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This work plan was prepared to present the technical approach for evaluating air
sparging as a potential source area and groundwater remedial alternative at
Operable Unit 4 at the Naval Training Center, Orlando, Florida. The engineering
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FOREWORD

To meet its mission objectives, the U.S. Navy performs a variety of operations,
some requiring the use, handling, storage, or disposal of hazardous materials.
Through accidental spills and leaks and conventional methods of past disposal,
hazardous materials may have entered the enviromment in ways unacceptable by
today's standards. With growing knowledge of the long-term effects of hazardous
materials on the environment, the Department of Defense (DOD) initiated various
programs to investigate and remediate conditions related to suspected past
releases of hazardous materials at their facilities. Two of these programs are
the Installation Restoration (IR) program and the Base Realignment and Closure
(BRAC) program. '

The IR program complies with the Base Closure and Realignment Act of 1988 (Public
Law 100-526,102 Statute 2623) and the Defense Base Closure and Realignment Act
of 1990 (Public Law 101-510, 104 Statute [1808)), which require the DOD to
observe pertinent environmental legal provisions of the Comprehensive Environmen-
tal Response, Compensation, and Liability Act, Executive Order 12580, and the
statutory provisions of the Defense Environmental Restoration Program, the
National Envirommental Policy Act, and any other applicable statutes that protect
natural and cultural resources.

Originally, the Navy’s part of this program was called the Naval Assessment and
Control of Installation Pollutants (NACIP) program. Early reports reflect the
NACIP process and terminology. The Navy eventually adopted the program structure
and terminology of the standard IR program.

The IR program is conducted in several stages as follows:

. Preliminary Assessment (PA),

. A Site Inspection (SI) (formerly the PA and SI steps were called the
Initial Assessment Study under the NACIP program),

. Remedial Investigation and Feasibility Study, and
. Remedial Design and Remedial Action.
NTC-OU4.WP2
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The goal of the BRAC program is to expedite and improve environmental response
actions to facilitate the disposal and reuse of a BRAC installation while
protecting human health and the environment.

The Southern Division, Naval Facilities Engineering Command (SOUTHNAVFACENGCOM),
the U.S. Environmental Protection Agency, and the Florida Department of
Environmental Protection collectively coordinate the cleanup activities through
the BRAC cleanup team, called the Orlando Partnering Team, in Orlando. This team
approach is intended to foster partnering, accelerate the environmental cleanup
process, and expedite timely, cost-effective, and environmentally responsible
disposal and reuse decisions.

Questions regarding the BRAC program at Naval Training Center, Orlando should be
addressed to the SOUTHNAVFACENGCOM BRAC Environmental Coordinator, Mr. Wayne
Hansel, Code 18B7, at (407) 646-5294 or SOUTHNAVFACENGCOM Engineer-in-Charge, Ms.
Barbara Nwokike, Code 1873, at (803) 820-5566.
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EXECUTIVE SUMMARY

Operable Unit (OU) 4 is composed of Study Areas 12, 13, and 14 at Area C.
Building 1100, located in Study Area 13, was constructed in 1943 and was used as
a laundry and dry-cleaning facility, serving the entire military base.

A plume of chlorinated solvent contaminated groundwater originating from the area
around Building 1100 and migrating into the adjacent Lake Druid was identified
during site investigations conducted at OU 4. Volatile organic compounds (VOCs)
detected in groundwater and surface water from Lake Druid included tetrachlor-
oethene (PCE), trichloroethene (TCE), cis-1,2-dichloroethene (DCE), trans-1,2-
DCE, 1,1-DCE, and vinyl chloride. Source areas appear to be multiple and are
likely located adjacent to and beneath Building 1100. An Interim Remedial
Action, consisting of two recirculation wells, has been implemented to intercept
and treat the majority of the contaminated groundwater before reaching Lake
Druid.

At OU 4, an initial technology screening evaluation was conducted to evaluate
remedial options for contaminated groundwater and source area treatment.
Remedial technologies that were identified for potential treatability study at
0U 4 include phytoremediation; air sparging; in situ chemical oxidation; and
natural attenuation. This work plan was prepared as part of the treatability

study process to present the technical approach for evaluating air sparging at
OoU 4.

Air sparging was selected based on the type of contaminants present in the
groundwater (PCE and its degradation products) and their ability to readily
volatilize. If successfully piloted, air sparging could be used for source
removal and to treat areas with high concentrations of VOCs in groundwater.

This work plan presents the technical scope of work and schedule for conducting
fieldwork to determine if air sparging is a feasible technology for OU 4. The
pilot study is intended to determine if site-specific conditions may inhibit or
prohibit the use of air sparging at OU 4, and to establish necessary design and
performance criteria for full-scale implementation. These criteria include
radius of influence, operating pressure, optimum air injection rate, and
contaminant mass removal efficiency. The applicability of this technology as a
groundwater or source area treatment remedy will be determined from a perfor-
mance, implementability, and cost review during the Feasibility Study.

NTC-0U4 . WP2
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GLOSSARY

ABB-ES ABB Environmental Services, Inc.
bls below land surface
BRAC Base Realignment and Closure (Act)
cfm cubic feet per minute
CoC chain of custody
Co, carbon dioxide
DCE dichloroethene
DO dissolved oxygen
°F degrees Fahrenheit
FDEP Florida Department of Environmental Protection
FID flame ionization detector
FS Feasibility Study
FSP field sampling plan
GMP groundwater monitoring point
IDW investigation-derived wastes
IRA interim remedial action
mg/ 2 milligrams per liter
NAS Naval Air Station
NTC Naval Training Center
ou Operable Unit
PCE tetrachloroethene
POP Project Operations Plan
ppb parts per billion
PP parts per million
psi pounds per square inch
RI remedial investigation
ROI radius of influence
SOUTHNAV -

FACENGCOM  Southern Division, Naval Facilities Engineering Command

TCE trichloroethene

USEPA U.S. Environmental Protection Agency
VG vinyl chloride

VMP vapor monitoring point

voC volatile organic compounds
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1.0 INTRODUCTION

ABB Environmental Services, Inc. (ABB-ES), under contract to Southern Division,
Naval Facilities Engineering Command (SOUTHNAVFACENGCOM), has prepared this work
plan for an air sparging pilot study at Operable Unit (OU) 4, at the Naval
Training Center (NTC), Area C, in Orlando, Florida. This work plan has been
prepared under contract number N62467-89-D-0317/135.

Remedial technologies that may be effective in treating groundwater contaminated
with volatile organic compounds (VOCs) at OU 4 have been screened for evaluation
prior to preparation of the OU 4 Feasibility Study (FS). Technologies that
require additional information regarding performance, implementability, and full-
scale cost to adequately perform a feasibility assessment have been recommended
for further evaluation during treatability studies. Ordinarily, screening of
remedial technologies and treatability studies would be executed during the FS
process following the remedial investigation (RI). However, the site screening
and interim remedial action (IRA) activities conducted at OU 4 have provided
sufficient site characterization data to allow the technology screening and
treatability studies to run concurrent with the RI.

Remedial technologies that were identified for potential treatability studies at
OU 4 include phytoremediation; air sparging; in situ chemical oxidation; and
natural attenuation. This work plan was prepared as part of the treatability

study process to present the technical approach for evaluating air sparging at
OoU 4.

This work plan has incorporated elements of the Project Operations Plan (POP)
(ABB-ES, 1997a), which contains the requirements of a Quality Assurance Project
Plan, Health and Safety Plan, and elements of a Field Sampling Plan (FSP) related
to sampling equipment, procedures, and sample handling and analysis. Other FSP
elements specific to this site, including sampling objectives and sample location
and frequency, will be addressed in this work plan. A site-specific addendum to
the health and safety plan found in the POP is included as an Appendix to this
document.

1.1 SITE DESCRIPTION. OU 4 is composed of Study Areas 12, 13, and 14 at Area C
(Figure 1-1 and 1-2). Building 1100, located in Study Area 13, was constructed
in 1943 and was used as a laundry and dry-cleaning facility, serving the entire
military base. Prior to construction of the facility in 1943, the land was
undeveloped. The laundry was closed in 1994. Building 1100 (the laundry) was
identified as a site where releases of hazardous materials had occurred.

Several investigations have already occurred at OU 4, either under the Base
Realignment and Closure (BRAC) Act site screening program or under subsequent
efforts to characterize the contamination discovered during the site screening.
Preliminary data from the OU 4 RI are also currently available. Results from the
investigations conducted at OU 4 through July 1997 are summarized in the OU 4 RI
Workplan (ABB-ES, 1997b).

These efforts have identified a plume of chlorinated solvent-contaminated
groundwater originating from the area around the former base laundry and
migrating into the adjacent Lake Druid. Contour 1lines illustrating the
approximate defined boundary of the 100 parts per billion (ppb) total VOCs are
shown on Figure 1-3. VOCs detected in groundwater and surface water from Lake

NTC-0U4.WP2
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Druid included tetrachloroethene (PCE), trichloroethene (TCE), «cis-1,2-
dichloroethene (DCE), trans-1,2-DCE, 1,1-DCE, and vinyl chloride (VC). Source
areas appear to be multiple and are likely located adjacent to and beneath the
former laundry, Building 1100. The approximate extent of the suspected multiple
source areas is also shown on Figure 1-3. An IRA, consisting of two recircula-
tion wells (UVB-1 and UVB-2, locations shown on Figure 1-3), has been implemented
to intercept and treat the majority of the contaminated groundwater before
reaching Lake Druid.

Based on the OU 4 Focused Field Investigation (ABB-ES, 1997c¢) and the source
investigation (ABB-ES, 1997d), the chlorinated solvent groundwater plume ranges
from approximately 4 to 45 feet below land surface (bls) with total VOCs in
excess of 30 milligrams per liter (mg/f) in the source area(s), and up to
approximately 6 mg/f between the laundry and Lake Druid. The water table between
Lake Druid and the laundry varies seasonally from less than 1 foot to 4 feet bls.

1.2 EVALUATION OF AIR SPARGING AS A REMEDIAL ALTERNATIVE. 1In principle, air
sparging is a relatively simple process of injecting air through wells, into an
aquifer beneath the water table to strip VOCs from groundwater and residual pure
product from the pore spaces. At OU 4, it is assumed that air sparging would be
implemented by injecting atmospheric air into the aquifer with the use of a
compressor. The injected air will rise through the matrix of the aquifer. When
the injected air contacts the contaminated groundwater or pure product, it
induces the mass transfer of VOCs into the air phase through volatilization. The
stripped volatiles will then rise through the vadose zone and into the
atmosphere.

In some cases, the sparging system works in conjunction with a vapor extraction
system to enhance removal of the stripped volatiles from the vadose zone and
capture the off-gases. The vadose zone at OU 4 varies seasonally from 1 to 4
feet thick. Due to the lack of vadose zone, a vapor extraction system is not
proposed at this time. However, a suitable full-scale vapor collection system
could be designed if the pilot study determines that one would be necessary to
meet Florida Department of Environmental Protection (FDEP) air emission
requirements.

Air sparging works best in homogeneous, coarse-grained materials, where air flow
is relatively uniform and predictable. During this pilot study, the air flow
migration patterns will be studied to determine if air sparging is an acceptable
alternative with the geological conditions that exist at OU 4. Special attention
will be placed on the dense layer of fine-grained sand approximately 18 to 22
feet bls to determine if the layer is impeding the air flow through the aquifer.

At OU 4, natural processes are partially degrading the contaminant plume as it
migrates toward Lake Druid. The remedial goal at OU 4 is to "actively" lower the
contaminant levels within the surficial aquifer, between the laundry and the
lake, enough so that the natural processes can passively remediate the remainder
of the chlorinated solvent groundwater plume prior to entering Lake Druid.

1.3 PURPOSE OF THE AIR SPARGING PILOT TEST. This work plan presents the
technical scope of work and schedule for conducting fieldwork to determine if air
sparging is a feasible technology to effectively reduce the areas of highest
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groundwater contamination. The applicability of this technology as a groundwater
treatment remedy will be determined from performance, implementability, and cost
reviews during the FS.

1.4 AIR SPARGING PILOT TEST OBJECTIVES. The objective of the air sparging pilot
test is to provide site-specific data supporting assessment of alternatives in

the FS. Site-specific parameters to be evaluated during the pilot test are as
follows:

1. breakthrough pressure (pressure at which the water column will be
displaced and air begins to get injected into the aquifer)

2. optimum air flow rate (air flow rate that maximizes the radius of
influence [ROI] and at which high contaminant mass removal rates
can be maintained over an extended period of time)

3. ROI of the sparge well based on the distribution of the dissolved
oxygen (DO), carbon dioxide (CO,), pressure fields around the
sparging well, water-level fluctuations, and vapor VOC concentra-
tions in the vadose zone

1.5 ORGANIZATION OF THE AIR SPARGING WORK PLAN. The remainder of this work plan
presents the pilot-test design, the test procedure and types of data to be
collected, the methodology of the field and analytical programs, and methodology
for data analysis and interpretation.

NTC-0U4.WP2
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2.0 PILOT TEST IMPLEMENTATION

This chapter will describe the layout and necessary equipment to perform the air
sparging pilot test. The test layout and well installation will be described
followed by the description and arrangement of other necessary equipment. At the
conclusion of this chapter, site closure and demobilization activities will be
discussed.

2.1 AJR SPARGING TEST LAYOUT. During the RI, three monitoring wells, OLD-13-
41B, OLD-13-42B, and OLD-13-43C were installed. Those three wells, plus two
additional existing monitoring wells, OLD-13-07A and OLD-13-08C, will be utilized
during the air sparging pilot test and are shown on Figure 2-1.

OLD-13-43C was installed to a total depth approximately 50 feet bls, with a 5-
foot screen. OLD-13-43C will become the sparge well for this pilot test with an
air sparging injection depth of approximately 45 feet bls (top of screen). A
construction detail for OLD-13-43C is shown on Figure 2-2. Two additional wells,
OLD-13-41B and OLD-13-42B, were each installed to a total depth of approximately
28 feet bls with 5-foot screens. OLD-13-07A is a water table well, installed to
a total depth of 18.5 feet bls with a 15-foot screen. OLD-13-08C was installed
to a total depth of approximately 62 feet bls with a 5-foot screen. OLD-13-41B,
OLD-13-42B, OLD-13-07A, and OLD-13-08C, along with additional shallow wells will
be monitored to gain insight as to the effects of the air sparging pilot test on
the shallow and deep portions of the surficial aquifer, as well as any effects
the dense fine sand layer may have on the effectiveness of the technology.

Previous air sparging pilot tests conducted at sites with lithology similar to
that of OU 4 have shown ROIs between 70 and 150 percent of the sparge well depth.
Therefore, it is expected that an injection depth of 45 feet would yield a ROI
between 31 and 68 feet. Based on this estimate, 10 clusters of monitoring points
will be installed (5 clusters to the south and 5 clusters to the east of OLD-13-
43C) to evaluate the system performance.

Each cluster will consist of a groundwater monitoring point (GMP) installed
approximately 18 feet bls and a vapor monitoring point (VMP) installed within the
vadose zone, approximately 2 feet bls. Organic vapor field readings, water-level
measurements, pressure readings, and groundwater samples to analyze for DO and
CO, will be collected from GMPs to assist in estimating the ROI of the system.
Groundwater samples will also be analyzed for VOCs at an off-site laboratory to
assist in estimating the mass removal and efficiency of the system. The VMPs
will be monitored for vapor off-gassing and VOCs to confirm the ROI and mass
removal rate.

The five clusters of monitoring points located south of OLD-13-43C will have well
groups spaced at 10, 25, 40, 55, and 75 feet from OLD-13-43C. The same spacing
intervals will be used for clusters to the east of OLD-13-43C. The air sparge
test layout is shown on Figure 2-1.

2.1.1 Monitoring Point Installation and Development The GMPs will be installed
using a direct-push technology via ABB-ES's TerraProbe™. They will be 0.5-inch
microwells with 3-foot screens installed approximately 18 feet bls. A GMP
microwell construction detail is shown on Figure 2-3.

NTC-0U4.WP2
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Development of the GMPs will be accomplished using a peristaltic pump. Pump
tubing shall be lowered to the bottom of the well so that fines are agitated and
removed from the well in the development water. Development shall continue until
a minimum of 10 well casing volumes of water are removed from the well and the
PH, temperature, specific conductivity, and redox potential of the groundwater
have stabilized. Well development investigation-derived waste (IDW) will be
collected and stored. Refer to the NTC, Orlando POP for further details about
development procedures and IDW management (ABB-ES, 1997a).

The VMPs will be installed by hand augering approximately 2 feet bls and
installing a 2-inch-diameter polyvinyl chloride screen. The screen will be
attached to a small riser, and the boring will be sealed with grout to ensure air
emissions escape only through the riser.

2.1.2 Air Sparging Equipment A schematic of the equipment layout is provided
on Figure 2-4. The equipment and minimum performance requirements provided on
Figure 2-4 are based on prior pilot testing conducted by ABB-ES at Naval Air
Station (NAS) Cecil Field, Jacksonville, Florida. Not shown on Figure 2-4 are
a water-level indicator, a peristaltic pump for sampling, and other assorted
pressure gauges. The equipment list is a generic list and may change slightly
depending upon the vendor providing the equipment.
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Monitoring Equipment List

1:\02530\02530- 16\ TRS\02530606.0%G, NAB-PDP 03/06/98 12:33:4D, AutoCAD RI2

Air Tank: 85—gallon air tank

Air Compressor: Power: 5 horsepower
Maximum operating pressure: 110 psig
Capacity: 21 cubic feet per minute

Compressed Air Dryer

Generator

Filtered Centrifugal Separator

Filter
Maximum pressure 150 psig. Maximum temperature 150°F

Condensate Drain Trap:
Maximum pressure 175 psig, Maximum femperature 120°F

Oil Vapor Adsorber:
Maximum pressure 175 psig, Maximum temperature 120°F

16.
17.

Pressure Regutator: Maximum pressure 300 psig

Rotameter: 0-20 scfm

Quick Disconnect Coupling

Pressure Gauge: Operating pressure 0-100 psig

End cap

Pressure gauge (on tank):
Operaling pressure 0-300 psig

Temperature gauge:
Operating temperature 100-212'F

Compression fitting

Compression fitting

NOTES:

psig = pounds per square inch gauge
scfm = standard cubic foot per minute

OLD-13-43C
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NOT TO SCALE

FIGURE 2-4

AIR SPARGING EQUIPMENT LAYOUT

TREATABILITY STUDY
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3.0 TEST PROCEDURE AND DATA COLLECTION

Test procedures for air sparging are provided in this chapter. Portions of these
procedures will entail laboratory or field analyses of vapor and groundwater
samples. Estimated air emissions and compliance with regulatory limits are
discussed in Appendix B.

3.1 ESTIMATING BASELINE CONDITIONS. The following test procedure will be used
to estimate baseline conditions for the air sparging pilot test:

. Measure and record the initial water level in OLD-13-43C, OLD-13-41B,
OLD-13-42B, OLD-13-07A, OLD-13-08C, and GMPs 1 through 10,

. Collect baseline groundwater samples in accordance with Field Sampling
and Analysis Procedures (Chapter 4.0) from OLD-13-43C, OLD-13-41B, OLD-
13-42B, OLD-13-07A, OLD-13-08C, and GMPs 1 through 10. Samples will be
shipped to an off-site laboratory for analysis of VOCs by U.S. Environ-
mental Protection Agency (USEPA) Method 8021. Groundwater from each
well will also be analyzed for DO and CO, using HACH test kits.

. Collect air samples from OLD-13-07A, and VMPs 1 through 10 in accor-
dance with Field Sampling and Analysis Procedures (Chapter 4.0).
Monitoring well OLD-13-07A is included as a vapor point because it is
screened across the water table and because of the high concentration
(approximately 30 mg/f2) of PCE in groundwater at this location.
Samples will be shipped to an off-site laboratory for analysis of VOCs
by USEPA Method TOl4. Flame ionization detector (FID) readings will
also be collected from each of the wells.

3.2 ESTABLISH INITIAL OPERATING PARAMETERS. The initial operation of the pilot
study will determine the breakthrough pressure and flow rates necessary to
maximize stripping efficiency.

3.2.1 Breakthrough Pressure The breakthrough pressure is defined as the air
pressure necessary to initiate air sparging. This pressure must overcome the
hydrostatic pressure of the water column above the point of injection and the
capillary entry resistance to displace pore water in the formation. The
capillary pressure is a function of the air/water surface tension and grain size.
Finer sediments will have higher capillary entry pressures than courser
sediments. At OU 4, the capillary pressure is expected to be insignificant
compared to the hydrostatic pressure.

Breakthrough is reached when the water level in the sparge well has been driven
down to the top of the screen and a continuous flow of air is released at the
sparge well. Since the top of the screen in OLD-13-43C is 42 feet below the
water table, the breakthrough pressure must at a minimum overcome the hydrostatic
head of 42 feet (18.2 pounds per square inch [psi]). The breakthrough pressure
will be determined using a step test beginning at 70 percent of the hydrostatic
head (12.8 psi). The applied pressure will be increased 1 psi every 2 to 5
minutes until breakthrough is achieved. Once the breakthrough pressure is found,
the test will be conducted by controlling the flow rate.

NTC-0U4.WP2
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3.2.2 Air Flow Rate Once the operating pressure has been obtained, air flow
rates between 1 and 15 cubic feet per minute (cfm) will be tested. The test will
begin at 1 cfm and increase as site and test conditions begin to stabilize (i.e.
groundwater mounding stabilizes or subsides). Changes in flow rates will occur
on an as-needed basis. Stripping efficiency and ROI will be determined from
organic vapor readings taken from the VMPs and periodic pressure measurements in
the GMPs. The flow rate for the steady-state performance test will be determined
when a flow rate is established that appears to produce the greatest ROI and
maximizes stripping efficiency.

3.3 CONDUCT STEADY-STATE PERFORMANCE TEST. The steady-state performance test
will be performed under 72-hour continuous operation at the breakthrough pressure
and optimum air flow rate established during the initial tests.

Following start-up, air samples will be collected from VMP 1 through VMP 10 and
OLD-13-07A and shipped to an off-site laboratory for analysis of VOCs by USEPA
Method TOl4.

The parameters listed below will be measured every 2 hours for the first 24 hours
of continuous operation, and every 4 hours thereafter.

. compressor pressure, well-head pressure, temperature, and flow rate

. organic vapors by FID in parts per million (ppm) from VMP 1 through VMP
10, OLD-13-41B, OLD-13-42B, OLD-13-07A, and OLD-13-08C

. water-level readings from GMP 1 through GMP 10, OLD-13-41B, OLD-13-42B,
OLD-13-07A, and OLD-13-08C

. groundwater samples from GMP 1 through GMP 10, OLD-13-41B, OLD-13-42B,
OLD-13-07A, and OLD-13-08C for analysis of DO and CO,

. measure pressure within GMP 1 through GMP 10, OLD-13-41B, OLD-13-42B,
OLD-13-07A, and OLD-13-08C

At the midpoint of the test, groundwater samples will be collected from GMP 1
through GMP 10, OLD-13-41B, OLD-13-42B, OLD-13-07A, and OLD-13-08C. These
groundwater samples will be shipped to an off-site laboratory for analysis of
VOCs by USEPA Method 8021.

Air samples will be collected from VMP 1 through VMP 10 and OLD-13-07A during the
23rd, 47th, and 71st hours of operation. These air samples will be shipped to
an off-site laboratory for analysis of VOCs by USEPA Method TOl4.

At the end of the test, groundwater samples will be collected from GMP 1 through
GMP 10, OLD-13-41B, OLD-13-42B, OLD-13-07A, OLD-13-08C, and OLD-13-43C and
shipped to an off-site laboratory for analysis of VOCs by USEPA Method 8021.
This sampling will be repeated 7 days and 21 days after completion of the pilot
test to evaluate contaminant rebound.
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4.0 FIELD SAMPLING AND ANALYSIS PROCEDURES

This chapter documents the field sampling procedures to be used during the air
sparging pilot test.

4.1 GROUNDWATER SAMPLE COLLECTION FOR LABORATORY ANALYSIS. Groundwater samples
will be collected using a low-flow technique as described in the NTC, Orlando POP
(ABB-ES, 1997a). Samples will be collected before testing, at the halfway point,
and three times after testing is complete (immediately, 7 days, and 21 days).

4.2 SAMPLING FOR LABORATORY VAPOR ANALYSIS. All vapor samples will be collected

using the sampling technique outlined below to help ensure the collection of a
representative sample.

. The sample must be obtained in such a way to assure that it is
representative of actual emissions. The top of each sampling point
will be sealed with a suitable air-tight cap with a sample port. An
air sampling pump will be attached to the port and used to withdraw
vapors from the sampling point and into a Tedlar bag. Clean or
dedicated Teflon™ tubing will be used for sample collection.

. Immediately following collection, place the filled Tedlar bag into the
cooler(s) and chill to 4 degrees Celsius.

. Record sample types and quantities collected and time and date of
collection in the field logbook. Prepare chain-of-custody (COC) forms.
Prepare samples for shipment to the laboratory.

4.3 FIELD VAPOR_ANALYSIS. Field air monitoring equipment will include an
organic vapor analyzer/FID and methane calibration gas. Operation and
calibration methods described in instruction manuals and in the NTC, Orlando POP
(ABB-ES, 1997a) for the recommended detectors should be followed. Calibration
data and field measurements will be logged in the field logbook.

NTC-0U4.WP2
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5.0 DATA ANALYSIS AND INTERPRETATION

Data collected from this pilot study will be reviewed, processed, and presented
to aid in determining the suitability of air sparging as a source removal
technology at OU 4. These results will be considered in the technology
evaluation process required in the FS.

When evaluating the air-sparging pilot data, the focus will be as follows:

. determine whether site-specific factors would inhibit or prohibit the
technology's use,

. establish the breakthrough pressure required to force the air into the
aquifer matrix, and

. confirm the optimum air flow rate based on maximizing the ROI and
assess contaminant mass removal effectiveness.

5.1 SITE-SPECIFIC FACTORS. Various factors may inhibit or prohibit the use of
air sparging at OU 4. By measuring groundwater levels in GMPs, the extent of
mounding can be determined. If excessive mounding is encountered, air sparging
may not be a preferred alternative. It is probable that mounding will dissipate
once a steady air flow is established; however, the determination of the extent
of mounding will be critical at OU 4 because of the shallow vadose zone present.

Water level and pressure measurements collected from wells at different depth
intervals will assist in determining the effect, if any, that the dense layer of
fine sand has on the air flow channels through the aquifer. If water-level
fluctuations are only seen deep in the surficial aquifer, then it could be
concluded that the dense layer of fine sand is prohibiting the vertical air
migration. Another indicator of a restrictive layer would be the absence of
vapors in the VMPs.

5.2 BREAKTHROUGH PRESSURE AND FLOW RATE. Breakthrough pressure is the pressure
needed to displace the water column to the point where air begins to be injected
into the aquifer. Once the pressure is established, the air flow rate that
maximizes the ROI and the contaminant mass removal rates will be determined.

5.3 RADIUS OF INFLUENCE. ROI will be estimated from vapor measurements recorded
from the VMPs and from the DO and CO, concentrations along with water level and
pressure measurements from the GMPs and monitoring wells at varying air flow
rates.

5.4 MASS REMOVAL EFFECTIVENESS. The mass removal effectiveness will be
estimated based on the vapor concentrations in the vadose zone and air flow rate
being injected. These results can be used to estimate the VOC removal rate of
a full-scale system for air permitting and treatment duration purposes.

NTC-OU4.WP2
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5.5 APPLICABILITY OF AIR SPARGING TECHNOLOGY. The applicability of air sparging
at OU 4 will be analyzed based on the findings from the pilot test study, which
will be presented in a Technical Memorandum. A consideration of the site-
specific factors, ROI, and mass removal effectiveness will be provided in the
Technical Memorandum.
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6.0 SCHEDULE

It is expected that this air sparging work plan will be presented to the Orlando
Partnering Team in mid-March 1998. Procurement of equipment, well installations,
system assembly, operation, and data collection could be completed within 60 days
of work plan approval. A summary and interpretation of pilot study results will
be provided as a Technical Memorandum within 60 days from pilot study completion.

NTC-0U4.WP2
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Preface

The following pages constitute the Health and Safety Plan (HASP) addendum for the
Naval Training Center (NTC), Orlando Project Operations Plan for Site Investiga-
tions and Remedial Investigations. This addendum must be used in conjunction
with the existing generic HASP for NTC, Orlando. The pages in this addendum
should be inserted, where indicated, in the generic HASP. The generic HASP, with
these pages correctly inserted, completes the update of the NTC, Orlando HASP for
the air sparging pilot study at Operable Unit (OU) 4.
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2.3 SCOPE OF WORK (WORK PLAN). The air sparging pilot study will consist of the
injection of air into the subsurface. The contaminants found in groundwater and
potentially as residual pure product will volatilize into the injected air and

discharge through the ground surface and specifically installed vapor monitoring
points.

Objective: 1Install appropriate equipment to allow the pilot testing and
monitoring of an air sparging system.

Methods: + microwell installation by TerraProbe™
+ installation of vapor monitoring points by hand auger

+ installation of appropriate piping to connect skid-mounted
equipment to the sparge well

Objective: Establish if air sparging is a viable remediation technology
for 0OU 4. Determine optimum air injection pressure and
flowrate, and determine the sparging radius of influence and
contaminant removal rates.

Methods: + groundwater sampling
* pressure monitoring
« off-gas monitoring and sampling

2.4.5 Monitoring The work environment will be monitored to ensure that
"Immediately Dangerous to Life and Health" or other dangerous conditions are
identified. At a minimum, monitoring will include evaluations for combustible
atmospheres, oxygen-deficient environments, and hazardous concentrations of
airborne contaminants. The combustible gas meter, set to alarm at 10 percent of
the lower explosive limit (LEL), will be continuously used.

2.4.6 Air Sampling To the extent feasible, the presence of airborne contami-
nants will be evaluated through the use of direct reading instrumentation.
Information gathered will be used to ensure the adequacy of the levels of
protection being used at the site and may be used as the basis for upgrading or
downgrading the levels of protection in conformance with action levels provided
in this HASP and at the direction of the site health and safety officer.
Contaminants expected to be a concern at OU 4 are shown in Table 2-2.

The following sampling equipment will be used at the site:

1. PORTA-FID organic vapor analyzer (OVA), and
2. LEL/oxygen meter.

Refer to Appendix F for information on the calibration and maintenance of the
equipment.

If the OVA reads steadily above background in the breathing zone, continue
working in modified Level D until the OVA reads 8 ppm above background in the
breathing zone, at which time upgrade to Level C. If the OVA reads 116 ppm (or
greater) above background, upgrade to Level B.

If the LEL meter reads 10 percent of the LEL or greater, use nonsparking tools.

IF the LEL meter reads 20 percent of the LEL or greater, stop work and evacuate
the site.

NTC-0U4.WP2
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Table 2-2

Contaminants of Concern at Operable Unit 4

Treatability Study Work Plan No. 2
Data Collection Plan for Assessing Air Sparging

Operable Unit 4

Naval Training Center, Area C

Orlando, Florida

Chemical Approximate Permissible Threshold Physical Dermal Toxicity Remarks
Odor Threshold Exposure Limit Value Characteristics
{ppm) Limits (ppm) {ppm)

1,2-Dichloroethene 500 200 200 Colorless liquid, Moderate skin irritant.  Nausea, vomiting, weakness, tremor, cramps, CNS
sweet odor. depression.

Tetrachloroethylene 47 25 25 Colorless liquid Moderate skin irritant.  Inhalation may irritate eyes and nose and cause
with an odor like CNS damage.
chloroform.

Trichloroethene 82 50 50 Colorless liquid, Can cause dermatitis.  Eye and nose irritation, blurred vision, nausea,
sweet odor. CNS damage.

Notes: RI/FS = Remedial investigation and Feasibility Study.

Sources:

ppm = parts per million.
CNS = central nervous system.

A1 = Known Human Carcinogen.

American Industrial Hygienists Association, 1989.
U.S. Department of Transportation and U.S. Coast Guard, 1991.
National Institute of Occupational Safety and Health, 1990.
American Conference of Governmental and Industrial Hygienists.
Occupational Safety and Health Administration, 1989.




The above action limits are summarized below.

Level B PPE required if:

. OVA greater than or equal to 116 ppm,

Level C PPE required if:

. OVA greater than or equal to 8 ppm but less than 116 ppm.

Level D PPE required if:

. OVA less than 8 ppm.

Wherever feasible, engineering controls will be used to avoid the need to upgrade
from Level D. An example is the use of industrial-sized fans to blow hazardous
vapors from the breathing zone.

If air monitoring instrumentation indicates the need to upgrade to Level B along
the northern property line, all work will be suspended to avoid the possibility
of creating a dangerous condition outside Navy property.
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3.0 CHEMICAL HAZARDS RESPONSE INFORMATION SYSTEM (CHRIS) DATA SHEETS
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12.17
SATURATED LIQUID DENSITY

12.18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

. . " ) British thermal
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130 97.839 190 220 150 574
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140 97.250 210 222 160 549
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160 96.080
12.21 12.22 1223 12.24
SOLUBILITY IN WATER SATURATED VAPOR PRESSURE SATURATED VAPOR DENSITY IDEAL GAS HEAT CAPACITY
Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) inch (degrees F) foot (degrees F) per pound-F
68.02 016 60 236 60 00702 o] .108
70 318 70 .00929 25 110
80 425 80 01216 50 113
| 90 561 90 .01575 75 116
; 100 732 100 .02022 100 118
i 110 948 110 02571 128 .120
: 120 1.217 120 .03242 150 122
130 1.548 130 .04055 175 125
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180 4.607 180 11130 300 134
* 190 5616 190 .13360 325 136
200 6.805 200 15940 350 .138
210 8.199 210 .18910 375 .139
220 9.824 220 22330 400 A4
230 11.710 230 .26230 425 142
240 13.890 240 .30660 450 143
250 16.390 250 .35680 475 144
260 19.260 260 41330 500 146
270 22.520 270 47680 525 147
280 26.230 280 54790 550 .148
575 148
600 148
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1 ‘Axryien &1  Fash Point 30°F CC.. pracacaly
Chicryten nonfermmabie
Gemaigerse Saks 1 water. imizeng veoor & procuced 42 Fammesie Limis in AF: 6.0%-10.5%
T Trsane 3 Fire Gxtinguishing Agenax Water o9
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Usa: Not perwnent
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Ospannent.
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Nosty iocal health And DORON CONMTOl AQENCES. Procuced  fre sALSSOM.
“ - in Frec Not
47 (iprson Tempereturs: 770°F
&8 Eectrical Hamare: NO! parsnent
POISONOUS GASES ARE PRODUCED N FIRE. &9 Burning Rete: Not persnent
Wanr goggres ana sl 0 Fome
EXunguesh with Ory Chesmecl. CADon OTI0s. of 108M Duta not avedabis
F' 411 Ssvishiomewic Alr to Fusl Retio:
re Data not availabie
612 Fame Det nont
CALL FOR MEDICAL AID 7. CHEMICAL REACTIVITY
VAPOR
e nose and Bwoet X} :.gmm:nrmm
H nhaied. will CUBe NEUBEA. VOTYENng. Gffcult breatreng, 72 wih No
or o of conecousSNeEs. reacton
Move 10 fresh as. 73 Smbity During Tranapert Stable
n bres has stopoed. arshosl rescraton.
il gl g 74 Neutrszing Apents for Acids and
Caustiox: Not persnent
FTRETNG 10 SN aNd Syes. 75 Polymerzstiors Not persnent
Exposure SwRkOwed will CIuNS NEUNed. YOTVENg, (Hfcult reatheng, 74 Inhibitor of Polymerastien:
o 1088 Of CONBAOUBNERE. Not persnent
Remave comarrenasied ang shoes.
Fw-mumwrmmun- 7.7 Moter Astio (Resctant %o
l:lstEAYLES mgmwawmmun:- Productx Data not evedable
| OWED et vcom ISQIOUS. nave vcom watler
s &NC Nave vICIm nOuce 73 Reactivity Group: 36
IFSNALLOWEDWW-UN&NSG S OR MAVING CON
VULSIONS. 00 notheng 81080l RSSO VICDIT warm.
Eftect of iow CONCANYETONS ON AOUSLC e 8 UNKNOWN.
Water Mgy be aangerous i A enters waler ke
NOTty I0CS! Nealn and wadite Othasis
Po“uﬂon NOUTY GDEFaLOS Of NEATY water maass.
L RESPONSE TO DISCHARGE 2 LAREL 8. WATER POLLUTION
(Soe 21 Category: None 41 Aquatic Tomchty:
Shouid e remaoved 22 Clasx Not peronent 660 my/1/40 he/caphrin/ ki fresh
Chermucal and physcal treatment water
82 Wstertow! Toxicity: Deta not avadable
43 Biclogical Oxygen Demens (BODX
Deta nov avedabie
&4 Food Chain Conoenwetion Petentia
Nons
3. CHEMICAL DESIGNATIONS 4 OBSERVABLE CHARACTERISTICS
1 €O & Clase: Haxager 4.1 Physcsl Stste (se shippedy Lauxd
ryarocaroon 42 Color Cocness
12 Formue CHG = CGy 43 Odor: Chiorotorm-bke. ethereal
13 RO/UN Desipnetion: 9.0/1710
3.4 DOT ID Na: 1710
1§ CAS Regiesrry No. 75018
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5 HEALTH HAZARDS

Orparsc vepor-and gas Careter: seli-conaned brestw)
or vinyl gioves: chemvcal astety QODgIeS. tace-arusid;

mmmmnu“hwm

.2 L

INHALATION: syrnoma renge trom imtason of the nose and

mnmmmuw bhsred vison, 8 frnalty dsturtance of cerral
PEFVOUS SYS\em resulitng 1 CArthEC {aiure. CIVDNIC SADONSY Mily CRUBS OIIVEC Fmrry.
INGESTION: sympioms swmiler 10 inhalsson. SKIN: gelamng ackon can cause dermasts. EYES:

shghtly b and
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ot Oo NOT

or epwr o meccal for

all cosss ol Oversxpomre. INHALATION: remove vicwn 10 fresh ar, i necessary, aoply arvicl
reRprEtoNn and/or somreser cxypen. INGESTION: have weawmn onnk water and nouce vonvung:
fapeat Sves Wnet: 1hen gve 1 IHIEEPODN ROM SaRs i wwwr. EYES: flush thoroughly win
water. SIGN: wash Thoroughly with 80ap 8nd Werm waier,

Threshold Limit Value: 50 ppm

Late YoxieRy: Osts not svessbie

ELEEE

Short Term inheistion Limite: 200 ppm for 30 min,
Texioity by inpestiors Geade 3. LDse = 50 1 500 mg/kg

Vaper (Gas) irvitarn Charscteristios: Vapors cause & sight smaning of the eyes o resprsiory

sysiem # presert in hgh conoentreeons. The effect B temporery.

Uquid or Solid irritant Characteristion: Mrwmum hazard. i apiied on ciottung and atowed 10

reman, May COUSS SMArNg and reddening of the skun.

6.90 Odor Threshoic: 50 ppm
611 IDLM Value: 1,000 ppm

A

S. SHIPPING INFORMATION

Grages of Purtty: Techmcel; oy clesnng.
[

et Avnoaphers: No regurement
Venting: Pressure-vacuum

12 PHYSICAL AND CHNEMICAL PROPERTIES
121 Physical Stie ot 16°C and | e

112  Meoleoular Weight 131.39
123  Boling Point ot t s

100°F = $7°C = 300°K
124 Freasing Pobvt

=1215F w —884°C = 108.5°K
125  Crwonl Temperwture: Not persnent
128 Critosl Pressurs: Not parenent
127  Specific Grawiy:

1.48 ot 20°C (vauad)
128  Umid Surtece Tensiere

203 gyres/om = 0.0283 N/m st 0°C
129  Liguid Weter imtertacial Tenston:

34.5 gynes/cm = 0.0345 N/m at 24°C
1210 Vapor (Qss) Gpecific Gravity: 4.5
1211 Ratio of Specific Mestn of Vapor (Gask

1.118
1212 Latent Heal of Yaporastion:

103 B/l = §7.2 cal/g =

24 X 108 J/ng
1213 Hest of Combustiorz Not persnent
1294 Mest of Decompoaltion: Nel persnent
1115 Meat of Selution: Nol peranent
1218  MHest of Polymerzation: Not persnent
1235 Hest of Fusien: Data not svadabie
1224 Limhing Value: Dsta not svadadie
1227 Reid Vaper Presswre: 2.5 pas




ToL ~ TRICHLOROETHYLENE

1217 12.18 ' 12.19 12.20
SATURATED LIQUID DENSITY LIQUID HEAT CAPACITY LIQUID THERMAL CONDUCTIVITY LIQUID VISCOSITY
) " . British thermal I
Temperature Pounds per cubic Temperature British thermal unit Temperature e . Temperature .
(degrees ) foot (degrees F) per pound-F (degrees F) | UMhanch Po e | (cegrees P | Centpoise
0 94.669 0 220 N 15 .800
5 984.410 10 221 o 20 775
10 94.150 20 223 T 25 .750
15 93.889 30 225 30 : 727
20 93.629 40 226 P 35 .705
25 83.370 50 228 E 40 684
30 93.110 60 .230 R 45 664
35 92.849 70 2N T 50 645
40 92.589 80 233 | 55 627
45 92.330 90 235 N 60 610
50 92.070 100 236 E 65 .593
55 91.809 110 238 N 70 577
60 91.548 120 .240 T 75 562
65 91.290 130 241 80 .548
70 91.030 140 .243 85 534
75 90.770 150 245 90 521
80 90.508 160 246 95 .508
85 90.250 170 248 100 . 496
90 89.990 105 485
95 89.730 110 474
100 89.469 115 463
105 89.209 120 453
110 88.950
115 88.690
120 88.429
125 88.169
12.21 12.22 12.23 12.24
SOLUBILITY IN WATER SATURATED VAPOR PRESSURE SATURATED VAPOR DENSITY IDEAL GAS HEAT CAPACITY
Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) inch (degrees F) foot (degrees F) per pound-F
3
77.02 110 40 .508 40 .01245 0 .136
50 678 50 .01628 25 .139
60 .894 60 .02105 50 143
70 1.166 70 .02685 75 146
80 1.507 80 .03418 100 149
90 1.929 90 04296 125 .82
100 2.448 100 .05354 150 155
110 3.081 110 06619 175 157
120 3.846 120 .08120 200 .160
130 4,765 130 .09891 225 162
140 5.862 140 .11960 250 .165
150 7.163 150 .14380 275 167
- 160 8.695 160 .17180 300 169
170 10.490 170 20390 325 A72
180 12.580 180 24080 350 174
180 15.010 190 28280 375 .176
200 17.810 200 33040 400 77
210 21.020 210 38420 425 178
450 .181
475 .182
500 .184
525 .185
550 .186
575 .187
600 .188




1,2-DICHLOROETHYLENE

DEL

Sewet peasam ooor

Contaners may n fre.

€
Fire Waler mav De efiective On ive
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Flashbach aiong vapor ¥ad may ocowr.
Vapor may expioce § reed n 8N enCIoNsd area.

wwn OFy CREffucars. 108 Of CAMDON RODOE

& FIRE NAZARDS

&1  Fuash Point ITFCC

62 Fammabis Limits in A 9 7%-12.8%

& FAre 9 Ap Ory
foem. carton comae

64 Fire Exwnguishing Agenta Net o be
Usedt: Water may be meftechve

65 Specal Mazards of Combusten
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chiorde umes may form 1 fres.

&8  Bohovier 1n Fire: Vagor & hesver Then o
and May Yavel & COnOrabie CILINCY 10
& 30urce Of IgreNon and Rash back

07  igniten Tompersture: 850°F

68 Elsctical Nazargt Dot not svasable

68 Burning Rete: 2.6 mm/man.

w0 A Fame
Dats not svadaiie

10. MAZARD ASSESSMENT CODE
(Soe MHazard Assssamont Handbook )
A-X-Y

CALL FOR MEDICAL AID
VAPOR

it brestreng
MOve viChm 10 Wesh a¢

uonD
Harmiul f swelowed.

0l nhaied will COUSS OITDNSES, NLIISA. VOrTsling. OF

1 DresiTwng ABS SI0DDED. Ove SrIICia! 1SDw BUOT
! reatrung & Othoult. grve Orygen

Caustics: Nol persnent
75 Polymerzstion: Wil Aot OCCUr UNOer
y of e

1. HAZARD CLASSIFICATIONS

111 Case of Federsl Repuistions:
Farnmable housd

112 NAS Haxsew Rating for Bulk Water
Transpertatiorn: Not ksled

113 NFPA Nasarg Classification:

Hoehh Harard (Base . ................ 2
R (Yolow) 2

EXPOSIJTQ (3 S:A&MD ano vicen 1 CONSCIOUS nave vicum onne wate:
Efiect Of 10w CONCONZALONS ON SOUALC Me B LNKNowWN.
Water May DE CBNQErOUS f A eTMETS WalSX NMBAEL.
NOLYy IOCAI NeaNn SN0 waghiie OMCIAL
Poliution NoLty Operators Of nearty water mianes
1. RESPONSE TO DISCHARGE 2 LABEL
(Seoe R 21 Category: Femmable quud
1S3U8 warTeng-hagh Aammatusty 22 Casx )
Resinct access
Evacusie srea
Shouid be removed
Chermucal and physcal Veatment
3. CHEMICAL DESIGNATIONS 4 OBSERVABLE CHARACTERISTICS
3.1 CG Compatibiiity Clasa: Not bsied 4.1 Priysical State (88 shipped) Laud
32 Formuls: CICH = CHOI 42 Color: Coloness
33 1MO/UN Designation: 3.2/1150 43 Odor: Etherssl. shghlly acnd peasant.

DOT ID No 1150
CAS Regpistry No.: 540-59-0

chiorolorm-khe
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S, HEALTK HAZARDS
Pe Rubber QIoves. saiety QOODINS. & RDply Mask or sall-

conaned brestheng A0DMaNS.
E

f ] CAUSES NBULSS. YOMANY. WwaSANES. Vemer,
SOQAIINC CTAMPS. CONUB! Nervos Georesson. Conlact wih bqued CauUses FTAALON Of Syes and

ion L o skun inge

Chuses shoni
Trestmem of Exposurs: INHALATION: remove rom hother exposss. | Dreathen) & Gfhcuft, ove

0 oewp

oxygen. 4 vichm 3 NOt bresthing. pve Srvhosl
oxygen when oL} cak g

e ove
EYES. Bush wenh water 10r 81 least 15 man

SKIN: wash weil with 5020 angt water. NGESTION: gve gastnc isvege and Cathamcs

Threshoid Limit Velue: 200 ppm
Short Term inhalation Limitx Dala ot svadabie

Tosxietty by ingestion: Grace 2. oral LDse = 770 mg/hg (ral)
Late Toxicity: Proouces iver an0 KiONey nary 1 expenmenial sremats

Daws not

Vapor (Gas) Hritant

Dau not

Uquid or Solid Irritam
Odor Thweshoid: Dala not avasadie
IDLH Velue: 4.000 ppm

9. SHIPPING INFORMATION

9.1 Grades of Purlty. Commercal

02 »

£3  nert Amosphere: NO recuarement
5.4 Vemting Pressure-vecuum

12 PHYSICAL ARD CHEMICAL PROPERTIES

121 Physical State ot 15°C and 1 st
Licnsd
122 Molsculer Weight §7.0
123 Boiting Poimt ot 1 st
o 140°F a 80°C = JII'K
vors 110F a &3°C = J21°K
124 Freasing Peint
s —114°F « —81°C = 102°K
ora. —S88°F = —50°C = 213°K
125 Critical Tompersture: NOL perarent
128 Cnucsl Presessrs: NOt perenen
127 Speciic Qrawty:
127 at 25°C (wauseh)
128  Uguid Surtsce Tonslen:
24 gyree/cm = 0.024 N/m st 20°C
129 Usuid Water ivtoriacial Tonsion:

{ont)

30 oynessem = 0.030 N/m a2 20°C
VYapor {Qas) Specitic Gravity: 1.4
Astio of Specific Neats of Vaper (Gask

19488
1212 Latent Heat of Vaporuation:

130 B/D = 72 eal/g =

3.0 X 10° J/ng
Nest of Combuntion: —4.847.2 B/ =

—2.8929 callg = —112.67 X 10° J/ng
12.14  Meal of Decompeaiion: NOI persnent
1215 Meat of Boltian: Not periren
1218 Mool of Polymerization: Nt pernent
1228 Meat of Fusierc Dola not avaabie

129
121t

1213

nn

& FIRE HAJARDS (Continsed)
691 Stoichiometric Alr to0 Fusl Rstie: Deta not svedable

6.12 Flame Data not
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1,2-DICHLOROETHYLENE

12.17
SATURATED LIQUID DENSITY

- 12.18
LIQUID HEAT CAPACITY

12.19
LIQUID THERMAL CONDUCTIVITY

12.20
LIQUID VISCOSITY

. . L. - B' iw. l " m "n,'
Temperature Pounds per cubic Temperature British therma! unit Temperature P . Temperature L
(dogroes P foot (degrees F) per pound-F (dogrees F) | UMLoch POV | (degrees F) Centpoise
35 81.020 a5 .193 65 907 40 478
40 80.820 40 196 70 894 50 454
45 80.610 45 .198 75 .882 60 432
50 80.400 50 200 80 .B69 70 411
55 80.190 55 202 a5 857 80 393
60 79.980 60 204 90 844 80 376
65 79.780 65 207 95 832 100 .360
70 79.570 70 209 100 819 110 345
75 79.360 75 211 105 807 120 a3
80 79.150 80 213 110 784 130 319
85 78.940 85 216 115 .782 140 307
80 78.740 20 218 120 769 150 296
95 78.530 95 220 125 757 160 286
100 78.320 100 222 130 T44 170 276
105 78.110 105 224 180 267
110 77.900 110 227 190 259
118 77.690 115 229 200 251
120 77.480 120 231 210 244
125 77.280 125 233
130 77.070 130 236
135 76.860 135 238
140 76.650 140 240

12.21
SOLUBILITY IN WATER

12.22
SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermal unit
(degrees F) pounds of water (degrees F) inch (degrees F) foot (degrees F) per pound-F
68 .630 55 3.009 S5 05284 0 150
60 3.396 60 05906 20 1583
65 3.824 65 .06587 40 .156
70 4,297 70 07330 60 .159
75 4.817 75 08141 80 162
80 £5.389 80 .09023 100 165
85 6.016 85 09980 120 167
90 6.702 90 .11020 140 170
95 7.453 95 .12140 160 173
100 8.272 100 .13360 180 176
105 9.164 105 .14660 200 179
110 10.130 110 .16070 220 .182
115 11.180 115 17590 240 185
. 120 12.330 120 .19220 260 .188
125 13.560 125 20960 280 .181
130 14.900 130 22830 300 194
135 16.340 135 24820 320 187
140 17.890 140 26960 340 200
360 203
380 205
400 208
420 21
440 214




APPENDIX B

AIR EMISSIONS ESTIMATE



NTC Orlando
OU 4 Sparge Test
Air Emissions Estimate

The requirements for controlling air emissions are based on allowable pollutant loads and health and
safety limits. Pollutant load limits are discussed below. Health and safety limits are discussed in the site
HASP. FDEP guidance for air emissions for remedial actions at petroleumn contamination sites requires a
limit of 13.7 pounds per day of total VOAs as measured by USEPA Method 18 (reference Chapter 62-
770.700(5) FAC). The proposed maximum test air flow rate is 15 standard cubic feet per minute. The
maximum allowable emission concentration can be calculated by dividing the allowable emission rate by
the maximum air flow rate.

13.7% x 453.6 £ x 1000?
i m min
15— x O.O2832F x 144022

=10,1589"¢/,

This number is likely to be greater than actual emission concentrations during the test. To estimate actual
emission concentrations, several conservative assumptions are necessary.

1. A single observed concentration in groundwater will be considered representative of concentrations
throughout the sparge test area. About a fourth of the test area overlaps the source area where
residual product may be present. Any increase in emission rates resulting from the potential presence
of residual product would be offset by emissions from the remainder of the test area where
contaminant concentrations are significantly lower.

2. During the sparge test, air-water partitioning will reach equilibrium instantaneously and uniformly
through all the injected air.

3. The concentration in groundwater will not be significantly reduced during the sparge test period.

The volatile compounds observed at the test area are PCE, TCE, and cis 1,2-DCE. Using the physical
properties from standard references a Henry’s Law Constant (H,) is calculated for each compound and
converted to a dimensionless form. The concentration of each volatile compound in groundwater is then
multiplied by its H, and the appropriate unit conversions. The results are then summed to obtain the
estimated vapor emission concentration of total volatiles.

Conc Molecular Vapor Water Calculated Henry's Law Canc.
CONTAMINANT In GW Weight Pressure Solubility Henry's Law Const Caonstant In Arr
ug/l atm mg/l atm*m”3/mole dimensionless ug/m”3
Tetrachloroethene 5000 165.83 0021632653 200 0.017936714 0.746 3730155.982
Trichloroethene 1000 131.39 0.079319728| 1385 0.007524779 0.313 312973.7065
cis 1,2-Dichloroethene 500 97 0.292312925| 6996 0.004052938 0.169 84285.73046
Total VOAs in GW = 6500 [ug/1 Total VOAs in Air = 4,127,415.42 |ug/m"3

The calculated emission concentration multiplied by the air injection rate is the estimated emission rate.
4,128.415%— X 15%n X 0.002205% X 0.02832;% X 0.001"%3 X 1440%‘ =5567 ’%ay

The current emission rate from the existing site remediation systems (recirculation wells) is less than 0.5
lb/day. Therefore, based on these conservative estimates, we do not expect the air emissions from the
sparge test to reach the 13.7 Ib/day limit.

Operations will be monitored by FID OVA to measure compliance with this limit during the test. This
monitoring will be based on the average OVA measurement versus the 13.7 Ib/day limit (minus the
existing 0.5 lb/day emissions). The threshold OVA value is calculated as follows.




The maximum allowable continuous emission concentration is:

(1372 -052)x4536£ x10°

3 3 ) & _ 9,788,135614%]
1525 % 002832 2; x 144052

Conservatively assuming all emissions are PCE at 1 atmosphere and 25°C and converting to parts per
million, the threshold is:

9,788,135.6%/,
16583 % ><o_0409g'—'";’1—"x1000;_ir;

=1443ppm

g-mole

Therefore, if average total VOA measurcments by OVA exceed 1400 ppm, test operations will be
modified to reduce the emissions to an acceptable average or operations will be discontinued when the
daily emission limit is reached.



