented as sections A-A’  

(Figure 1-3), B-B’ (Figure 1-4), C-C’ (Figure 1-5), and D-D’ (Figure 1-6).  

Stratigraphic units present at the Site are described in the following table: 

Hydrostratigraphic 
Unit 

Flow  
zone 

Extent 

Hydraulic 
Conductivity1 
(feet per day) 

Fill Shallow 

Laterally extensive in Parcel 2 and 
Parcel 3 – Vaughn Landfill. Fill present 
from land surface to approximately 8 

feet bls. 

1 – 2.4 
(geomean – 1.6) 

R
e
g
o
li
th

 

Alluvium Shallow 

Laterally extensive. Lean clay over 
coarse to fine sand. Alluvium present 
from approximately 8 feet bls to 19 

feet bls. 

0.7 – 35 
(geomean – 5.6) 

Saprolite Shallow 
Laterally extensive. Saprolite generally 

present at 19–40 feet bls. 
2.6 – 6.9 

(geomean – 4) 

Transition 
Zone 

Transition 
Zone 

Transition zone present 25–50 feet bls. 
Diminishing thickness to absent in the 

southern portion of the Site. 

0.06 - 100 
(geomean - 0.9) 

Fractured Bedrock Bedrock 
Laterally extensive. Top of bedrock 
encountered from 30–50 feet bls. 

0.05 – 4 
(geomean - 0.8) 

Notes: 
1. Hydraulic conductivities were estimated using single-well slug tests.  

The groundwater system is characterized as an unconfined, interconnected aquifer 

system indicative of the Piedmont Physiographic Province. Groundwater is recharged 

by drainage and rainfall infiltration in the upland areas, followed by discharge to the 

perennial stream system. Flow in the regolith is that of porous media, while flow in 

bedrock is primarily within secondary porosity features (fractures).  

Groundwater flow is generally to the southwest toward the Reedy River from Parcel 1 

and encountered at depths of less than 1 foot to 12.5 feet bls within alluvial and 

unconsolidated deposits. Flow directions are similar in the shallow, transition, and 

bedrock hydrostratigraphic units as shown in Figure 1-7 through Figure 1-9. Calculated 

seepage velocities for the Site range from 13 feet per year (transition zone) to 295 feet 

per year (fractured bedrock). The greatest seepage velocities occur within fractured 

bedrock because flow is confined to transmissive fractures and the effective porosity in 

fractured bedrock is considerably lower than that found in saprolite or transition zone. 

Typically, constituent migration within groundwater is slower than seepage velocity 
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due to retardation that is influenced by advection, dispersion, adsorption and 

absorption, and biodegradation. Based on Site-specific estimates of groundwater flow 

velocity, groundwater within the shallow and transition zones would take up to 

approximately 85 years to travel the approximate distance to the Reedy River. While the 

seepage velocity may be greater in the fractured bedrock, the flow direction and travel 

times for groundwater (over various distances) are dependent on the 

interconnectedness, geometry, heterogeneities and orientation of fractures. 

1.3 Fractured Bedrock Characteristics 

Fractured bedrock assessment and findings are described in detail in the RI Report 

(SynTerra, 2020). Characteristics determined through groundwater observation well 

installation, borehole geophysical logging, and modeling are summarized below. 

 Hydraulic conductivity values typically range from approximately 0.01 feet per 

day to 6 feet per day. At three well locations, measured conductivities were 

greater than 70 feet per day. 

 The greatest hydraulic conductivity values are observed in the top 10 feet of 

bedrock. 

 Estimated mean width/thickness of bedrock fracture apertures at the Site 

generally range from approximately 0.05 millimeters (mm) to 0.6 mm [50 

micrometers (µm) to 600 µm], as determined via borehole geophysical logging. 

 The calculated average spacing between interpreted open fractures is 8.5 feet 

(vertical separation). 

 Fractures most frequently strike toward the west-northwest and dip moderately 

to the north-northeast. However, dips toward the southwest and cross-cutting 

fractures are also observed (as shown in the logs for MW-21BR, MW-34BR, and 

MW-36BR).  

 The mean fracture strike direction of water bearing fractures is approximately 

N61W, and the mean fracture dip angle below the horizontal plane is 

approximately 22 degrees toward the north-northeast (Appendix A). 
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2.0 FIELD DATA AND METHODS 

SynTerra will conduct multiple tasks to complete the project objectives. Prior to the 

aquifer pumping test, preliminary data will be collected and evaluated to plan and 

design the aquifer pumping test. Tasks will proceed in a specific sequence, as some 

tasks are intended to inform later tasks. Other tasks may run concurrently to reduce 

project duration. Proposed major tasks in order of implementation include the 

following: 

 Historical data review (slug test results and hydrographs) 

 Hydrograph evaluation 

 Pneumatic interference slug testing (PIST) of bedrock wells 

 APT bedrock pumping well installation 

 APT observation well installation (if necessary) 

 Static (baseline) groundwater level measurements 

 Pump installation 

 Step-drawdown test 

 Constant rate pumping test 

 Data evaluation 

2.1 Historical Data Review 

Prior to conducting any field work, SynTerra will review historical data to inform the 

field efforts. Historical data includes previous slug test results and existing 

hydrographs of the Site. Hydraulic conductivity values determined from slug tests 

previously conducted at the Site are summarized in Table 2-1 and were plotted in plan 

view as shown in Figures 2-1 through Figure 2-3. This information was added to the 

updated cross-sections to look for any discernible spatial patterns. Figure 1-3 through 

Figure 1-6 are updated cross-sections that include monitoring wells installed since the 

June 2020 RI report. These data can be used to inform the selection of the well locations 

and screen intervals that may be used as monitoring locations for the APT and to help 

identify potential pathways for constituent migration.  

Slug test results at the site indicate that the hydraulic conductivity generally decreases 

with depth with the highest hydraulic conductivity values in the shallow flow zone and 

the lowest hydraulic conductivity values in the bedrock. Generally hydraulic 

conductivities measured in shallow and transition zone wells are an order of magnitude 
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or greater than values measured in bedrock wells. Shallow zone hydraulic conductivity 

values range from 0.51 ft/day to 100 ft/day with a geometric mean of 5.4 ft/day (Table 2-

1). Transition zone hydraulic conductivity values range from 0.053 ft/day to 130 ft/day 

with a geometric mean of 1.9 ft/day (Table 2-1). The highest conductivity values 

measured in saprolite and transition zone, 100 ft/day and 130 ft/day, appear to be 

atypical for the site and most hydraulic conductivity values in saprolite and transition 

zone are on the order of tens of feet per day or less. There appears to be no strong 

spatial patterns in hydraulic conductivity distributions within the shallow zone and 

transition zone. 

Hydraulic conductivities in the bedrock ranged from 0.00088 ft/day to 4.7 ft/day with a 

geometric mean of 0.32 ft/day (Table 2-1). Higher conductivity values in bedrock 

appear to be clustered in the southern end of the Vaughn Landfill and in the southern 

portion of Parcel 1. Hydraulic conductivities in these two regions are on the order of 

feet per day compared to other portions of the site where bedrock hydraulic 

conductivity values are generally one to two orders of magnitude lower. Monitoring 

well MW-03BRL has an average hydraulic conductivity value of 1.08 ft/day which is 

approximately two orders of magnitude greater than hydraulic conductivities in 

surrounding wells (Figure 2-3). 

SynTerra will examine the historical hydrographs in detail to see whether there are 

discernible responses in wells to external hydraulic stresses showing connectivity to 

boundaries or other wells. Overall patterns of hydrographs can be used to identify wells 

in similar flow regimes and possible connections to hydraulic boundaries. These 

external stresses include precipitation events, river stage, and barometric pressure 

change. A preliminary evaluation of the historical hydrographs indicates similar and 

coincident hydraulic responses to external stresses for shallow, transition zone, and 

bedrock wells. The similar hydrograph responses may indicate that the groundwater 

system behaves like an unconfined aquifer with good interconnectivity between the 

hydrogeologic units. The preliminary examination of the data indicates that the 

frequency of observations may need to be increased from four readings per day to 12 

readings per hour.  

2.2 Hydrograph Evaluation 

New hydrographs will be developed to examine the response of water levels to external 

hydraulic stresses in bedrock wells, as well as in select wells completed in the shallow 

and transition zone hydrogeologic units. These hydrographs will be used to evaluate 

the connectivity between wells within similar hydrogeologic units and other monitoring 

wells screened within different hydrogeologic units. The hydrographs may be used to 
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evaluate and/or establish local hydraulic boundaries. Overall patterns can be used to 

indicate that wells are in similar flow regimes or potentially connected to hydraulic 

boundaries. Establishing patterns of water level changes due to external stresses will be 

necessary for evaluating the aquifer pumping test data.  

To acquire data for the new hydrographs, nine additional high-resolution pressure 

transducers will be installed in wells at the Site in addition to the six pressure 

transducers currently deployed. An additional two pressure transducers will be 

installed at staff gauge locations in the wetlands at the Site, and one pressure transducer 

will be installed at a staff gauge located along the Reedy River just west of the site. 

Proposed locations for pressure transducers in monitoring wells and surface water 

monitoring locations are shown in Figure 2-4. Water level variations can range more 

than several feet at the Site and up to 10 feet in some wells. Therefore, pressure 

transducers will be installed to depths of approximately 5 feet to 10 feet below the 

average water level of the well so that the pressure transducers remain fully submerged 

during data collection.  

Pressure transducers will be marked prior to deployment with depth increments of at 

least 0.1 feet. Depth increments will be used during installation so that the transducers 

are installed to the appropriate depth. The date, time, and depth of installation 

(measured from the pre-marked transducer cable) will be recorded in a field notebook. 

Manual depth to water measurements will be collected prior to and after installation of 

all pressure transducers. Depth to water level measurements will be made to the nearest 

0.01 feet. All measurements will be recorded in a field notebook with well ID, depth to 

water, and date and time of measurement. 

Existing data appear to have been collected at a frequency of one measurement per 6 

hours. For this hydrograph evaluation, a shorter measurement collection interval of 5 

minutes is proposed (12 readings per hour).  The transducers will be deployed for a 

period long enough to capture significant precipitation and barometric pressure 

changes. It is anticipated that the required period of data collection will be two to three 

weeks, but this may vary depending on the occurrence of precipitation events and 

atmospheric conditions. Water levels collected during this evaluation will be plotted 

with precipitation, river stage, wetland water levels, and barometric pressure to 

evaluate the effects of external hydrologic and atmospheric stresses on the 

potentiometric surfaces within each of the hydrogeologic units at the Site.  
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Results from the hydrograph evaluation will be used to inform the selection of test and 

observation wells during the pneumatic interference slug tests (PISTs) and aquifer 

pumping test portions of the field investigation. 

2.3 Pneumatic Interference Slug Testing 

PISTs will be performed on wells at the Site to evaluate the potential interconnectivity 

of monitoring wells and hydraulic properties. PISTs are a good initial method of 

evaluating the hydrogeologic conditions at the Site because they generally cost less per 

test and take less time to complete than traditional pumping tests. Also, with PISTs, 

multiple tests can be performed on a single well to achieve repeatability of the results, 

and they do not produce formation water for which off-Site disposal would be required. 

Information obtained from the PISTs will be used to plan the large-scale aquifer 

pumping test. Results from both the PISTs and the aquifer pumping test will be used to 

estimate the magnitudes and distribution of hydraulic properties at the site. 

PISTs involve applying a “slug” of air or nitrogen to a test well and measuring the 

response in the hydraulic head in the test well and in surrounding observation wells. 

This method is similar to that described by Novakowski (1989), Spane (1996), and Spane 

et al (1996). Traditional single well slug tests affect a limited volume of formation in the 

immediate vicinity around the test well and therefore provide hydraulic property 

estimates that are limited in scale (Ferris et al 1962). Interference slug tests increase the 

volume of formation evaluated and can provide estimates of average hydraulic 

parameters over larger scales because the response in observation wells reflects 

formation properties between the test well and the observation wells (Spane 1996). 

Furthermore, interference slug tests can provide a qualitative method for determining 

whether monitoring wells are hydraulically interconnected by evaluating the type and 

magnitude of observed signals in observation wells caused by an applied stress in the 

test well. PISTs are performed using a wellhead assembly that allows the head space 

within the test well to be sealed off from the atmosphere and pressurized. The PIST 

wellhead assembly will be constructed from PVC and designed to fit a 2-inch diameter 

monitoring well. A generalized diagram of the basic features of the PIST wellhead 

assembly is shown in Figure 2-5. 

Approximately two to three weeks prior to conducting PISTs at the Site, high-resolution 

pressure transducers will be installed in several existing wells for the hydrograph 

evaluation. Proposed wells for the hydrograph evaluation are identified on Figure 2-4. 

The hydrograph evaluation will include several wells that will be used as test and 

observation wells during the PISTs. Potential short-term trends that might affect 

measured water level responses during the PISTs will be identified and evaluated using 
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the data from the hydrograph evaluation. The time period required to conduct a PISTs 

on a single well is likely to be a maximum of a few hours or less depending on aquifer 

properties, as opposed to the timeframes required for effectively monitoring external 

hydrologic and atmospheric changes that affect groundwater elevations. Therefore, it is 

anticipated that trends in groundwater elevations caused by external hydrologic or 

atmospheric processes will not have significant effects on groundwater elevation 

measurements during the PISTs. 

The number and location of PIST test wells and observation wells will be selected based 

on findings from the initial historical data review and hydrograph evaluation. It is 

anticipated that approximately three to four bedrock wells will be used as test wells and 

as many as 14 wells will be used as observation wells. Observation wells will include 

wells screened within the bedrock, transition zone, and the shallow hydrostratigraphic 

units. 

After test and observation wells are identified, PISTs will be conducted using the basic 

steps described in Appendix B. A minimum of at least three slug tests will be 

performed at each well. 

Data from the test and observation well pressure transducers will be downloaded daily 

for qualitative preliminary data evaluation. After completion of the PIST field work, a 

full quantitative evaluation of the data will be performed.  

2.4 Well Installation 

Well installation is anticipated to include installation of a pumping well for the aquifer 

tests and potentially additional observation wells. Additional observation wells will be 

installed only if the current monitoring system is deemed insufficient for collecting the 

required observation data for the aquifer tests. 

Pumping Well Installation 

The current monitoring wells at the Bramlette site are constructed with 2-inch diameter 

PVC screens and riser pipe. A 6-inch diameter well will be installed for use as the 

pumping well for the APT. A 6-inch pumping well can improve the ease of pump 

installation and allow for a downhole riser pipe for the pumping well pressure 

transducer. The riser pipe can reduce the chance of downhole entanglement of 

instrumentation cables and improve the ease of collecting manual water level 

measurements during the pump test. A larger diameter well can also make it possible to 

implement shielding for the transducer cable if significant electrical interference is 

observed when the pump is operating. The 6-inch pumping well will be completed as 

an open borehole well to promote good communication with any bedrock fractures. 
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Additionally, open borehole construction will allow for inflatable packer installation if 

specific zones are isolated for testing. A double-cased well is proposed to provide a 

good annular seal and mitigate the migration of sediments or contaminants from the 

bedrock/ transition zone into the borehole. 

Subsurface utility locating, marking and verification will be conducted prior to drilling 

activities. Drillers will clear each boring location to 5 feet bls using a hand auger. 

Oversight of drilling operations will include documentation of field observations 

associated with well drilling, well installation, and well development activities 

conducted by a licensed South Carolina water well contractor. 

A decontamination pad will be constructed in an area designated by SynTerra. The drill 

rig and all downhole equipment will be decontaminated by steam cleaning and 

inspected by a SynTerra geologist prior to mobilization to each boring location. 

Downhole equipment will also be decontaminated between each boring location.  

The pumping well will be approved prior to installation in accordance with SCDHEC 

regulation R.61-71 H (SCDHEC, 2016). All wells will be drilled, constructed, and 

abandoned by a South Carolina certified water well contractor per S.C. Code Section 40-

23-10 et seq. Typical bedrock pumping well construction details for stickup completion 

are shown in Figure 2-6.  

The use of hollow stem auger (HSA) in combination with air rotary drilling techniques 

(commonly referred to as a “pneumatic air hammer”) is recommended for installation 

of the pumping well. HSA will be used to advance the borehole through 

unconsolidated material to set an outer casing. Cutting returns will be logged at a 

minimum of 5-foot intervals while drilling with HSA. Once the outer surface casing has 

been set, air rotary drilling can be employed to advance the borehole through rock. Air 

rotary drilling is a standard drilling technique and will allow efficient well installation 

to facilitate completion within the schedule timeframe. 

The location of the proposed pumping well will be selected based on results from the 

historical data evaluation, hydrograph evaluation, and PISTs. The pumping well is 

likely to be located on Parcel 3 in proximity to bedrock wells where discrete NAPL 

impacts have been observed in fractures. The potential location for the proposed 

pumping well is shown in Figure 2-7. It is anticipated that a single boring will be drilled 

for the pumping well installation. However, the location and depth of the pumping well 

may vary depending on field observations, and more than a single boring may be 

required. Field conditions that would warrant the drilling of additional borings for the 
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pumping well include a non-producing or very low-producing bedrock boring or a 

boring that is not strongly connected to the monitoring well network.   

The pumping well will be double cased with a 10-inch schedule 80 PVC outer surface 

casing and a 6-inch inner surface casing. The initial boring diameter will be sufficiently 

wide to allow the installation of the 10-inch outer casing fitted with a grout shoe to be 

seated into the top of rock and tremie-grouted into place. The casing will be filled with 

water (as it is set to help it sink in the borehole) to help offset the pressure of the grout 

and to reduce heat generated during the grout cure reaction. Any casings that exceed 

100 feet will be grouted in at least two lifts; the maximum lift of grout will not exceed 80 

feet. Grout mixture should be approximately 5.2 to 5.75 gallons of water to each 94-

pound bag of Portland Type cement powder with 1 percent to 2 percent bentonite 

powder added to the mixture. 

After a minimum 24-hour grout cure period, a nominal 6-inch boring will be advanced 

to a depth of 15 to 20 feet below the top of bedrock. At the target depth a secondary 6-

inch schedule 80 PVC inner casing with a grout shoe would be grouted into bedrock. 

Similar to the outer casing, the inner casing will be filled with water before grouting. 

After the grout has set for 24 hours, a 6-inch air hammer will be used to advance the 

boring to the desired depth. A surface pad and protective casing will be installed at the 

surface. The surface pad and casing may not be installed until after the aquifer tests are 

completed due to time constraints to complete the field work. 

A geophysical logging suite will be performed on the open borehole portion of the 

pumping well after the boring is advanced to the total depth. The geophysical logging 

suite will include acoustic televiewer, optical televiewer, 3-arm caliper, fluid 

temperature, fluid conductivity, single point resistance (SPR), spontaneous potential 

(SP), and heat pulse flowmeter (HPF). The geophysical logs will be used to fully 

characterize the borehole and identify potential fractures or fracture zones within the 

borehole. This information will be used when assessing whether the borehole can be 

used as a viable pumping well during the APT.   

Observations during air hammer drilling can yield important information about the 

presence of fractures and the amount of water they may produce. A sudden increase in 

the rate at which the hammer advances can indicate fractures or a fracture zone. The 

amount of water produced during drilling can also be an indication of the productivity 

of the well and fractures. While drilling the open borehole pumping test well, water 

levels in nearby wells will be monitored to look for influence from the drilling process. 

While these methods provide qualitative data, they will give an indication of the 
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suitability of the well for use as a pumping well during aquifer testing, along with the 

data collected during the historical data review, PISTs, and geophysical logs. 

Following the completion of the APT the 6-inch open borehole well will be left in place. 

Water bearing fractures within the open borehole will be isolated from one another 

using K-packers to prevent cross-communication between the fractures. Depending on 

the findings from this work and potentially future work the 6-inch open borehole well 

will either be converted into a 4-inch monitoring well or a 4-inch extraction well.    

Specific Capacity/Packer Testing Fracture Zones 

Specific capacity tests will be performed in the open borehole after it is completed using 

a straddle packer system with a pump. The specific capacity tests will be conducted to 

confirm that fractures/fracture zones identified during drilling and from geophysical 

logs are sufficiently productive to use the borehole to conduct the APT and to collect 

depth discrete groundwater samples in the pumping well borehole. The geophysical 

logs and observations from drilling will be used to identify intervals in the borehole for 

specific capacity testing.  

Once the test intervals are selected the straddle packer system will be installed in the 

borehole at the lowest interval, the packers will be inflated to isolate the interval, the 

pump and pressure transducer will be installed through the straddle packer riser pipe, 

and water levels in the isolated interval will be allowed to reach equilibrium or near 

equilibrium. Once equilibrium or near equilibrium is reached, the interval will be 

pumped. The flowrates used during specific capacity tests will be based on field 

observations during testing and are expected to be low (less than 5 gpm). During 

specific capacity tests the flow rate will be held constant and the water level in the 

isolated portion of the borehole will be monitored with a pressure transducer. The 

flowrate will be measured every three to five minutes during the test to ensure that the 

flowrate is constant and the pressure transducer will, at a minimum, be set to collect 

one measurement every 30 seconds. Water quality parameters including temperature, 

pH, and specific conductivity will be measured during the specific capacity tests at least 

every five minutes and a water quality sample will be collected at the end of each test. 

Turbidity may be measured during the tests depending on the presence of suspended 

solids due to drilling. If turbidity is too great due to disturbance during drilling it will 

not be measured.  

Once the specific capacity test is completed at the lowest identified fractured interval, 

the straddle packer system will be raised to the next selected interval and the processes 

described above will be repeated. During specific capacity testing, water levels in 
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surrounding wells will be monitored with pressure transducers to measure any 

potential water levels changes that may occur due to specific capacity testing in the 

pumping well.   

Observation Well Installation  

Water level changes in the monitoring wells due to pumping must be greater than the 

background variations. Small well diameter and close proximity to the pumping well 

generally favor a stronger signal in the monitoring well. Review of the historical data, 

the PIST data, and the installation of the pumping well may indicate that the existing 

monitoring well network is not adequate for the aquifer test and that additional 

observation points might be needed. To reduce the number of mobilizations, the 

HSA/pneumatic air hammer rig used to install the pumping well could also be used to 

install the observation wells. Although not expected, the processes for installing shallow 

wells or bedrock observation wells are outlined below. 

If needed, alluvial, saprolite, or transition zone wells will be installed using HSA 

methods. Shallow observation wells will be installed through the HSA auger stem. 

Cutting returns will be logged at a minimum of 5-foot intervals while drilling borings 

for the shallow wells. Split spoon sampling through the auger stem will be used to 

verify the lithology where any shallow observation well is installed. Once the desired 

depth for the well is reached, the 2-inch diameter PVC observation well will be installed 

through the center of the auger stem. Threaded PVC pipe with a machine-slotted screen 

will be used. A sand pack will be installed via a tremie pipe around the well screen as 

the augers are slowly removed from the boring. The sand pack will extend at least 2 feet 

above the top of the screen. A hydrated bentonite seal at least 2 feet thick will be placed 

on top of the sand pack. A cement bentonite grout annular seal will be placed above the 

hydrated bentonite seal. A surface pad and protective casing will be installed at the 

surface. The surface pad and casing may not be installed until after the aquifer tests are 

completed due to time constraints to complete the field work. Typical shallow 

observation well construction details for stickup completion are shown in Figure 2-8.  

Bedrock observation wells, if necessary, will be installed using the air hammer 

techniques described above. A 2-inch diameter PVC casing and well screen will be 

installed in the 6-inch borehole. Once the desired depth for the well is reached within 

bedrock, the 2-inch diameter PVC observation well will be installed through the center 

of the 6-inch borehole. Threaded PVC pipe with a machine-slotted screen will be used. 

The 2-inch PVC well will be hung approximately 1 foot off the bottom of the boring, 

and a sand pack will be installed via a tremie pipe. The sand pack will extend at least 2 

feet above the top of the screen. A hydrated bentonite seal at least 2 feet thick will be 



Aquifer Performance Test Work Plan 

Duke Energy Carolinas, LLC - Former Bramlette MGP Site 

November 2020     Page 2-10 

 Project: 00.0114.01.17.02 

placed on top of the sand pack. A cement bentonite grout annular seal will be placed 

above the hydrated bentonite seal. The hydrated bentonite seal will be installed in lifts 

of no more than 80 feet to control the amount of heat generated through the heat of 

hydration process. A surface pad and protective casing will be installed at the surface. 

The surface pad and casing may not be installed until after the aquifer tests are 

completed due to time constraints to complete the field work. Typical bedrock 

observation well construction details for stick-up completion are shown in Figure 2-9. 

2.5 Well Development 

The pumping well will be developed no sooner than 24 hours after installation of the 

inner surface casing to allow for grout cure time. Development will be conducted by the 

drilling contractor. Well development will be performed using a portable submersible 

pump. Well development will consist of pumping the well at the greatest sustainable 

rate while moving the pump up and down within the open borehole portion of the well. 

Well development will continue until the turbidity is 10 nephelometric turbidity units 

(NTUs) or less and water quality parameters — including temperature, pH, and specific 

conductance — have stabilized. Water quality parameters will be considered stable 

when five consecutive measurements collected every 10 minutes are within ±10 percent 

of one another. If any drilling fluids are used during drilling, development will 

continue until the estimated volume of drilling fluids has been removed and the above 

criteria are met. If sediment persists in the well or the parameters do not stabilize within 

6 hours, alternative development techniques such as using a surge block or the air lift 

method will be evaluated. 

After development, the bottom of the well will be tagged to establish a “hard” 

(sediment-free) bottom. Development records will be prepared under the direction of 

SynTerra and will include all pertinent information related to well development, 

including at a minimum the following: 

 Development method(s) 

 Volume of water removed over time 

 Total volume of water removed at the end of development 

 Field measurements of temperature, pH, specific conductivity, and turbidity 

with date and time of measurements.  
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2.6 Well Surveying  

After installation of the proposed pumping well and any observation wells deemed 

necessary, the wells will be surveyed by a surveyor licensed in the state of South 

Carolina. The survey will consist of well location, ground surface elevation, and the 

vertical elevation of the top of casing, following final construction of surface 

completions at each well. Wells will be surveyed in state plane coordinates using the 

North American Datum of 1983. Vertical elevations will be surveyed to within a 

hundredth of a foot using the North American Vertical Datum of 1988.    

2.7 Aquifer Performance Testing 

2.7.1 Static Groundwater Level Collection 

Two sets of static (baseline) groundwater level readings will be collected. The 

first set of baseline groundwater levels will be collected prior to pump 

installation, and the second set of baseline groundwater levels will be collected 

after the step-drawdown test and before the constant rate pumping test. Baseline 

groundwater levels will be used to determine long-term groundwater level 

trends or potential interferences from other pumping/discharge source(s) that 

might influence the test results. Baseline groundwater level data will be used to 

adjust measurements collected during aquifer testing to correct for any long-term 

trends or potential interfering signals. Water levels will be monitored in selected 

wells near the pumping well using pressure transducers. Approximately 15 wells 

will be monitored with transducers, including the pumped well, selected 

monitoring wells, and one background well. In addition, groundwater levels will 

also be measured in the Reedy River and at two locations within the wetland. A 

barometric pressure probe will also be installed at the Site.  

Before installing/moving the pressure transducers that will be used for the 

aquifer tests, an initial round of water levels will be manually collected from all 

Site wells or as many which can be gauged in a day. All measurements will be 

recorded in a field notebook with well ID, depth to water, and date and time of 

measurement. Pressure transducers installed in monitoring wells selected for the 

pump test that were previously installed for the water level study and PISTs will 

be left in place for the aquifer tests. The frequency of water level measurements 

for these pressure transducers will be set to one measurement every 5 minutes. 

Pressure transducers will be installed in the additional wells selected for 

monitoring, and the frequency of the measurements will be set to one 

measurement every 5 minutes. Depth to water measurements will be taken any 

time a pressure transducer is moved to a new location, the frequency of 

measurement is changed, or any other activity occurs that might impact 
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transducer placement in the well. All measurements will be recorded in a field 

notebook with well ID, depth to water, and date and time of measurement. 

Initial static (baseline) groundwater level collection in the pumping well and 

monitoring wells may commence once the pumping well and any new 

observation wells have been installed, developed, and allowed to equilibrate. It is 

anticipated that approximately three to five days should be given for the system 

to reach equilibrium following any well development or well installation 

activities, but this time may vary based on field observations of measured 

groundwater levels. Baseline groundwater levels prior to the pump installation 

and the subsequent step-drawdown test should be collected for at least 24 hours 

prior to installing the pump, but this time may vary based on field observations. 

Prior to pump installation and the step-drawdown test, pressure transducer data 

from the initial baseline groundwater level collection event will be downloaded 

and reviewed. 

Static groundwater levels will be collected before the constant rate pumping test 

and after groundwater levels have been given time to equilibrate following the 

step-drawdown test. Static groundwater levels will be collected for at least 72 

hours before the constant rate pumping test begins, but this time may be 

extended based on field conditions and observations. Pressure transducers will 

be programmed to collect groundwater level data at a frequency of one 

measurement per minute. Before beginning the constant rate pumping test, 

pressure transducer data from the baseline groundwater level collection event 

will be downloaded and reviewed. 

2.7.2 Pump Installation 

Once baseline groundwater levels have been established, a submersible pump 

assembly and riser pipe will be installed in the pumping well. Pump size will be 

selected based on estimated sustainable flowrates determined from earlier Site 

investigations and observations. The stand pipe for the pump will be sized based 

on estimated flowrates and it is expected that a 1-inch stand pipe will be used. 

The pump will be set to the maximum depth possible to allow for the greatest 

drawdown and head above the pump.  

The drilling subcontractor performing the aquifer testing will be responsible for 

providing, installing, and operating all pump equipment, piping, riser pipe, 

cable ties, flow meters, discharge lines and other relevant equipment required to 

complete aquifer testing. All equipment must be decontaminated prior to being 

installed in the pumping well.  
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The subcontractor will be responsible for providing a flow meter capable of 

continuously logging discharge rates and total flow in-line with the pump 

discharge line and that can read to an accuracy at least 0.01 gpm. The flow meter 

must be installed in such a way that no head space is present in the flow meter 

and along the discharge line along which the flow meter is installed. At least a 6-

inch drop in the discharge line prior to the flow meter and a subsequent 6-inch 

rise in the discharge line past the flow meter will be installed along the discharge 

line to minimize any headspace. Straight pipe at least 1 foot in length will be 

installed before the flow meter and after the flow meter to maintain laminar flow 

through the flow meter. Two ball valves will be installed in the discharge line. 

One will be located prior to the drop in the pipe and one located past the rise in 

the pipe. A photograph showing the general proposed configuration for the flow 

meter is presented on Figure 2-10. A small diameter sampling port will be 

installed along the discharge line so field water quality measurements and 

samples can be collected.  

Riser pipe, installed along with the pump equipment, will contain the pressure 

transducer during testing and will be used to collect depth-to-water 

measurements. The riser pipe will be installed in one of two methods. The 

method of riser pipe installation will depend on whether electrical interference is 

observed in the pumping well transducer when the pump is activated. The first 

and preferred method is to directly secure the riser pipe to the drop pipe for the 

pumping equipment and lower the riser piper in conjunction with the pump 

equipment. If excessive electrical interference is encountered, the riser pipe will 

be re-installed separately from the pump equipment with rubber spacers along 

the riser pipe to insure separation between the pump electrical cable and the riser 

pipe. If the second method is necessary, the riser pipe will be secured at the 

surface using pipe holders and safety cable connected to the well stick up casing. 

It is anticipated that the pump electrical cable will be insulated and that the 

pump voltage will be small compared to large flowrate pumps that typically 

cause interference, and therefore significant electrical interference will not be 

encountered compared to the signal magnitude during testing. The riser pipe 

will be installed to approximately 10 to 15 feet below the required depth of the 

pressure transducer. 

After the pump equipment and riser pipe are installed, the well will be allowed 

to equilibrate until static conditions are reached based on pressure transducer 

readings. Water levels will be measured in the well after equilibrium is reached 

to confirm that the pressure transducer is reading water levels accurately.    
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2.7.3 Step-Drawdown Test 

Once static conditions are reached after installing the pump equipment and riser 

pipe, a step-drawdown test will be conducted. Pressure transducers 

measurements will be recorded at a frequency of one measurement a minute 

during the step-drawdown test. A step-drawdown test (or step test) is a single-

well pumping test designed to investigate the performance of a pumping well 

under controlled variable discharge conditions. During the step-drawdown test, 

an initial rate of 0.25 gallons per minute (gpm) will be used, this initial flow rate 

may vary depending on information obtained during previous portions of this 

investigation. The discharge rate would be increased approximately 0.25 gpm 

per step period (subject to change based on field observations). Each step would 

be approximately 2 hours (subject to change based on field observations). This 

duration should allow wellbore storage effects to dissipate. This process would 

continue until the well can no longer sustain the selected flow rate (curve does 

not flatten out) or a maximum of 20 gpm flow rate is reached. Typical (idealized) 

drawdown curves for an aquifer performance test from well development, step-

drawdown test, constant rate test and recovery are presented in Figure 2-11. 

After completion of the step-drawdown test, the pumping well will be allowed 

to return to static conditions based on pressure transducer readings. 

Data from the step-drawdown test will be used to determine an appropriate 

pumping rate (Qmax) for the constant rate pumping test. At the end of the test, the 

flow will be adjusted to the selected Qmax using one of the ball valves prior to 

shutting down the pump and this configuration will not be changed until the 

constant rate pumping test is completed. As the pump is shut down, the 

remaining ball valve would be closed to prevent the discharge line from draining 

into the well (which would affect recovery data). 

2.7.4 Step-Drawdown Test Recovery 

Once the step-drawdown test is complete, the pump would be shut off and the 

flow meter would be isolated (using ball valves upstream and downstream of the 

flow meter).  The well will be allowed to fully recover. It is anticipated that 

recovery would take less than 12 hours. Water levels will continue to be 

monitored at the same frequency during recovery.   

Once recovery is complete, pressure transducer groundwater level data will be 

downloaded and evaluated. 
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2.7.5 Constant Rate Pumping Test 

The constant rate pumping test will be conducted after static water levels are 

collected following the step-drawdown test. Prior to the start of the constant rate 

test, a round of water levels will be measured manually from selected monitored 

wells. Pressure transducer measurements will be recorded at a frequency of one 

measurement a minute during the constant rate pumping test. All measurements 

will be recorded in a field notebook with well ID, depth to water, and date and 

time of measurement. 

A constant-rate pumping test involves a pumping well that is pumped at a 

constant rate while water-level response (drawdown) is measured in the 

pumping well and in one or more surrounding observation wells. The goal of a 

constant-rate pumping test is to estimate hydraulic properties of a saturated 

porous media, including the transmissivity (T), hydraulic conductivity (K), and 

the aquifer storage coefficient (S). Additionally, a constant rate pumping test can 

be used to identify potential hydraulic boundary conditions that may interact 

with the aquifer.  

The discharge rate will be monitored approximately every 5 to 10 minutes 

during the initial portion of the test (first 4 hours) and adjusted to maintain a 

constant flow rate. If the discharge rate is stable, flow readings will be monitored 

hourly for the remainder of the test and adjusted as needed to maintain a 

constant flow rate. Pressure transducers will be set to record measurements 

every minute for the duration of the 72-hour test and recovery period and every 

5 minutes at outlying observation points.  Discharge water will be stored in on-

Site containers prior to disposal. Potential disposal options are discussed in 

Section 2.8. 

Once pumping has started, the test will run uninterrupted for up to 72 hours.  

During this period, water levels will be continuously monitored with data 

logging pressure transducers and flow measurements continuously recorded (24 

hours per day) with an electronic flow meter that averages measurements at 5-

minute intervals. Manual water-level readings will be collected every 2 hours at 

the pumping well and selected observation wells during active pumping to 

provide confirmation and backup for pressure transducer measurements. 

Manual water-level readings will be collected twice daily at all other observation 

wells. 
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2.7.6 Constant Rate Pumping Test Recovery 

Once the constant rate test is completed, the pump will be stopped, and the ball 

valves will be closed to prevent backflow into the well from the pump discharge 

line. Backflow is prevented as to not affect the early time recovery data. Pressure 

transducers will remain in place after the test is completed and will continue to 

collect data for at least 72 hours after pumping has stopped or until groundwater 

levels in the pumping well have returned to at least 90 percent of the pre-

pumping static groundwater level. 

2.7.7 Groundwater Sampling 

To help identify the potential geochemical and COI concentration changes due to 

pumping, groundwater quality parameters will be measured at regular intervals 

in the pumped well and groundwater samples will be collected. The water-

quality parameters to be measured in the field are pH, specific conductance, 

temperature, dissolved oxygen, oxidation reduction potential, and turbidity. A 

YSI Pro Plus water-quality meter will be connected to the sampling port line to 

measure these parameters. Changes in water-quality parameters or temperature 

may indicate groundwater from a different source area so these parameters will 

be measured every 2 hours during the test. All measurements during the test will 

be recorded in a field notebook with the pertinent water-quality parameter 

information and the date and time the measurements were taken.  

Groundwater samples from the pumped well will be collected and submitted for 

laboratory analysis: 

 After well development  

 Before step-drawdown test  

 Once per day during the constant rate test 

Groundwater sampling will follow the procedures outlined in the Quality 

Assurance Project Plan (QAPP): Former Bramlette MGP Site (SynTerra, 2018). 

The sample ID, date, and time of sample collection will be recorded in a field 

notebook. The analytical samples will be collected after a set of water-quality 

parameters are measured and recorded from a sampling port connected to the 

discharge line. The water will be collected in laboratory-prepared sample bottles 
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and immediately placed on ice under strict chain-of-custody. The groundwater 

samples collected from the pumping well will be analyzed for the following: 

Analysis Analysis Method 

VOCs USEPA 8260B 

SVOCs USEPA 8270E 

Calcium and Magnesium USEPA 6010/6020 

Total Iron and Manganese USEPA 6010 

Total Hardness SM 2340B 

Total Alkalinity SM 2320B 

Total Suspended Solids SM 2540D 

Total Dissolved Solids SM 2450C 

Total Organic Carbon USEPA 9060 

5-Day Biochemical Oxygen Demand 
(BOD) 

USEPA SM 5210B 

Chemical Oxygen Demand (COD) USEPA 410.4 

Notes: 
1. VOCs = Volatile Organic Compounds 
2. SVOCs = Semi-volatile Organic Compounds 
3. PAHs = Polycyclic Aromatic Hydrocarbons  

Samples will be properly preserved and shipped to a South Carolina certified 

laboratory for analysis. All samples will be shipped in coolers containing ice and 

managed under chain-of-custody protocol. 

2.8 Investigation-Derived Waste Management 

Solid and liquid investigation derived waste (IDW) will be generated during collection 

of soil or rock cores, well installation and development, and environmental media 

sampling. Reusable equipment can be decontaminated using Liquinox (or similar) and 

water or by steam cleaning methods were appropriate between all sampling events and 

locations. Decontamination fluids will be collected and disposed of with IDW. Solids 

and liquids will be contained as appropriate in 55-gallon barrels, lined roll-off 

containers, or similarly acceptable waste receptacles. Solid and liquid IDWs will be 

disposed of in accordance with existing waste profiles or sampled for waste 

characterization purposes as necessary before disposal. 

Based on cost and ease of implementation, water generated during the pumping tests 

will be temporarily stored in frac tanks onsite and hauled by vacuum truck for disposal 

at a Duke Energy approved and permitted facility. Adequate and suitable space for 


