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Geosyntec Consultants, Inc. (Geosyntec) performed field studies on behalf of Hercules, LLC
between December 2019 and November 2020 to evaluate the feasibility of remedial technologies
and to support selection of an interim corrective measure (ICM) to address volatile organic 
compounds (VOCs) or/and possible non-aqueous phase liquid (NAPL) in shallow groundwater 
near the location of temporary shallow groundwater (SGW) sample location, SGW-23, and
monitoring wells MW-21, MW-22, MW-23, and MW-24 (i.e. the SGW-23 Area, also known as 
the Stillhouse Control Room area) at the Hercules/Pinova facility in Brunswick, Georgia (Site) as 
shown in Figure 1. A desktop study evaluated the feasibility of remedial technologies including 
excavation, air sparging/soil vapor extraction (AS/SVE), in-situ stabilization (ISS), multi-phase 
extraction (MPE), in-situ chemical oxidation (ISCO), Ozone/SVE, in-situ thermal treatment, and 
enhanced in-situ bioremediation (EISB). Based on the desktop study, EISB, ISCO and MPE were 
selected for further evaluation with field and laboratory studies. The following studies were 
performed to evaluate the feasibility of selected technologies: 

A pilot test to evaluate the feasibility of MPE; and,

An injection test to evaluate the injection rate and pressure that could be achieved if
implementing an EISB or ISCO remedy.

This technical memorandum summarizes the methodology, results and conclusions of the MPE 
pilot test and the injection rate test. 
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BACKGROUND

The SGW-23 Area is located north of the Stillhouse Control Room within the greater Southern 
Production Area, which is an identified source area at the site according to the Refined Conceptual 
Site Model Hercules/Pinova Brunswick Facility, Brunswick, Georgia (Integral, 2019). The 
dominant direction of groundwater flow in this area is vertical with a dominant downward 
hydraulic gradient, and a less significant horizontal gradient which simultaneously transports 
groundwater eastward (Integral, 2019). Elevated concentrations of VOCs, specifically benzene, p-
isopropyltoluene (paracymene), and toluene, have been detected in the monitoring wells which 
define the area: MW-21, MW-22, MW-23, and MW-24 as shown on Figure 2. The recent benzene, 
paracymene, and toluene results for each of the four monitoring wells are shown in the table below. 

Monitoring 
Well

Sampling 
Date

Results (µg/L)

Benzene Paracymene Toluene

MW-21 12/13/2019 33,000 8,300 5,600

MW-22 6/14/2018 36,000 9,600 9,300

MW-23 12/13/2019 5,600 8,800 910

MW-24 12/15/2016 9,400 770 140

MPE PILOT TEST

This section explains the pilot test well layout, methods and results of the MPE pilot test.  

Multi-Phase Extraction (MPE) Technology 

MPE is a remedial technology that extracts both subsurface liquids and soil vapors from extraction 
well(s) by applying varying levels of vacuum to extraction wells. For a typical MPE application, 
a drop tube, also known as a “stinger”, is installed in the extraction well (s) to control the volume 
of liquid extracted.  Vacuum is applied directly to the stinger, making it possible to extract free 
product (if available) or water directly from or just below the groundwater table. The depth of the 
drop tube can be adjusted to varying depths, depending on testing conditions, to depress the liquid 
levels in the extraction well. Vacuum is also applied to the well head assembly, causing VOCs 
laden coil vapor to be recovered through well head riser pipe. The combined air and liquid stream 
extracted from the MPE well is conveyed through a flexible vacuum hose to the MPE system 
where the VOCs in the extracted vapors are treated using a thermal oxidizer or vapor-phase 
granular activated carbon unit (s) before vapor discharge to the atmosphere, through a stack. The 
extracted LNAPL/water stream can be collected and disposed of offsite or a can be treated before 
discharge to a permitted discharge location.
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Pilot Test Well Layout 

A test well network consisting of one MPE test well, two observation wells, and three soil vapor 
probes was installed to implement the MPE pilot test and injection rate test. A private utility locator 
was contracted to mark locations of underground utilities in the pilot test area prior to drilling, and 
all locations were hand cleared to a minimum of 5 feet below ground consistent with site 
underground utility clearance protocols. Betts Environmental Recovery from Adel, Georgia was 
contracted to install the MPE test well (MPE-01), observation well (MPE-OW-01 and MPE-OW-
02), and vapor probes (VP-01, VP-02, and VP-03). The MPE well and observation well were 
installed using hollow-stem auger drilling techniques, and the vapor points were installed via hand 
auger. As shown in Figure 2, the location of MPE-01 and the observation wells were selected so 
that existing well MW-24 was utilized as a third observation well. MPE-01 was placed 20-feet 
from MW-24, and observation wells MPE-OW-01 and MPE-OW-02 were installed approximately 
5-feet and 10-feet, respectively, from MPE-01. Existing well MW-23 was also utilized as an 
observation well to a lesser extent. It is approximately 44-feet from MPE-01. Soil vapor probes, 
VP-01, VP-02, and VP-03, were installed approximately 10 feet, 12 feet and 15 feet away from 
MPE-01, respectively. The vapor probes were used to monitor vacuum influence during the MPE 
test. Boring logs for newly installed wells are provided in Attachment A. 

The table below provides survey and well construction information for the wells utilized during 
the MPE pilot and injection rate tests:

Well ID Northing1 Easting1
Top of Casing 
(ft. NAVD88)

Screen 
Interval 
(ft. bgs.)

MPE-01 424368.64 870457.13 9.56 2 - 10

MPE-OW-01 424368.92 870461.58 9.51 2 - 17

MPE-OW-02 424359.36 870460.70 9.50 2 - 15

VP-01 424364.22 870465.05 9.42 2 - 5

VP-02 424356.24 870456.94 9.66 2 - 5

VP-03 424380.89 870465.77 9.67 2 - 5

MW-23 424375.02 870503.65 9.91 4 - 14

MW-24 424374.63 870437.85 10.04 4.8 - 14.8
1 Horizontal Datum is NAD1983 Georgia State Plane East
ft. bgs. - feet below ground surface
ft. NAVD88 - feet North American Vertical Datum 1988
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MPE Test Methods and Results

The MPE test equipment includes well head assembly, a scrubber/knockout tank assembly, a 
blower, and a thermal oxidizer to treat vapor phase VOCs. The details of the test equipment are 
included in Attachment B. A 20,000 gallon frac tank was used for collection and temporary 
storage of water extracted during the MPE test.  

Geosyntec and Fruits mobilized to the Site on April 27th, 2020 and the test was completed in two 
days. On April 27th, 2020 (Day 1), a plastic sheeting/tarp was installed on the ground surface in 
test area to minimize the potential for short circuiting of air during the MPE testing. Baseline data 
including depth to water (DTW), depth to product (DTP), VOC screening using a photo-ionization 
detector (PID), and baseline vacuum was collected at the MPE test well (MPE-01) and the 
observation locations including MPE-OW-01, MPE-OW2, MW-24, VP-01, VP-02 and VP-03. 
The baseline readings are summarized in Attachment C.  Based on the baseline measurements on 
Day 1, headspace PID readings ranged between 11 parts per million (ppm) and 57.9 ppm, with the 
highest reading in MPE-01. There was no measurable LNAPL in the test wells. The DTW was 
generally around 1.5 to 1.8 ft bgs.  

Operational parameters: After completion of the baseline measurements, a well head assembly
was placed in MPE-01 at a depth of 7 ft bgs.  The test was performed for a period of 6.5 hours on 
April 27th. The applied vacuum was increased slowly from 1 inch of mercury (in Hg) up to 10.5 in 
Hg during the test duration. The monitoring data is included in Attachment B and Attachment 
C. The following observations were noted during the test on April 26th:  

Maximum air flow rate from the subsurface was 38 actual cubic feet per minute (ACFM) 
observed at a well head vacuum of 11.5 in. Hg. 

Maximum extracted liquid flow rate was around 2.2 gallons per minute (gpm) within the 
range of applied vacuum. 

A vacuum influence of 0.13 inches of water was noted in VP-03, which was approximately 
15 feet from the test well. No significant vacuum influence was observed in VP-01 and 
VP-02, which were approximately 10 and 12 feet away from the test well. It is possible 
that the applied vacuum was surfacing through a preferential pathway prior to reaching to 
VP-01 and VP-02. 

No LNAPL was observed in the extracted water and in the observation wells, and 
maximum FID from hydrocarbons (not including methane) was 640 ppm. 
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Maximum water table drawdown in observation wells MPE-OW-01, MPE-0W-02 and 
MW-24 were 2.27 ft, 1.60 ft and 0.76 ft, respectively.  

The test was continued on April 28th (Day 2) after collection of another round of baseline water 
levels.  Applied wellhead vacuum ranged from 10 to 17 in. Hg. The stinger depth was slowly 
lowered in the well to 9.8 ft bgs on Day 2. Pressure transducers were installed in MPE-OW-01, 
MPE-OW-02 and MW-24. The pressure transducers collected DTW readings once per minute. 
Four groundwater and four vapor samples were collected on Day 2 to estimate aqueous phase and 
vapor phase mass removal rates and evaluate treatment options. The following observations were 
noted from Day 2 activities: 

Maximum air flow rate from the subsurface was approximately 120 ACFM observed at a 
well head vacuum of 17 in. Hg. 

Extracted flow rate ranged between 2 gpm and 3.5 gpm within the range of applied vacuum
(10 to 17” Hg). 

A vacuum influence of 0.3 inches of water was noted in VP-03, which was approximately 
15 feet from the test well with an applied vacuum of 15 in. Hg.

No LNAPL was observed in the extracted water, and maximum VOCs in the vapor phase 
from hydrocarbons (not including methane) was 580 ppm. 

Figure 3 shows DTW changes in the observation wells. Maximum drawdown in MPE-
OW-01, MPE-OW-02 and MW-24 were 9.54 ft, 2.1 ft and 1.29 ft, respectively. 

Analytical results: On Day 2, four groundwater samples were collected. Two duplicate 
groundwater samples (i.e., MPE-GW-042820-1, MPE-GW-042820-2) and third sample (i.e., 
MPE-GW-042820-3) were collected from the extracted liquid at different times of the test. A 
fourth groundwater sample (i.e., MPE-GW-042820-4) was collected as a grab sample directly from 
MPE-01 at the end of the testing. In addition, two duplicate vapor samples were collected the 
extracted.  

Groundwater samples were sent to Test America in Savannah, Georgia (GA) for the analysis of 
site-specific VOCs, total iron and manganese, hardness, alkalinity, and total suspended solid 
(TSS). Vapor samples were sent to Test America in Knoxville, Tennessee (TN) for VOC analysis 
using TO-15 method. The laboratory reports are included in Attachment D.
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A summary of the laboratory analytical data is presented in Tables 1 and 2. The results are 
summarized and discussed below.  

Volatile Organic Compounds (VOCs):

The detected VOCs in the aqueous phase include 4-Methyl-2-Pentanone (MIBK), benzene,
ethylbenzene, paracymene, methyl ethyl ketone (MEK), toluene and xylenes.

The concentration of total VOCs in the aqueous grab sample collected directly from MPE-
01 was around 17,805 micrograms per liter (µg/L). Assuming an extraction rate of 3.5 gpm
and continuous operation, the mass removal rate in the aqueous phase would be 0.75 lbs. 
per day per well.  

The concentrations of total VOCs in the aqueous samples collected after MPE equipment 
ranged between 1,246 µg/L and 1,561 µg/L.  

The concentration of total VOCs in the vapor phase was approximately 64,100 µg/m3 .
Assuming a vapor extraction rate of 120 ACFM per well and continuous operation, the 
mass removal rate in the vapor phase would be 0.69 lbs. per day per well. The following 
VOCs were detected in vapor samples, as shown in order from highest to lowest average 
concentration: 

 benzene with an average concentration of 42,750 micrograms per cubic meter (µg/m3);

 paracymene with an average concentration of 13,334 µg/m3; 

 toluene with an average concentration of 6,800 µg/m3; 

MEK with an average concentration of 1,295 J µg/m3; 

 xylenes (Total) with an average concentration of 645 µg/m3.  

 m,p-xylene with an average concentration of 435 µg/m3; 

 o-xylene with an average concentration of 210 µg/m3; and

 ethylbenzene with an average concentration of 153 J µg/m3. 
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Metals: 

The groundwater samples exhibited iron concentrations ranging between 1,100 µg/L and 4,700 
µg/L and manganese concentrations ranging between 67 µg/L and 230 µg/L.

Hardness, Alkalinity, and Solids 

The groundwater samples had an average hardness of 175 milligrams per liter (mg/L) as calcium 
carbonate (CaCO3), mostly attributable to calcium and magnesium hardness. Groundwater 
samples had an average alkalinity of 112 mg/L as CaCO3 and an average total suspended solids 
(TSS) concentration of 221 mg/L. Typically, waters with hardness above 150 mg/L as CaCO3 are 
classified as very “hard” waters.

Conclusions Related to MPE Feasibility and Design Parameters 

Based on the pilot test results, MPE technology would be feasible, especially addressing treatment 
zones with residual or mobile LNAPL. However, if the extracted water is not hauled offsite to a 
waste water treatment facility, then the MPE system requires a system capable of addressing water 
with high hardness and relatively high iron/manganese concentrations prior to a permitted 
discharge location. Even though LNAPL was not detected in the pilot test area, the key design 
parameters for fluid recovery were obtained during the test. It is observed that an air flow rate of 
38 ACFM was possible at an applied vacuum of up to 11.5 in Hg, when the stinger was placed 
approximately 5 feet below water level (5 feet of exposed screen for vapor recovery). A remedial 
design basis of 2,000 to 4,000 pore volume exchange per year is recommended for the treatment 
of soil vapor in a reasonable timeframe. Assuming an effective porosity of 20%, an exposed screen 
length of 5 feet, and a design air flow rate of 38 ACFM and a radius of influence (ROI) of 20 feet 
would result in approximately 16,000 pore volume exchange per year and provide an effective 
treatment.  The following design parameters are recommended for the full scale design.  

Radius of influence: 20 feet;  

Design air flow rate: 38 ACFM per well (the treatment area may require capping to prevent 
short circuiting of vacuum propagation);  

Well spacing: 40 feet on center; 

Design well head vacuum: up to 12 in Hg; and

Water extraction rate: up to 3.5 gpm per well.
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LIQUID INJECTION FEASABILITY TEST

The injection rate tests were conducted with the purpose of informing a potential EISB or ISCO 
remedy. However, data gained from the tests can inform the design of any potential liquid injection 
systems.

Injection Preparation

The injection rate tests for MPE-OW-01 and MPE-OW-02 were conducted on April 29th and April 
30th, 2020, respectively. The injection equipment consisted of an injection trailer with a 1,100-
gallon polyethene tank, generator, and electrical centrifugal injection pump. Injectate consisted of 
potable water from a fire hydrant onsite, and, in the case of MPE-OW-01, a tracer solution 
consisting of concentrated sodium bromide was added to the batch to create an injected 
concentration of 210 mg/L sodium bromide. A pilot injection notification was provided to the 
Underground Injection Control department at the Georgia Environmental Protection Division.  
Injectate was fed through a totalizing flowmeter and into an injection wellhead affixed with a 
pressure gauge to monitor injection pressure.  

Baseline samples for bromide analysis were collected from MPE-OW-02, MPE-01, MW-23, and 
MW-24 on March 27th, 2020. Background bromide concentrations are generally low, the highest 
observed concentration was 0.93 mg/L at MPE-OW-02, followed by 0.80 mg/L at MPE-01 and 
MW-23, and a non-detect result from MW-24. Background samples were also collected for 
fluorescein dye which were non-detect at all locations. Fluorescein was retained as a potential 
back-up tracer in the event background bromide levels were too high. Bromide was used over 
fluorescein because it is a conservative tracer, readily available, and inexpensive. A concentrated 
250 g/L sodium bromide solution was prepared by SiREM lab in Knoxville, TN and shipped to 
the site. 

Approximately 1-liter of 250 g/L sodium bromide solution was added to the 500-gal batch for 
MPE-OW-01, and a sample collected from the batch tank showed a concentration of 210 mg/L in 
the tank. The injection rate for both wells followed generally the same procedure with three 
primary goals:

evaluate sustainable injection rates at pressures which do not result in surfacing of injectate 
(daylighting); 

evaluate the effect of screen length on observed injection rate; and

evaluate radius of influence (ROI) for potential full scale design. 
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Injection Activity

At MPE-OW-01, injection initially commenced under gravity flow conditions. Totalizer readings 
were recorded on 10 to 20-minute intervals and water level measurements were collected from 
surrounding monitoring wells on 30 minute intervals. When the water level in the injection area 
stabilized from gravity flow (about 6 hours), the injection pump was utilized to increase injection 
pressure to 0.5 psi, 1.0 psi, and finally 2.0 psi. Water levels continued to be monitored in 
surrounding wells during this time and injection ceased when daylighting was observed while 
injecting at 2 psi. The totalizer indicated a total of 497.4 gallons was injected into MPE-OW-01. 

At MPE-OW-02, injection briefly commenced under gravity flow conditions, then injection 
pressure was increased to 0.5 psi for two hours, and then increased again to 1.0 psi for one-and-a-
half hours until daylighting was observed. At that point the injection pump was shut down, and the 
remainder of the batch was injected via gravity flow. Table 3 provides water level measurements 
collected throughout the event, and Table 4 provides the wellhead pressure and totalizer 
measurements.

Injection Monitoring

Field parameters (pH, conductivity, ORP, DO, and temperature) were recorded from the five wells 
in the pilot test area at the start and end of each injection day. Field parameter readings are tabulated 
in Table 5. Samples for bromide analysis were collected from MPE-01, MPE-OW-02, MW-23, 
and MW-24 immediately after wrapping up injection on April 29, 2020 and again in the morning 
of April 30, 2020, before starting the injection test that day. Bromide results at surrounding wells 
following the injection rate test into MPE-OW-01 are presented in the table below:  

Bromide observations at wells placed at varied distances from the injection point were used to 
estimate the injection radius of influence.  Bromide results from the 29th indicate transport from 
MPE-OW-01 to MPE-OW-02, 12 ft away, and potentially MW-24, 22 ft away. The concentration 
of bromide at MPE-OW-01 increased from 0.93 mg/L to 2.6 mg/L, and at MW-24 bromide 

Location 
Approximate 
Distance from 
Injection Well

Background 
(mg/L)

4/29 
End-of-day 

Concentration 
(mg/L)

4/30 
Beginning-of-Day  

Concentration 
(mg/L)

MPE-01 5 0.8 < 0.50 0.97
MPE-OW-02 12 0.93 2.6 < 0.50

MW-24 22 < 0.50 0.52 1.2
MW-23 40 0.8 1.1 < 0.50
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increased from non-detect to 0.52 mg/L. A rainstorm was recorded in the Brunswick, GA area in 
the early morning of April 30, 2020, resulting in 0.26 in of rain on the pilot test area prior to 
collecting the bromide samples on the 30th (www.weatherunderground.com). Infiltration from 
precipitation likely influenced the transport and dilution of bromide in the subsurface due to the 
shallow water table and well-draining sands present. Overnight transport of bromide was not able 
to be determined from the data due to this precipitation event. A good indicator of rainwater 
dilution are the results from MPE-OW-02 where bromide was 2.6 mg/L on the afternoon of the 
29th, but non-detect the following morning. Similar dilution is exhibited at MW-23, from 1.1 mg/L 
on the 29th to non-detect on the 30th. Bromide results from the 29th indicate transport from MPE-
OW-01 radially outward to MPE-OW-02, 12 ft away, and potentially MW-24, 22 ft away. The 
concentration of bromide at MPE-OW-01 increased from 0.93 mg/L to 2.6 mg/L, and at MW-24 
bromide increased from non-detect to 0.52 mg/L.  

Water level changes in response to the injection were used to evaluate the degree to which the 
injectate would mound in the area around the injection well versus spreading out into the aquifer.  
Baseline groundwater elevations within the pilot test area were less than 2-ft bgs. at the start of the 
injection test into MPE-OW-01. Water level monitoring during gravity flow conditions show an 
increase of 0.37 to 0.62-ft throughout the plot. The table below shows observed mounding under 
gravity flow conditions for each observation well and its distance from MPE-OW-01.  

Observation Well MPE-01 MPE-OW-02 MW-24 MW-23

Distance from Injection Well (ft) 5 10 22 40

Maximum Observed Change in 
Groundwater Elevation (ft)

0.62 0.37 0.5 0.33 

The following day, injection commenced at MPE-OW-02 under 0.5 psi which was increased to 1-
psi after two hours and held at 1-psi for two hours.  

The table below displays the average observed flow rates at each injection pressure for both MPE-
OW-01 and MPE-OW-02: 

Injection Well
Date of 

Injection Test

Injection Pressure

0 psi 0.5 psi 1 - 2 psi

MPE-OW-01 4/29/2020 0.87 gpm 1.47 gpm 4.75* gpm

MPE-OW-02 4/30/2020 0.63 gpm 1.50 gpm 1.95** gpm
* daylighting observed and injection ceased after approximately 20-minutes at 2-psi.
** daylighting observed and injection ceased after approximately 1.5 hours at 1-psi.
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Observed flow rates under gravity flow and pressure and generally similar between the two 
locations. The 4.75-gpm observed at ME-OW-01 under 1-psi was the result of injection fluid 
surfacing and is not considered a sustainable injection pressure. The addition of an additional 2-ft 
of injection well screen at MPE-OW-02 did not impart a noticeable increase in the specific capacity 
of the injection well. Furthermore, gravity flow conditions at MPE-OW-02 were tested after 
approximately 400-gallons of injectate, unlike the injection test in MPE-OW-01, so the decreased 
gravity flow rate at MPE-OW-02 compared to MPE-OW-01 may be due to the pressurized 
injection that occurred immediately prior. Gravity flow at MPE-OW-02 had to overcome 
dissipating mounding pressure in addition to natural pore water entry pressure. 

Conclusions Related to Liquid Injection Feasibility and Design Parameters 

Based on the pilot test results, liquid injection of amendments would be feasible under gravity feed
conditions or very low pressure (e.g. 0.5 psi) conditions. Injection under gravity flow conditions 
resulted in relatively low groundwater mounding (0.33 – 0.67 ft) throughout the pilot, and no 
daylighting was observed. Under pressurized injection conditions, daylighting of injectate was 
observed when pressures were increased to 1 psi in one of the test wells and 2 psi in the other test 
well.  In addition to monitoring injection pressure and mounding, ROI was evaluated by injecting 
bromide as a conservative tracer. The following design parameters are recommended for the full 
scale design.  

Observed ROI was up to 22 ft.; however, closer well spacing to provide overlapping ROIs 
can be used to mitigate the potential for daylighting if the design volume per well requires 
long-term injection.

Design injection pressure: Gravity feed (0 psi) up to 0.5 psi.  Up to 1 psi may be possible 
based on observations at one of the two wells used during this pilot injection. 

Design injection flowrate: gravity feed at 0.75 gpm (average of MPE-OW-01 and MPE-
OW-02 flowrates) or low pressure (0.5 - 1 psi) at 1.5 gpm.  These are initial injection flow 
rates, and injection flow rates can slow down over the course of an injection event.

Injection well screens: injection well screens from 2 – 12 feet below ground surface were 
used successfully in this injection test.  Future remedial designs could also provide varied 
well screen depths and presume deeper placement of the top of the well screen would result 
in the ability to apply some degree of additional injection pressure.   
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Groundwater level should be monitored closely during full scale injection because the 
superposition of multiple wells receiving injectate at once could result in unacceptable mounding 
or surfacing of groundwater. Injections must cease if surfacing is observed to allow the treatment 
area to recover to pre-injection groundwater levels. Sequencing the distribution of injectate so that 
adjacent injection wells are not receiving fluid at the same time will reduce mounding potential. 
Injection wells MPE-OW-01 and MPE-OW-02 were installed via hollow-stem auger and 
performed well during the test; however, the drilling team reported some difficulty during 
installation due to the loose, sandy conditions. The low clay and high sand content of the formation 
may allow for alternative, less intrusive drilling methods – such as direct push technology (DPT) 
- to be utilized.

Attachments: Table 1 – Summary of Groundwater Analytical Results
Table 2 – Summary of Vapor Analytical Results 
Table 3 – Injection Rate Test – Water Level Measurements
Table 4 – Injection Rate Test – Injection Pressure and Totalizer Readings 
Table 5 – Injection Rate Test – Field Parameters

Figure 1 – Site Location – SGW-23 Area 
Figure 2 – MPE Pilot and Injection Rate Test Well Layout
Figure 3 – Depth to Water Changes in the Observation Wells During MPE 

Test

Attachment A: Boring Logs and Well Construction Details 
Attachment B: MPE Contractor Field Report  
Attachment C: Summary of MPE Pilot Test Measurements
Attachment D: Analytical Laboratory Reports

* * * *
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May 14, 2020

Ali Ciblak
Geosyntec Consultants, Inc 
1255 Roberts Boulevard, Suite 200
Kennesaw, Georgia 30144

Subject:
Two Day High-Vacuum Remediation Pilot Study
Hercules Pinova Facility
2801 Cook Street
Brunswick, Georgia
Fruits Project: GA20-9074

Dear Mr. Ciblak: 

Fruits & Associates, Inc. is pleased to provide this summary of the High-Vacuum Remediation event that was conducted on 
April 27th, 2020 at the above referenced facility. Below is a summary of both the technology as well as the results of the 
actual event.

Technology: 

High-Vacuum Remediation (HVR) involves the extraction of subsurface vapors and liquids via a monitoring 
well or recovery well. This is accomplished by applying high levels of vacuum pressure to the extraction point.  
To eliminate mounding of the water table, a drop tube (commonly known as a stinger) is inserted in the well to
the static water level depth. The applied vacuum and airflow extracted from the well is pulled through this drop 
tube. As the water table attempts to mound due to the application of vacuum, the liquids are “slurped” through 
this drop tube. This slurping effectively maintains the static conditions of the water table while the elevated 
vacuum is applied to the well during the event. In order to minimize any change to the current smear zone 
associated with the site, seasonal water level data is analyzed. Once the extraction process is underway, the 
inlet of the stinger assembly is slowly lowered to the maximum historical water level observed for each 
extraction well. This draw down (one to ten feet below the static water level) depresses the water table and 
creates a cone of influence, which maximizes the efficiency of the high vacuum process.

Occasionally, fresh air (5 to 25 CFM) is introduced at the well surface to increase the airflow and enhance the 
liquid removal rate. In order to accurately record the actual removal rate from the well, an airflow gauge is 
mounted on the well head to measure the amount of fresh air that is introduced. This extra fresh air is 
subtracted from the total flow calculated for each extraction well. Additionally, two vacuum gauges are 
installed; one on the stinger assembly (well head vacuum), and one on the well casing (influence vacuum). If 
fresh air is introduced at the well head, the influence vacuum reading will be artificially lower than the actual 
applied vacuum because the inlet for fresh air is adjacent to this vacuum gauge port. The setup and piping 
configurations are shown in Figure #1. 

During the extraction process, the combined air and liquids are transferred to the mobile treatment system 
where the liquids are separated with a liquid scrubber / knockout system and discharged into a storage tank 
for future disposal. The hydrocarbon vapors are transferred to the off-gas treatment system and are 
incinerated in a forced air Thermal Oxidation (ThOx) unit at 1500 degrees Fahrenheit. After thorough
destruction of the contaminants in the air stream, the clean air is discharged into the atmosphere. A complete 
flow diagram of this process is shown in Figure #2.
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Calculations:

During the HVR event, two measurements are taken, of both the influent and effluent flow rates, the 
concentrations of the vapors removed (before off-gas treatment), and the off-gas treatment system 
concentrations. These measurements are used to calculate the removal rates and the off-gas emission rates.
The flow rates were measured using a Dwyer DS-300 Pitot tube attached to a differential pressure gauge.
These flow rate measurements are reported in Actual Cubic Feet per Minute (ACFM).  Before each event, 
these flow assemblies are calibrated to insure an accurate flow measurement. A separate flow rate is 
calculated for each influent well (if more than one well is connected), as well as for any additional fresh air 
that is introduced into the influent stream. The individual flow rates are combined to achieve the total flow and 
velocity derived from the extraction points. Because of the extremely high concentrations involved with a High 
Vacuum event, additional quench air (0 to 2,000 SCFM) is added to the vapor stream, just before entering the 
ThOx unit. An additional Pitot tube assembly is installed at the inlet of the ThOx unit and is used to measure 
the total flow. Combined with the off-gas concentration readings, this total flow rate is used to calculate the 
destruction efficiency of the system.

The concentration measurements are taken using a TVA-1000A FID instrument calibrated to methane. For 
comparison purposes, the removal rates are calculated in total carbon, as well as total hydrocarbons. This 
FID instrument has a dynamic range of 0-50,000 PPM as methane, 0-100,000 PPM as hydrocarbon. Our 
concentration samples are collected before any additional bleed or quench air is added to the extracted flow 
rate. These undiluted concentration measurements exceed the dynamic range of any FID instrument. In order 
to accurately record the high concentrations observed during a HVR event, a calibrated 10:1 dilution valve is 
used to cut the sample. This dilution valve, along with the FID instrument, is calibrated before the start of each 
event.

In order to eliminate the naturally occurring methane that is present during a typical HVR event, each 
concentration sample is measured twice. The first sample is collected directly from the system, and recorded 
as the total VOC concentration. The second sample is collected using an in-line activated carbon filter, which 
adsorbs the hydrocarbon compounds leaving only methane present in the sample to be measured. This 
methane only result is then subtracted from the total VOC concentration measurement (first sample), resulting 
in a Non Methane Organic Compound (NMOC) concentration. This NMOC concentration is used in the mass 
removal calculations. However, as with any FID instrument, the NMOC results are recorded as parts per 
million by volume (PPMv) as if the concentrations were methane. A conversion from methane to a 
hydrocarbon and from a volume to a weight is necessary to calculate an accurate mass removal rate. Using 
the NMOC concentration results and the TVA-1000’s factory certified response ratio for hydrocarbons, the 
NMOC results are converted to equivalent hydrocarbon mg/Ls. A TVA-1000 FID has an average response 
ratio of 600 PPMv per mg/L of unleaded gasoline and 200 PPMv per mg/L of diesel. Summaries of these 
calculations are shown in Figure #3. 

Results:

Phase Separated Hydrocarbon (PSH) was not detected in any monitoring wells prior to performing the event 
(well locations are shown in Figure #4). Once static water levels were established, during the course of the 
event the system was connected to MPE-1. At each of the extraction points a stinger was located at the static 
fluid levels, and once the ThOx unit’s normal operating temperature was reached, the inlet flow valve was 
opened for this well. Once the PSH was removed from the extraction well (if any), the stinger assembly was
lowered into the static fluid level approximately 0 to 6 feet, creating a cone of influence. 

During the first HVR event, the average ACFM was calculated at 24.49 for MPE-1, with an additional 5.00
ACFM recorded at the fresh air breather port. The fresh air breather port is used during an event to enhance 
the volatilization and fluid recovery rates from the monitoring wells. A summary of the recovered flow rates are 
shown in Figure # 5. The combined total airflow from the extraction well and breather port averaged 28.81
ACFM.

During the second HVR event, the average ACFM was calculated at 88.92 for MPE-1, with an additional 5.00 
ACFM recorded at the fresh air breather port. The fresh air breather port is used during an event to enhance 
the volatilization and fluid recovery rates from the monitoring wells. A summary of the recovered flow rates are 
shown in Figure # 5. The combined total airflow from the extraction well and breather port averaged 93.92
ACFM.
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Throughout the event, air concentration measurements were recorded periodically from both the influent and 
effluent sample ports. The concentration results were entered into the HVR field monitoring log (Attachment 
A) and during the event, 0.65 pounds of carbon was removed (2.19 pounds of hydrocarbon, 0.35 equivalent 
gallons of gasoline). Additionally, 3.87 pounds of methane was removed and incinerated during the event. A
summary of the total equivalent hydrocarbon recovery rate is shown in Figure #6. The total off-gas discharge 
(to the atmosphere) was 0.01948 pounds of carbon (0.06501 pounds of hydrocarbon), thus yielding a 92.34% 
destruction rate for the ThOx unit. Induced vacuum readings (in inches of water column) were recorded in this 
event (See Attachment A for results).

Once the HVR event was complete, a second round of water level measurements was recorded in which the 
results are shown in Attachment A. After the event, there were no levels of PSH recorded in any of the 
associated monitoring wells. During the event, 1,413 gallons of petroleum contacted water (PCW) was 
removed and collected in a holding tank onsite.

Sincerely,

Fruits & Associates, Inc.

John M. Fruits
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