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SECTIONONE

Introduction

URS Corporation (URS), on behalf of SOPUS, designed an SVE system, Conceptual\ Final
Design Report (SOPUS 2011) along the west fence line area of the Wood River Refinery (WRR)
Figure 1. The system was constructed in the Fall of 2011 and became operational in January
2012. The SVE system utilizes 34 extraction wells (25 wells at the WRR site, 3 wells in the
Village, and 6 wells at the Public Works site) plumbed through six independently valve lines or
legs. The piping leads to the treatment equipment, which consists of a vapor extraction blower,
two vapor liquid separators (VLS’) with associated aboveground storage tanks (ASTs), a
regenerative thermal oxidizer (RTO), and a control room. Additional information is available in
the SVE System Construction Completion Report, dated May 30, 2012 (SOPUS 2012) and the
SVE System Construction Completion Report Addendum, dated February 14, 2013.
This Air Sparging and Soil Vapor Extraction (AS/SVE) Pilot Test Work Plan is being prepared
to evaluate the viability of adding air sparging (AS) to enhance the performance of the existing
SVE system in the vicinity of East 4th Street and Chaffer Street. The pilot test will be performed
on properties owned by SOPUS, west of the intersection of Fourth Street and Chaffer Street, as
shown on Figure 21.
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SOPUS purchased the properties at 147, 147 and 150 E. 4th Street, and removed the structures in November and
December 2012.
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The subsurface conditions underlying the pilot test area generally consist of two primary strata, a
layer of silty clay that grade out to sandy clay that is approximately seven feet thick, underlain by
silty sands and fine to medium grain sands to the depths explored in the area (approximately 70
feet below ground surface (bgs)). There are relatively thin discontinuous intervals of finergrained material (e.g., silts and clays) between approximately 22 to 24 feet bgs and 35 to 40 feet
bgs (based on existing CPT/ROST-8). On January 31, 2013, URS (on behalf of SOPUS)
submitted a plan to collect additional subsurface information at the subject properties. The scope
of work included Cone Penetration Testing (CPT) and Laser Induced Fluorescence (e.g., Rapid
Optical Screening Tool (ROSTTM)) to provide continuous vertical characterization of
stratigraphy and petroleum hydrocarbon distribution (SOPUS 2013). This information is
summarized in this work plan and has been integrated with previously collected data to refine the
conceptual model and design for possible application of air sparge at these properties.
CPT/ROST Procedures
ROSTTM and CPT borings were advanced to obtain additional information on the potential
presence of residual hydrocarbons in the subsurface and to help characterize the geology of the
pilot test area. FUGRO Consultants, Inc. (Fugro), under contract with URS advanced 12 CPT
Borings (ROST-31 through ROST-42) beneath the three parcels during May 2013. The probes
were completed to depths ranging from approximately 70 to 72 feet bgs.
The field investigation was performed in accordance with the ROST Assessment Plan submitted
to the IEPA on January 31, 2013. In addition, applicable URS standard operating procedures,
and SOPUS’ protocols were followed. The CPT/ROST investigation was conducted between
May 6 and May 10.
The following firms supported URS on this field work:


FUGRO Consultants, Inc. of Houston, Texas – CPT and ROSTTM probing services.



Roberts Environmental Drilling Inc. (REDI), of Millstadt, Illinois – borehole clearing

Figure 3 shows the CPT/ROST investigation locations.
Health and Safety during the field activities was governed by the Health and Safety Plan
prepared for the Rapid Optical Screening Tool Assessment 146, 147 and 150 E. 4th Street
Roxana, Illinois, January 31, 2013.
Field activities for this investigation were conducted on SOPUS owned property. Prior to the
start of work, investigation locations were marked in the field (e.g., spray paint, stakes). A utility
locate was arranged using Illinois’ Joint Utility Locating Information for Excavators (JULIE)
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service. All utilities were documented to have been disconnected at the main lines in the streets
and alleys prior to entering the properties. As a precaution, URS contracted REDI to clear
proposed investigation areas for potential subsurface utilities by utilizing ground penetrating
radar and electromagnetic utility locating equipment. Borehole clearance activities using an air
knife and vacuum truck were not required. IEPA personnel visited the site during this scope of
work to observe and document the field activities.
CPT probes were completed in accordance with ASTM D-5778-07 by hydraulically pushing a
cone, equipped with a pore pressure transducer, through the soil at a rate of 2 cm/sec. The cone
has a tip cross sectional area of 15 cm2 and a friction sleeve area of 200 cm2. Measurements of
resistance to penetration, sleeve friction and pore pressure were recorded once per second during
advancement of each boring. These measurements provided soil property data, which were
converted to a stratigraphic profile for each boring. The report for the CPT probes including
CPT logs, and additional information on this technology are presented in Appendix A.
The ROSTTM technology was advanced at the same time as the CPT technology. ROSTTM
utilizes a laser-induced fluorescence sensor, which consists of a small diameter sapphire window
mounted flush with the side of a CPT probe. The down-hole ROSTTM sensor uses the standard
CPT technology described above. As the ROSTTM sensor is advanced, the laser transmits pulses
of light to the sensor through a fiber optic cable connected to the sapphire window. The pulsed
light causes petroleum hydrocarbons in the soil to fluoresce, and the fluorescence signal travels
through a second cable to a detection system in the CPT rig. Relative concentration and a
spectral product fingerprint are presented continuously in real-time. Since fluorescence intensity
is proportional to petroleum hydrocarbon concentration, ROSTTM technology can effectively
delineate the extent of affected soils. A reference solution was placed on the sapphire window
prior to each location as a quality control check to make sure the system’s performance was
within specification and to allow for normalization of the data from the various test locations
(e.g., laser power, operating conditions, etc.). Refer to the report in Appendix A for additional
information.
Upon completion, each probe hole was backfilled with granular bentonite poured from the
surface or with high solids bentonite grout via the tremmie method. Locations of CPT/ROST
probes were measured from surveyed landmarks and the figures presented in this work plan are
approximate. The locations and elevations will be surveyed after the wells are installed for the
pilot test.
During the ROSTTM/CPT activities, equipment was decontaminated by wiping down the cone
and rods with alconox and distilled water soaked paper towels. Other than paper towels and
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gloves that were managed as municipal waste, no investigation-derived waste (IDW) (e.g., purge
water, soil cuttings, etc.) was produced during these activities.
Summary of CPT/ROST Findings
The CPT logs and results of the ROSTTM probes (in % fluorescence) are provided in Appendix
A with additional information on this technology. Soils encountered in the CPT probe holes
consisted of clay and silt fill material, reworked native soil to a depth of approximately 7 to 8
feet. This material transitioned into silty sand and sand. A thin layer of clay and/or silt was
encountered at about 20 feet bgs in a few of the northern CPT locations (ROST 32, 34, 35, 36).
This is similar to observations of previous investigations performed north of the alley and near
third street. Additional thin silty layers were encountered between 30 and 40 feet bgs in seven
of the twelve CPT locations. Groundwater was encountered between 40 and 45 feet bgs, based
on pore pressure readings in the Cone. This is consistent with groundwater levels observed in
nearby monitoring wells.
ROST response is measured in percent fluorescence. Ten of the twelve ROST locations had
maximum fluorescence ranging from 3% to 10%, which indicate minor amounts of residual
hydrocarbon. Four locations had maximum fluorescence greater than 10%. ROST 32 had 84%
maximum fluorescence at 31 feet bgs. This did not correlate with fine grained layers or perched
water. ROST 37 had 79% at a depth of 39 feet bgs. The higher fluorescence at ROST 37 was
approximately two feet below a silty or clayey silt layer. Groundwater was encountered in this
borehole at approximately 42 feet bgs.
CPT and ROST data were input into Environmental Visualization System (EVS) software. EVS
builds three-dimensional visualization of the soils based on the CPT data and the estimate of the
residual hydrocarbon distribution based on ROST responses above 2 % fluorescence. A model
of the 2% fluorescence was used to show residual hydrocarbon concentrations beneath the water
table. This information was used for locating the Air Sparging (AS), Soil Vapor Extraction
(SVE), Vapor Monitoring Points (VMPs), and Observation Wells (OWs) for the pilot test.
Oblique and profile views of the EVS models are presented on Figures 4 and 5.
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There are currently three SVE wells in the proposed pilot test area, SVE-3, SVE-4, and SVE-25.
SVE-3 and SVE-4 are screened from 5 feet to 10 feet bgs. SVE-25 is screened from 10 feet to 25
feet bgs. These wells are located in 4th Street, just west of the intersection of 4th and Chaffer St
(Figure 3). Wells SVE 25 and SVE-3 (modified as described below) will be operated
individually and then together in order to assess the most effective removal of sparge air and soil
vapors. .
This section describes the planned pilot test protocols.
Air Sparging, Soil Vapor Extraction, Vapor Monitoring Points, and Observation Wells
The following wells and monitoring points will be installed for this test:


Air Sparging Well AS-1



Vapor Monitoring Point (VMP) VMP-56



Observation Wells OW-1, OW-2, and OW-3.

In addition, the existing soil vapor extraction well SVE-3 will be over drilled and modified with
a deeper (30-40 feet bgs) screen interval. The rationale for this planned modification is based on
screening results from nearby VMP wells that show only minor concentrations of petroleum
hydrocarbon vapors at the shallower depths. The soil vapor extraction well SVE-4, which has a
screen interval of 5-10 feet bgs and the shallow sample port of the newly installed VMP-56 will
be used to monitor soil vapors in the shallow vadose zone during the pilot test. If soil vapor
extraction is required at the shallow depths during the test, SVE 4 can also be opened. The
proposed approximate locations of the AS well, SVE wells, VMP, and observation wells are
provided on Figure 3 and shown schematically on Figure 6.
Prior to installing the AS well, soil samples will be continuously collected using a direct-push or
hollow-stem auger rig to evaluate the lithology for the entire depth of the boring. Up to three
soil samples will be collected from the boring for analysis of VOCs. Samples will be collected
from intervals exhibiting the greatest apparent impact based on field observations. The AS well
will be constructed of 2-inch diameter PVC with 2 feet of 0.010-inch slotted well screen. A
granular filter pack will extend to approximately 1-foot above the top of the screen followed by a
fine sand seal. A three foot thick bentonite chip seal will be installed immediately above the
sand pack and the remaining annular space will be filled with a cement bentonite grout to
approximately 3feet bgs. The termination of the bentonite grout at 3 feet bgs is so that the AS
well can be attached to underground piping should AS be added to the remediation system in the
future. The base of the screen for the AS well will be set at a depth of approximately 52 feet bgs.
The depth of the AS well is based on the observations at ROST 37.
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Well SVE-3R will be modified with the screen installed below the depth at which SVE-25 is
screened in order to target vapor removal from the lower vadose zone. This SVE well will be
modified by using a hollow-stem auger to over drill SVE 3, remove the casing, screen, and sand
pack. The hollow stem auger will be used drill to a depth of approximately 40 feet bgs. The
SVE well will consist of 4-inch diameter PVC with a granular filter pack that will extend to
approximately 2 feet above the top of a 10-foot long, 0.010-inch slotted screen. The screen
interval will be placed above and below fine grained soil observed at approximately 38 feet in
ROST 37. The actual screen interval will be based on observations and the soil encountered in
the bore hole for the well. A 2- foot thick bentonite chip seal will be installed immediately
above the sand pack and the remaining annular space will be filled with a cement bentonite grout
to within one foot of the floor of the vault. The well will be completed at the floor of the vault
with one-foot of concrete The SVE line going to the RTO vapor treatment equipment will be
reconnected upon completion of the well.
An additional VMP will be installed to monitor the vacuum at various depths throughout the
pilot test. VMP-56 will be installed northwest of SVE-3R and SVE- 25. The VMP will have
three, 6-inch long stainless steel well screens (ports). The individual ports will be set at a depth
of approximately 10 feet bgs, 25 feet bgs, , and 40 feet bgs. The VMP will be constructed
following previously approved procedures. The actual depths may be adjusted in the field based
on observations and soil encountered.
Observation wells OW-1, OW-2, and OW-3 will be installed to serve as groundwater
observation points during the pilot test. The groundwater observation wells will be installed
using a direct-push or hollow-stem auger rig. Each observation well will consist of a 2-inch
diameter schedule 40 PVC casing with 10 feet of 2-inch diameter 0.010-inch schedule 40 PVC
slotted well screen from approximately 41 to 51 feet bgs. The granular filter pack will extend to
approximately 1-foot above the top of the screen. A 2-foot thick bentonite chip seal will be
installed immediately above the sand pack and the remaining annular space will be filled with a
cement bentonite grout to the ground surface and completed at the surface with a flush-mounted
protective cover. The screen will be installed with approximately 9 feet of screen below the
water table and 1 foot above it.
Soil Vapor Extraction Wells
The existing SVE wells SVE-25 and modified well SVE-3R will be utilized during the pilot test.
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Vapor Monitoring Points
Existing VMPs in the area (e.g., VMP-43, VMP-31) and proposed VMP-56 will be used during
the pilot test.
Air Sparging and Observation Well Sampling
Prior to and approximately a week after the pilot test, groundwater samples will be collected
from the observation wells and well MW-17, which is located in Chaffer Street. Groundwater
samples will be collected in accordance with URS/SOPUS approved standard operating
procedures.
AS/SVE Pilot Test Equipment
Test equipment used during the pilot test will be rented from a qualified vendor and include the
following:


A compressor capable of at least 100 cfm at 50 psi with an oil coalescing filter.



VMP wellhead connections that allow for vacuum and pressure monitoring.



Observation well head connections that allow for vacuum, pressure, and water level
monitoring.



Magnehelic vacuum gauges for vacuum, pressure, and air flow monitoring.



Flow meters to measure air flow rates.



A helium tracer system with a helium injector pump equipped with a flowmeter, pressure
gauge, and metering valve.



Miscellaneous ancillary equipment including but not limited to health and safety
monitoring equipment, water level meters, air sampling and monitoring equipment,
helium monitoring equipment, and flow meters.

Pre-AS/SVE Pilot Test
A preliminary helium tracer test will be performed in the newly installed VMP-56 and the
modified SVE-3R prior to the actual pilot test. This will provide data on air flow pathways for
the SVE portion of the test. The test will be completed by filling tedlar bags with 5 ml of helium
and injecting the contents of each into the 25 and 40 foot bgs ports of the VMP. SVE 25 will be
operated in soil vapor extraction mode and the extracted soil vapor sampled for helium. SVE 3R
will be operated and extracted vapor will be similarly sampled for helium. The helium detector
will be connected to the sample port on the SVE wells through a pump in order to overcome
back pressure in the SVE line.
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The existing SVE system will provide vacuum to the extraction wells and will be used for vapor
recovery and treatment. It is anticipated that the current SVE system will be able to handle the
vapor concentrations expected during the test. Additional wells on the blue line of the SVE
System will be closed in order target the vacuum for AS/SVE pilot test area Wells, SVE- 4, 10,
11, and 12 will be closed for the duration of the test. Wells SVE-3R and 25 will be closed when
not in use for the test. An optional AS/SVE trailer, that would include an appropriately sized air
sparge compressor, a vacuum blower, and vapor liquid separator, may be used during the pilot
test to assure constant vacuum rates. If the AS/SVE trailer is used, it will be connected to the
existing SVE system. Therefore, no vapor treatment equipment will be used on the AS/SVE
trailer.
Baseline vacuum readings will be recorded for the SVE, VMP and OW wells prior to beginning
the test. SVE flow rate will be measured with an in line pitot tube and recorded. Static baseline
groundwater elevations in OW wells will also be recorded.
SVE Pilot Test Procedures
Day 1 of the pilot test will consist of SVE operation only. SVE-3R, and SVE-25, will be used
for soil vapor extraction. Testing will proceed from deep to shallow SVE wells.
The test will begin by running the unit at approximately 10 inches of water (IN-H2O). The
vacuum will be increased in approximately 10-inch increments (e.g., 10″, 20″, 30″, etc.). It is
anticipated that there will be three to four steps but the applied vacuum is subject to change in
order to evaluate the flow processes within the vadose zone. Each step will be operated for
approximately ½ hour or until a point where the vacuum in the surrounding observation wells
and VMPs equalize. Vacuum measurements will be collected at the extraction well, each
observation well, and nearby VMPs. Once the testing is completed at SVE-3R, the same step
process will be conducted at SVE-25.
Upon completion of the individual tests the SVE wells will be operated simultaneously. The
operating format will be similar as described in the previous paragraph.
Based on the results of the preliminary helium tracer test performed in the VMP well and the
SVE only portion of the test it will be determined, whether SVE-3R and/or SVE-25 will be used
for soil vapor extraction during the combined AS/SVE portion of the pilot test. The results of the
SVE only portion of the test will also be used to determine the optimum wellhead vacuum and
air flow rate that the SVE system will be set at during the combined AS/SVE portion of the test.
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Data Collection
Measurements will be documented on the Pilot Test Field Data Forms provided in Appendix B.
The vacuum readings in the surrounding observation wells are expected to stabilize within the
first ½ hour of each increase in well head vacuum. Data will be collected prior to initiation of
the test, 15 and 30 minutes after each step increase followed by every 30 minutes thereafter.
Prior to shutting down the system at the end of Day 1, a Tedlar bag sample and summa canister
sample will be collected from the SVE system in the configuration that will be used during the
AS portion of the test to determine VOC concentrations. Air analytical results will be utilized to
determine mass removal rates. Additionally, vapor samples will be collected in tedlar bags from
a sample port throughout the pilot test and monitored utilizing a photoionization detector (PID).
AS/SVE Pilot Test Procedures
On Day 2 of the pilot test, AS-1 will be operated at a low air flow rate of approximately 1 cfm to
3 cfm. The actual air flow rate will be determined based on field observations. AS-1 and SVE3R and/or SVE-25 will run simultaneously for this pilot test. Calculations for the minimum
breakout and maximum air pressure allowable at the air sparging well AS-1 are included in
Appendix B.
The air flow rate for the AS compressor on Day 3 for the pilot test will be initiated at 5 cfm
followed by an increase to 10 cfm. Based on URS’ experience, it is anticipated that each step of
the test will be operated for approximately four to five hours as this is typically the range in
which the mounding subsides and pseudo equilibrium is achieved in fine to medium grained
sands. These air flow rates may be altered based on the response of the aquifer. If the maximum
allowable injection pressure is exceeded for the AS compressor at any time, the compressor will
be shut down manually.
Data Collection
On Day 2 or Day 3, depending on selection of the optimum AS and SVE flow, a helium tracer
will be incorporated into the air stream of the AS compressor. Two valve sample ports will be
installed on the SVE line. The first port will be used for injection of helium to establish the
maximum recoverable helium as a baseline. The second port will be used for helium recovery.
A flow and pressure gauge will be used to meter helium injection rates. A helium detector will
be used in the SVE influent line to measure recovery. The maximum helium recovery will be
calculated. The injection rates will be adjusted to achieve a 1 to 2% v/v concentration. Helium
injection in the AS well will begin after vacuum readings in OW-1, OW-2 and OW-3 have
stabilized. During the helium tracer the SVE influent air stream will be monitored continuously.
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Helium in the SVE piping will be plotted over time starting with the initial injection in the AS
well and ending after non-detectable helium readings have been observed for 30 minutes.
Helium tracer procedures will follow those presented in the guidance SVE Recovery-Helium
Tracer Testing Guidance (Quick Ref) developed by Shell.
The following data will be collected every 15 minutes for the first 30 minutes of each step
increase followed by every 30 minutes, if applicable:


Pressure/vacuum and helium readings at the wellheads of the SVE, AS, VMPs and
observation wells.



Groundwater elevations during pilot study operation.



Air flow rate, including the air flow stream temperature and pressure at the location of the
air flow rate measurement to accurately convert the rate to standard temperature and
pressure.



Visual observations.



Dissolved oxygen in groundwater.



Volume of groundwater recovered during the pilot test.

Soil vapor samples (stainless steel (summa) canisters) will be collected at the end of each day
from the SVE well used.
Water may be recovered during the pilot test either as liquid water or condensate. Recovered
water will be removed from the vapor stream in the SVE system knockout tank and storage tank,
and managed in accordance with current protocols for the SVE system.
Activities associated with pilot testing will be conducted as described in this plan, and in
accordance with procedures previously used for Roxana/West Fence Line investigations, and
URS Standard Operating Procedures (SOPs)/guidelines and SOPUS guidelines.
Health and Safety
Health and Safety during the pilot tests and investigation activities will be governed by a health
and safety plan developed for this work.
Prior to beginning site work and at the start of work each day, a daily safety meeting will be
held. The purpose of this meeting is to discuss the day’s planned activities and to address any
potential health and safety concerns. As a part of the daily safety meeting, job safety analyses
(JSAs) will be reviewed to address task specific safety concerns.
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URS field personnel will be wearing U.S. Environmental Protection Agency (USEPA) modified
Level D personal protective equipment (PPE), which include a hard hat, steel-toed boots, safety
glasses, etc.
A photoionization detector (PID) with a 10.6 electron volt (eV) lamp, combustible gas indicator
(CGI), and a benzene-specific compound air monitor will be used during the field activities to
monitor air quality. Field instruments will be calibrated prior to use each day in accordance with
the manufacturer's specifications.
Decontamination
Field personnel and equipment will incorporate decontamination procedures to ensure the health
and safety of those present, to maintain sample integrity, and to minimize cross contamination.
Sampling equipment (e.g., groundwater pump) will be decontaminated prior to the collection of
each analytical sample, between sample locations, and prior to leaving the investigation site by
washing with LiquiNox® and a distilled water rinse. Interface probes will be decontaminated
using isopropyl alcohol. Personnel and small equipment decontamination will be performed at
the sample locations.
Investigation Derived Waste
Investigative derived waste (IDW), such as soil cuttings, purge water and decontamination water
generated during groundwater sampling activities will be collected, stored and disposed of in
accordance with applicable regulations. Soil cuttings will be stored in a covered container (e.g.
cubic yard box) and appropriately staged prior to disposal. Expendable materials (e.g.,
disposable sampling equipment such as gloves and tubing) will be collected in trash bags and
disposed as municipal waste.
Decontamination fluids and purge water from air sparging, observation, and monitoring wells
located at the each of the pilot test sites will be staged in 55-gallon steel drums for proper
disposal. Characterization sampling will be performed, if necessary.

3-7

SECTIONTHREE

Scope of Work

Groundwater Gauging and Sampling
AS and observation well samples will be collected via low-flow groundwater purging and
previously approved sampling procedures. Prior to groundwater monitoring well sampling, the
initial water level will be measured and recorded on field forms. AS and observation wells will
be purged and sampled using a stainless steel submersible pump with designated polyethylene
tubing2. Groundwater samples will be collected for analysis of VOCs via USEPA Method
8260B. Samples will be collected in laboratory-supplied containers and labeled in the field.
Sample information will be recorded on a chain of custody (COC) form at the time of collection.
The sample identification data (ID) format is “well ID-ROX-date”. Upon collection and
labeling, sample containers will be immediately placed inside an iced cooler, packed in such a
way as to help prevent breakage and maintain inside temperature at or below 4oC. The samples
will then be delivered via overnight courier, under the proper COC documentation, to Accutest
Laboratories in Marlborough, Massachusetts.
Soil Vapor Sampling
Soil vapor samples will be collected using tedlar bags and stainless steel (summa) canisters using
similar procedures used for sample collection with the SVE system. The tedlar bag samples will
be screened for petroleum hydrocarbons using a flame ionization detector (FID)/photo ionization
detector (PID). The summa canister samples will be analyzed for the USEPA method TO-15
VOCs and ASTM-D-1946 constituents established for the project. The samples will be delivered
under COC documentation to Eurofins/Air Toxics Laboratory in Folsom, California.
Permitting
The air sparge well is considered to be a Class V Injection well under the IEPA’s Underground
Injection Control (UIC) program. URS will prepare the necessary notification and well
inventory for submittal.

2

Designated tubing is stored in a sealed bag designated for the particular well between sampling events.
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The Pilot Test process is expected to take approximately five months. A project schedule is
shown below.
The information derived from the pilot test will be incorporated into a report for submittal to
IEPA. The report will include a summary of the pilot test procedures and results.
SCHEDULE
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APPENDIXB

Air Sparging Minimum and Maximum
Pressure Calculations and Pilot Test Field Forms

MINIMUM AND MAXIMUM ALLOWABLE AIR SPARGE INJECTION PRESSURE
Project Name:
Project Location:

Village of Roxana
Fourth Street and Chaffer Street

By: Randy Whitesell

Date:

6/12/2013

To induce airflow into the formation a minimum injection pressure is required.
pressure should not exceed 80% of the total overburden pressure.
WATER PRESSURE:
Top of screen:

58.0 ft. below land surface

Depth to water:

42.00 ft. below land surface

Minimum Pressure:

Pmin (psig) = 0.43 * Hh
Where Hh = height of water collumn above injection screen.
Pmin =

6.9 psig

To prevent secondary permeability (hydraulic fracturing), the injection
pressure should not exceed 80% of the total overburden pressure.
OVERBURDEN:
Specific gravity of water:
Specific gravity of formation material:
Porosity:
Water column:
Soil column:

1
2.7 (quartz sand)
0.2
16.0 ft.
58 ft.

Water Overburden:
water column x porosity x 62.4 lbs./ft3 = water overburden (lbs./ft2)
200 lbs./ft

water overburden =

2

Soil Overburden:
soil column x soil sp.gr. x (62.4 lbs./ft3) x (1 - porosity) = soil overburden (lbs./ft2)
2
7817 lbs./ft

soil overburden =
Total Overburden:

soil overburden + water overburden = total overburden (lbs./ft2)
2
8017 lbs./ft

total overburden =

2
2
2
8017 (lbs./ft )/(1ft /144 in ) =

Maximum Pressure:

Pfracture = 80% of total overburden
Pfracture =
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44.5 psig

55.7 psig

AS/SVE Pilot Test Field Data
Fourth Street and Chaffer Street Site
Table 2A: Depth to Water

Well
Time

OW-1

OW-2

OW-3

Baseline
S (feet)

S (feet)

S (feet)

S (feet)

S (feet)

S (feet)

S (feet)

S (feet)
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SPARGE\air sparge plan\Pilot Test Data Form.xls

AS/SVE Pilot Test Field Data
Fourth Street and Chaffer Street Site
Table 3A: Dissolved Oxygen and Visual Observations

Time

Well
OW-1

DO (mg/L)

DO
(mg/L)

OW-2

Bubbles

DO
(mg/L)

DO
(mg/L)

OW-3

Bubbles DO (mg/L)

DO
(mg/L)

Bubbles

DO (mg/L)

DO
(mg/L)

Bubbles

Baseline

Notes:
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AS/SVE Pilot Test Field Data
Fourth Street and Chaffer Street Site
Table 1A: Vacuum/ Pressure

Time

Test

SVE-3

SVE-25

AS-1
PID (ppm)

Duration
(hrs)

(min)

Vacuum
(in H2O)

Flow
(scfm)

Vacuum
(in H2O)

Flow
(cfm)

Flow
(cfm)

Pressure
(psi)
Unfiltered Filtered

OW-1
d=____ft (SVE-3)
d=____ft (SVE-25)
d=____ ft (AS-1)
(in H2O)
Upper Screen

Lower Screen

OW-2
d=____ft (SVE-3)
d=____ft (SVE-25)
d=____ ft (AS-1)
(in H2O)
Upper Screen

Lower Screen

OW-3
d=____ft (SVE-3)
d=____ft (SVE-25)
d=____ ft (AS-1)
(in H2O)
Upper Screen

Lower Screen

Notes:
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APPENDIXC

Helium Tracer Guidance

SVE Recovery- Helium Tracer Testing Guidance (Quick Ref)
Westhollow Contact:

Cristin Bruce
3333 Hwy 6 South, Room EC-222,
Houston, TX 77082
Office Phone: (281) 544-7552

TEST OBJECTIVES AND SCOPE
Direct measure of the recovery efficiency of an SVE system associated with IAS
PRE-TEST CALCULATIONS
•
•

Flow rate and total volume of tracer needed for the test (target maximum
extraction concentration is 1-2% v/v if helium is used)
For example, if you were extracting air at 20 SCFM, you would want to meter in
helium at a rate of 5.6 to 11.3 LPM (which would lead to 56 ft3 of helium into the
aquifer after 2 hours at the highest rate)

EQUIPMENT REQUIRED (in addition tof air injection system)
•
•
•
•

•

Industrial grade (99.9 % pure) helium gas cylinder (the balloon grade may be
only ~80% pure), cylinder size 049 (291ft3) or cylinder size 044 (200 ft3) (from
Praxair or other gas distributor)
Helium gas detector (i.e. Mark Products Helium Detector, detection limits 0.01%
to 100%)
Gas-tight fittings to connect lines to a) air injection well, and b) extraction air
manifold
Rotameter (i.e. Dwyer 0-10 LPM-air gauge for extraction rates of 10-30 SCFM,
or a 2.5-25 LPM gauge for higher rates), valve, and pressure gauge (0 to 50 psi)
for metering helium into the air injection stream
Pressure gauge (typically reads to 60 psi)

HELIUM TEST PROCEDURE (perform this test after the ROI measurement)
•
•
•
•
•
•
•

Wait until injection flow field in well-established as indicated by stable pressure
transducer readings (20 minutes) also wait until SVE system has stabilized
(indicated by stable vacuums in observation wells)
Calibrate the helium detector (check for CO2 bias, some helium detectors will
give you faulty readings if there is a lot of CO2 present)
Record IAS and SVE flow rates
Inject helium into a vapor extraction well line
Measure maximum helium recovery concentration at the extraction manifold
Adjust helium flow, if necessary, to achieve 1-2 % v/v concentration
Inject helium into injection air manifold

•
DATA

Monitor helium in extraction air manifold until stable (at least 20 minutes)

•

Injection and monitoring well/bank specifics (screened intervals and
positions)
• Injection pressure and flow rate vs. time
• Maximum tracer concentration in vapor extraction manifold
• Tracer concentration vs. time in vapor extraction manifold
POTENTIAL RED FLAGS DURING THE PILOT TEST
•
•

No measurable helium in extraction air at the manifold (sufficient
backpressure on the helium line?)
Helium everywhere (Leaky system – did you check all fittings for air tightness
before running helium into the system? Preferential flowpaths available?
Incorrectly calculated injection concentration? Measurements taken well after
helium injection initiation?)

POST-TEST DATA EVALUATION
Pilot test data analysis/interpretation should yield:
A direct measure of the recovery efficiency of a soil vapor extraction system
We would like to see 80-90% recovery of our injected air to assure ourselves that we will not be
liberating unwanted/ uncontrolled vapors into the subsurface.

Plot the extraction well helium levels over time. Mark on the graph the measured
concentrations measured when the helium line was hooked directly to the extraction
system.
DIAGRAM
Flow and Pressure
Measurement

Tracer Gas Analyzer
4.2

Helium

Injection
Well

Flow and Pressure
Measurement

Vapor Extraction Well

ESTIMATED MATERIAL COSTS FOR TRACER TEST
•
•
•
•
•

Helium cylinder :
$ 30-70
Flowmeter
:
$ 125
Pressure gauge
:
$ 50-100
Helium detector (1 week rental)
$ 225
Fittings/ tubing
:
$ 25- 100

A Mark Products Helium Detector

An example helium delivery setup
sites to see pictures of typical instrumentation:
Helium Detector:
http://www.ashteadtechnology.com/Environmental/Special%20Instruments/Mark%20Products%20Helium%20Detec
tor%20Model%209821.htm
Flowmeter:
http://www.nciweb.net/mini_master.htm

