
October 5, 2024

Client’s Name
Company
Address 1
Address 2
City, State, Zip

Subject:
24.0 Hour High-Vacuum Remediation Event
A Typical Service Station
12345 Main Street
Somewhere in, GA
Fruits Project: GA24-XXXXX

Dear Client’s Name:

Fruits & Associates, Inc. is pleased to provide this summary of the High-Vacuum Remediation event that was conducted on 
July 9th, 2024 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 detected in monitoring wells MW-2 (0.50 feet), MW-3 (0.02 feet) and 
MW-7 (0.31 feet) prior to performing the event (well locations are shown in Figure #4). Once static water levels 
were established, the system was connected to MW-7, MW-3 and MW-2. 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 these wells. Once the PSH was removed from the extraction wells, 
the stinger assemblies were lowered into the static fluid level approximately 3 feet, creating a cone of influence.  

During the 24.0 Hour HVR event, the average ACFM was calculated at 39.91 for MW-7, 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. Additionally, 46.77 ACFM was calculated 
for MW-3 with 5.00 ACFM recorded at the fresh air breather port and 34.35 ACFM was calculated for MW-2 
with 5.00 ACFM recorded at the fresh air breather port. A summary of the recovered flow rates are shown in 
Figure # 5. The combined total airflow from the extraction wells and breather ports averaged 136.03 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, 182.34 pounds of carbon was removed (916.58 pounds of hydrocarbon, 148.79 equivalent 
gallons of gasoline). Additionally, 12.62 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 0.02953 pounds of carbon (0.09854 pounds of hydrocarbon), thus yielding a 99.99% 
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, 3,300 gallons of petroleum contacted water (PCW) was removed 
and collected in a holding tank on the system and later disposed of at Shamrock Environmental (Formerly: 
Aqua Terra Recycling) located in Oxford, Georgia. Fruits and Associates, Inc. provided transportation of the 
PCW.  Copies of the manifested waste transportation and disposal tickets are included in Attachment B. 

 

 

 

Sincerely, 

Fruits & Associates, Inc. 

John M. Fruits 
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Invoice Number 389142

Invoice Date July 29, 2024

Contract

Project 24-WDO-24-0011

Page 1 of 1
Fruits & Associates, Inc.

500 North Point Parkway, Suite A

Acworth, GA 30102

Terms:

Customer ID:

Net 30 Days

17100258

Manager

Salesperson In-House

Current

Amount

Unit of

RateMeasure

Current

Qty

Waste Disposal

Date of Service 07/12/2024

3,300.00 GALLON 0.220 726.00Petroleum Contact Water, Manifest Id: 13145

 726.00 0.080 58.08Environmental Recovery Fee

Invoice Total 784.08

Biller: Approved By:

Please remit payment to our new remittance address :

Dept #330

PO Box 1431

Charlotte, NC  28201

If you would like to sign up to pay via ACH please contact:

Shamrock AR Department and/or your CSR

receivables@shamrockenviro.com

336-375-1989

Terms: Payment not received within 30 days

is subject to a finance charge of

11/2% per month or fraction thereof.

6106 Corporate Park Dr. Browns Summitt, NC 27214 336-375-1989 

800-881-1098 Fax 336-375-1801

Supporting Documents Attached
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