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1.0 INTRODUCTION

1.1 Scope

This report presents the design rationale, criteria, computations, and analysis for a
remedial design at the West Side Corporation site (Site No. 2-41-026). This work is being
performed for the New York State Department of Environmental Conservation (NYSDEC) under
Work Assignment D003825-31 of the NYSDEC Standby Contract. This document has been
prepared under Task 3.2, and represents part of the 90%100% design phase submission for the
project.—This-document-willbe-revised-as-necessary-for the 100%-design-phase.

The remedial design addresses soil remediation in three areas, Source Areas 1, 2, and 3,
at the West Side Corporation Site (Drawing 3). Soil remediation includes remediation of vadose
zone soil in Source Areas 1, 2, and 3 as well as remediation of soil in the saturated zone in a small
area within Source Area 1 (i.e., the DNAPL Area) as discussed in Section 1.2. This soil
remediation encompasses the remediation of Operable Unit No. 1 (OU1) also known as the on-
site operable unit. Groundwater remediation encompass the remediation of Operable Unit No. 2
(OU2) also known as the off site operable unit. OU2 design, construction, and operation
activities are being undertaken by the New York City Department of Environmental Protection
(NYCDEP). The OU2 groundwater remediation includes the offsite installation of a high
capacity (750 to 1,000 gallons per minute) groundwater extraction well (Well 24 New) and a

treatment system. Well 24 New has been installed, but is not currently being used.

1.2 Approach

The conceptual approach for remediation of QU1 is presented in the Revised West Side
Corporation In-Situ Thermal Treatment Feasibility Study (URS 2002a). This approach includes
thermal remediation by electrical resistance heating (ERH) in a more heavily contaminated
“DNAPL” area within Source Area 1 and soil vapor extraction (SVE) in the remainder of Source

Area 1 as well as Source Areas 2 and 3 (Drawing 3).
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The main objective of the ERH remediation is to reduce the mass of contaminants in the
source area as much as practicable, so that when the offsite groundwater extraction program

commences (Section 1.1), there is less source contamination contributing to the plume.

The main objective of the SVE remediation is to reduce volatile organic compounds
(VOC) concentrations to concentrations less than or equal to New York State recommended
contaminant cleanup levels presented in the Technical and Administrative Guidance Manual

(TAGM) #4046. Cleanup goals for VOCs of greatest concern are presented in Table 1-1.

13 Description of Areas to be Remediated

The extent of the ERH remediation area is 60 feet by 60 feet (Drawing 3). The estimated
depth of remediation in the ERH remediation area is 45 feet. A conceptual view of the lithology
in the ERH remediation area is shown in Figure 1-1. As shown in Figure 1-1, the water table was
approximately 14 feet below ground surface (bgs) in the ERH remediation area at the time of the
remedial investigation. During chemical oxidation pilot testing in 2001, the water table in the
DNAPL area was found to be 11 to 13 feet bgs. The volume of the ERH remediation is
approximately 6,000 cubic yards assuming that contamination is continuous from the surface to a

depth of 45 feet. Appendix 1A includes additional evaluation of the zone for ERH application.

The extent of the SVE remediation area is shown in Drawing 3. The estimated areas for
the Source Areas are as follows: 1) Source Area 1 (excluding the ERH area) —28,800 square
feet; 2) Source Area 2 — 5,400 square feet; and 3) Source Area 3 — 2,000 square feet
(TAMS/GZA2000). On average, contamination extends from 1 to 7 feet bgs in Source Area 1, 1
to 4 feet bgs in Source Area 2, and 1 to 5 feet bgs in Source Area 3. On this basis, the estimated
volumes of remediation are 6,400 cubic yards (Source Area 1), 600 cubic yards (Source Area 2);
and 300 cubic yards (Source Area 3) [TAMS/GZA 2000]. The volume of remediation is based
on average contaminant depths; however, contamination extended to as far as two feet below the
average depth in Source Areas 1 and 3 (TAMS/GZA 2000). The water table varies both spatially
and temporally. At the time of the RI, the water table was encountered at 10 to 15 feet BGS

(Figure 1-1).
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1.4 Technical Memoranda

NYSDEC and URS have discussed a number of key design issues during the 30% and
90% design phases. The design issues are discussed in three technical memoranda which are
included in Appendix 1B. Appendix 1B is referenced in subsequent sections of this DAR as

necessary.

1.5 Phased Implementation of On Site Remediation

On site remediation includes ERH and SVE. These technologies will be implemented
sequentially. Remediation by ERH will be implemented first, and will be completed before SVE
is begun. This phased approach will likely be less costly (because air emissions control units will
be less costly) and will offer other construction and operation benefits (see Design Issues — Memo

2 in Appendix 1B).

1.6 Implementation of Off-Site Remediation

A new off site extraction well (Well 24 New) has been installed, but is not currently in
operation. The new extraction well will pump at a rate of 750-1,000 gpm. This pumping rate
could significantly lower the water table on site, which would impact vapor recovery and
treatment efficiency for ERH. Based on discussions with NYSDEC, ERH design is based on the
assumption that ERH remediation will be completed before off site groundwater extraction
begins, i.e. design is based on steady-state static water level conditions (see Design Issues-Memo

1 in Appendix 1B).

1.7 Site Photos

Photographs of some areas of construction and site features are provided in Appendix 1C.
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TABLE 1-1
CLEANUP GOALS FOR SOIL VAPOR EXTRACTION

PARAMETER GOAL (mg/kg)
Tetrachloroethene (PCE) 1.4
1,2-Dichloroethene (total) 0.3
Trichloroethene (TCE) 0.7
Ethylbenzene 5.5
Xylene (total) 1.2
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2.0 SOIL VAPOR EXTRACTION (SVE) SYSTEM

2.1 Description

The SVE system will be designed to extract and treat soil vapor from the unsaturated
zone in Source Areas 1, 2 and 3. The objective of system operation will be to remove volatile
organic compounds (VOCs) from soil in the vadose zone. The major components of the system
include fifteen extraction wells, three blowers, and a catalytic oxidation unit to treat extracted

vapors (catalytic oxidation is discussed in Section 4.0).

2.2 Design Criteria

Design criteria for the SVE system are as follows:

Extraction Wells: Extraction wells will be vertical wells (see Design Issues-Memo 1 in

Appendix 1B) extending to a minimum ten feet bgs. Wells will extend through contamination,
but terminate above the water table. Wells will be constructed using a modified road box design
to accommodate valves, fittings and piping so that neither wells nor appurtenances project above
the surface. Extraction wells will be configured so that the wells could be opened to atmosphere
and act as an air inlet wells, if necessary. Valves will be provided at each well to regulate
pressure and flow rate. The well box cover will be designed to handle loading from onsite bus

traffic.

Vacuum Monitoring Points: Only a few vacuum monitoring points will be placed on the

periphery of the extraction zone(s) to evaluate subsurface performance. Monitoring points are not

considered to be highly necessary because the site is covered and wells are closely spaced

Extraction Blower: Three blowers will be used for the entire soil vapor extraction

system. Sizing will be based on the results of the pilot test (URS 2001).

Condensate Control: Moisture in the soil gas stream will be removed prior to the

extraction blower using an air water separator. Water collected in the separator will be

periodically collected, drummed, and shipped offsite.
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Piping: Underground piping in trenches will be minimized to minimize the impact on
site operations and offsite soil disposal. Pipe connecting extraction wells in Source Areas 2 and 3
to the blowers will be run above grade along the walls of the onsite building to reduce trenching.
(See Design Issues — Memo 4 in Appendix 1B). Underground piping will be installed
approximately 18 inches below the surface to minimize soil excavation disposal. The pipe will be

sloped to allow condensate to drain back to the extraction wells.

Air Emissions: A catalytic oxidation unit will be used to destroy contaminants in soil gas

and reduce emissions from the SVE system to acceptable levels (see Section 4.0).

System Automation: The system will be designed so that system monitoring (pressure,

temperature, and flow measurements) will be accomplished only on site. A telephone dialer (or
similar device) will be installed to notify the operator of an alarm condition, e.g. system shut

down.
Surface Cover: The area of extraction for SVE systems are often covered to increase the
effectiveness of soil gas extraction. At the West Side Corporation site, the entire extraction area

is covered by asphalt. No additional cover system will be employed.

Subsurface Depressurization: A subsurface depressurization system will be installed in

the basement of the north end of the onsite building. Depressurization points will be connected to

the SVE extraction system (see Design Issues — Memo 4 in Appendix 1B).

23 Design Parameters

Design parameters for the SVE system are presented in Table 2-1. The basis for these

parameters is in Appendix 2A. The parameters are discussed further below.

2.3.1 Extraction Wells

Extraction well design is based primarily on the results of the SVE pilot test performed in
September 2001 (URS 2001). Details of well construction are included on Drawing 11. Well

locations are shown on Drawing 3.
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Number of Wells: Fifteen (15) vertical extraction wells will be used to extract soil gas

from the subsurface. The number of wells and spacing is based on a maximum 50 foot radius of
influence determined in the pilot study. In general, wells are placed closer than 50 feet so that the
radii of influence overlap. Closer spacing gives greater assurance that remediation will occur in

the impacted areas.

Diameter: Extraction wells will be 4 inches in diameter. This is a typical size used for

higher flow extraction wells and was the size used for the pilot study.

Screen Length: The screens will extend from 2.5 feet below the surface to 10 to 12 feet
below the surface. The screens extend through contamination and terminate above the water
table. Most (11 of 15) extraction wells will be installed a depth of 10 feet. Four extraction wells
will be installed to a depth of 12 feet. The deeper wells are located near the ERH area where soil

contamination in the vadose zone is deeper than other areas in the SVE remediation area.

2.3.2 Vacuum Monitoring Points

Six (6) one-inch diameter PVC wells will be used to monitor subsurface pressure. The
screen length and position will be identified to the extraction wells (i.e. 7.5 feet long extending
from 2.5 to 10.0 feet below ground surface). In general, these monitoring points are placed near

the periphery of the extraction well zone of influence to evaluate the extent of the extraction zone.

2.3.3 Extraction Blowers

Type: Regenerative blowers will be used for SVE. They are one type of blower
commonly used for SVE and are best suited for this application because they have relatively large
capacities (extraction volumes) at the vacuum (50 inches of water column) required. Rotary lobe
blowers and liquid ring pumps are also commonly used, but will not be used because they require

more maintenance.

Number: Three blowers will be used. Greater system flexibility is gained by using
multiple blowers: Three blowers allows the system to continue extracting soil gas even if one or

two blowers are off for repair or maintenance. In addition, it will be easier and more economical
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to operate the system at a reduced extraction rate in the future, if parts of the source areas are

remediated faster than others.

Capacity: The recommended extraction rate for each of the fifteen extraction wells is 35
to 45 cfm (URS 2001). The total design capacity for all three blowers is 750 scfm based the
maximum extraction rate from each well and an additional approximately 10% safety factor. The

capacity of each blower is 250 scfm.

Pressure: Each blower will produce 50 inches water column vacuum at an extraction rate
of 250 scfm. A 50-inch water column vacuum is required to maintain a 40 inch water column
vacuum at the extraction wells based on a calculated 10 inch water column system pressure drop

between an extraction well and the blower.

23.4 Piping

Pipes running below ground surface and connecting the extraction wells to larger
collection header pipes will be 4-inch diameter. The headers will be 6 to 8 inches diameter pipe-
depending on the total soil gas flow rate in the pipe. These pipe diameters are based on
maintaining a maximum 1 inch water column per 100 linear feet of pipe pressure drop in the
piping network. The piping will be sloped slightly towards the extractions wells so that any

vapors condensing in the pipe are directed back to the extraction wells.
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TABLE 2-1

SUMMARY OF SVE DESIGN PARAMETERS

COMPONENT PARAMETER VALUE
Extraction Wells Number 15
Diameter 4 inch

Screen Length

Extraction Rate

7.5 feet to 9.5 feet
35 to 45 scfm each

Vacuum Monitoring Points Number 6

Diameter 1 inch

Screen Length 7.5 feet
Extraction Blower Type Regenerative

Number 3

Capacity 250 scfm each

Pressure 50 inches water column each
Piping Diameter 4 — § inches
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3.0 ELECTRICAL RESISTANCE HEATING (ERH) SYSTEM

3.1 Description

ERH is a remediation technology which applies electric current in the subsurface to
increase subsurface temperatures. The increased temperature causes VOCs (and water) to

volatilize. The resulting vapors are subsequently captured, extracted, and treated.

The ERH design will include the following components:

e Electrodes

e Temperature monitoring points

e A steam and vapor collection system, including piping, a blower, and a condenser.
e A vapor treatment system

e A water (condensate) treatment system

¢ A-ERH power control units (PCUs)

¢ Data acquisition system

e A computer controlled system for monitoring and controlling power

3.2 Design Criteria

Design criteria for the ERH system are as follows:

Power: On site power will be used for electrical heating.

Electrodes: Electrodes will be designed so that discrete subsurface intervals can be
heated independently rather than uniformly heating the subsurface. Two vertically distinct
electrodes will be used. The lower electrode (extending from 45 to 55 feet bgs) will be used to
heat below the remediation depth to create a thermal barrier which will prevent downward
migration of contamination. The upper electrode (extending from 10 feet bgs to approximately

45 feet bgs) will be used for contaminant removal.
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Vapor Recovery: Vapors will be recovered by vertical vapor extraction wells installed in

the same boreholes as the electrodes. One soil vapor extraction well (EW-10) will be installed
inside the existing building and connected to the ERH vapor recovery system. This well will be

used during the ERH phase to maintain a negative pressure under the building floor slab.

Vapor Condensation and Treatment: Extracted vapors will be condensed. The off gas

from the condenser will be passed through a catalytic oxidizer where contaminants will be

destroyed and concentrations will be reduced to acceptable levels. Liquids from the condenser

will be passed through carbon adsorption units. Appendix 3B provides calculations indicating
that no free phone PCE will be present in the condensate. The treated water will be discharged to

the sanitary sewer.

Power Control Unit(s) (PCUs): The PCU(s) will be designed to covert three-phase power

to six phases (if desired) and adjust voltage to the desired subsurface conditions.

Fencing: The ERH remediation area will be fenced to prevent access to the remediation

area. This will be installed as safety precaution to prevent accidental exposure to high voltages

(see Design Issues-Memo 1 in Appendix 1B). Requirements for fencing are provided in
paragraph 1.6 of Section 01040 of the specifications.

33 Design Parameters

Design parameters are presented in Table 3-1. The basis for these parameters is

discussed in Appendix 3A. These parameters are discussed further below.

3.3.1 Electrode/Vapor Recovery Wells

Electrode borings will be located approximately 16 to 20 feet apart in a triangular pattern.
Two electrodes (an upper and lower) will be installed in each electrode boring. The lower
electrode will be installed to produce a thermal barrier below the remediation area in a zone from
45 to 55 feet below ground surface [bgs] (see Section 5.0). The upper electrode will be used to
remediate the zone from 10 to 45 feet bgs. A steel screened well (0.020-inch slot size) will be

installed at each location which will function both as a vapor recovery well and the upper
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electrode. For the upper electrode steel shot or another conductive material will be used to fill the
annular space around the well from a depth of 10 to 45 feet bgs. The limits of the steel shot
determine the length of screened well that can be used as an electrode. Screen located above the
steel shot will be used for vapor recovery. Electrode/vapor recovery well construction is shown

in Drawing 11.

In addition to the electrode/vapor recovery wells located in the ERH area, one vapor
extraction well will be located inside the existing building. This well is not associated with the
ERH system, but will tie into the vacuum created by the ERH blowers. The purpose of this well
(the northernmost well inside the building) is to create a negative pressure underneath the slab of
the building, mitigating the potential for PCE vapors in the work areas of the building. Once the
ERH effort has been completed, this well will be connected to the SVE system.

3.3.2 Temperature Monitoring Points

A minimum thirteen (13) temperature monitoring points (TMPs) will be installed in the

ERH treatment zone (see Drawing 3) as follows:

¢ Five inside the treatment area
e Four at the corners of the treatment area
o Four located approximately 10 feet from the boundary of the ERH treatment area in

each direction.

The nine TMPs located inside the treatment area and on the corners will be used for
performance evaluation, and the four TMPs outside the ERH treatment area will be used for heat

migration monitoring. Further discussion on temperature monitoring is presented in Section 5.0.

Thermocouples will be placed at 5 foot intervals at each TMP from a depth of 10 feet bgs
to 50 feet bgs. Tubing will be installed at each TMP to allow periodic measurement of subsurface
pressure and VOC concentration in soil gas. TMPs will be completed below grade so that
temperature measurements can continue after ERH system decommissioning, if necessary,

without interrupting normal site traffic flow (see Drawing 11).
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3.3.3 Power Control Unit(s) (PCUs)

The power control unit(s) (PCUs) will produce a maximum power output of—2;060
KW1,000 KW. The average estimated usage is ;300800 KW. Because two separate power

supply services will be used to provide sufficient power, separate PCUs may be required. The

PCU will be controlled by an onsite computer or a remote computer. The PCUs will be equipped

with automatic shut-off controls for safety, and manually operated emergency shut off controls.

3.3.4 Extraction Blowers

Two rotary positive-displacement (or similar) vacuum blowers will be installed to extract
subsurface vapors. Each blower will be capable of extracting the required vapor volume (460
scfm) for ERH remediation; however, only one blower will be in operation at a time. In this way,

ERH remediation will not be interrupted if blower maintenance or repair is required.

3.3.5 Condenser

The condenser will be required to condense steam generated by ERH treatment and
extracted by the electrode/vapor recovery wells. The estimated heat duty (required heat removal)
for the condenser is 5 million BTU per hour. Approximately 250-500 gallons per minute of

cooling water will be required to remove heat from the vapor stream in the condenser.

3.3.6 Cooling Tower

A cooling tower will be required to remove heat from cooling water used in the
condenser. Assuming cooling water will have to be cooled 20°F, a cooling tower with a 25

horsepower fan will be required.

3.3.7 Piping

Pipes connecting the ERH extraction wells to the larger manifolds and the ERH blowers
will be constructed of CPVC, which is suitable for the high temperatures of the steam and vapor

collected. Because of its short duration, and because the ERH area will be fenced to limit access,
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all of the ERH piping will be installed aboveground. The aboveground ERH lines will be
insulated as a safety precaution to prevent burns, and to limit the amount of vapor that condenses

within the piping.

3.3.8 Carbon Adsorption

Carbon adsorption will be used to treat the condensed water prior to discharge. Two

carbon units will be used in series, each containing at least 125 pounds of carbon, as described in

paragraph 1.6 of Section 11302 of the specifications.

3.3.9 Gas Treatment

Extracted gas and vapors will be treated by an air emissions control system as described

in Section 4 of this DAR.
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TABLE 3-1

SUMMARY OF ERH DESIGN PARAMETERS FOR ERH

COMPONENT PARAMETER VALUE
Electrodes Number of Boreholes 12-18
Number of Electrodes per Borehole | 2
Depth of Borehole 55 feet
Depth of lower electrode 45 - 55 feet bgs
Depth of upper electrode 10 — 45 feet bgs
Vapor Recovery Wells Number 12-18
Diameter 4-inch
Depth (in sand) 10 feet
Screen Length (in sand) 7 feet +
Temperature Monitoring Points | Number 13
Depth 55 feet
Thermocouple Interval 5 feet
Number of thermocouples per point | 9

Power Control Unit Power Output 2:000—1,000  kilowatts
Total
Extraction Blowers Type Positive Displacement
Number 2
Capacity 460 scfm (each)

Condenser

Heat Removal
Condensate Generation Rate

Cooling Water Required

5 million BTU/hr
6 4 gallons per minute

250 -
minute

500 gallons per

Cooling Tower

Fan

25 horsepower
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4.0 AIR EMISSIONS CONTROL

4.1 Description

Air emissions will be generated by both the SVE and ERH systems. Emissions from both

these systems will be controlled (treated) before discharge to the atmosphere.

4.2 Design Criteria

Design criteria for air emissions control are as follows:

Control Technology: A catalytic oxidizer will be used to control emissions from the SVE

and ERH systems.

Sequencing of Remediation: ERH remediation will be completed before SVE

remediation begins. The catalytic oxidizer(s) will be sized to treat only one emissions stream at a

time (see Design Issues-Memo 2 in Appendix 1B).

Fuel: Natural gas (available onsite) will be used to fuel the catalytic oxidizer burner.

Destruction Efficiency: A minimum 95% destruction efficiency for volatile organic

compounds (VOCs) will be required.

Safety: The catalytic oxidizer will automatically shut down if incoming vapor

concentrations exceed 25% of the lower explosive limit (LEL).

4.3 Design Parameters

Design parameters for air emissions control are presented in Table 4-1. These parameters

are discussed in Appendix 4A. Calculations to estimate emissions for purposes of completing an

air permit application are presented in Appendix 4B.
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TABLE 4-1

SUMMARY OF AIR EMISSIONS CONTROL DESIGN PARAMETERS

PARAMETER VALUE FOR SVE VALUE FOR ERH
Vapor Flow Rate 750 scfm 460 scfm
Average VOC Mass Flow Rate 50 Ibs/day 50 1bs/day
Peak VOC Mass Flow Rate 500 Ibs/day Not Determined
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50 OPERATIONAL STRATEGY FOR ELECTRICAL RESISTANCE HEATING
(ERH) SYSTEM

5.1 Initial Heating

5.1.1 Overview

Initial heating will take place in a two step process. The much less contaminated zone
below the zone of suspected DNAPL will be heated first. This approach is taken to provide a
thermal barrier. As contaminated zones are heated, the viscosity of the DNAPL will decrease.
Although surface tension remains fairly constant, DNAPL ganglia held in place by surface
tension may mobilize as liquids due to the decreased viscosity. Although the density differences
between PCE and water narrow somewhat with increasing temperature there is a chance that PCE
DNAPL may migrate downward before temperatures have risen to the boiling point. By creating
a thermal barrier below the zone of suspected DNAPL, any mobilized contaminant would migrate
into a zone that is already at the boiling temperature. When these contaminants reach this zone,
they will vaporize rather than continuing on as liquids. This would arrest the downward

migration of PCE the contamination.
In order to provide sequential heating, each zone will have to be capable of being heated
independently. Therefore the specifications will require that at a minimum, two independently

operated and controlled electrodes, segmented by depth, be installed at each electrode location.

5.1.2 Boiling Temperature Definition

The initial heating scheme described in this section, as well as the Performance
Monitoring requirements described in the next section, rely on predicted boiling temperatures.
These boiling temperatures vary with depth, and would be different with or without the presence
of a separate DNAPL phase. When only a single liquid phase (water) is present, the boiling
temperature is defined as the temperature where the vapor pressure of water equals the

hydrostatic pressure at a given depth.
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Where both water and PCE DNAPL are present, the boiling point is lower. Since both
these free phases contribute independently to the total vapor pressure exerted by subsurface
fluids, then equilibrium will shift to the vapor phase (i.e. both liquids will “boil”) when the sum
of the vapor pressures of these two liquids reach “ambient” pressure. The “ambient” pressure
would be one atmosphere at the top of the water table, but would increase deeper in the aquifer

according to the hydrostatic pressure.

URS performed a calculation estimating the two-phase boiling temperatures at the water
table (~12 feet bgs), and at five foot intervals from 15 feet bgs to 45 feet bgs (see Appendix SA).
The boiling points were found to vary approximately linearly from about 88°C at the water table

to about 108°C at 45 feet bgs.

These temperatures are estimated based on the water table at 12 feet bgs. Prior to the
start of remediation, the actual depth to groundwater will be measured and target temperatures
adjusted accordingly. During remediation, the water table may rise due to the vacuum drawn on
the vadose zone by the vapor recovery program, and the boiling action caused by the heat input.
However, this is not expected to significantly affect the boiling points estimated based on existing
hydrostatic pressure. The boiling point at depth is governed by the absolute pressure, which is the
hydrostatic pressure plus the “atmospheric” pressure above the water table. The increased
hydrostatic pressure during vapor recovery is offset by the lower “atmospheric” pressure at the
top of the water table, resulting in an absolute pressure at depth similar to pretreatment
conditions. Any increase in water table elevation that is caused by bubble formation in the
treatment zone will not contribute significantly to hydrostatic pressure since the effective density
of the water will be commensurately reduced by the presence of lighter steam bubbles in the

liquid.

Realizing that boiling temperatures will rise as DNAPL is removed through volatilization
and dissolution, the contractor will also be required to supply electrical power at a minimum rate
once target temperatures are reached. Once boiling has been achieved, most energy added to the
subsurface goes towards volatilizing water and volatile organic contaminants with secondary
amounts to conductive losses. Energy requirements for boiling would not change significantly

with temperature. Thus, as boiling points rise following removal of DNAPL, requiring a
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minimum power input will ensure that the contractor maintains boiling conditions needed to

cause steam stripping of dissolved PCE from the groundwater.

URS estimated the minimum energy input through calculating the energy required to boil
water at a sufficient rate, and estimating the amount of heat lost through convection and
conduction. The first step in this process is establishment of the “sufficient rate” of boiling.
Ideally, the rate of steam generation would be set through derivation of steam/water ratios in the
subsurface suitable for effective steam stripping removal of dissolved PCE contaminants.
However, applying ex-situ standard steam stripping design techniques to the subsurface would
require use of too many assumptions to be meaningful. Furthermore, the mass transfer from
dissolved phase to steam phase would be much more efficient than with conventional ex situ
steam stripping since the steam bubbles are generated directly from the contaminated water thus
providing gas/liquid equilibrium conditions immediately upon bubble formation. Rather, URS

selected a minimum steam stripping rate by considering twe-three factors: hydraulic control

provided by the steam generation, ard-review of condensate removal rates at other successful

implementations of ERH technology, and considering rule-of-thumb_rates of energy input

typically used by ERH vendors. Additionally, the amount of energy realistically available at the
site must-be-was also_considered.

By evaluating a range of simplifying assumptions regarding the hydraulic behavior of the
ERH treatment zone, URS estimated that a steam generation rate equivalent to between 1.3 and
10 gpm of condensed steam would be sufficient to recover, in a timely manner, the increased
volume of water in the source zone resulting from thermal expansion during heating (see
Appendix 5B). Although these calculations show that ERH would not, even in the absence of
steam generation, significantly increase the rate of contaminant migration from the source zone
(due to thermal expansion or increased DNAPL dissolution rates), maintaining a net influx into
the treatment zone is beneficial to overall remediation of the site (i.e. OU1 and OU2), and

increases the contaminated water that is treated by this technology.

Supplementing these calculations, URS reviewed condensation rates (the best available
measure of steam generation rates) at two other sites where such data were available. Normalized
for the volume of the treatment area at the West Side site, condensation rates at the sites reviewed

ranged from 3.4 gpm to 12.42 gpm (see Appendix 5C)._However, these rates were scaled on a
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volume basis from smaller sites. Approximate rates of condensate may not necessarily scale
linearly with volume, and these calculated rates may be higher than what would truly correspond
to treatment of 6,000 y_d3 of soil.

Based on this evaluation, URS selected that power input to the system should be

sufficient to generate steam corresponding to 63 to 4 gpm when condensed. The second step in

establishing the minimum energy requirement is determining the energy required to generate this

amount of steam.

The energy required to boil 63 to 4 gpm of groundwater includes the heat of vaporization

of the water, plus the energy input needed to balance conductive losses (convective losses are

found to be minimal). The heat of vaporization required to boil 6_3 to 4 gpm of groundwater is

calculated to be 4800500 to 670 KW (see appendix SD). Conduction losses are estimated to be
300150 to 300 KW (decreasing as the duration -of boiling increases). for-a-total-minimum-energy

aquifer-heats-up. Based on these analyses, URS has selected an average heating requirement of
800_KW. This will provide sufficient boiling to accelerate the treatment process and offset
conduction losses. It also allows use of approximately 1,000 KW of electrical power available,
while allowing for 80% uptime efficiency and/or allow power for blowers and other ancillary
equipment. ttath HiH i i i

5.1.3 Sequential Zone Heating

The suspected DNAPL zone extends to 45 feet bgs. Therefore, the zone from 45 to 55
feet bgs will be heated first to provide the barrier protection zone. Because this zone is not
believed to contain DNAPL, the boiling temperatures of this zone are calculated based on an

assumption of only one liquid phase is present (e.g. no DNAPL). This results in a higher target
temperature for these zones, specifically 120°C at 45 feet bgs and 122.5°C at 50 feet bgs.

Because there is a delay between the onset of electrical resistance and achieving target
temperatures, the contractor may start the heating of the DNAPL zone before the thermal barrier

zone reaches pure water boiling temperatures. However, the barrier zone must be brought to the
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boiling temperature of a water/DNAPL mixture, which is 108°C at 45 feet bgs and 110°C at 50
feet bgs, prior to starting heating of the DNAPL zone. Measurement of temperature compliance

is discussed in the following section.

5.2 Contractor Performance Monitoring and Evaluation

The prime performance requirement for the contractor will be a requirement to achieve

certain temperature criteria throughout the treatment area.

The following temperature goals are set for the DNAPL zone (based on two-phase

boiling) and in the thermal barrier zone (based on water-only boiling):

Depth Temperature °C
(Feet Bgs)

(two-phase zone) 15 90

20 94

25 97

30 100

35 103

40 105
(one-phase zone) 45 120

50 122.5

In actual practice, there will not be a sharp distinction between the two-phase (DNAPL)
zone and the one-phase zone. However, it is not possible to predict where in the DNAPL zone
sufficient portions of DNAPL ganglia are or are not present to better specify zone-specific
temperature goals. By requiring higher single-phase concentrations in the barrier zone_(by
comparison, the two-phase temperatures for 45 and 55 feet are 100°C and 110°C, respectively),
the design minimizes the chance of vertical migration and maximizes the extent to which

dissolved phase PCE in this zone is steam-stripped from this zone.

The contractor will be required to monitor temperatures at 13 horizontal locations, and at
aineeight depths at each location. The vertical locations will be at five-foot intervals starting at
about 10 feet bgs. Of the 13 locations, 9 will be within the zone of heating and will be used to
measure successful treatment performance. Of these 9, four will be located at the corners of the
60 x 60 foot area, and the other 5 located within the square. The remaining 4 temperature
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monitor locations will be located 10 feet to the north, south, east, and west of the treatment area.
These locations will monitor temperature for informational purposes only. In summary, the

horizontal locations are:

o locations at the corners of the treatment area square
e locations within the treatment area
e locations that will be 10 feet away from the center of each side of the treatment area

square

The contractor will be required to achieve an average of 95% of the calculated boiling
points at the nine in-zone measurement locations, at each depth at or below the groundwater
level. The percentage compliance will first be calculated at each temperature monitoring point,
based on the calculated boiling point which in turn is based on the depth of water at which the
thermocouple was originally installed. Because various temperature scales are not related
proportionally, the percentage metric is defined to be calculated based on measurement of
temperature in degrees Celsius. If temperatures above the theoretical boiling point are achieved
(due to absence of DNAPL), then the temperature monitoring point would be assigned a 100%
compliance value (i.e. not, for example, 110%). The 72 individual percent compliances (nine
locations x appreximatelreight depths) will then be averaged to obtain the average compliance.
Since temperature will be monitored on a continuous basis, percentage calculations will be
performed once per day. Additionally, no single thermocouple should read below 80% of its

depth-specific target temperature.

5.3 Remediation Progress Monitoring

5.3.1 Remediation Progress Definition

The measurement of the progress of PCE removal from the subsurface is distinct from the
contractor performance requirements. Remediation progress monitoring, although physically
performed by the remediation contractor, will be carried out to provide NYSDEC with

information with which to make decisions regarding duration of system operation.
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5.3.2 Mass Basis as the Primary Progress Metric

The primary mechanism of remediation progress monitoring will be measurement of the
amount of PCE that has been removed from the subsurface. The intent of defining a remediation
progress metric is to provide a default condition where the treatment can be declared substantially

complete and where only asymptotic removal rates are being achieved.

Table 5-1 presents a statistical summary of the contamination as measured in.a 10 x 12
foot subsection of the 60 x 60 foot main source area that was sampled as part of the chemical
oxidation pilot study (URS 2002b):

Table 5-1

Bwﬂ 1 After Chemical Oxidation T

PCE (myss/ke)

Vadose Saturated Combined

Before After Before After Before After

No. of Samples 0.009 0.010 0.030 0.030 0.039 0.040
Max. PCE conc. (ug/kg) 6,100 10,000 320 6,600 6,100 10,000
Min. PCE conc. (ug/kg) ND 0.005 ND 0.001 ND 0.001
Arithmetic mean (ug/kg) 615 015 22 238 174 432
Geometric mean (ug/kg) 0419 0.639 0.152 0.228 0.191 0.295
Median (ug/kg) 0.038 0.045 0.044 0.096 0.043 0.096

Although additional sampling was conducted during the RI, this data set represents the
most intensive investigation of the zone that would be treated in situ. Especially considering the
limited number of RI samples taken in this source zone were consistent with the levels observed
during the chemical oxidation pilot testing, the pilot test data set is used as the basis of the PCE
mass calculations. Based on_the arithmetic mean from these data, we may assume an average
concentration of about 200 mg/kg. This value was arrived at by taking a value at the lower end of
the “combined”_arithmetic means yet at the upper end of the arithmetic mean of the saturated
zone, since more treatment would be directed towards the saturated zone (the vadose zone is
presumed to be readily treated by the vapor recovery portion of these technologies). Based on a
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200 me/kg basis, approximately 4.000 pounds of PCE may be present in the 60 ft x 60 ft (area) x

45 ft (depth) source zone. However, experience has shown that using such estimates for the

purposes of remediation planning can be inaccurate. Therefore, remediation progress will be

monitored to determine when the removal rates are trending toward an asymptotic low point.

The rate of PCE recovery is expected to be high at first as the high levels in soil gas are
recovered upon start up of the vapor recovery system. This recovery is only vadose zone PCE,
not the saturated zone PCE that is the main target of ERH treatment. The concentrations, and
thus recovery rate of PCE should decrease rapidly after start up. However, within a few weeks,
as the saturated zone reaches boiling temperatures, the rate of PCE recovery should rise again
through a peak, and then tail off. Because the initial PCE concentrations and recovery rate should
be high due to initial soil gas removal, and the height of the recovery peak depends on subsurface
mass transfer conditions in the subsurface, it is difficult and not very meaningful to define the
substantially complete point based on a predetermined fraction of early-phase PCE

concentrations.

Instead, the substantially complete guidelines will be set on a mass recovery basis. The
area under the mass recovered vs. time curve is the overall mass recovered. Effective treatment
will be defined as reaching an asymptotic condition where the weekly rate of PCE collection
represents only a small fraction (for example around 1%) of the total PCE collected since start up.
No fixed percentage value is established to determine whether the system should be operated

further, or conversely, shutdown. NYSDEC would retain flexibility in these decisions.

5.3.3 Mass Removal Rate Technique

The PCE mass removal rate will be calculated by multiplying PCE concentrations by the
extraction rate. PCE concentrations can be measured in two places: (1) in the recovered gas
stream in the manifold after the gas streams from all vapor recovery wells are joined together, and
(2), in the gas and condensate streams following the condenser. Measurement of the gas before
the condenser is complicated by the high temperature of this material, and the fact that some
moisture, and possibly some PCE, may condense following sample collection. Measurement
following the condenser means that two streams must be measured to account for all recovered

PCE: the gas stream, and the condensate stream. Because of the difficulties involved with

N:A11172744.000000WORD\Word PerfectiWest Side Corp-Redlined\West Side Corp DAR.doc
3/14/03 10:38 AM 5-8



sampling upstream of the condenser, and because the vast majority of the PCE would remain in
the vapor stream following the condenser, sampling would be required only downstream of the
condenser. Although most PCE would remain in the vapor stream, both the vapor and liquid
streams from the condenser will be analyzed. In order to best calculate the total mass recovered,
data need to be collected on a regular, intensive basis. Samples will be taken and analyzed every
two days. The mass fraction of PCE to be collected in the aqueous condensate is expected to be
much lower than the mass fraction collected in vapor from the condenser. Following the peak in
mass recovery rates, the frequency of condensate sampling may be reduced to once per week to

reduce costs.

Getting a total mass recovery requires that the flow rates of each of these post-condenser
streams be measured. On an ongoing basis, the total flow of each of these streams will be

measured and recorded.

54 Supplemental Sampling

5.4.1 Seoil Sampling

To document the extent of remediation accomplished, confirmatory soil samples will be
collected. The confirmatory soil samples would be used to evaluate the effectiveness of the ERH
technology and the potential need for future groundwater controls at the site. They might also be
used as a basis to continue ERH remediation. As with mass recovery measurements discussed in
section 5.3, soil sampling results would not be used as a basis to measure contractor’s

performance.

Confirmatory soil sampling, whatever its outcome, is not expected to provide a firm basis
for restarting the ERH system, provided that ERH performance and operating (P/O) data, as
described in section 5.3, had previously justified shutting the system down. ERH would not be
shut down if the P/O data indicated high ongoing levels of removal. On the other hand, if the P/O
data indicated non-improving (e.g., asymptotic) and low removal levels, there is no reason to
think that restarting the system in its current configuration would improve treatment efficiency or

be cost-effective.
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Notwithstanding the above arguments, the contract documents will include the flexibility
to restart ERH as an option. Such flexibility is warranted by the innovative nature of the
technology, the site’s high profile and aggressive schedule, the potential for unknown future
agency or public input concerning “walk-away” criteria, and the possibility that confirmatory soil

sampling may ultimately play a larger role than anticipated.

The Contractor will be required to collect and analyze a specific quantity of samples (to
be specified in the contract documents). Special techniques will be specified for sample
collection to minimize the potential for loss of volatile organics from the sample. These
techniques would include immediate capping of the sample collection tube followed by
immediate cooling in an ice water trough. When cooled, the sample sleeve would be cut open,
and a core would be taken from the sample and placed in a vial for delivery to the laboratory.
Samples would be taken from random locations throughout the area and depth of treatment. The

results of these samples will be submitted to the NYSDEC for review and evaluation.

5.4.2 Groundwater Sampling

Because of the large extent of the plume, extending far offsite, absolute remediation of
groundwater is not a goal of ERH treatment. However, for the same reasons why confirmatory
soil samples will be taken, groundwater samples will also be taken before and after treatment.
Groundwater will be sampled from eight newly installed wells. Four shallow/deep pans will be
installed. Wells shall be located as shown on Drawing 4. Because temperatures would be high,
special techniques would be required for groundwater sampling. Specifically, groundwater
would be pumped out of the well and through a heat exchanger coil to reduce its temperature

prior to placement in the sampling container.
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6.0 UTILITIES

6.1 Utility Requirements

Utilities required for the remedial systems include electricity, gas, water, and sewer.

These requirements are discussed below.

Electric: The major power requirements is for the ERH power control unit. The
estimated maximum power input for ERH is 2,080-850 to 950 KW. Additional power will be
required for blowers and pumps. The total estimated power requirement is 2-1881,000 KW. A
typical power control unit operates on a typical voltage of 42:470-t6-13,800480 volts.

Natural Gas: Gas will be required for the catalytic oxidizer. The estimated gas

requirement is 400 standard cubic feet per hour (scth).

Water: Cooling water will be required to condense steam extracted by ERH vapor

recovery wells. The estimated water recirculation requirement is 250-500 gallons per minute.
Sewer: Water (condensate) from the ERH system will be treated and discharged to the
sanitary sewer located on 180™ Street. Permit requirements for discharge are discussed in Section

7.0.

6.2 Existing Utilities

Existing utilities are shown on Drawing 2. They are described below.

Electric: Electrical power is available on site. Utility poles are located on the property
about 100 feet south of the bus garage. The nearest location with 13,200 volt power will be

determined.

Natural Gas: There is a natural gas line on site. A meter is located on the east side of the

onsite bus garage.
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Water: Water is available on site. Water valves are located on 180" Street.

Sewer: Several sewer manholes are located on 180" Street. Sewers are regulated by the

New York City Department of Environmental Protection (NYCDEP).
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7.0 PERMIT REQUIREMENTS
Preliminary evaluation indicates that application or approvals will be required for the
discharge of condensate after treatment and air emissions. Permit requirements are discussed

below.

Discharge of Treated Water: Treated water from the condenser will be discharged to the

sanitary sewer. Discharge is regulated by the New York City Department of Environmental
Protection (NYCDEP). Permit requirements will be discussed and negotiated between NYSDEC
and NYCDEP. Once requirements have been clarified, URS will submit the necessary
information to the NYCDEP for the discharge to the sewer.

Air Emission: URS will submit a permit application equivalent to the NYSDEC for

emissions from the thermal oxidizer(s) used for ERH and SVE.
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8.0 OPERATION, MAINTENANCE, AND MONITORING

This section of the DAR outlines the general requirements for preparation of an

operation, maintenance and monitoring (OM&M) manual for the site, outlines the components of

the long-term sampling program, and identifies who will be responsible for performing the

various components of the operations and maintenance.

8.1 Manual Preparation

Development of an (OM&M) manual will be a required element of the contract

documents. The OM&M manual must contain a description of all components of the site remedy,

instructions for operation and maintenance of the systems, contingency plans, and long-term

monitoring plans, including sampling protocols and health and safety procedures. The OM&M

manual must be complete with sufficient information and instruction in order to allow the

Department, or a subcontractor to the Department, to effectively operate the remedial systems at

the site. Because the ERH system will be constructed, operated and removed by the Contractor

prior to turnover to the Department, this component of the remediation will not be addressed by

the OM&M manual.

The contractor, who will supply all of the technical information for the remediation

systems and equipment, will first develop the manual during construction. The manual will then

be updated and completed by the Department who will add all of the requirements in regard to the

monitoring of the systems and measuring progress in the overall site remediation. The manual

will be developed in an electronic format to the extent possible to allow for periodic revisions and

updates as required.

8.2 OM&M Manual Outline

The preliminary outline proposed for the OM&M manual is as follows:

e Introduction — including purpose and scope of the manual
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Remediation Overview — a general description of the site remediation activities and a

summary of all appropriate background information.

SVE System Description — a description of the overall system and all components,

including general design criteria, equipment model numbers, and supplier

information

SVE System Operation — startup and shutdown procedures, alarm procedures, and

typical operating parameters

SVE Maintenance and Inspection —routine maintenance checklists and tasks for all

system components including troubleshooting guidelines

SVE System Sampling —monitoring requirements and sample collection requirements

associated with the operation of the SVE system. Includes the measurement of

vacuums and flowrates from the SVE extraction wells, collection of vapor samples

from the wells and from the system discharge after treatment.

Long-Term Monitoring —~ a summary of all site monitoring and sampling

requirements not directly associated with the operation of the SVE system. Includes

frequencies and locations for the collection of water levels and groundwater samples.

Utilities — a summary of all utility connections, account numbers, billing information,

contact persons, and copies of all permits

Site Maintenance and Housekeeping — housekeeping procedures for the operation of

the SVE system including handling and disposal procedures for condensate,

exhausted carbon, and all other incidentals generated by the operation of the system.

Recordkeeping and Reporting — detailed procedures and forms for recording and

reporting O&M events and data. Outlines report formats, trend analysis, and

documents repairs, replacements, or other system modifications. Includes report

distribution information.
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¢ Contingency Plans — outlines procedures and methods to handle problems that could

reasonably occur at the site.

Appendices to the manual will include:

e Record Drawings

» Equipment Manuals and Technical Literature

e Warranties

e Record of Decision

¢ Discharge Permits

¢ Monitoring and Maintenance Forms

e Boring Logs

e Well Construction Information

e Health and Safety Procedures

¢ Sampling Protocols and Quality Assurance / Quality Control Procedures

8.2 Long-Term Monitoring

Additional monitoring not directly associated with the SVE or ERH systems will be

conducted to document the remedial progress at this site. While the ERH activities at this site

will be relatively short-term, source removal and the operation of the groundwater extraction

system on the adjacent property will continue to have a significant impact on the groundwater at

this site. Long-term monitoring will include measurement of water levels across the site and

periodic collection of groundwater samples for VOC analysis. A total of 10 monitoring wells are

proposed for sampling, 5 shallow wells and 5 deep wells. Table 8-1 summarizes the wells

proposed for the quarterly sampling.
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8.3 OM&M Responsibility

The following section outlines the major OM&M tasks at this site, and identifies the

party that will be responsible to carry out these tasks. In general, the contractor will be

responsible for the performance of OM&M activities while the contractor is actively involved

with the construction and operation of the remedial systems at the site. Once the contractor’s

work has been completed, the Department will be responsible for the OM&M, most likely

through a standby contractor (engineer).

8.3.1 Contractor OM&M Responsibilities

ERH operation, including all associated sampling and monitoring

. SVE operation until system turnover to Department, including all associated

sampling and monitoring, provision of supplies and disposal of all waste streams

. Performance of site-wide monitoring (groundwater elevations and monitoring well

samples across the site) until turnover of the SVE system to the Department

(assumed to consist of three quarterly sampling events)

o Preparation of the “Draft” OM&M manual

] All recordkeeping and report preparation until tumover of the SVE system to the

Department

) All other activities as identified in the OM&M manual

8.3.2 Department/Engineer OM&M Responsibilities

. Review of the Contractor’s OM&M manual submittal. Preparation of remaining

sections not associated with the Contractor.
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o SVE operation upon system turnover to Department, including all associated

sampling and monitoring, provision of supplies and disposal of all waste streams

. Performance of site-wide monitoring (groundwater elevations and monitoring well

samples across the site) upon turnover of the SVE system to the Department

. All recordkeeping and report preparation upon turnover of the SVE system to the

Department

All other activities as identified in the OM&M manual
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9.0 PROJECT CONSTRUCTION SCHEDULE

Figure 9-1 shows the proposed construction schedule for the remedial action at the West

Side Corporation site. The schedule is based on a Notice-to-Proceed (NTP) date of August 15,
2003.

For the purpose of determining Substantial Completion for the work at the site, the work

was broken into four separable parts of completion. Generally, these parts are defined as follows:

Part A - Startup and Test ERH 125 Days from NTP
Part B - Complete ERH and Remove System 385 Days from NTP
Part C - Startup and Test SVE 90 Days from Part B
Part D - Turn System Over to the Department 200 Days from Part C

N:\i1172744.00000\WORD\Word Perfect\West Side Corp-Redlined\West Side Corp DAR.doc
3/14/03 10:38 AM 9-1



REFERENCES

Tams Consultants, Inc. (TAMS) and GZA Geo Environmental of New York (GZA) 2000.
Feasibility Study West Side Corporation Site; prepared for NYSDEC, Albany, NY: July.

URS Consultants, Inc. (URS) 2001. SVE Pilot Test Report; prepared for NYSDEC, Albany, NY:

December

URS Consultants, Inc. (URS) 2002a. Revised In-Situ Thermal Treatment Feasibility Evaluation;
prepared for NYSDEC, Albany, NY: August

New York State Department of Environmental Conservation (NYSDEC) 2000. Record of
Decision West Side Corporation Site Operable Unit No. 1 (On-Site); NYSDEC, Albany,

NY: July.

URS Consultants, Inc. (URS) 2002b. West Side Corporation Site, No. 2-41-026, Chemical

Oxidation Pilot Test Report, prepared for NYSDEC, Albany, NY. January.

NA11172744.00000\WORD\Word Perfect\West Side Corp-Redlined\West Side Corp DAR.doc
3/14/03 10:38 AM R-1



APPENDIX 1A

ZONE OF ERH APPLICATION
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ZONE OF ERH APPLICATION

In situ thermal treatment will be applied to treat subsurface contamination at an area and
depth inferred by measurements taken during subsurface investigations conducted in 1999 (GZA
2000) and 2001 (URS 2002), and by historical information about the location of former PCE
storage tanks. Five 10,000-gallon storage tanks were located along the east side of the southern
portion of the West Side Corporation site building. The tanks were installed side by side for a
north-south width of about 60 feet. The area where the tanks were located was sampled during
the remedial investigation through collection of soil gas, groundwater, and soil samples.
Although the sampling density throughout the site was relatively high, fine-grained delineation of
the extent of DNAPL contamination beneath the tank location was not performed. The presence
of DNAPL is presumed by the presence of very high soil concentrations (up to 1% PCE detected
during chemical oxidation pilot testing) in samples beneath the tank locations, and by the
presence of PCE in shallow groundwater at concentrations exceeding the PCE solubility in MW-
8S and its replacement, MW-88S. The region near the tank locations was tested by soil and soil
gas measurements taken by Geoprobe samples GP-12, GP-16, GP-36, GP-37, GP-38, and in the
immediate downgradient areas by GP-6 and GP-35 augmented by groundwater measurements by

MW-7S and MW-7D.

ERH treatment is intended to reduce the mass of PCE acting as a future source primarily
by volatilizing PCE DNAPL. It is thus targeted to where DNAPL is most likely to be present. It
is not aimed to treat all the soil and groundwater contamination at the West Side Corp. site. The
following text summarizes the available data that is the basis for applying ERH treatment to a

zone of 60 x 60 feet in area, and to a depth of 55 feet.

Vertical Extent

Source area contamination at depths greater than about 20 feet below ground surface
(bgs) was investigated only through deep wells MW-8D (and its replacement MW-88D) near the
tank locations, the downgradient MW-7D (and its replacement MW-77D), and soil boring
samples taken to depths of about 40 to 45 feet during the chemical oxidation pilot test. MW-88D
suggests that contamination extended to about 40 feet below ground surface. The soil and soil
gas measurements taken from this borehole lead to testing soil down to depths of 45 feet bgs

during the chemical oxidation pilot study. These sets of samples showed elevated PCE
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concentrations (for example, greater than 100 mg/kg) in four of 20 samples taken at about 40 feet
bgs (although the most striking aspect of the data was the high degree of variability among the
samples taken in relatively close proximity to each other). Therefore, the pilot test data can not

be used as evidence that contamination is limited to a maximum depth of about 40 feet bgs.

The conclusion that very high concentrations of PCE, including DNAPL, do not extend
much beyond 40 feet bgs is based, rather, on the organic vapor measurements taken at five-foot
intervals during the installation of MW-8D. Whereas volatile readings in the upper 40 feet were
elevated (as were geoprobe soil gas samples taken elsewhere near the former tank location to
depths of about 20 feet bgs), these measurements consistently drop after 40 feet bgs, with an
exception at 45 feet bgs (note, however, that groundwater concentrations are elevated at the
screened interval located 60 to 70 feet bgs atop the Gardiner clay although this may be due to
artifacts from the installation of well MW-8D). The remedial design adopts the interpretation
made in the RI that contamination is limited to the upper 40 feet bgs based on the MW-8D
organic vapor readings. However, application of ERH will extend to depths of 55 feet bgs. This
is primarily intended to provide a heated zone below the lowest DNAPL present. However, it
does also provide additional protection should DNAPL remain undetected at depths of about 40-
50 feet bgs.

Horizontal Extent

Among soil gas, soil and groundwater samples taken in saturated zone (the zone targeted
by ERH treatment), the highest concentrations detected are found in the two boring locations
(GP-36 and MW-8D) located beneath the former tank location. This is especially true for the
organic vapor measurements, which were taken at the highest density throughout the site and thus
provide the best direct comparison. However, the organic vapor readings in saturated zone
geoprobe samples drop only by about half in samples taken from geoprobe samples taken just
outside the of former tank area (GP-12, GP-16, GP-37, GP-35) compared to the samples taken
beneath the former tank area (GP-36, MW-8D). While this is probably due to dissolved PCE in
the groundwater plume, the lack of a dramatic change means that existing soil and soil gas data
can not be considered to definitively define the DNAPL extent to be limited to the former tank
area. Rather, the horizontal extent or ERH application is determined primarily by the dimensions

of the former storage tanks, and the presumption that PCE DNAPL would migrate predominantly
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straight down due to the absence of prominent lower-permeability soil strata that would otherwise

hold up its vertical migration.

Affect of Extent Assumptions on Design

The high density of sampling in the relatively small area evaluated during the chemical
oxidation pilot testing suggested that the DNAPL was dispersed in isolated deposits throughout
the saturated zone tested, presumably held by capillary forces. Detection of DNAPL is at best a
hit-or-miss exercise using direct sampling techniques. It would not, therefore, make sense to
implement a sampling program to further define DNAPL contamination. This DNAPL may be
mobilized as a flowing liquid by the heat (as viscosity changes with temperature) rather than
vaporized and recovered by the vapor recovery system. However, the goal of the source remedy
is to remove as much PCE as possible, not complete elimination of PCE contamination.
Migration of dissolved PCE outside the “box” is expected upon startup of the offsite extraction
well 24 new in any event. Thus, some minor PCE “escape” would not be significant in the scope
of the overall remedy, considering that the vast majority of the PCE would be removed by ERH
even if some isolated PCE ganglia were not addressed by ERH. Therefore the uncertainties in
actual DNAPL distribution do not call for expanding the treatment “box” beyond the dimensions
established above.
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Table 8-1
Summary of Site-Wide Monitoring

Monthly VOC
Analysis During | Quarterly VOC | Quarterly Water
Monitoring Well ERH Activities Analysis’ Levels’
MW-18 X
MW-1D
MW-22S X X
MW-33S X
MW-3D
MW-4S X X
MW-4D
MW-55D X
MW-66S X X
MW-6D
MW-7S X X' X
MW-77D X x!
MW-88S Decomm.
MW-88D Decomm.
MW-9S Decomm.
MW-9D Decomm.
MW-1018’ X X! X
MW-101D’ X X'
MW-1028’ X X
MW-102D’ X
MW-103S’ X X
MW-103D’ X
MW-1048’ X X
MW-104D’ X
MW-105D" X X
MW-106D’ X X
NOTES:

1. Samples will not be collected during quarters that the monthly ERH samples are
being collected.

2. One of the quarterly measurements should directly preceed the startup of the ERH
system, and one should directly preceed the startup of the SVE system.

3. Wells that are being installed as part of the remedial contract.
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APPENDIX 1B
DESIGN ISSUES MEMO
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DESIGN ISSUES - MEMO #1
October 1, 2002

Issue 1: Vertical vs. Horizontal Wells

While the ROD does not specifically require the use of horizontal wells underneath the existing
building at the site, both the FS and the ROD were based on this assumption. However, URS
recommends using vertical wells to extract soil vapor from underneath the building.

A decision on the use of vertical vs. horizontal wells rests on three main criteria:

(1) Implementability
(2) Effectiveness in capturing contaminated soil gas plumes, and
(3) Impact on building operations

URS recommends this change based on the following analysis:
Implementability:

e Considering that there is no construction information available for the existing building, any
subsurface structures or other obstructions are unknown. The likelihood of encountering an
obstruction during drilling will be less with vertical wells than horizontal.

o Regardless of other obstructions, there is most likely a deep foundation to the building that
will have to be partially excavated and cored to get access underneath the building.

o The cost to install vertical wells is expected to be much less than the cost to install horizontal
wells.

Effectiveness

e There is not expected to be any significant difference in the effectiveness of horizontal versus
vertical wells.

e The SVE pilot test estimated a radius of influence up to 50 feet, which is much greater than
the 20-foot radius of influence assumed in the FS report. This would minimize the number of
wells that would need to be installed within the building in order to adequately capture the
soil gas plume beneath the building.

Impacts on Building Operations

e Based on the locations of subsurface samples previously collected from inside the building, it
is assumed that sufficient access is available for installation of the wells. This will have to be
verified with Atlantic.

e If vertical wells are installed at the site, there will be more impact on the inside use of the

building as compared to the horizontal wells, which would be installed wholly from outside
the building. However, assuming that the use of vertical wells is acceptable, URS proposes
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that all wells, piping, etc. will be installed below grade, or run vertically to the ceiling to
minimize the impact on the operations inside the building.

Issue 2: Isolating Treatment Area

In order to protect site personnel from accidental exposure to the high voltages introduced to the
subsurface by the electrodes, URS recommends that the entire treatment zone be fenced off
during the operation of the ERH system. Although exposure to stray voltages is not likely under
normal circumstances (the system is designed to allow flow only between electrodes), the use of a
fence is considered to be an added protection. Furthermore, this would allow installation of the
plumbing and wiring required for ERH implementation above grade, avoiding an estimated
$30,000 cost otherwise required to bury these items. Fencing of the treatment area, including a
small buffer around the treatment area would isolate an area of about 5,000 square feet from use
during treatment. Additional area will be required for the of gas treatment equipment, the
condensate treatment equipment and the power control unit.

Issue 3;: Start-up Time for Well 24 New

URS recommends that the startup of offsite well 24 new be delayed until after ERH treatment
is completed, i.e., approximately one year from now. Despite the groundwater modeling that has
been completed, operation of this well would introduce many uncertainties into the design,
especially considering the dynamic conditions that would be encountered as the system
approaches steady state, or would be encountered if the well were turned off for any reason.
Operation of this well would lower the water table. Although this would not significantly affect
the amount of energy required to treat the source area, it would complicate the decision regarding
where to place the top of the electrodes, including the conductive packing between the electrodes
and the borehole walls. Furthermore, the offsite well would change flow patterns, presumably
increasing flow through the source zone. Increasing the flow above 1 foot per day would start to
significantly increase electricity costs due to convective losses. Flow rates above 10 feet per day
would be prohibitively expensive.
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DESIGN ISSUES - MEMO #2
October 9, 2002

Issue 4: Sequencing of ERH and SVE

One of the early design issues raised in our September 11, 2002 correspondence was the possible
sequencing of ERH and SVE operations. Based upon anticipated cost savings, as well as
simplified construction and operation considerations, URS recommends that the two systems be
operated sequentially, with ERH preceding SVE operations.

Cost Savings: Most of the cost savings associated with sequential operation of ERH and SVE are
based on the fact that the off-gas treatment system will be designed to treat the vapors from only
one technology at a time, and therefore be smaller than a system designed to treat both
technologies operating concurrently. In addition to the reduced capital costs for this smaller off-
gas system, operational costs will also be significantly less. The reduction in operating costs
increases with increased operation duration. However, since the duration of treatment (especially
SVE) is unknown at present, the real dollar amount of the operational cost savings cannot be
fixed.

System Construction / Operation Benefits: There are also construction and operation benefits
associated with sequenced operation, including:

e The ERH system will more significantly impact Atlantic by fencing off an important area of
their site. By sequencing operations, the Contractor will be able to concentrate the initial
efforts on getting the ERH system up and running. This should cause the least impact to
Atlantic’s operations. The contractor can use the time while ERH is in operation to work on
the construction and installation of the SVE system. This is based on the assumption that the
ERH equipment is rented and, therefore, should be more readily available than the SVE
equipment, which additionally will require construction of a treatment building or skid.

e Contract administration and payments to the Contractor will be easier to determine if each
system is kept as a separate completion item. If both systems concurrently share the
off-gas treatment system and one of the systems is delayed for any reason, the determination
of completion dates, payment terms, etc. may become complicated.

e The area for treatment with ERH is a small portion of the larger Source Area 1 to be treated
with SVE. If the two systems operate concurrently, it would be more difficult to distinguish
how much remediation is being accomplished via each of the two systems. Separate
operation of the ERH system will allow for a more straightforward evaluation of the results.

Issue 5: Confirmatory Seil Samples

Another early design issues raised in our September 11, 2002 correspondence was need for
confirmatory soil sampling, and the relationship between soil sampling and the determination of a
“walk-away” point for the remedial contractor. URS recommends that confirmatory soil
samples be collected, but that they not be used as criteria for determining the Contractor’s
“walk-away” point. Rather, the confirmatory soil samples would be used to evaluate the
effectiveness of the ERH technology and the potential need for future groundwater controls at
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the site. The “walk-away” point would be based upon operating and performance data (to be
addressed in future design memoranda). URS further recommends that, for maximum
[flexibility, the contract documents be structured to provide for restarting the ERH system as an
alternate bid item.

Rationale: URS believes that confirmatory soil sampling, whatever its outcome, would not
provide a firm basis for restarting the ERH system, provided that ERH performance and operating
(P/O) data had previously justified shutting the system down. ERH would not be shut down if the
P/O data indicated high ongoing levels of removal. On the other hand, if the P/O dataindicated
non-improving (e.g., asymptotic) and low removal levels, there is no reason to think that
restarting the system would improve treatment efficiency or be cost-effective. In addition, for
confirmatory soil sampling to be used as a walk-away criterion for the Contractor, there would
need to be a stronger statistical “before-versus-after” comparison than we feel would be likely to
exist on the basis of sampling results. This, plus the anticipated high cost of providing for the
restart of ERH within the base bid, and the accompanying prolonged disruption of normal site
activities, seem to weigh against the use of confirmatory soil sampling for this purpose.

Bid Alternate: Notwithstanding the above arguments, we recommend providing the flexibility to
restart ERH as an option, or bid alternate, within the contract documents. Such flexibility is
warranted by the innovative nature of the technology, the site’s high profile and aggressive
schedule, the potential for unknown future agency or public input concerning walk-away criteria,
and the possibility that confirmatory soil sampling may ultimately play a larger role than we
recommend. Under the bid alternate approach, the contract documents would include separate
bid items for the following: (1) ERH standby time; (2) ERH restart costs; and (3) ERH monthly
operation costs. These optional items would be exercised at the discretion of the NYSDEC.

Confirmatory Soil Sampling: For the purposes describe above, confirmatory soil sampling will
also be included in the contract documents. The Contractor will be required to collect and analyze
a specific quantity of samples (to be determined by URS and the NYSDEC). The results of these
samples will be submitted to the NYSDEC for review and evaluation.
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DESIGN ISSUES - MEMO #3
October 15, 2002

Performance Requirements Issues

This memorandum addresses two related design issues: the requirements for measuring the
performance of the contractor (that is, defining the minimum requirements) and the determination
of the “walk away point”. This determination of the end point of treatment is not a criterion that
we are placing on the vendor since insufficient information exists to expect vendors/contractors to
guarantee contaminant removal performance of the system.

Issue 6: Contractor Performance Requirements

URS recommends that the prime performance requirement for the contractor will be based on
subsurface temperatures. The contractor will be required to achieve certain temperature
criteria throughout the treatment area for a fixed lump sum cost, and then maintain these
temperatures for reimbursement on a per-week cost. The per-week cost would include separate
costs for electricity, which would be reimbursed on an “actuals” basis up to a maximum
amount bid.

The temperatures that must be achieved are based on the temperatures that correspond to a
volatilizing mixture of the two liquid phases present: water and PCE. Since both these free
phases contribute independently to the total vapor pressure exerted by subsurface fluids, then
equilibrium will shift to the vapor phase (i.e. both liquids will “boil”’) when the sum of the vapor
pressures of these two liquids reach “ambient” pressure. The “ambient” pressure would be one
atmosphere at the top of the water table, but would increase deeper in the aquifer. It is valid to
assume that the pressures deeper in the aquifer will be equal to the hydrostatic pressures exerted
by the water at the given depths below the water table. Actual ambient pressures at depth may be
slightly lower once boiling starts since the bubbles may reduce the apparent density of water.
This would be consistent, also, with a net inflow into the heated area as water flows to replace the
water that is lost as steam. This flow pattern would imply a lower pressure, and thus lower
temperature, in the boiling zone.

URS performed a calculation estimating the two-phase boiling temperatures at the water table
(~12 feet bgs), the bottom of the treatment area (~55 feet bgs or ~43 feet below the water table),
and in the middle of these two zones. The boiling points were found to vary approximately
linearly from about 88°C at the water table to about 112 °C at 55 feet bgs. The variation of
boiling point with depth does not mean that some zones will boil and others will not. At each and
every pressure, heat will continue to be absorbed as it is produced by electrical resistance. Heat
will be absorbed either to increase temperature in accordance with the local heat capacity of the
water, DNAPL, and sand, or, once the boiling point is reached, will be absorbed by the heat of
vaporization, being used to convert liquids to gas. While there will be some conduction of heat
from the higher temperatures at deeper depths to the higher elevations, this will be dwarfed by the
convective transfer of heat from the lower regions to the upper regions. The produced gases will
cool as they rise to the lower-boiling-point regions higher up. However, the gasses will not
condense, as the boiling points are lower in these lower pressure zones.

The contractor will be required to monitor temperatures at 12 horizontal locations, and at eight
depths at each location. Of the 12 locations, 8 will be within the zone of heating and will be used
to measure successful treatment performance. Of these 8, four will be located at the corners of
the 60 x 60 foot area, and the other 4 located within the square. These inner four samples must be
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further located at the center of 4 of the triangular grids that will be formed by the electrode
placement. The remaining 4 temperature monitor locations will be located 10 feet to the north,
south, east, and west of the treatment area. These locations will monitor temperature for
informational purposes only. In summary, the horizontal locations are:

* 4 ]ocations at the corners of the treatment area square,

o 4 locations within the treatment area, each located at the center of electrode grid
triangle, and

® 4 locations that will be 10 feet away from the center of each side of the treatment area
square.

The vertical locations will be at five-foot intervals starting at ~3 feet below the water table (15
feet bgs), to ~38 feet below the water table (50 feet bgs).

The contractor will be required to achieve an average of 95% of the calculated boiling points at
the eight in-zone measurement points. The percentage compliance will first be calculated at
each temperature monitoring point, based on the calculated boiling point which in turn is based
on the depth of water at which the thermocouple was originally installed. The 64 individual
percent compliances (eight locations x eight depths) will then be averaged to obtain the average
compliance. Since temperature will be monitored on a continuous basis, percentage calculations
will be performed once per day. Additionally, no single thermocouple should read below 80%
of its depth-specific target temperature.

To structure the bid items for these requirements, URS would require a lump sum bid from the
contractor for getting the entire treatment zone (including the thermal barrier) to target
temperatures as defined above. Once target temperatures are reached, payment would be on a
per-week bid price for system operation, with the requirement for maintaining temperatures
during operation.

Issue 7: Treatment Performance Measurement

Distinct from the contractor performance requirements is the measurement of the effectiveness of
the treatment. Effectiveness is measured by the amount of PCE that is removed from the
subsurface. Effectiveness measurement may be supplemented by soil sampling (this was
discussed separately in last week’s design memo), but is primarily measured through the amount
of PCE recovered and the rate at which it is recovered.

URS recommends that effective treatment be defined as reaching an asymptotic condition
where the weekly rate of PCE collection represents only 1% of the total PCE collected since
start up. However, this 1% value is not intended to be a hard and fast number that will require
continued operation, or conversely, early shutdown, of the system. DEC would retain
flexibility in these decisions.

PCE recovery can be measured in two places: (1) in the recovered gas stream in the manifold
after the gas streams from all vapor recovery wells are joined together, and (2), in the gas and
condensate streams following the condenser. Measurement of the gas before the condenser is
complicated by the high temperature of this material, and the fact that some moisture, and
possibly some PCE, may condense following sample collection. Measurement following the
condenser means that two streams must be measured to account for all recovered PCE: the gas
stream, and the condensate stream. Getting a total mass recovery volume means measuring the
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volumes and flow rates of each of these streams. Because of the difficulties involved with
sampling upstream of the condenser, and because the vast majority of the PCE would remain in
the vapor stream following the condenser, sampling would be required only after the condenser.
Although most PCE would remain in the vapor stream, both the vapor and liquid streams from
the condenser will be analyzed. On an ongoing basis, the total flow of each of these streams will
be measured and recorded as well.

The rate of PCE recovery is expected to be high at first as the high levels in soil gas are recovered
upon start up of the vapor recovery system. This recovery is only vadose zone PCE, not the
saturated zone PCE that is the main target of ERH treatment. The concentrations, and thus
recovery rate of PCE should decrease rapidly after start up. However, within a few weeks, as the
saturated zone reaches boiling temperatures, the rate of PCE recovery should rise again through a
peak, and then tail off.

PCE Recovery Rate

Time

The intent of defining an effectiveness performance metric is to provide a default condition where
the treatment can be declared substantially complete and only asymptotic removal rates are being
achieved. Because the initial PCE concentrations and recovery rate should be high due to initial
soil gas removal, and the height of the recovery peak depends on subsurface mass transfer
conditions in the subsurface, it is difficult and not very meaningful to define the substantially
complete point based on a predetermined fraction of early-phase PCE concentrations. Instead,
the substantially complete guidelines will be set on a mass recovery basis. The area under the
mass recovered vs. time curve is the overall mass recovered. We will define an asymptotically
complete condition to be when the weekly rate of PCE collection represents only 1% of the total
PCE collected since start up. In order to best calculate the total mass recovered (i.€., the area
under the graph), data need to be collected not only on a regular, intensive basis. Samples will be
taken and analyzed every two days.

These measurements are to be used as a tool by the DEC to make operational decisions. These
data will not be used to define contractor performance. The contractor performance requirements
are specified by the temperature requirements outlined in Design Issue #6. The contractor will
supply unit rates for weekly operation following achievement of target temperatures. The DEC
would direct the contractor to operate the system on a week-by-week basis until the monitoring
data suggest that the asymptote is reached.
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WEST SIDE
Site Photographs

Looking south across area where ERH treatment will be applied.

Looking west from south end of building.
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WEST SIDE
Site Photographs

Looking north along east side of building.

South end of building.
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WEST SIDE
Site Photographs

Typical service bay in building.

Looking south from 180th Street along west side of building.
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WEST SIDE
Site Photographs

Looking northwest along 180th Street from side.
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Problem: Outline the basis for design for the major SVE system components
including:

e Extraction well locations

e Extraction well construction
e Airinlet wells

¢ Vacuum monitoring points

¢ Piping design

¢ Blower design

e Air treatment

References:

1. Remedial Design Project Management Work Plan / Budget Estimate - West Side
Corporation, URS Corporation, June 2001.

2. Remedial Investigation - West Side Corporation Site, Vol. 1, TAMS Consultants
and GZA GeoEnvironmental of New York, July 2000.

3. Feasibility Study - West Side Corporation Site, TAMS Consultants and GZA
GeoEnvironmental of New York, July 2000.

4. SVE Pilot Test Report - West Side Corporation Site, URS Corporation,
December 2001.

5. Industrial Ventilation, American Conference of Governmental Industrial
Hygienists, 1980.

6. How to Evaluate Alternative Cleanup Technologies for Underground Storage
Tank Sites, United States Environmental Protection Agency, EPA 510-B-95-007,
May 1995.

7. GAST Specially Designed Products for Environmental Remediation, Gast
Manufacturing, www.gastmfg.com.
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8.

9.

Design Issues - Memo #1, URS Corporation, Inc., October 1, 2002.

Ametek® Rotron @ Industrial Products, www.rotronindustrial.com

General Assumptions:

L

SVE will be implemented following the completion of ERH activities in Source
Area 1. Although the ERH system may utilize SVE wells for the extraction of
soil vapors, that system is considered to be completely separate from this
system.

It is assumed that all newly installed SVE wells will be located outside of the
ERH area, since the area should be mostly "clean.” The new SVE system will
however have some effect in this area and may provide additional treatment.

Other assumptions regarding the design of the SVE system are outlined below
in the applicable section.

1)

Extraction Well Locations

a) SVE will be implemented at three areas of the site, designated as Source
Areas 1, 2, and 3.

b) The extents of the source areas as indicated in References 2 and 3 are
assumed to be approximate. The source areas were delineated based on soil
gas readings with an OVM, and approximate the areas of soil contamination.

¢) The maximum radius of influence for an extraction well is assumed to be
50 feet (Ref. 4). Wells will be spaced closer to ensure complete coverage
in areas where there is a potential for subsurface obstructions and where
dictated by the constraints of the site.
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d) It is assumed that those wells located inside the building will not have any

f)

9)

effect on the soil located outside the foundation of the building. Likewise,
the wells located outside the building will not have any effect on the soil
located underneath the building.

It is assumed that all extraction wells will be vertical, including those to
be located inside the building. Vertical wells were selected over horizontal
wells (as indicated in the Feasibility Study, Ref. 3) due to the lack of
information regarding the construction of the building, and the potential for
subsurface obstructions. Additional information regarding the use of
vertical wells instead of horizontal is included in Ref. 8.

The attached Figure 1 shows a suggested layout for the extraction wells. A
total of 15 extraction wells are proposed as follows:

Source Area 1 - 7 wells outside the building
3 wells inside the building

Source Area 2 - 3 wells

Source Area 3 - 2 wells

A fifty-foot radius is shown around each of the extraction wells. As shown,
the suggested spacing provides significant overlap in coverage. The
proposed spacing of the wells also allows for flexibility in operation. During
the course of operation, it may be beneficial to target extraction from
specific areas and/or to operate some extraction wells as air inlet wells.

Well locations shown on the attached Figure 1 are approximate. The actual
locations will be determined based on specific site conditions, especially for
those wells proposed for inside the building.

2) Well Construction

a)

The diameter of the SVE extraction wells is assumed to be 4 inches,
which is typical for the construction of SVE wells, especially at the higher
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b)

d)

flow rates proposed at this site. A 4-inch diameter well (EW-1) was used for
the SVE pilot study.

Most of the extraction wells will be installed to a depth approximately 10
feet below ground surface. This allows the wells to be completed above the
water table, minimizing the collection of water by the system. It is
expected that there will be some local upwelling of the groundwater due to
the vacuum, but not enough to cover the screened portion of the well.

At most areas of the site, the contamination is only found in the shallow soil
(<10 feet). In some sections of Source Area 1, where contamination is
thought to extend deeper into the subsurface, the extraction wells will be
installed somewhat deeper to enhance contaminant removal in the vadose
zone.

The extraction wells will be screened from approximately 2.5 feet below
surface to the bottom of the well (minimum 10 feet), for a minimum screen
length of 7% feet. In areas of the site where there is an indication that
short-circuiting may be a consideration, the well screen length could be
shortened. For instance, if there is a high permeability stone or gravel layer
located beneath the floor of the existing building, the bentonite seal at the
upper end of the well will be extended to 1 or 2 feet below this layer, and
the screen length will be shortened accordingly.

All wells will be constructed and completed at grade. All monitoring ports,
valves, etc. will be installed in a concrete box. The box and cover will be
rated to handle the loading from the bus traffic at the site.

3) Air Inlet Wells

a)

The SVE pilot test (Ref. 4) demonstrated that a sufficient quantity of air
can be withdrawn from this site without the use of air inlet wells, despite
the fact that the entire site has been paved.
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b)

d)

Air inlet or venting wells are sometimes used to enhance the volatilization of
contaminants and to control the movement of air. If an adjacent property
were contaminated, air inlet wells or a trench would be used to prevent the
SVE system from drawing that contamination onto our site. It is assumed
that this is not required at this site.

Another use of air inlet wells is to eliminate stagnant zones that can occur
where the influences from multiple wells intersect. Air inlet wells installed
at the stagnant zones improve the flow of air through those areas. Given
the size of Source Area 1, and the quantity of extraction wells in this area,
stagnation zones are a distinct possibility.

At this site where the proposed well locations are all in a very busy, heavily
trafficked area, the air inlet wells would have to be installed below grade.
Underground piping would be used to allow air inlet from a remote location
where an aboveground riser can be installed. To eliminate additional wells
and reduce the amount of piping that would be required to install dedicated
air inlet wells, the SVE extraction wells will be designed to serve both
applications. The wells are designed such that closing the valve to the SVE
system and removing the threaded end cap will allow the SVE wells to
function as air inlet wells. Occasionally varying which wells function as
extraction or inlet wells should allow the entire extent of contamination to
be treated.

4) Vacuum Monitoring Points

a)

Vacuum monitoring points typically are used to verify that the extraction
wells are maintaining a sufficient vacuum across the area designated for
treatment. These monitors are most useful during the initial startup and
balancing of the system, and following any subsequent adjustments to the
system.

At this site, considering the conservative spacing of the extraction wells,
there is little question as to whether the SVE system will provide adequate
coverage, so vacuum monitoring points would not provide much useful
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information. Therefore, only six vacuum monitoring points are proposed as
shown on the Contract Drawings. The vacuum monitors are located around all
of the treatment areas, just outside the areas targeted for treatment.
Vacuum measurements from these monitors will provide a good indication of
the actual extent of the vacuum zone.

5) Piping Design

a)

b)

c)

Prior to determining the size of the system piping, it is necessary to know
how much air will be flowing through the system. The pilot study (Ref. 4)
determined that a flow rate of 35 to 45 c¢fm should be achieved from each
extraction well. To be conservative for the purpose of pipe selection, a flow
rate of 50 cfm from each well is assumed.

It is assumed that there will be a separate manifold from each of the three
source areas into the treatment system. Assuming equal flow from each of
the wells, and using the quantity of wells determined above, the total air
flow from each area is projected to be:

Source Area l - 10 wells @ 50 cfm = 500 cfm
Source Area 2 - 3 wells @ 50 ¢fm = 150 cfm
Source Area 3 - 2 wells @ 50 cfm = 100 cfm
Total - 15 wells @ 50 cfm = 750 cfm

In order to maximize the vacuum at the extraction wells, the pipe is sized so
that the pressure drop between the blowers and the wells is minimized. Ref.
5 includes a figure that shows the velocity and pressure drop for the flow of
air through various round ducts. Pipe diameters were chosen for each of the
flow rates that so that the pressure drop will be minimal; i.e., less than 1
inch of drop per 100 linear feet of pipe.

Based on this criteria, pipe for each of the expected air flow rates was
selected as shown below:
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Pipe Diameter Selection

Flow Rate Pipe Diameter Velocity Pressure Drop
(cfm) (inch) (fpm) (in./100 ft)
50 4 575 0.18

100 4 1150 0.64

150 6 775 0.18

500 8 1450 04

750 8 2150 0.9

The above table will be used as a general guideline for the selection of pipe.
Pipe for any flow rates not shown on the table above will be selected using
the same criteria. For short lengths of pipe, a diameter smaller than shown
on the table may be selected if it is more convenient, as long as the total
pressure drop is still minimal.

6) Blower Design

a) Flow Rate: The SVE Pilot Test (Ref. 4) recommended an extraction rate of
35 to 45 cfm per well. Assuming a total of 15 extraction wells, this equates
to a blower system designed for (35 x 15 =) 525 to (45 x 15 =) 675 cfm.

Conservatively allowing for 50 cfm per well, and assuming a total of 15 wells,
the blower system will be designed for a total capacity of 750 cfm.

b) Pore Volumes: One method to check adequacy of the air flow rate for the
SVE system is to determine the rate at which the system can remove one
pore volume of air.

The attached Figure 2 shows an approximate determination of the area that
will be affected by SVE (based on a 50-foot radius of influence). The total
area was roughly estimated to be 87,000 square feet. Assuming a 10 foot
unsaturated zone, and an porosity in the unsaturated zone of 35%
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c)

d)

(consistent with the assumptions of the pilot test, Ref. 4), the total pore
volume in the affected area is:

(87,000 ft? x 10 ft. x 0.35) = 304,500 f+3

Based on an extraction rate of 750 cfm, the total time to extract one pore
volume would be:

(304,500 f1°) / (750 f13 / min) / (60 min / hr) = 6.8 hours.

Therefore, operating a maximum capacity, the system would be able to
remove approximately 33 pore volumes per day.

Ref. 6 recommends that at least one pore volume should be extracted per
day for effective remedial progress; so removing 37 volumes per day should
be more than adequate.

Blower Quantity: While it would be possible to select one blower capable of
achieving a 750 cfm flow rate, it is assumed that three blower units installed
in parallel will be used. Using multiple blowers will allow for more flexibility
and efficiency for operating the system, especially if the quantity of
operating wells is reduced over time. Using multiple blowers also allows the
system to continue operating at a reduced rate if there are mechanical
problems with any of the blowers. Each of the three blowers will be
designed to provide 250 cfm.

Vacuum: As recommended by the pilot test (Ref. 4), it is assumed that the
blower will be selected to maintain a pressure of 40 to 45 inches water
column (in. wc) at each extraction well. For the purpose of selecting the
blower, a vacuum of 40 in. wc column is assumed at the extraction well.

Pressure Drop: To achieve the desired vacuum at the extraction wells, the
blower must include additional vacuum to account for the pressure drop in
the pipe and valve system.
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i)

Piping Losses: Due to the different pipe diameters and distances
between the extraction wells and the blower, the pressure drop will vary
significantly among the various well locations. The pressure drop will be
determined only for the "worst case” of all the well locations. Once the
blower is designed for the worst case, it will have excess vacuum at all
other well locations. Control valves at each well head will be used to
balance the vacuum and flow among the wells.

Pressure drops for the various diameters of pipe and flow rates are
shown on the table in Section 5 of this calculation. Assuming that the
SVE system is located to the south of the existing building, the worst
case pressure drop will be to either Source Area 2 or 3, since these wells
will be located the furthest from the extraction system and use the
smaller diameters of pipe. Figure 3 shows the approximate length and
routing of the pipe from these areas. As calculated in the table below,
the total pressure drop to Source Area 3 turns out to be the largest
pressure drop.

Pipe Friction Losses

Location Pipe Pressure Drop Approximate | Total

Diameter | (in./100 ft) Pipe Length | Pressure
(inch) (ft) Drop
(in)

Source Area 2 | 6 0.18 490 0.88

Source Area 3 | 4 0.64 360 2.3

i)

Valves and Fittings Losses: Additional pressure drop will also occur due
to the control valves and due to bends and joints in the piping manifold.
Ref. 7 includes assumptions regarding equivalent lengths of pipes for air
flow. Estimated quantities of fittings and the associated equivalent
length of pipe are outlined below. All valves and fittings are assumed to
be 4 inch diameter.
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Valve and Fitting Losses
Fitting Estimated Equivalent Total
Quantity Length (Ref. 7) | Equivalent
(ft) Length
(f1)
90° Elbow 10 10 100
Tee (through) 3 7 21
Tee (branch) | 20 20
Valve 2 3 6
Total 147 ft

iii)

iv)

Now, taking the total equivalent length and multiplying by the friction
factor from the previous section:

(147 ft) x (0.64 in. / 100 ft) = 0.94 in. wc. friction loss for fittings and
valves.

Knockout Tank (Liquid Separator): Ref. 9 presents a chart to determine
the pressure drop from the knockout tank that will be located before
the blowers. Assuming that the total flow is 750 cfm, the lowest
pressure drop will be obtained from an Ametek Model MS1000BS (Ref.
9) unit. (Other manufacturers may present different alternatives as far
as the size and capacity of units available). The pressure drop across the
Ametek unit is estimated to be approximately 3 in. wc based on their
literature.

Minor Sources: Other minor sources of pressure drop will include any
inlet filters, miscellaneous fittings located directly at the blower, etfc.
Allow a total of say 2 in. wc. to account for these additional minor
sources.

J\35897.01\Word\draft\SVE Design.doc




‘ms Appendix 2A - Page 11 of 11
JOBNO.: 11171611

MADEBY: D. McCall OV~ pATE: __10-19.9 %~

CHECKED BY: _C WA paTe: __Jolpq e}

PROJECT: West Side Corporation Site Remedial Design
SUBJECT: SVE System Design

v) Total Pressure Drop:

Piping: 2.3

Fittings and Valves: 0.94

Knockout Tank: 3

Minor Sources: 2

Total: 8.24 say 9 in. wc.

vi) Total Blower Vacuum
40 in. wc + 9 in. wc = 49, say 50 in. wc. to allow for a small safety factor.

f) Blower Design Summary: As outlined above, the criteria for the selection of
the blowers is as follows:

Quantity: 3
Air Flow: 250 cfm each
Vacuum: 50 in. wc.

Ref. 9 shows a typical blower that meets this requirement.

7) Air Treatment
a) Air treatment will be a significant component of the SVE system as well as

other components of the remedial actions at the site. Comprehensive air
treatment is evaluated separately in Appendix 4A of this DAR.
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Rl 6

volume of soil to be treated. Some literature suggests that one pore
volume of soil vapor should be extracted at least daily for effective

remedial progress.

You can calculate the time required to exchange one pore volume of
soil vapor using the following equation:

3 3 cmill - fr3 ani
E - (m* vapor / m" soil) - (m* soil) _ hr

(m3 vapor / hr)

where: E = pore volume exchange time (hr)
¢ = soil porosity (m® vapor/ m3 soﬂ)
V = volume of soil to be treated (m> soﬂ)
Q = total vapor extraction flowrate (m? vapor/hr)

E=-E

Q

O Discharge Limitations And Monitoring Requirements are usually
established by state regulations but must be considered by designers
of an SVE system to ensure that monitoring ports are included in the
system hardware. Discharge limitations imposed by state air quality
regulations will determnine whether offgas treatment is required.

O Site Construction Limitations such as building locations, utilities,
buried objects, residences, and the like must be identified and
considered in the design process.

Components Of An SVE System

Once the rationale for the design is defined, the actual design of the
SVE system can be developed. A typical SVE system design will include
the following components and information:

O Extraction wells
O Well orientation, placement, and construction details
O Manifold piping
O Vapor pretreatment design
O Blower selection
O Instrumentation and control design
O Optional SVE components
- Injection wells
-- Surface seals
-- ° Groundwater depression pumps
- Vapor treatmcnt systems
Exhibit II-11 is a schematic diagram of an SVE system

<
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G. SYSTEM FRICTION LOSS
- i e N
Friction causes pressure loss in all systems. Plumbing design and length affect this loss in air flow.
- 1. Determine total straight pipe equivalent.
List muber of each fitting in system. Circle the colum under the supply pipe size. Multiply the number
of each item by the pipe size corwersion factor to find the equivalent amount of straight pipe. Add
- equivalent figures to actual straight pipe figures.
Friction loss in pipe fittings equivalent length of straight pipe \l/
Fitting # 3/4" 1" 1-1/4" 112" 2" 241/2" 3" 4" Equivalent Feet
90° Elbows /Ox 20 3.0 35 4.0 5.0 6.0 8.0 10.0 =
Std. through tees é_x 1.5 2.0 25 3.0 35 4.0 50 - 70 =
Std. branch tees 1 x 40 5.0 7.0 8.0 10.5 12.5 155 200 = ____
Qheck valves X 7.0 9.0 11.5 13.5 17.0 20.5 25.5 34.0 = ____
Gate valves Zx 055 07 0.9 1.0 1.5 2.0 2.0 3.0 =
Total length of straight pipe =_____ft.
Total straight pipe equivalent=_____ft.
-
2. Determine total friction loss in pipe system.
On bottem line of the pipe friction loss chart, mark the air flow needed. Using a ruler, scan vertically
- from the CFM figure to the diagonal line for the proper pipe size. Mark the intersection and then scan to

the left (vertical) axis to fird the frictiomn loss figure.
FIPE FRICTION LOBSTY of pips
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3. Divide the Total straight pipe equivalent fram step 1 by 10; multiply by friction loss figure just
determined to get the total friction loss in the pipe system.
- + 10 x =
Total feet of pipe Friction loss factor  Total friction loss
in system in system in H.O"
- Grost ME
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AMETEK'’ Rotron’ Industrial Products

Blower Model Reference Key ) . .
A = SPIRAL E = DR/EN/CP 656, 6, 623, S7 Flltratlon
B = DR/EN/CP 068, 083, 101, 202 F = DR/EN/CP 707, 808, 858, S9, P9 (Inlet Only)

C = DR/EN/CP 303, 312, 313, 353 G = DR/EN/CP 823, S13, P13 (Inlet Only) A s

D = DR/EN/CP 404, 454, 513, 505, 555, 523 | H = DR/EN/CP 909, 979, 1223, 14, S15, P15 (Inlet Only) Ccessorles

2.0 Moisture Separator™ Specifications

2.1 DUTY ' ' float ball and an adjustable relief valve to protect
. ) inst overfl nd overheating the bl .
The moisture separator shall be designed for against overflow and overheating the blower

use in a soil vapor extraction system capable of 24 CAPACITY AND DIMENSIONS

continuous operation with a pressure drop of less . _— .
than six inches of water at the rated flow of The moisture separator must have a liquid capacity
SCFM. The separator shall be capable of opera- Olf' — gall_lgr?s. Thf 'nlﬁt ﬁrt')a" be - h'"Ch ob
tion under various inlet conditions ranging from a slip-on type. The outiet shall be inch OD
fine mist to slugs of water with high efficiency. slip-on type.

2.2 PRINCIPLE OF OPERATION . For Selector | Liquid- Max

] . . DR/EN/CP| Moisture | holding | Inlet | Outlet | Vacuum

The moisture separator shgll incorporate cyclonic Blower | Separator | Capacity | (OD) Allowed
separation to remove entrained water. The Model Model (gallons) (tHg)
separator must protect against an overflow by fail
safe mechanical means. An electrical switch or 404
contact(s) alone is not an acceptable means of ggg MS200PS 7 2.38 12
protection against overflow, but is a good backup. 513

2.3 CONSTRUCTION ggg
The body of the moisture separator shall be con- g23 | MS200DS 10 2.0 1 45°0D | 22
structed of heavy wall plastic or heavy gauge cold 823
rolled steel. The steel interior ;and extgrior shall be 656 MS300PS 7 288 12
epoxy (powder) coated to resist abrasion, corro- 6
sion, and chipping that might expose the surface. 707 | MS300DS 10 2.5
The inlet shall be tangentially located and welded 808 MS350BS
to the body. The outlet port shall be constructed of 858 | \15500BS 3.25 .
PVC or cast aluminum alloy, flanged and sealed 1223 40 _{ 6:63°1D 22
to the center of the top of the separator. The 909 MS600BS 4.0
separator shall incorporate a non-sparking copper 917;9 MS1000BS 6.0° | 8.62" OD

2.5 PRESSURE DROP

| f
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Rev. 2/01

AMETEK Rotron Industrial Products, Saugerties, NY 12477 @ ¢ mail: rotronindustrial@ametek.com ® internet: www.rotronindustrial.com m




R 9
AMETEK" Rotron’ Industrial Products

Blower Connection Key

Flltratlon NPT — American National Standard Taper Pipe Thread (Male)

NPSC — American National Standard Straight Pipe Thread for Coupling (Female)

ACCGSSOrieS SO - Slip On (Smooth — No Threads)

Moisture Separator™

By separating and containing entrained liquids, Rotron’s SPECIFICATIONS:

moisture separator helps protect our regenerative SEPARATION METHOD - High Efficiency Cyclonic
blowers and the end treatment system from corrosion RELIEF VALVE MATERIAL — Brass & Stainless Steel
and mineralization damage. Recommended for all FLOAT MATERIAL — Copper

soil vacuum extraction applications. FLOAT SWITCH — SPDT, Explosion-proof

NEMA 789, 5 Amp max.

3/4" NPT

INET
1/4" NPSC
PLUGGED FLOAT

LEVEL
SWITCH
(OPTIONAL)

1/4" NPSC
PLUGGED

OPTIONAL VACUUM
e
VACUUM VALVE —_—
RELIEF GAUGE o
VALVE > =]
[ G
QUTLET
F 1 ) F
f E
| opt2 NOE
8 OPHSWAL THD
SWITCH
4&» D
Ry —— i
f———— C———»{ ‘4——-—(:————»1
PLASTIC “P” DESIGN METAL “D” DESIGN METAL “B” DESIGN
Part CFM J Drain Shipping
Model No. Max. | A Dia. B C Dia. D E F G Dia. H Switch| Internat THD Weight
MS200PS | 038519 | 200 | 2.38 2246 | 16.00 | 3.25 | 31.05 | 33.30 6.00 | 1325
MS300PS | 038520 | 300 | 2.88 ) ’ ’ ) ) ) )
3/4* NPT 42 |b.
MS200DS | 080086 | 200 [ 2.00 212 | 1675 | 275 | 27.92 | 3047 4500D | 6.56 12.62
MS300DS | 080087 | 300 | 2.50 ) ) ' ) ) 6.81 )
MS350BS | 038357 | 350 325 | 28.00 37.25 | 39.50 82 Ib.
MS500BS | 080660 | 500 ' ) 23.00 | , 0 | 3737 | s4.50 | 6.631D 9.75 | 17.50 NPT 95 Ib.
MS600BS | 080659 | 600 | 4.00 { 27.00 ’ ’ ) ) 9.25 96 Ib.
MS1000BS | 038914 | 1000 | 6.00 | 31.00 | 27.00 4732 | 5170 | 8620D | 10.00 | 19.88 150 Ib.

Models without float switch available. Metal MS200/300DS models are not the standard stocked, but are available.
Rev. 2/01
m AMETEK Rotron Industrial Products, Saugerties, NY 12477 @ e mail: rotronindustrial@ametek.com ® internet: www.rotronindustrial.com




AMETEK:’ Rotron® Industrial Products
Rel 9

DR 858 & CP 858
Regenerative Blower

FEATURES

« Manufactured in the USA — 1SO 9001 compliant

« CE compliant — Declaration of Conformity on file

¢ Maximum flow: 405 SCFM

* Maximum pressure: 110 IWG

* Maximum vacuum: 7.7" Hg (104.8 IWG)

» Standard motor: 10 HP, TEFC

* Cast aluminum blower housing, impelier
& cover; cast iron flanges (threaded)

» UL & CSA approved motor with permanently
sealed ball bearings

« Inlet & outlet internal muffling

* Quiet operation within OSHA standards

MOTOR OPTIONS
* International voltage & frequency (Hz)
» Chemical duty, high efficiency, inverter duty
or industry-specific designs
« Various horsepowers for application-specific needs

BLOWER OPTIONS

« Corrosion resistant surface treatments & sealing options
« Remote drive (motorless) models

+ Slip-on or face flanges for application-specific needs

ACCESSORIES (See Catalog Accessory Section)

* Flowmeters reading in SCFM

* Filters & moisture separators

* Pressure gauges, vacuum gauges & relief valves

* Switches — air flow, pressure, vacuum or temperature
» External mufflers for additional silencing

« Air knives (used on blow-off applications)

« Variable frequency drive package

BLOWER PERFORMANCE AT STANDARD CONDITIONS

AIR FLOW RATE (M3/MiN)

AIR FLOW RATE (M3/MIN)
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APPENDIX 3A
ELECTRICAL RESISTANCE HEATING DESIGN
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URS Appendix 3A - Page 1 of 11
11172744

JOB NO.:
MADE BY: D. McCall WY DATE: _ 3-13 03
CHECKED BY: Z ;Q i DATE: _2 | 302

PROJECT: West Side Corporation Site Remedial Design
SUBJECT: ERH System Design

Problem: Outline the basis for design for the major Electrical Resistance
Heating (ERH) system components including:

e Electrode spacing and layout

e Electrode / extraction well construction
e Temperature monitoring points

e Power control unit(s) (PCUs)

e Blower sizing

e Condenser sizing

e Cooling water flow rate

e Cooling tower design

¢ Air tfreatment

References:

1. In-Situ Thermal Treatment Feasibility Evaluation - West Side Corporation Site,
URS Corporation, August 2002.

2. Record of Decision - West Side Corporation Site Operable Unit No. 1, New York
State Department of Environmental Conservation, July 2000.

3. Thermal Remediation Services, Inc. (www.thermalrs.com), Mr. Greg Beyke,
phone calls, website, and quote.

4. SVE Pilot Test Report - West Side Corporation Site, URS Corporation,
December 2001.

5. Perry’s Chemical Engineers’ Handbook - Sixth Edition, Don W. Green, McGraw-
Hill, Inc., 1984.

6. Baltimore Air Coil, Vendor Information (www.baltimoreaircoil.com)

\\S0212K3487\OneWorldJobs\1 1172744.00000\WORD\DRAFT\ERH Design.doc



URS Appendix 3A - Page 2 of 11
JOB NO.: 11172744

MADE BY: D. McCall ™ pATE: __ 3-13.0%
CHECKED BY: (. MP  DATE: 31\1}03

PROJECT: West Side Corporation Site Remedial Design
SUBJECT: ERH System Design

General Assumptions:

L

ERH remediation will be conducted prior to the implementation of SVE for the
remainder of the contaminated areas at the site. The ERH system will be
completely separate from the other systems (although the same air treatment
system may be used for both).

The SVE system for the remainder of the site is discussed in a separate
appendix. When SVE is discussed in the following sections, it refers only to the
SVE system that is part of, and used in conjunction with, the ERH system.

The ERH system will be rented equipment, provided by the ERH contractor.
The calculations below outline only the minimum requirements for an ERH
system. The ERH contractor may revise or refine the design based on their
knowledge and past experience, assuming that the design meets the minimum
requirements of the contract documents.

When reference is made to a "vendor” in the following sections, it refers to one
particular company that provides thermal remediation. Other vendors may make
different recommendations and/or use different criteria in their design. The
contract documents will be structured to allow leeway for other vendors to
provide the thermal remediation services.

Other assumptions regarding the design of the ERH system are outlined below
in the applicable section.

1)

Electrode Spacing and Layout

a) The area for the application of ERH is shown on the attached Figure 1. This
is an area approximately 60 foot by 60 foot square that was originally
indicated in the ROD (Ref. 2) for in-situ chemical oxidation. The ERH
system will be designed to target this entire area to the extent practicable.

\S0212K3487\OneWorldJobs\i 1172744.000000WORD\DRAFT\ERH Design.doc



URS Appendix 3A - Page 3 of 11
JOB NO.: 11172744

MADE BY: D. McCall O DATE: 3-1%2.0
cHECKED BY: C ) DATE: 2zl

PROJECT: West Side Corporation Site Remedial Design
SUBJECT: ERH System Design

b) Based on Ref. 3, and as outlined in Ref. 1, the electrodes are assumed to be

located approximately 16 feet apart, in a triangular pattern. Sixteen feet is
the maximum spacing recommended by one vendor, who would possibly
recommend an even closer spacing of say 15 feet. Other vendors have
suggested that the electrodes may be spaced up to 20 feet apart.

Figure 2 shows one potential layout of the electrodes. Based on the assumed
16 foot spacing, the minimum quantity of electrodes required is fourteen.
Four additional electrodes are shown (nos. 15 through 18). These optional
electrodes, shown just outside the treatment area, would be required to
ensure that the entire 60° by 60’ extent of the contaminated area is
addressed, based on a 6-foot zone of heating beyond the electrodes as
suggested by the same vendor. If the electrodes were installed in a 15-foot
spacing, these four extra electrodes would fall within the 60" by 60’ area.

The contract documents will be structured such that the contractor is
required to install a minimum of 12 electrodes for remediation, based on the
20-foot spacing. Each of the electrodes will conduct electricity and
generate heat with up to six surrounding electrodes.

Electrode locations shown on Figure 2 are approximate. The actual locations
may be adjusted based on specific site conditions, such as subsurface
obstructions.

2) Electrode / Extraction Well Construction

a)

Upper Electrode: as outlined in the ROD (Ref. 2) the purpose of the ERH
system (which replaced the Fenton's reagent system referred to in the
ROD) is to reduce the volume of highly contaminated tetrachloroethylene
(PCE) saturated soil and groundwater in a select area of Source Areal. The
ROD shows that most of the PCE is located in the upper 45 feet of the
sandy soils in the area proposed for treatment.  Although deeper
contamination has been detected, it is not the target of the ERH activities.

\S0212K3487\OneWorldJobs\1 1172744.00000\WORD\DRAFT\ERH Design.doc
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JOB NO.: 11172744

MADE BY: D. McCall ™ DATE: __ %-}13.03
CHECKED BY: _( WP DATE: zl\2o2

PROJECT: West Side Corporation Site Remedial Design
SUBJECT: ERH System Design

b)

d)

f)

Based on information from Ref. 3, by constructing the upper electrode from
slotted steel, the electrode can serve both as the electrode in the saturated
zone as well as a conduit for steam/vapor collection in the vadose zone.

Lower Electrode: Ref. 1 describes the conceptual implementation of the
ERH. As described, a thermal barrier will be formed below the actual depth
of treatment. The thermal barrier is simply a deep zone that is heated to
temperature prior to heating the intended zone of treatment. The thermal
barrier prevents the downward mobilization of contaminants from the upper
heating zone. Any contaminants that migrate downward will hit the thermal
barrier where they will be vaporized.

The zone for the thermal barrier is proposed to be 10 feet thick, from say
45 to 55 feet below ground surface.

Boring Depth: the depth of boring required is just to the bottom of the
lower electrode; i.e., 55 feet.

Vapor Extraction: each electrode location will also function as a soil vapor
extraction location for the vadose zone. As described above, the upper
electrode will be constructed of slotted steel. The slotted portion will
extend from approximately 3 feet below ground surface to the depth of the
electrode at 45 feet, for a total length of 42 feet. The diameter of this
vent is assumed to be 4 inches, consistent with typical SVE design.

Well Diameter: the boring for the electrode well must be large enough for
the installation of the electrodes and the extraction piping. The diameter
of the electrode boring is assumed to be 10 inches OD, based on Ref. 3.

Well Completion: because the area for ERH will be fenced due to safety
concerns, all of the ERH electrode and associated vapor extraction piping
will be installed above ground in conduit. Due to the high femperature of the
vapor to be extracted, all conduit will be constructed of CPVC, rated for a
long-term temperature of approximately 90°C, and a short-term exposure up
o 110°C.

\S0212K3487\OneWorldJobs\11172744.000000WORD\DRAFT\ERH Design.doc
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JOB NO.: 11172744

MADE BY: D. McCall Y\ DATE: 3-13.03
CHECKED BY: _CAWP pATE: __2|13]02

PROJECT: West Side Corporation Site Remedial Design
SUBJECT: ERH System Design

3) Temperature Monitoring Points (TMPs)

a)

b)

d)

e)

To monitor the operation of the ERH system and determine its
effectiveness in achieving the remediation goals for the site, temperature
monitoring points will be installed at various locations throughout the
treatment area. The temperature transmitters will include an electrical
isolation system to protect them from the damaging voltages in the
treatment area. It is assumed that the transmitters will be connected to a
data acquisition computer, supplied by the Contractor.

Depth: Each probe location will monitor the temperature at varying depths.
For the purpose of this design, it is assumed that the depth will be
monitored in approximately 5-foot intervals along the depth of the
electrodes, for a total of say 11 temperature monitors per location.

Quantity and Location: as described elsewhere in this DAR, a total of 13
TMPs are proposed:

e 5Hinside the treatment area
e 4 at the corners of the treatment area
e 4 located 10 feet away from the treatment area

Temperature Goals:

The 4 TMPs located outside the treatment area are installed only o provide
information and monitoring of the surrounding area during remediation.

The 9 probes located in the treatment area will be used to determine
whether the ERH system has met its intended goals for remediation. As
described elsewhere in this DAR, the intended goal is that the an average of
95% of the theoretical boiling point at each location must be achieved.

TMP Construction: The temperature transmitters (thermocouples) will be
housed in a l-inch diameter pipe. One pipe will house all of the

\S0212K3487\OneWorldJobs\1 1172744.00000\WORD\DRAFT\ERH Design.doc
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JOB NO.: 11172744

MADE BY: D. McCall TW DATE: 3-13.03

CHECKED BY: _(A)¥ DATE: 3\ \BI 02

PROJECT: West Side Corporation Site Remedial Design
SUBJECT: ERH System Design

f)

9)

h)

thermocouples. The annular space between the thermocouples and the
boring will be backfilled with cement grout / bentonite up to the level of the
existing water table. The vadose zone area will be backfilled with sand, up
to approximately 4 feet from the surface, which will be filled with a cement
grout / bentonite seal.

Vacuum Monitoring: The temperature monitoring point locations will also
serve as locations to monitor the subsurface vacuum and vapor
concentrations. Small diameter tubing or hose will be installed into the
vadose zone sand layer. The top of the tubing will be fitted with a small
valve and hose barb. Subsurface vacuum will be measured using a portable
pressure gauge. Contaminant concentrations will be determined using a
photoionization detector (PID).

Boring Diameter: the boring diameter required to house the equipment for
the TMPs is small, and will be installed using a 3.25-inch ID hollow stem
auger.

Well Completion:  unlike the electrodes that will be completed as
aboveground structures, the TMPs will be completed at grade in a small
road-box suitable for traffic loading. This will allow for the continued
monitoring of the subsurface temperature and vapor concentrations during
the cooldown period following the completion of the ERH.

4) Power Control Unit(s) (PCUs)

a)

The power control unit(s) (PCUs) are used to condition the electrical power
for optimum subsurface heating. The power control unit will most likely be a
large trailer or other container that houses a set of 60 hertz transformers
for power output in the range of 1,000 kW total, although the average usage
will be lower. As these units are typically supplied by the vendor and are not
readily available, the exact specifications of the unit will be up to the vendor
and what is available at the time of the remediation activities.

\\$0212K3487\OneWorldJobs\11172744.00000\WORD\DRAFT\ERH Design.doc
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b)

c)

As shown in Appendix 5D, the minimum power input from the PCU was
calculated to be 800 kW.

For reasons of safety, the PCU will be equipped with numerous automatic
shutoff controls. Emergency stop buttons also will be installed to shut down
the unit in the event that a problem or potential hazard is identified.

5) Blower Sizing

a)

b)

The blower is used to extract the soil vapors and steam from the subsurface
of the site. Because the ERH generates an appreciable quantity of steam,
the blower must be sized larger than would be chosen for an SVE system.
This helps to ensure adequate collection of the steam contaminant vapors.

Ref. 3 recommended a total blower flow rate of 460 scfm. This refers to
the flow rate into the blower only, and does not account for the volume of
steam that will condense as it passes through the condenser. The vendor
estimates that the total flow volume from the wells, including the steam, will
be up to 1800 scfm.

As compared to the results of the SVE pilot test, this is a significantly
higher extraction rate. The SVE pilot test (Ref. 4) showed a flow rate of
approximately 45 cfm per well, with a radius of influence of 50 feet. This
equates to a flow rate per area of:

(45 cfm) / [1 x (BOft)?] = 5.73x1073 cfm/ft?

Based on the 60 foot square dimension of the treatment area, the flow rate
per area for the ERH, considering just the soil vapor (not steam) is:

(460 cfm) / (60 ft)? = 1.28x10™"! cfm/f+?

Thus, the flow rate for the ERH is approximately:

\$0212K3487\OneWorldJobs\1 1172744.000000(WORD\DRAFTERH Design.doc
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(1.28x10" cfm/f1?) / (5.73x10°3 cfm/f1%) = 22 times greater than the
flow rate of the SVE system used to remediate the remainder of the
site.

6) Condenser Sizing

a)

b)

c)

The purpose of the condenser is to cool the steam / soil vapor that is
collected by the ERH system. The cooling load for the condenser will consist
of both steam and soil vapor.

Steam Cooling Load: The temperature of the vapor into the condenser is
assumed to be 200°F. The temperature of the vapor at the outlet of the
condenser is assumed to be 77°F (an average ambient tfemperature). It is
assumed that all of the steam condenses.

Most of the duty for the condenser will be in condensing steam. As shown in
Appendix 5B, a condensate flow rate of 4 gpm was determined. The actual
condensate rate, allowing for some additional safety factor that may be
needed to obtain uniform heating, may be as high as 7 - 9 gpm as water.
Assuming the higher end of the range, and converting this to a mass flow
rate:

(9 gal/min) x (8.34 Ib/gal) = 75.06 Ib/min of steam to be cooled from
200°F to 77°F.

The enthalpy (H) of steam at 200°F = 1146 BTU/Ib
The enthalpy of water-at 77°F = 45 BTU/Ib

The total cooling load (Q) to achieve the AH is then calculated:

(75.06 Ib/min) x [(1146 - 45) BTU/Ib] x (60 min/hr) =
= 4.96x10° BTU/hr for steam cooling

Soil Vapor Cooling Load: The non-condensable soil vapor aiso will be cooled
by the condenser from 200°F to 77°F. Once the system is up to the heating

\\$0212K3487\OneWorldJobs\11172744.000000WORDADRAFT\ERH Design.doc
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d)

temperature, a large portion of the cooling load will be for steam condensing.
However, there will still be 460 scfm of soil vapor. First, determining the
density of air at 77°F:

From Ref. 5, the density of air at 0°C = 0.0808 Ib/ft?

(0.0808 Ib/ft%) x [(32°F + 460) / (77°F + 460)] = 0.074 Ib/f+>

Now, determining the mass flow rate of the soil vapor:
(460 scfm) x (0.074 Ib/£1%) = 34.04 Ib/min of air

Since there is no change in phase, the cooling load for the air is determined
from Q = mc, AT

Now using a heat capacity for air of 0.25 BTU/Ib-°F (from Ref. 5), and
substituting into the equation:

Q = (34.04 Ib/min)(0.25 BTU/Ib-°F)(200° - 77°F)
= 1,047 BTU/min x (60 min/hr)
= 62,804 BTU/hr or 0.063 MMBTU/hr for air cooling

Total Cooling Load: Adding the total cooling load from the steam and the air
yields a total cooling load of:

4.96x10°BTU/hr + 62,804 BTU/hr = 5x10° BTU/hr

7) Cooling Water Flow Rate

a)

The cooling load calculated for the condenser above will be achieved with
cooling water. A conservative temperature rise for cooling water used in a
condenser is 20°F; e.g., the water will flow into the condenser at say 85°F
and flow out at 105°F. If a higher temperature rise in acceptable, then the
flow rate of the water can be reduced proportionately.

\S0212K3487\OneWorldJobs\1 1172744 00000\WORD\DRAFT\ERH Design.doc
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b)

Cooling rate for water: the amount of heat absorbed by the cooling water is
determined from the equation:

Q = mc, AT,

The heat capacity for water is approximately 1.0 BTU/Ib-°F.  The cooling
load will be determined on a basis of 1 Ib of water, so:

Q = (1 Ib) x (1.0 BTU/Ib-°F) x (105° - 85°F) = 20 BTU/Ib water.

Now, knowing the total cooling load required, the flow rate of cooling water
is determined:

SXI06 BTU 1lbwater x 1galwater x lhr
X
hr 20BTU  8.34lb 60min

=500gpm

Based on information from the vendor, 500 gpm is somewhat higher than
typically used. Estimating a condensate rate of approximately 7 gpm, and
assuming a 30° temperature rise in the cooling water, a flow rate of 250 was
estimated. Therefore, the actual cooling water flow rate is assumed to be in
the range of 250 to 500 gpm.

8) Cooling Tower Design

a)

b)

The cooling tower will be designed to remove the heat from the cooling
water used in the steam condenser. As assumed above for the condenser,
the hot water will flow into the cooling tower at say 105°F and exit at say
85°F. A fan is used to blow ambient air up through the cooling tower as the
water flows down through the unit.

Using a vendor supplied selection program (Ref. 6), a typical cooling tower
was selected. Based on this preliminary unit, a single cooling tower with a 25
HP fan was chosen.
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9) Air Treatment
a) Air treatment will be a significant component of the ERH system as well as

other components of the remedial actions at the site. Comprehensive air
treatment is evaluated separately in this DAR.
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ABSTRACT

Concentrations of groundwater contaminants in samples that differ from concentrations in the aquifer can lead to incorrect conclusic
extent and severity of contamination and the effectiveness of remedial measures. Sample collection and storage techniques affect me
concentrations in samples, particularly of organic compounds that are subject to loss by sorption or volatilization. Both commercially
VOC samplers and prototypes still under development were evaluated under controlled conditions in a laboratory setting using a vert
steel pipe located in a stairwell, which simulates a monitoring well. Samplers were lowered inside the pipe to the bottom and activatec
samples, while control samples were collected from a stopcock at the base of the well. Comparison of concentrations in samples colt
VOC samplers to concentrations in the control samples was used as a measure of the quality of samples provided by various VOC sa

INTRODUCTION

This paper describes preliminary results of an ongoing project. Several commercially available and prototype downhole water sample
tested under laboratory conditions to evaluate their ability to provide samples for VOC analysis that are representative of the water fre
samples were collected. The laboratory facility includes a simulated well that consists of a 5 3/4 inch (14.6 cm) diameter stainless stee
(9.75 m) tall, which is located in a stairwell. The simulated well is completely above ground, and the stairs provide convenient access

vertical height of the well. The well was filled to about 3.5 metres below the top with simulated groundwater spiked with a mixture of v
compounds. Water samples were collected by lowering samplers to the bottorn of the laboratory well and operating the sampler as ift
well was an actual well in the field. These samples were compared against a suite of control samples collected from the bottom of the
well by opening a sample port, which allowed water to flow out of the welt due to gravity and through stainless steet tubing to an EPA
ml glass vial. A sampling head allowed the vial to be filled and then flushed with any desired volume of water, which was not exposed
phase after initial filling of the vial.

The mean concentration of the control samples was taken as the true concentration in the well, and a difference between the mean co
the control set and the downhole water sampler data set indicates that the sampler produces samples that are not representative of t
sampled.

The major loss mechanisms for dissolved VOCs from groundwater samples are thought to be sorption onto organic components of s
storage containers, such as plastic or rubber, and volatilization into the gas phase. Volatilization can occur whenever the aqueous sal
exposed to a gas phase, such as bubbles or a head space in a sampler or sample container, or exposed to the atmosphere while bein
from a sampler to a storage container

To evaluate the potential for losses by these mechanisms, the water used in the laboratory experiments was spiked with compounds
range of tendency to sorb or volatilize. The octanol - water partitioning coefficient, Kow, is a measure of the tendency of a compound
by organic materials, with higher values corresponding to greater tendency to sorb. The Henry's Law constant describes the tendenc
compound to partition from the aqueous phase to the gas phase, with higher values corresponding to a greater tendency to partition
phase. Table 1 lists the values of the octanol - water partitioning coefficient and the Henry's law constant for the compounds used in 1

work.
Table 1
Properties of Compounds Used in Laboratory Evaluation of Water
Samplers
Henry's
Law
Constant
Log (atm
Compound Abbreviation Kow m3/motl)
I I 1 H [
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methylene chloride MeCl 1.30 0.0020
carbon tetrachloride CTET 2.40 0.023

trichloroethylene TCE 2.60 0.0091
tetrachloride PCE 2.83 0.0153

Concentrations in the spiked water in the well were in a convenient range for analysis to maximize the precision and accuracy of the ¢
results, and were well above drinking water limits (Table 2).

Table 2
Drinking Water Limits
Drinking Water
Compound Limit
DCE 7
MeCl NA
CTET
TCE
PCE 0.5

Several commercially available and prototype samplers have been evaluated to date in this project, and others are currently being ev:
samplers evaluated and reported here are listed in Table 3

Table 3
Samplers Evaluated
Sampler Supplier
l Stainless steel bailer J| Solinst Canada Ltd. I
I Teflon bailer ” Norwell I
[ VOA trap sampler ” Solinst Canada Ltd. J
[ Canister sampler ” Prototype I
l Bladder Pump Jl QED I
[ Double valve sampler “ Solinst Canada Ltd. I
r Peristaltic pump & sampling head “ Prototype I
Inertial pump (Solinst Canada Ltd.) ” WaTerra J

Both the Solinst and Norwell bailers have check valves at the top and bottom to facilitate collecting a sample from a discrete depth. W
transferred from the bailers into a separate sample container by opening a valve at the bottom of the bailer and directing a stream of \
sample vial, which exposes the water to the atmosphere. The Solinst VOA trap sampler is basically a syringe that is lowered to the de
sampling depth. The piston retracts in the cylinder due to the hydrostatic pressure in the well as the syringe fills with water, and a che¢
the piston allows additional water to flush through the syringe cylinder after the piston is fully retracted. The sampler is withdrawn frc
and the syringe is transported to the laboratory for analysis, without transferring the sampie into a separate container. The canister s:
prototype developed at the University of Waterloo, is designed for use in narrow diameter multilevel sampling systems or convention:
requires a diameter of only one haif inch. It consists of a length of stainless steel pipe fitted with manually operated valves at each en
are opened, and a separate check valve is attached to the bottom. The canister is lowered to the desired depth in the well, the check v
opened to allow water to fill the canister and continue to flush it after initial filling. The check valve is closed, the sampler is removed"
and the manual valves are closed. The check valve is removed and the sealed canister is shipped to the laboratory for analysis. The V
a bladder pump, the operating principles of which are well known and are not repeated here. The Solinst Double Valve Pump is somey
operation to a bladder pump except that there is no bladder. Hence, there is some contact between the water sample and a gas phase
peristaltic pump and sampling head system consists of a sampling head that allows a glass vial to be placed in line on the suction (uj
of a peristaltic pump. A suction hose is lowered to the desired sampling depth in the well, and any required volume of water can be pt
through the vial to flush it without exposing the water to a headspace, after the vial is initially filled. The inertial pump is the WaTerra |
operating principles are well known and not repeated here. The procedure for filling sample vials recommended by the supplier was fi
involves placing a Teflon tube into the polyethylene riser pipe to direct water from the riser pipe into sample vials to minimize exposu
atmosphere.

RESULTS AND DISCUSSION
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Appendix B
Properties of Common Organic Pollutants

B-1. Introduction

Appendix B consists of 13 tables, each presenting physical and/or chemical properties of compounds and
fuel products. This information, including, for example, molecular weights, boiling points, Henry's Law
Constants, vapor pressures, and vapor densities may prove helpful in evaluating whether a given site with
its contaminants of concern is amenable to SVE/BV. In addition, this information may be needed in
calculating various operating parameters or outcomes of an SVE/BV system at a given site with a given
suite of contaminants of concern.

B-2. List of Tables

B-1:  Selected Compounds and Their Chemical Properties. Lists molecular weight, compound boiling
point, vapor pressure, and equilibrium vapor concentration.

B-2:  Physicochemical Properties of PCE and Associated Compounds. Lists molecular weight, liquid
density, melting point, boiling point, vapor pressure, water solubility, log octanol-water coefficient,
soil sorption coefficient, and Henry's Law constant for PCE; TCE; 1,1-DCE; 1,2-DCE; and vinyl
chloride.

B-3:  Physicochemical Properties of TCA and Associated Compounds. Lists same properties as Table B-
2 for 1,1,1-TCA; 1,1-DCA,; and CA.

B4:  Physical Properties of Fuel Components. Lists molecular weight, solubility, soil sorption
coefficient, log octanol-water coefficient, and vapor pressure for n-alkanes, isoalkanes,
cycloalkanes, alkenes, aromatics, and PAHs.

B-5:  Selected Specification Properties of Aviation Gas Turbine Fuels. Lists data on composition,
volatility, fluidity and combustion for Jet Fuels A and B and JP-4, -5, -7, and -8.

B-6: Detectable Hydrocarbons Found in U.S. Finished Gasolines at a Concentration of 1% or more.
Lists constituents and estimated ranges of weight percentages of each.

B-7: Major Component Streams of European Automotive Diesel Oil (Diesel Fuel No. 2) and Distillate
Marine Diesel Fuel (Diesel Fuel No. 4). Lists nonspecific components by Toxic Substances
Control Act (TSCA) inventory name and identification number, as well as volumetric percentages
of each in both automotive diesel oil and distillate marine diesel fuel.

B-8: Henry's Law Constants for Selected Organic Compounds. Lists values of H at 20-25 C for
chlorinated nonaromatics, chlorinated ethers, monocyclic aromatics, pesticides, PCBs, and
polycyclic aromatics.
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Table B-2
Physiochemical Properties of PCE and Associated Compounds*
PCE TCE 1,1-DCE t-1,2-DCE c-1,2-DCE ve
Formula C;Ch CzHC|3 CszC'z Cszclz Cszch C2H3C|
Molecular weight (g/mol) 165.85 131.40 96.95 96.95 96.95 62.5
Liquid density (g/cm®) 1.625 1.46 1.214 1.257 1.284 0.9121#
Melting point (K) 250.6 200 150.4 223.6 191.5 119.2
Boiling point (K) 394 360 304.6 320.7 333.2 259.6
Vapor pressure (mmHg) 14 69°* 500 5.3 27 2300
Water solubility (mg/l) 150 1100 400 6300 3500 1100
Log octanol - water
coefficient (Kow) 3.14 242 213 2.09 1.86 1.23
Soil sorption coefficient (Koc) 665 160° 65 59 a5 8.2
(/kg)
Henry's Law constant 0.023 0103" 0.154 0.0066" 0.0075' 0.695
(atm. m*/mol)

Arthur D. Little, Inc. (1987). The installation restoration program toxicology guide, Volume 1. Section 2:1-16.

All values are at 293 K, unless otherwise indicated.
#Value is a specific gravity measurement.
'At 298 K.

*From Lyman et al.{1982) Handbook of Chemical Property Estimation Methods
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VAPOR PRESSURE: OF WATER BELOW 100°C

Pressure of aqueous vapor over water in mm of Hg for temperatures from
—15.8 to 100°C. Values for fractional degreea between 50 and 89 were

obtained by interpolation.

Teme 0.0 0.2 04 | 06 .| 038 Teze- | 0.0 0.2 0.4 0.6
—~16 | 1.436 1.414 1.390 1.368 1.345 42 | 61.50 62.14 62.80 | 63.46
—14 ]| '1.560 | 1.534 1.511 1.485 1.460 43 | 64.80 65.48 66.16 | :66.86
—-13 1.691 1.665° 1.637 1.611 1.585 44 ] 68.26 68.97 .69.69 70 .41
—12°] 1.834 1.804 ] '1.776 | 1.748 1.720 , S
=11 ] 1.987 1.955 1 1.924 1.§93 1.863 45 71.88 72 .62 73.36 7412
: 46 | 75.65 76.43 77.21 78.00
—-10 | 2.149 2.116 2.084 2.050 2.018 47 ] 79.60 | 80.41 81.23 | 82.05
- 9] 2:326 | 2.289 | 2.254 2.219 2.184 48 | 83.71 84.56 85.42 '86.28
— 8 |-2.514 2.475 - 2:437 '} 2.399 2.362 49 | 88.02 88.90 89.79 '90.69
-7 1 2.715 2.674 2.633 2.593 2.553
-~ 6 2 931 2.887 2.843 2.800 2.757 60 92 .51 93.5 94.4 | 95.3
< N ST EE N 51 | 97.20 98.2 99.1 100. 1
— 8 . 3 163 3.115 3.069 | 3.022 .| 2.976 52 1 102090 | 103.1 104.1 21051
-4 3.410 3.359 ;] 3:309 3.2591 3.211 53 | 107.20 | 108.2 109.3 110.4
-3 3.673 3.620 | 3i567 | -3.514 3.461 54 | 112.51 113.6 114.7 115.8
—- 2| 3.956 -] 3.808 | 3.841 3.785- | 3.730
—i1 |i4.258 1 4.196 | :4.135 4.075 4.016 656 | 118.04 { 119.1 120.3 121.5
, : 561 123.80 | 125.0 126.2 127.4
-0 4.579 4.513 4.448 4.385 4.320 57 | 129.82 131.0 132.3 133.5
58 | 136.08 | 137.3 138.5 139.9
0 4.579 4.647 4.715 4.785 | 4.855 59 | 142.60 143.9 145.2 146.6
1 4.926 4.998 5.070 5.144 5.219
2 5.294 5.370 5.447 5.525 5.605 60 | 149.38 150.7 152.1 153.5
3 5.685 5.766 5.848 5.931 6.015 61 | 156.43 157.8 159.3 160.8
4 6.101 6.187 6.274 - 6.363 6.453 62 .1163.77 165.2 166.8 -~ | 168.3
63 | 171.38 | 172.9 174.5 176.1
6 6.543 6.635 6.728 6.822 6.917 64 | 179.31 180.9 182.5 184.2
6 | 7.013 7.111 7.209 | 7.309 7.411 L - ;
7} 7.513 7.617 7.722 ] 7.828 7.936 66 |187.54¢ | 189.2 190.9 ..} 192.6
8 | 8.045 8.155 8.267 | '8.380 8.494 66..1196.09 | 197.8 199.5 *} 201.3
.9 { 8.609 8.727 8.845 8.965 9.086 67 '1204.96 | 206.8 208.6 | 210.5
68 | 214.17 | 216.0 218.0 219.9
10 | 9.209 9.333 9.458 9.585 9.714 69 | 223.73 | 225.7 227.7 229.7
11 9.844 9.976 | 10.109 | 10.244 | 10.380
12 | 10518 | 10,658 | 10.799 | 10,041 | 11.085 70 1233.7 | 235.7 | 237.7 | 239.7
71 | 243.9 246.0 248.2 250.3
13 | 11.231 | 11.379 | 11.528 | 11.680 | 11.833 L I 2 581 o
14 | 11,987 | 12,144 [ 12/302 | 12.462 | 12.624 72 2546 | 206.8 | 259.0 ) 26L.2
. - : : . 73 | 265.7 268.0 270.2 272.6
16 | 12.788 | 12.953 | 13.121 | 13.290 | 13.461 7 1217.2 279.4 281.8 284.2
16 | 13.634 | 13.809 | 13.987 | 14.166 | 14.347 76 | 289.1 291.5 294.0 296.4
17 | 14.530 | 14.715 | 14.903 | 15.092 -] 15.284 76 | 301.4 303.8 306.4 308.9
18 | 15.477 1 15.673 | 15.871 | 16.071 7] 16.272 77 1 314.1 316.6 319.2 322.0
19 | 16.477 | 16.685 | 16.804 | 17.105 | 17.319 78 1327.3 330.0 332.8 335.6
20 | 17.535 | 17.753 | 17.974 | 15.197 | 18.422 79 | 341.0 343.8 346.6 349.4
21 |.18.650 | 18.880 | 19.113 | 19.349 | 19.587 80 |355.1 358.0 | 361.0 363.8
22 | 19.827 | 20.070 | 20.316 | 20.565 | 20.815 81 1369.7 372.6 375.6 378.8
23 121.068 | 21.324 | 21.583 | 21.845 | 22.110 82 |384.9 388.0 391.2 394.4
24 | 22.377 | 22.648 | 22.922 | 23.198 | 23.476 83 [400.6 -|.403.8 407.0 410.2
25 , ;23 756 0 0;~' ‘ 3 , , 84 {416.8 4202 | 423.6 4268
26 . .039. | 24.326 | 24.617 | 24.912 - ) p
26, | 25.209. 25.539, 25.812 | 26.117 | 26.426 86 1433.6 | 437.0 ﬁg-g ié‘f'g
27 | 96.739° | 27.055 | 27.374 | 27.606 | 28.021 86 1430.9 [ 45%.% | 208 008
38 28349 | 28,680 | 29.015 | 29.354 | 29.697 "gg ig?-,'{ gfrg 49212 ton s
29, | $0.043. 1 30.392 | 30.745 | 31.102 | 31.461 89 {5061 |s1000 |s5139 |517.8
30 }31.824 | 32.191 32.561 32.934 33.312 90 |525.76 1 529.77 | 533.80 | 537.86
31: | 33.695 | 34.082 | 34.471 |34.864 | 35.261 91 |s546.05 | 550.18 | 554.35 .| 558.53
32 | 35.663, | 36.068. | 36.477 | 36.891 | 37,308 92 1566.99 | 571.26 | 575.55 | 579.87
33 | 37.729. | 38.155 | 38.58¢ |39.018 | 39.457 93. 138860 | 593.00 | 597.43 | 601.89
34 [39.898 |40.344 §40.796 |41.251 | 41.710 . 94 610,90 | 615.44 | 620,01 .| 624.61
36 J42.175 142.644 | 43.117 |43.595 | 44.078 95" |633700 || 638.59 | 643.30 | 648105 -
36 | 44.563 | 45.054° | 45.549 | 46.050 | 46.556 96 |657.62 | 662.45 | 667.31 '} 672.20
37 | 47.067 | 47.582 | 48.102 | 48.627 | 49.157 97 1682.07 | 687.04 | 692.05 | 697°10
38 | 49.692 | 50.231 | 50.774 |51.323 | 51.879 98 |707.27 | 712.40 | 717.56 | 722,75
39" | 52.442 | 53.009 |53.580 | 54.156 | 54.737 99 |733.24 ]| 738.53 | 743.85 | 749.20
' o o , 100 1760.00 | 765.45 | 770.93 ] 776.44
40 1 55.324 | 5591 56517 | o7.11 | 57.72 101 |787.57 | 79318 | 798.82" [ 804 .50

58.34

59.58
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VAPOR PRESSURE OF WATER ABOVE 100° C.

-
Based on values given by Keyes in the International Critical Tables.
¢ 3
- Pressure . - Pressure Pressure Pressure
emp. emp, .
64.12 Pounds ° °C Te‘,?p. T%gp ?%mp- Temp Temp.
- Founds Pounds F °C R 3
mm per mm Pounds F
.56 sq. in. Per . fm per mm -
14 sq. in. : sq. in. squin'
- —
74.88 760. 14.696 | 212.0 170 | 5040.92 | 114.879 | 338.0 =
940 i 338. 24
78.80 787511 15228 | 2138 . 17t | 6085.32 | 117 671 | 339 o 24? 25100.52} 485.365 | 464.0 310 | 74024.00{ 1431.390] 5900
{ 81586 | 15776 | 2156 172 25543 .60] 493.933 | 465.8 311 | 75042.40] 1451.083) 591
87 84512 | 1 949 | 2136 172 gggggi :ggg‘r gq.s 242 | 25994 28] 502.647 | 467.6 312 | 76076.00] 1471.070 593‘2
14 87506 | 16.921 ] 219 2 174 | 653528 126}43(2) 3:;; 243 | 26449 .52] 511.450 | 4694 313 | 77117.20} 1491.203) 595 4
- 59 : . 244 | 26912.36] 520.400 | 471.2 314 | 78166.00] 1511.484| 507 2
17.521 | 221 ¢ 175 | 6o
937 92 : 694,08 | 129 442 | 347.0 245 | 27381.28{ 529 467 | 473. 315 | 79230.
96.3 970,60 }g;;gg f:,’,jjg ‘l;;a 93;32 92 | 132.514 | 348.8 246 | 27855.52] 538 638 47;3 318 80292.% {22%;2?2‘ %'g

k1 1004 42 | 197423 | 2363 i 933‘5° 135.659 | 350.6 247 | 28335.84] 547.926 | 476.6 317 | 81373.20] 1573.501{ 602 6
1 . 1038.92 § 20.089 | 2u8. 2 179 ,;49‘4‘8 138.848 | 352.4 248 | 28823.76§ 557.360 | 478. 4 318 | 82467.60| 1594 .663| 604 4
} Z w0750 | 20770 | 220 7349.20 | 142.110 | 354.2 249 | 2v317.00] 566.898 | 480.2 319 | 83569.60[ 1615.972| 606 2

. . . 0 180 { - : .
lg 9 11120 | 21 487 | 231 8 153 ;ggg.gg {45.417 356.0 250 | 29817.84] 576.583 | 482.0 320 | 84686.80] 1637.575) 608.0

. 114874 | 227213 ] 23376 162 | 2093 48.782 | 357.8 251 | 30324.00 .370 | 483.8 321 | 85819.20] 1659472} 609 8

118742 | 22 061 | 235 3 182 8022.08 152.221 1359.6 252 | 30837.76( 596.305 | 4856 322 | 86959.20] 1681.516] 611 ¢
1.6 1227725 | 237731 | 239 2 18 8233.23 155.719 1 361.4 253 | 31356.84] 606 342 | 487.4 323 | 88114.4C| 1703 854] 613 ¢ .
1 6 1267 6. 159.275 | 363.2 254 | 31885.04| 616.556 | 489 2 324 | 89277.20] 1726.339) 615.2 ¢

. 98 | 24.519 | 239.0 1 ; :
1aw.7 130994 | 25330 | 2408 lgg ggg.&t 162.890 | 365.0 255 | 32417 80 626.858 | 491.0 325 | 90447.60] 1748.971] 617.0
141.2 135205 | 26.162 | 242 5 188 -12 1 166.609 | 366.8 . 256 | 32057 40] 637.202 | 4928 326 | 91633 20} 1771.897] 618 8
1480 139718 | 27.017 | 244 3 A gaw.sg 170.356 1 368.6 257 | 33505 36| 647.888 | 494.6 327 | 92826 40| 1794 969] 620 6

N 144263 | 27856 | 245 3 168 gggg.fé 174.177 1 370.4 258 | 34059.40{ 658601 | 496 ¢ 328 | 94042 40| 1818 443|822 ¢
Lo s . 178.057 1 372.2 259 | 34618.76] 669.417 | 498.2 329 | 95273 60| 1842 291 62¢.2
. 9.14 | 28.795 ] 24 ’

3 1536 80 | 22717 2433 190 | 9413 36] 182.025 | 374.0 260 | 35188 00 680.425 | 500.0 330 | 96512.40] 1866.245] 626.0
l&. 1586.04 | 30660 | 2516 191 | 9620.08] 186.022 | 375 8 261 | 35761.80( 691.520 | 501.8 331 | 97758.80{ 1890.346] 627.8
169.8 1636.36 | 31.642 | 253 4 192 1 -9831.36{ 190.107 | 3776 262 | 36343.20] 702.763 | 503.6 332 | 99020.40| 1914.742| 629 ¢
177.7 1687.81 | 32.637 | 2352 }32 10047 20} 194 281 | 379 .4 263 | 36932.201 714:152 1 505.4 333 [100297.20] 1939.431] 6314
1°=.8 1740 9 10265.32f 198.499 | 331.2 264 | 37529.56| 725.703 | 507.2 334 |101581.60| 1064.267] 633 2

. 0.93 | 33.664
1 .3 1795.12 | 31712 ggg_g 195 | 10488.76) 202 819 | 383.¢ 265 | 38133.00| 737.372 { 509.0 335 1102881.20] 1989.398( 635.0
L 1850.83 | 35.789 | 260.6 196 § 10715.241 207 199 { 3848 266 | 38742.52| 749 158 | 510.8 336 [104196.00] 2014.823| 636 8
.1 1907.83 | 36.891 | 262 4 }87 10944.76( 211°637 | 386 6 267 | 39361.92| 761135 | 5126 337 |105526/00| 2040.540] 638 ¢
212.3 1966.35 | .38 023 | 264 2 193 11179.60| 216.178 ) 3388 4 268 | 39986.64| 773.215 | 514.4 338 |106871.20] 2066.552] 640 ¢
2918 2026 16 | 39 150 | o 11417.48) 220.778 |- 390 2 269 | 40619.72] 785457 | 516.2 339 |108224.00] 2092.710) 6422
¢ 7 2087 42 | 30 364 | o059 200 | 11659.16] 225 451 | 302.0 270 | 11261.16[ 797 861 [ s18.0 340 |109592 00 2119 163 644.0

2150 42 | 41.582 | 269 6 11905 .40} 230.213 [ 3903’8 271 | 41910.20] 810.411 | 519.8 341 |110967.60] 2145.763} 645 8

8 2214 64 | 42.824 | 271 4 38;2, 12155 44] 235 048 | 395.¢ 272 | 42566.08] 823.094 } 521.6 342 1112358.401 2172.657] 647.6
ey 228076 | 44.103 | 273 2 203 | 12408 52) 239 942 | 307 4 273 | 43229.56] 835.923 | 523.4 343 |113749.20] 2199 .550] 649 4
503 4 w347 26 | 454 12666. 16| 244.924 | 399 2 274 | 43902.16) 848929 | 525.2 344 [115178.00] 2227.179) 651 2

29 2 .389 | 2 -
5= 241634 | 16724 | 970 9 205 | 12929.12) 250 008 [ 401.0 275 | 44530.84] 862.053 | 527.0 345 |116614.40) 2254 95¢[ 653.0
6 248316 | 48.113 | o993 208 | 13197 40| 255196 | 4023 276 | 45269 40| 875 367 | 528’8 346 (118073 60| 2283 171| 654 8

. 2560.67 | 49 515 | suo & o5 | 13167.96] 260 428 { 404 6 277 1 45964041 888.799 | 530.6 347 119532 80| 2311.387| 656.6
. 8 2634 84 | 50 950 | 282 2 J00 | 13742.32] 265.733 | 406 4 278 | 46669.321902.437 | 532.4 348 l121014.80] 2340.044] 658 4
311.4 14022.76} 271.156 | 408 2 279 | 47382.20] 916,222 | 534 2 349 1122504 .40] 2368.848| 660.2

. 2710 92 [ 52 421 : HEE
324 6 2788 41 | 23 990 gg‘;g g}(l) 14305 48] 276 623 | 410.0 280 | 48104 20| 930 183| 536 .0 350 |124001.60] 2397.799) 662 o
bl 1867 18 | 55 448 | 260 ¢ 2 14595 04 282 222 | 411 8 281 | 48833.80) 944.291{ 537 8 351 |125521.60] 2427..191] 663 8
SA4 2948 w0 | 57 030 | 289 ¢ 23 14888 40| 247 895 | 413 6 282 | 49570.24] 958.532| 539 6 352 |127049.20] 2456.730( 665.6
a2 .2 SUS1 64 | 58 622 | 291.2 214 15184 .80] 293 626 | 415 4 283 | 50316 56| 972.963] 541 4 353 (128599 60{ 2486.710| 687 4

a 15488.04] 299 490 | 417 2 284 | 61072.76] 987.586] 543 2 354 {130157 .60} 2516837} 669 2
366.8 3116 76 | 60 268 | 293.0  ,,¢

381.8 3203 40 ] 61.944 | 2948 2is 15792.80| 305.383 | 419 .0 285 | 51838 .08} 1002 385] 545 0 355 1131730.80] 2547.258] 671.0
o g 3292 32 | 63 663 | 296 6 212 | 16104.401 311 408 | 420’8 286 | 52611.76] 1017.345] 546 8 356 1133326.80} 2578.119| 672.8
277, 3382 76 | 65 412 | 298 4 315 | 10420.56]1 317 522 | 422'¢ 287 | 53395.32) 1032.497) 548.6 357 |134945.60] 2609 422{ 6746
¢ 4.6 3176 24 | 67.220 | 300 2 215 | 16742 04] 323.738 | 424.4 288 | 54187 24] 1047 810] 550 4 358 1136579.60) 2641.018] 676 4
- ? 17067.32§ 330.028 | 426.2 289 | 54989.04] 1063.314] 552 2 359 [138228.80( 2672.908[ 678.2

g 3570.48 | 69.042 | 302.0 220
447.5 3667 00 | 70 908 | 303 8 221 | 17395.64] 336.377 | 428 0 290 | 55799 201 1078.980( 554 .0 360 1139893.20] 2705.093] 680.0

. 3766.56 | 72 833 | 305.6 2 17731.56{ 342 .872 | 429.8 291 | 56612.40) 1094 705] 555 8 361 1141572 80) 2737.571] €81.8

. 3866 74 773 1 307 4 . 49. 471 | 431 6 110.871{ 557.6 143275 20| 2770.490
465.2 8 232 18072.80{ 349 292 | 57448 40} 362 683.6
. 3.4 3070 24 1 76,772 | 309 2 223 | 18417 841 356 143 | 433 4 203 | 58284 .40[.1127.036} 559 4 363 1144992.80] 2803.703| 685.4

132 o ve s a 18766.68| 362.888 | 435 2 294 | 59135.60] 1143.496] 661 2 364 [146733.20] 2837.357] 687.2
5.88 815 | 311.0
» s 4183 80 | #0.901 | 312.8 ggg 19123 .12] 369.781 | 437.0 295 | 59994 401 1160.102} 563.0 365 1148519.20] 2871.892) 689.0
_ 4293 94| 83 018 | 3146 19482.60] 376.732 | 4388 296 | 60860 80) 1176.836] 564 8 366 1150320.40] 2906.722] 690 8
541.95 4404 96 | 85.178 | 316 4 227 | 19848.92| 383 815 | 440 6 297 | 61742_40] 1193 903} 566 6 367 152129.20] 2941.698| 692 6
=275 4519 75 | 87.397 | 318 2 égg 20219.80| 390 987 | 4424 298 | 62624.00{ 1210.950} 568 4 368 1153960.80) 2977.116] 694 .4
429 . \ 20596.76] 398 276 | 444.2 299 | 63528.40) 1228 439} 570 2 369 1155815 20] 3012.974] 696.2
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Name

2-Methyldisilazane
Cyanogen iodide
Tetranitromethane
Carbon monoxide
Carbonyl sulfide
Carboayl selenide
Carbon dioxide
Carbon Selenosulfide
Carbon disulfide
Trichloroacetyt bromide
1-Chiloro-1,2,2-trifluoroethylene
1,2-Dichloro-1,2-difluorocthylene
1,2-Dichloro-1,1,2,2-tetraftuorocthane
1,1,2-Trichloro-1,2,2-trifluoroethane
~>Tetrachloroethylene
1,1,2,2-Tetrachloro-1,2-difluoroethane
Hexachlorocthane
Tribromoacetaldehyde
Trichloroethylene
Trichloroacetaldéhyde
Trichloroacetic acid
Pentachlorocthane
Acetylene :
1,1,1,2-Tetrabomoethane
1,1,2,2-Tetrabromoethane
cis-1,2-Dichlorocthylene
trans-1,2-Dichlotocthylene
t,1-Dichloroethane
Dichloroacetic acid
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachlorocthane
1-Bromoethylene
Bromoaceticacid
1,1,2-Tribromoethane
1-Chloroethylene
Chloroacetic acid
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroacétaldehyde hydrate
{-Fluoroethytene
Acetonitrile
Methyl thiocyanate
Methyl isothiocyanate
Ethylene
1-Bromo-1-chloroethane
1-Bromo-2-chloroethane
1,2-Dibromoethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Difluoroethane
Acetaldehyde
Ethylene oxide
Acetic acid
Methyl formate
Mercaptoacetic acid
Ethy!l bromide
Ethyl chloride
2-Chloroethanol
Trichloroethylsilane
Trichloroethyoxysilane
Ethyl fluoride
Ethyltrifluorosilane
Ethyl lodide
Acectamide
Acetaldoxime
Nitroethane
Di(nitrosomethyljamine
Ethane
Dichlorodimethylsilane
Ethanol '
Dimethyt ether
1,2-Ethanediol
Dimethyl sulfide
Ethanethiol
Dimethylantimony
Ethylamine
Diméthylamine
1,2-Ethanediamine
Dimiethylsilane
Dimethyldiborane
2-Ethyldisilazane

ORGANIC COMPOUNDS
Pressures Less than One Atmosphere (Continued)

Formula

CH,NSi,
CIN
CN,O,
CcO

COs
COSe

C,HCLO
C,HCL,0,
C,HCl,
C,H;’

- CH,Br,

C;H,Br,
C,H,CI,
C,H,ClL,
C,H,C!,
ClHlCllol
C,H,CL
C:H, Cl,
C;H;Br
C;H;BrO,
ClHJ_Brl
C,H,Cl
C,H,ClO,
C:H,Cl,
C:H,Cl,
C;H;CL,0,
C,H,F
CiHL,N
C;H;NS
C,H;NS

C;H,S
C,H,Sb
Cx'HyN
CHN
CiH.N,
C,H,Si
CiHioB:
C,HNSi,

Temperature °C

1 mm

~76.3
25.2s
H
-222.0s
-132.4
=117.1
-134.3s
-47.3
-73.8
-7.4
~116.0,
-82.0°
-95.4
—68.0s
—20.6s
-37.5s
32.7s
18.5
—43.8
-37.8
51.0s .
+1.0
—-142.9s
580 -
65.0°
t —584
—65.4s
-77.2
44.0-
-16.3 -
-3.8"
-95.4
54.7
32.6
-105.6
43.0s
~52.0
-24.0
—9.8s° -°
" ~149.3
" ~47.0s
-14.0
—34.7s
~168.3
-36.0s
—28.8s
—27.0s
-60.7
—44.5s
~112.5
-81.5
-89.7
-17.2s
-74.2
-60.0
-74.3
-89.8
-4.0
=219
-32.4
-117.0
-95.4
-54.4
65.0s
-5.8s
-21.0
+3.2
—159.5
-53.5
-31.3
-115.7
53.0
-75.6
-76.7
4.0
-82.3s
-87.7
~11.0s
-115.0
-106.5
-62.0

D-175

10 mm

—50.1
51.7s
22.7
~215.0s
~-113.3
-95.0
—119.5s
-16.0
—44.7
+29.3
-95.9
-57.3
-72.3
40.3s
+13.8
~5.0s
73.5s
58.0
-12.4
-5.0
88.2
39.8

—128.2s

95.7
110.0
-29.9
-38.0
-51.2
82.6
+19.3
+33.0

~56.8

—48.6
101.5
—47.5
—65.8
+30.3
+3.6
0.0
-97.7
-73.7
-24.3
105.0
+25.8
+12.5

—-142.9
-23.8
—-2.3
-93.3
92.1
—49.2
—50.2
86.0
-58.3
—64.6
+2L.5
-93.1
-82.1
-32.2

40 mm

~75.7
-62.4
-8.3

100 mm

-13.1
97.6s
68.9
—205.7s
-85.9
—61.7
—100.2s
28.3
-5.1
79.5
—66.7
-23.0
-39.1
-1.7
61.3
38.6
124.2s
110.2
31.4
40.2
137.8
93.5
-2107.9s
144.0
170.0
+9.5
-0.2
-15.0
134.0
68.0
83.2
-31.9
146.3
123.5
-53.2

400 mm

+17.2
126.1s
105.9
-196.3
-62.7

-35.6

~85.:Is
65.2

+280

120.2
~41.7
+5.0
-12.0
+30.2
100.0
73.1
163.8s
151.6
67.0
77.5
175.2
137.2
-92.0s
181.0
217.5
41.0
+30.8
+14.8
173.7
108.2
124.0
-1.1
186.7
165.4
—28.0
169.0
54.6
93.0
82.1
~84.0
62.5
110.8
97.8
-113.9
63.4
86.0
110.1
39.8

64.0
~39.5

+4.9
-4.9
99.0
16.0

+21.0
-39
110.0
80.3

—45.5
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APPENDIX 4A
AIR EMISSIONS CONTROL DESIGN
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JOB NO.: 11172744

MADEBY: D. McCall TNI% DATE: _ 10-2.2.08

CHECKED BY: . paTe: _ 10]2q(0 >
PROJECT: West Side Corporation Site Remedial Design
SUBJECT: Off-gas Treatment
Problem: Outline the basis for treatment of the off-gas from the Electrical
Resistance Heating (ERH) and the Soil Vapor Extraction (SVE)
Systems
References:
1. In-Situ Thermal Treatment Feasibility Evaluation - West Side Corporation Site,

URS Corporation, August 2002.

SVE Pilot Test Report - West Side Corporation Site, URS Corporation,
December 2001.

Global Technologies, Inc., Vendor information, www.globaltechnologiesinc.com

NIOSH Pocket Guide to Chemical Hazards, URS SoURSe website,
www.oklink.com/safety/nioshdbs/npg/

Design Issues - Memo #2, URS Corporation, Inc., October 9, 2002.

General Assumptions:

1

ERH remediation will be conducted prior to the implementation of SVE for the
remainder of the contaminated areas at the site. This is a different conclusion
than was reached in the Thermal Feasibility Evaluation (Ref. 1), where it was
assumed that both systems would operate concurrently. Additional information
on the construction sequencing for these two systems is included in Ref. 5.

The same type of off-gas treatment system will be used for both the ERH and
the SVE off-gas treatment systems. Depending on whether the off-gas system
is purchased or rented, it will be modified or replaced to treat the of f-gas from
the SVE system following the completion of ERH.

Other assumptions regarding the design of the off-gas treatment system are
outlined below in the applicable sections.

J:\35897.01\Word\draft\Catox Design.doc



JOB NO.: 11172744

MADE BY: D. McCall SONSDATE: _10:22-92

CHECKED BY: DATE: _{1Q9] 0>
PROJECT: West Side Corporation Site Remedial Design
SUBJECT: Off-gas Treatment

1) Off-gas Streams

a)

b)

Flow Rates: The two major criteria for the treatment of off-gas are the
flow rate and the organic loading rate. Flow rates for the off-gas for the
two streams have been estimated as:

ERH: 460 scfm
SVE: 750 scfm

The flow rate for the SVE system is higher than was assumed in Ref. 1,
because some additional allowance has been included as a factor of safety.

Loading Rates - ERH: determination of loading rates for both the ERH and
the SVE systems is difficult due to the nature of these remediation
processes. Contaminant loading rates for ERH are even more difficult to
determine than for SVE. Loading rates for the ERH will vary as the
subsurface is heated, and as different pockets of DNAPL are liberated. The
loading rate is expected to be moderate (similar to SVE) and then increase
to a peak after the soil reaches the design temperature. As with the SVE,
the ERH concentrations are then expected to decrease exponentially.

For the purpose of this DAR, an average loading rate of 50 pounds per day
will be assumed, based on the same number that was used in Ref. 1.

Assuming that all of the contamination consists of PCE, the concentration in
the air stream (ppmv) can be determined:

SOlbx day . I min . 1/t x454gx1000mgx 2445L/mol
day 1440min 460> 2.832x107m’  Ib g 165.8g / mol(MW)

= 178 ppmv as PCE

J:\35897.01\Word\draft\Catox Design.doc
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JOBNO.: 11172744
MADE BY: D. McCall OM-DATE: _ 14:22,02
CHECKED BY: QWP DATE: 14(39] e

PROJECT: West Side Corporation Site Remedial Design
SUBJECT: Off-gas Treatment

¢) Loading Rates - SVE: With SVE, the contaminant concentrations in the off-
gas stream will initially be very high, but will probably drop at an exponential
rate as the soil is remediated. A sample of the SVE vapor was collected and
analyzed during the SVE Pilot test (Ref. 2, attached). The total VOC
concentration indicated in this sample was 1,622 ppmv, or 0.16% VOCs.
Based on that concentration, and a total flow rate of 600 scfm, Ref. 1
estimated a daily VOC loading of 518 pounds.

For the purpose of this DAR, 500 pounds per day is considered to be a
conservative peak loading rate. Even though a higher flow rate is now
assumed, 500 Ib/day is conservative, considering that a large portion of the
soil vapor will be extracted from areas of the site less contaminated than
the area used for the pilot test. Additionally, as stated above, the soil vapor
concentration will drop exponentially as the remediation progresses. The
average loading rate is more difficult to determine, and will depend upon the
duration of the remediation. However, given than the area of SVE is much
larger, but will not involve any heat, 50 pounds per day is also considered to
be a reasonable estimate for the average loading rate from SVE.

2) Selected Treatment Unit

a) Selected Unit: Based on the information presented in Ref. 1, as well as
other vendor information, a catalytic oxidizer or "Catox" unit was selected
as the best alternative for treating the of f-gas emissions from this site. As
shown in Ref. 3, a Global Model 10 Chloro-Cat would be required to treat a
flow stream of up to 1,000 scfm. The maximum flow rate from the SVE is
estimated to be only 750 scfm, so the system will have some excess
capacity. This unit has a fuel consumption of up to 440,000 BTU/hour, and
is equipped with a 10 hp fan blower.

As the name implies, these units are specifically designed for the treatment
of vapor streams including chlorinated VOCs. Note that this unit is selected
only for the purpose of this DAR evaluation. Other vendors may supply units
with different flow rates and/or other characteristics.

J\35897.01\Word\draft\Catox Design.doc



JOB NO.: 11172744

MADEBY: D. McCall "Dyf~ DATE: _10-22.0p.

CHECKED BY: _C DATE: __10(09 / 40>
PROJECT: West Side Corporation Site Remedial Design
SUBJECT: Off-gas Treatment

b) Potential Limitations: although the flow rate is probably the major factor in

selecting a catox unit, the vapor concentration is also an important
consideration. As shown in Ref. 3, the chloro-cat unit will automatically shut
down if the incoming vapor concentration exceeds 25% of the lower
explosive limit (LEL) for the air stream. This is a safety consideration to
avoid overheating the unit. Considering that each 1% of the LEL leads to a
25°F temperature rise (Ref. 3), at 25% LEL, there will be a 625°F
temperature increase.

LELs for the major contaminants in the air stream are shown below (as
reported in Ref. 4):

1,2-Dichloroethene 5.6%
Methylene Chloride 13%
Tetrachloroethene NA
Trichloroethene 8%
Vinyl Chloride 3.6%

The lowest LEL is for vinyl chloride at 3.6%. 25% of that concentration
would be + x 3.6 = 0.9%. Considering that the total VOC concentration
detected in the sample from SVE was only 0.16% (Ref. 2), the off-gas from
SVE should be well below the limitations and acceptable for treatment.

As described above, the off-gas concentrations from ERH may be higher
than was estimated for SVE. However, one benefit to the sequential
operation of the ERH and SVE systems, is that the system will have excess
capacity for the ERH. The proposed unit catox is rated for 1,000 scfm,
while the expected flow rate from ERH is only 460 scfm. Thus, if the off-
gas from the ERH system is too rich in VOCs, up to 540 scfm of dilution air
can be introduced to cut the contaminant concentrations.

In the unlikely event that the contaminant concentrations still exceed 25%
LEL, the operation of the ERH system would have to be temporarily scaled
back until the concentrations decreased.

J:\35897.01\Word\draft\Catox Design.doc
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CHECKED BY: _CAMJ € DATE: __ /,)a/ 02

PROJECT: West Side Corporation Site Remedial Design
SUBJECT: Off-gas Treatment

3) Ancillary Treatment

a)

Combustion of chlorinated organic compounds yields carbon dioxide (CO;)
and hydrochloric acid (HCI). In cases where the emissions levels of HCl are
unacceptable, a scrubber is included as part of the catox unit package. The
scrubber uses caustic to neutralize the acid gases in the exhaust from the
catox.

Considering that this site is located in an urban area, with residential homes
in the immediate vicinity, it is possible that treatment for the acid emissions
may be required.

The need for an acid scrubber, as well as the actual limitations to discharge,
will be determined by the NYSDEC based on an air permit application
prepared for this site.

4) Basis of Catox Operation and Options

a)

b)

Regardless of how the contract is structured, the off-gas freatment will
comprise a significant portion of the total cost for both initial installation
and for routine operation. As outlined in Ref. 1, one consideration may be to
replace the catox system with a vapor phase carbon adsorption system once
the contaminant concentrations have decreased.

As stated previously, the off-gas contaminant concentrations are expected
to be very high during the initial operation of both remediation systems.
However, over time the concentrations will drop significantly. At some point,
it may be more cost effective to switch to carbon adsorption instead of
catox for treatment. There are many factors that make predicting the most
cost-effective method for off-gas treatment very difficult.

Given the basic framework of the remediation program (i.e., that ERH will be
conducted for the first three months, followed by long-term operation of an
SVE system), it is assumed that only catox will be considered for the ERH
system. The short-term nature of the ERH operation would not justify the

N:A11172744.000000WORD\DRAFT\Catox Design.doc
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PROJECT: West Side Corporation Site Remedial Design
SUBJECT: Off-gas Treatment

additional capital expense for the installation of a vapor phase carbon
system. Therefore, the only consideration for switching the type of off-gas
treatment will be for operation of the SVE system.

It is assumed that the catox system will also be used during the first three
months of SVE operation. After the first three months, there should be
enough operating data available to more accurately predict the trend of the
contaminant concentrations and to prepare a more accurate estimate of the
duration of the remediation.

N:\11172744.000000\WORD\DRAFT\Catox Design.doc
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WEST SIDE CORPORATION
SITE NO. 2-41-026
REVISED
IN SITU THERMAL TREATMENT
FEASIBILITY EVALUATION

AUGUST, 2002

Prepared for

NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION
625 BROADWAY
ALBANY, NY 12233

Prepared by

URS CORPORATION
. 282 DELAWARE AVENUE
BUFFALO, NY 14202
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MITKEM CORPORATION
Cliecit Sample ID: EW-1

GC/MS Volatiles

Qef. 2

Lot-Sample #...: H1J010107-001 Work Ordex #...: ELC911AA Matrix
Date Sampled...: 09/28/01 Date Received..: 10/01/01
Prep Date......: 10/04/01 Analysis Date..: 10/04/01
Prep Batch #...: 1277284
Dilution Factor: 144684 Method......... : EPA-19 TO-14
REPORTING
PARAMETER RESULT LIMIT UNITS
Acetone ND 720000 ppb (v/v)
Benzene ND 23000 ppb(v/v)
Bromodichloromethane ND 29000 ppb (v/v)
Bromoform ND 29000 ppb (v/v)
Bromomethane ND 29000 ppb(v/v)
Carbon disulfide ND 23000 ppb (v/v)
Carbon tetrachloride ND 29000 ppb{v/v)
Chlorxobenzene ND 29000 ppb (v/v)
Dibromochloromethane ND 29000 ppb(v/v)
Chlorocethane ND 23000 ppb (v/v)
Chloroform ND 29000 ppb (v/v)
Chloromethane ND 72000 ppb (v/v)
1,1-Dichloroethane ND 29000 ppb (v/v)
1, 2-Dichlorcethane ND 29000 ppb (v/v)
1,1-Dichloroethene ND 29000 ppb (v/v)
cis-1,2-Dichloroethene 170000 29000 ppb (v/v)
trans-1,2-Dichloroethene ND - 29000 ppb (v/v)
1, 2-Dichloropropane ND 29000 ppb (v/v)
cis-1,3-Dichloropropene ND 29000 ppb (v/v)
trans-1,3-Dichloropropene ND 29000 ppb (v/v)
Ethylbenzene ND 29000 ppb(v/v)
2 -Hexanone ND 72000 ppb (v/v)
Methylene chloride 23000 J.,B 29000 ppb(v/v)
Styrene ND 29000 ppb(v/v)
1,1,2,2-Tetrachloroethane ND 23000 ppb{(v/v)
Tetrachloroethene 1300000 29000 ppb (v/v)
Toluene ND 29000 pob (v/v)
1,1,1-Trichloroethane ND 29000 pob (v/v)
1,1, 2-Trichloroethane ND 29000 ppb (v/v)
Trichloroethene 39000 23000 ppb(v/v)
Vinoyl chloride 90000 29000 ppb(v/v)
-o-Xylene ND 23000 ppb (v/v)
m-Xylene & p-Xylene ND 29000 ppb(v/v)
2 -Butanone (MEK) ND : 72000 ppb (v/v)
4 -Methyl-2-pentanone ND 72000 ppb (v/v)
{MIBK)
PERCENT RECOVERY
SURROGATE RECOVERY v LIMITS
1,2-Dichlorcethane-d4 101 {70 - 130)
Toluene-ds 100 (70 - 130)
39 (70 - 130)

4 -Bromoflucrobenzene

{Continued on next page)



Rl 2

December 21, 2001

Shive Mittal

NYSDEC, Bureau of Western Remedial Action
625 Broadway

Albany, NY 12233

RE:  'WEST SIDE CORP. SITE #2-41-026
W_.A. D003825-31
SVE PILOT TEST REPORT

‘Dear Mr. Mittal:

Please find attached the report on the SVE pilot test conducted at the above-referenced site on
September 26 and 27, 2001.

If you have any questions, please contact me at 716-856-5636.
Sincerely yours,

URS Corporation

LA

Jon Sundquist, Ph.D.
Project Manager

cc: Daniel W. Rothman, P.E.
File: 05-000-35897.01 (C-1)

URS Corporation

282 Delaware Avenue
Buffalo, NY 14202-1805
Tel: 716.856.5636

J:\35987.0\word\con\SVE report cover letter
Fax: 716.856.2545
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Global Technologies | Chloro-Cat: Catalytic Oxidizer for Halogenated, Chlorinated and F... Page 1 of 3

Ref 3

More info

Have a project?
Get faster
budget quotes
with Quick
Quote or view
our Rental
availability.

Chlorinated
cleanup? Read
about a recent
solution.

Do you already
own a Global
Chloro-Cat?
Extend the life
and profitability
of the unit with
Global Service.

Ask the
Engineers a

question or find
other FAQs.

Global Technologies

products | services | resources | company | contact

“roducts

Chloro-Cat™
Catalytic Oxidizer

Global Technologies' Chloro-Cat™ catalytic
oxidizer destroys halogenated or mixed
organic vapor contaminants that are
discharged from soil vapor extraction and
groundwater treatment systems, such as
airstrippers, during site remediation.

How the Chloro-Cat™ Works

The Chloro-Cat model is selected based on
volume of airflow, contaminant type and
desired destruction efficiency. During
operation, VOC-laden air is drawn through the Chloro-Cat's fan and is
discharged into the system's heat exchanger. The air passes through the tube
side of the heat exchanger and into the burner, where the contaminated air is
raised to the catalyzing temperature. When the VOC-laden air passes through
the specialty catalyst, an exothermic reaction takes place. The VOC's in the air
stream are converted to carbon dioxide, water vapor, and inorganic acids.

The hot, purified air then passes on the shell side of the heat exchanger where
the energy released by the reaction is used to preheat the incoming air. This
minimizes the system's fuel costs; in many cases the Chloro-Cat is self-
sustaining. Finally, the contaminant-free air is exhausted into the atmosphere. In
some cases, a Global scrubber module may be required to neutralize the
inorganic acids.

Global's Fully Integrated Approach

The Therm-Cat was designed as part of Global's entire line of soil and
groundwater remediation products. The Global line of products, which includes
Vapor Liquid Separators (Knockout Pots), Extraction Blower Packages,
Oxidizers, and Acid Gas Scrubbers, is technologically advanced as well as user-
friendly. Each module interfaces easily and is constructed for optimum
performance and trouble-free operation.

When networked, the Global modules form a comprehensive subsurface
remediation system that works continuously and automatically to achieve site
closure quickly. In addition, Global's modular approach aliows rapid deployment
and provides the flexibility necessary to successfully perform site remediation
under a wide variety of conditions.

System Components

Standard Chloro-Cat systems include a shell and tube heat exchanger,
modulating burner, fuel train, catalyst bed, fan, motor, fresh air dilution valves,
flanged inlet and outlet, system controls, LEL monitor, temperature recorder,
first-out shutdown detector, flame arrestor and exhaust stack. The system’s
components are housed in a weatherproof, insulated steel cabinet with three
access doors that allow service to all internal parts.

http://www.globaltechnologiesinc.com/prchlcat.htm

10/17/02
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Chloro-Cat System Schematic
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Safety Shutdowns

L3

The system will shut down safely and automatically if any of the following occur:

Electrical power loss to the control panel.
Loss of proper airflow.
High/low temperature or gas pressure.
Flame out of the burner.
—pe System operation above 25% LEL.

o High level in Vapor Liquid Separator.

The PLC-driven, first-out shutdown detector will indicate the cause of a shutdown

on a liquid crystal display.

Options
o Remote monitoring/communication package.
e Acid gas scrubber.
« Integrated extraction blower.
o Trailer-mounted.
e Exhaust stack extensions.
o U.L.labeled panel.
« NFPA Class 1 Division 2 explosion-proof design.
o Larger or custom systems available.
« Flame arrestor. l
Model || Model 5 || Model 10 || Model 20
SPECIFICATIONS || A Chloro- || Chloro- || Chloro-
Chloro-
: Cat Cat Cat
Cat
Unit Weight 3,400 Ibs || 4,200 Ibs || 5,500 Ibs || 7,500 Ibs
4'W x 8'H || 4'3"W x 6.5'W x 7'W x 9'H

http://www.globaltechnologiesinc.com/prchicat.htm
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. . x 7'5"L 8'5"H x 9'H x x 15'5"L
Overall Dimensions 8'5"L 13'L
100- 100-
Airflow g%;sf 15%05300 1,000 2,000
SCFM SCFM
Fuel Consumption | 13505 [l 26,000 ||52.000 || 103,000
(maximum VOC B‘fU/hour BfU/hour BT,U/hour BTd/hour
loading)
Fuel Consumption 75,000 220,000 440,000 880,000
(no VOC loading) BTU/hour |§ BTU/hour {| BTU/hour || BTU/hour
Standard Power 230V/ 230V/ ‘2138;// iggw
Requirements 60Hz/1ph || 60Hz/1ph 60Hz/3ph || 60Hz/3ph
6" 6" 8" 10"
Inlet Pipe diameter, || diameter, || diameter, || diameter,
P 150# 150# 150# 150#
flange flange flange flange
Heat Exchanger 50% 50% 50% 50%
Efficiency nominal nominal nominal nominal
Fan 3 hp 3hp 10 hp 20 hp

Global Technologies | Chloro-Cat: Catalytic Oxidizer for Halogenated, Chlorinated and F... Page 3 of 3
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stop »products >home

Global Technologies, Division of Anguil Environmental Systems, Inc.

8855 North 55th Street - Milwaukee, Wisconsin 53223-2358 o

Tel (414) 365-6430 - Fax (414) 365-6410 - info@anguil.com

' Copyright © 2000 Anguil Environmental Systems, Inc.
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In addition to the explosive aspects of the LEL, another issue is the heat energy given off during oxidation. An ./‘ 3
estimate of the exotherm is that there will be a 25¢ F rise per 1% LEL in the stream. Hence, if the process air < -
enters the oxidiser at a given temperature, and if the stream has a concentration of 2% LEL, then a 500 F rise

in process stream temperature is expected after oxidation. If the process stream were running ata 10% LEL,

then a 2500 F temperature rise would be predicted. A maximum LEL of 25%, yields a 625¢ F temperature rise L=

of the process stream.

The concentration that is required to yield 100% LEL varies with the characteristics of the identified organics.
For example, ethanol has a 20,000 PPM by volume concentration whereas benzene has a 12,000 ppmv.

Not only do different organics have different LELs but every time a pound of a different organic is oxidised, a
different amount of heat will be given off. An example that demonstrates this energy release is the catalytic
muffler in an automobile. When mufflers were initially installed, the high level of unburned gasoline which
went through the muffler caused excessive heating and subsequently caused fires if the auto had been parked
on leaves. The reason for the excessive heat was that for each pound of gasoline being oxidised 20,000 BTU’s
were being released.

Chilorinated organics are hydrocarbons that have one or many chlorine atoms. Oxidation of chlorinated
hydrocarbons yield CO,, water vapour and hydrogen chloride (HCI) gas. Some typical chlorinated organics

are TCE and PCE. These organics have calorific values as low as 5,000 BTU/Ib.

back to index

CATALYST

The characteristics of oxidation catalyst are many and varied. Fundamentally, if an airstream containing
organics is heated and passed across catalyst, the organics will be converted to carbon dioxide and water
vapour. However, the percent conversion happens at different temperatures for different organics and for
different catalysts. (See Figure 8.4.4 and 8.4.5)

Consider the compound - Toluene. To destroy 25% of the Toluene in an air stream, the chart is entered on the
y axis at 25%, come over to the toluene line, and down to the Fahrenheit line, and it is seen that a temperature
of about 300e F is required. However, the EPA does not require 25% destruction, but 95-99% destruction. In
order to destroy 95% of the Toluene, enter the graph at 95% destruction, come over to the Toluene line, down
vertically and it is seen that 500-550 degree range is required in order to destroy the Toluene. Some organics
require higher temperatures to be destroyed than others, catalytically. Alcohols, isopropyl alcohol and ethanol,
can be destroyed relatively simply whereas the Acetates, particularly the ethyl acetates and propyl acetates,
may require temperatures in the 750 F range in order to achieve adequate destruction. Depending on the
process stream, either a single organic may be present as found in the chemical industry, or in printing
operations, a multiplicity of organics exists. Having a multiplicity of organics imposes the requirement of
focusing on the ability to destroy the most difficult organic

Some organics can not be effectively destroyed by catalyst. For example: heptane and hexane, can be
destroyed at temperatures of 600-700 degrees. Whereas propane, ethane and methane require temperatures
beyond a reasonable temperature range. Since methane is not a smog producing organic, a guarantee to
destroy 95% of the organics means that the methane is not considered and is removed from that stream in the
computation process. However, if propane is the auxiliary fuel, that is if the burners are being driven by LPG
or by propane directly, it means that there will be contribution to the VOC at the end of the stack.

Catalyst samples are shown in Figure 8.4.6. Some catalyst is deposited on a ceramic substrate. These ceramics
are extruded in a malleable state and then fired in ovens. The process consists of starting with a ceramic and
depositing an aluminum oxide coating. The aluminum oxide makes the ceramic, which is fairly smooth, have
a number of bumps. On those bumps a noble metal catalyst, such as platinum, palladium or rubidium, is
deposited. The active sited, wherever the noble metal is deposited, is where the conversion will actually take
place.

http://www.anguil.co.uk/vochand2.htm 10/18/02
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ESTIMATE OF AIR EMISSIONS FOR AIR PERMIT
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PROJECT: NYSDEC - West Side Corporation Site
SUBJECT: Estimate of Emissions for Air Permits

Problem: For the purpose of completing an air permit application, estimate the
emissions from the remedial activities at the West Side site. The
emission sources will consist of the electrical resistance heating
(ERH) and the soil vapor extraction (SVE) systems.

References:

1. In Situ Thermal Treatment Feasibility Evaluation, West Side Corporation, URS,
August 2002.

2. Chemical Oxidation Pilot Test Report, West Side Corporation, URS, January
2002.

3. Perrys Chemical Engineers’ Handbook, Sixth Edition, Robert H. Perry and Don
W. Green, McGraw-Hill Inc., 1984.

4. Global Technologies, Inc., Vendor Information.
5. SVE Pilot Test Report, West Side Corporation, URS, December 21, 2001.

6. Record of Decision, West Side Corporation Site, OU#1, New York State
Department of Environmental Conservation, July 2000.

General Assumptions:

1. The two remedial activities considered at this site are the ERH application and
the operation of an SVE system.

2. The two remediation technologies be operated sequentially (ERH followed by
SVE), using the same air treatment system for both.

3. Ingeneral, the contaminant emissions from the SVE system will decrease as the
remediation progresses. In the case of the ERH, the contaminant emissions will

N:\11172744.00000\WORD\DRAFT\air emissions permit calcs.doc
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)L

initially be low, increase as the temperature of the treatment area increases,
and then decrease again. However, for the purpose of these calculations, the
emissions from both of these systems are assumed to be linear.

Only one air permit application will be submitted. Annual emissions will be the
total emissions for the first year, i.e., 3 months of the ERH emissions plus 9
months of SVE system emissions. For the purpose of completing the permit, the
hourly emissions rate will be a weighted average of the emissions from the ERH
and the SVE systems.

Although there will be a period of time between the completion of ERH and
initiation of SVE where there are no air emissions, this has not been accounted
for in any of the emissions estimates. Thus, the annual emissions numbers
presented are somewhat conservative.

This permit is being completed on the basis of the first year of operation. The
emissions estimated for the first year will be substantially higher than the
emissions from any of the following years.

1)

ERH Emissions

To estimate the emissions from the ERH system, the total quantity of
contamination in the ERH treatment area will first be determined, and then
divided by the duration of operation to determine the emission rate.

a) Total Mass of PCE Contamination in the ERH Area

The dimensions of the area targeted for ERH treatment are 60’ by 60, to a
depth of 45 feet bgs. Although the treatment will actually extend
somewhat beyond and below these dimensions, only the most highly
contaminated area is being considered. The total volume of the
contaminated soil is therefore:

60 ft x 60 ft x 45 ft = 162,000 ft+*

N:\11172744.00000\WORD\DRAF T\air emissions permit calcs.doc
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Multiplying the soil volume by its density provides the total mass of the
contaminated soil in the ERH zone. Based on Ref. 3, a density of say 120
Ib/f1® is assumed for the soil (assumed to be sand).

162,000 ft* x 120 Ib/ft3 x 0.454 kg/Ib = 8,825,760 kg of soil

As outlined in Ref. 1, an average PCE concentration of 200 mg/kg was
assumed, based on the data collected during the chemical oxidation pilot
test. Multiplying by the total mass of contaminated soil, and converting back
to pounds gives:

(8,825,760 kg) x (200 mg/kg) x (1g / 1000 mg) x (1 Ib / 454 g) =
3888, say 4,000 Ibs of PCE in the ERH area.

b) Total Mass of Other Contaminants in the ERH Area

Using only the data from the post-chemical oxidation testing, the only other
contaminants detected in the soil were cis-1,2-dichloroethene, acetone, and
methyl acetate. Of these, acetone is a common laboratory contaminant, and
therefore assumed to not actually be present in the soil.

Out of the 40 post-oxidation soil samples collected, methyl acetate was
detected in only four, at concentrations of 2, 6, 9, and 2 pg/Kg. For the
purpose of this calculation, a conservative average calculation of 1 pg/kg will
be assumed.

Cis-1,2-dichloroethene was detected in only 1 post-oxidation sample at a
concentration of 2 ug/kg. For the purpose of this calculation, a conservative

average calculation of 0.5 ug/kg will be assumed.

Multiplying by the average concentrations by the total mass of contaminated
soil, and converting back to pounds gives:

N:\11172744.00000\WORD\DRAF Thair emissions permit calcs.doc
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c)

d)

Methyl Acetate:
(8,825,760 kg) x (1 ug/kg) x (1g / 1,000,000 pg) x (1 Ib / 454 g) =
0.019, say 0.02 Ibs of methyl acetate in the ERH area.

Similarly for cis-1,2-dichloroethene yields 0.01 Ibs of 1,2-DCE in
the ERH area.

Contaminants Not Included

Comparing the pre- and post-oxidation samples shows that the contaminants
detected and their concentrations were very similar.

However, several contaminants were detected in the soil during the RI/FS
that were not detected in the post-oxidation soil samples nor in the vapor
sample collected for the SVE pilot test. These contaminants were:
chloromethane, carbon disulfide, 1,1-dichloroethene, chloroform, 2-butanone,
1,1,1-trichloroethane, 1,3-dichloropropene, 1,1,2-trichloroethane, benzene, 4-
methyl-2-pentanone, toluene, chlorobenzene, ethylbenzene, styrene, and
xylene. It is expected that these contaminants may occasionally be
detected in monitoring for the site remediation, but only at trace
concentrations. These contaminants are not included in the air permit
submittal.

Duration of Operation

As outlined in Ref. 1, the expected duration of the ERH treatment is 3
months, or say 90 days.

Hourly Emission Rate (Uncontrolled)
Dividing the total mass of contamination by the duration of operation:

PCE:
(4,000 Ibs PCE) / (90 days x (24 hr / day)) = 1.85 Ib/hr

N:11172744.00000\WORD\DRAFT\air emissions permit calcs.doc
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f)

9)

Similarly, for the other contaminants:

Methyl acetate:
(0.02 Ibs MeAcetate) / (90 days x (24 hr / day)) = 9.3x10°° Ib/hr

cis-1,2-Dichloroethene:
(0.01 Ibs DCE) / (90 days x (24 hr / day)) = 4.6x10°¢ Ib/hr

Controlled Emissions

It is assumed that the air emissions from the ERH system will be passed
through a thermal oxidation unit. Based on Ref. 4, these units are capable of
destruction efficiencies of 99% and higher. However, to be conservative,
and based on the guaranteed efficiency of the unit installed at the Robeson
site, a destruction efficiency of 95% will conservatively be assumed.

Controlled emissions therefore would be:

PCE: : 1.85 Ib/hr x 0.05 = 0.093Ib/hr
Methyl Acetate: 9.3x10° Ib/hr x 0.05 = 4.7x1077 Ib/hr
Cis-1,2-Dichloroethene: 4.6x10° Ib/hr x 0.05 = 2.3x107 Ib/hr
Fuel Usage

Per Ref. 4, the maximum fuel usage for a Chloro-Cat™ Catalytic Oxidizer is
440,000 BTU/hr.

Assuming that the heating value for the natural gas is approximately 1,000
BTU/scf (Ref. 3), the gas flow rate for the unit will be on the order of:

(440,000 BTU/hr) / (1,000 BTU/scf) = 440 scf/hr.

N:\11172744.00000\WORD\DRAFT\air emissions permit calcs.doc
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2) SVE Emissions

b)

Even if it were possible to reasonably estimate of the total mass of
contamination present in soil, it is impossible to accurately predict the rate
at which an SVE system will extract the contaminants over time. Therefore,
it was decided that it would be more reasonable to estimate the emissions
based on the vapor sample collected during the SVE pilot study.

Initial Contaminant Concentrations
One sample of the soil vapor was collected and analyzed as part of the SVE

Pilot Test that was conducted in September 2001. The results of this
sample are summarized below:

Tetrachloroethene 1,300,000 ppbv
Trichloroethene 39,000 ppbv
Cis-1,2-Dichloroethene 170,000 ppbv
Viny| Chloride 90,000 ppbv

Although methylene chloride also was detected in this sample (at 23,000
ppbv), it is a common laboratory contaminant that also was detected in the
blank sample. Therefore, it is not considered for the purpose of this
calculation or completing the air permit application.

Long-term Average Concentrations

There are two factors that will greatly affect that contaminant
concentrations actually collected by the SVE system. One is that the
concentrations collected by an SVE system will drop exponentially as the
remediation progresses. Significant decreases are observed during the first
days and weeks of operation once the initial pore volume from the soil is
extracted. Secondly, most of the soil to be treated by SVE is much less
contaminated than the area chosen for the pilot test. Each of these factors
is evaluated below.

NA11172744.00000\WORD\DRAF T\air emissions permit calcs.doc
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i) Exponential Drop in Concentration

Due to the short duration (<1 day) of the pilot test conducted at this site,
there is insufficient information to determine the rate at which the
concentrations will decrease. As such, it was decided to base the estimate
on data from a similar site (the Robeson site in Castile, NY).

As shown on the attached graph of the date from that site, after one week
of operation the soil gas concentrations were less than 3 the concentrations
detected during the pilot study. After the first month, the concentrations
were approximately 11% of the pilot test concentrations for the next 6
months, and then dropped to about 4% for the next 12 months.

To be conservative, for this site it is assumed that the concentrations for
the first year will average approximately 15% of the concentrations
detected in the sample from the pilot test.

ii) Soil Contaminant Concentrations

The attached figure from Ref. 6 shows the three source areas to be treated
via SVE. Also shown in the location where the pilot study was conducted. As
shown on this figure, the pilot test was located in a zone of higher soil
contaminant concentrations. However, a large portion of the soil to be
treated with SVE had soil concentrations much less than the pilot test area.
All of Source Area 3, most of Source Area 2, and at least 2/3 of Source
Area 1 should have soil concentrations significantly lower than the pilot
study area. Based on this rough analysis, it was conservatively assumed that
the contaminants collected by the SVE system will be reduced another 2/3.

iii) Calculated Average Concentrations
Based on the above assumptions, the average contaminant concentrations in
the SVE air stream for the first year are assumed to be:

Tetrachloroethene 1,300,000 (0.15)(1/3) = 65,000 ppbv
Trichloroethene 39,000 (0.15)(1/3) = 1,950 ppbv
Cis-1,2-Dichloroethene 170,000 (0.15)(1/3) = 8,500 ppbv

N:\1172744.00000\WORD\DRAFT\air emissions permit cales.doc
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Viny| Chloride 90,000 (0.15)(1/3) = 4,500 ppbv
¢) SVE Air Flow Rate

The total flow rate for the SVE system is assumed to be 750 scfm, based on
a conservative flow rate of 50 scfm per well.

d) Hourly Emission Rate Ib/h (Uncontrolled)

First, converting ppbv to mg/m?® using the gram MW and standard molar
volume:

Tetrachloroethene 6500 ppbv x (1 ppmv/1000 ppbv) x (165.9 g/gmol) /
(24.45 L/mol) = 44.1 mg/m’

Trichloroethene 1950 ppbv x (1 ppmv/1000 ppbv) x (131.4 g/gmol) /
(24.45 L/mol) = 10.5 mg/m®

Cis-1,2-Dichloroethene 8500 ppbv x (1 ppmv/1000 ppbv) x (96.9 g/gmol)
/ (24.45 L/mol) = 33.7 mg/m®

Vinyl Chloride 4500 ppbv x (1 ppmv/1000 ppbv) x (62.5 g/gmol) /
(24.45 L/mol) = 11.5 mg/m®

Now, multiplying concentration by the flow rate to get the total emissions:

Tetrachloroethene 44.1 mg/m® x (2.832x102 m*/ft?) x (750 ft*/min) x (60
min/hr) x (1g /1000 mg) x (1 Ib / 454 g) = 0.124 Ib/h

Trichloroethene 10.5 mg/m® x (2.832x102 m*/f13) x (750 f+3/min) x (60
min/hr) x (1 g / 1000 mg) x (1 Ib / 454 g) = 0.0295 Ib/h

Cis-1,2-Dichloroethene 337 mg/m® x (2832x10° m¥/ft’) x (750
f13/min) x (60 min/hr) x (1 g / 1000 mg) x (1 Ib / 454 g)
= 0.0946 Ib/h
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Vinyl Chloride 11.5 mg/m® x (2.832x10°2 m*/ft3) x (750 ft+*/min) x (60
min/hr) x (1 g / 1000 mg) x (1 Ib / 454 g) = 0.0323 Ib/h

e) Controlled Emissions

It is assumed that the air emissions from the SVE system will be passed
through a thermal oxidation unit. Based on Ref. 4, these units are capable of
destruction efficiencies of 99% and higher. However, to be conservative,
and based on the guaranteed efficiency of the unit installed at the Robeson
site, a destruction efficiency of 95% will conservatively be assumed.

Controlled emissions therefore would be:

Tetrachloroethylene: 0.124 Ib/hr x 0.05 = 0.0062 Ib/hr

Trichloroethylene: 0.0295 Ib/hr x 0.05 = 0.00148 Ib/hr
Cis-1,2-Dichloroethene: 0.0946 Ib/hr x 0.05 = 0.00473 Ib/hr
Viny| Chloride: 0.0323 Ib/hr x 0.05 = 0.00162 Ib/hr

Total Controlled Emissions = 0.014 |b/hr
3) Combined Emissions
For the purpose of completing the air permit, the emissions from the ERH and

the SVE system will be totaled to determine the annual and the hourly
emissions. Calculations from this section are summarized on Table 1, attached.

a) Potential Annual Emissions (Ib/yr)
Total uncontrolled emissions from the ERH system were determined above in

Section 1 and are summarized on Table 1. These are the total emissions
assumed for the first three months of the air discharge from the site.
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To determine the mass removed during the remaining 9 months of the first
year, the hourly emissions rates from the SVE system were calculated and
totaled as follows:

Example for PCE:
Avg. PCE emissions from SVE = 0.124 Ib/h (Section 2d, above)

(0.124 Ib/hr) x (24 hr/day) x (365 day/yr) x (9/12 months) = 815
Ib/yr.

SVE emissions for all contaminants are summarized on Table 1.
To determine the total emissions for the first year, the numbers from the
ERH and the SVE were summed together. As shown on Table 1, total

uncontrolled emissions for the first year are estimated to be 5,842 Ib/yr,
say 5,840 Ib/yr.

b) Actual Annual Emissions (Ib/yr)
Using the same control treatment efficiency (95%) as outlined in the

sections above, the total emissions affer the catalytic oxidizer are
estimated to be:

5,842 Ib/yr x 0.05 = 292 Ib/yr, say 300 Ib/yr
c) Potential Hourly Emissions (Ib/h)

To determine the potential hourly emissions (uncontrolled), the annual
emissions were simply divided by the total hours per year:

(5,842 Ib/yr) / (365 day/yr) / (24 hr/day) = 0.67 Ib/hr

Calculations for the individual contaminants are shown on Table 1.

N:\11172744.00000\WORD\DRAFT\air emissions permit calcs.doc



\Z—/
URS Page 11 of It~
JOBNO.: 11172744
MADE BY: D. McCall WNFDATE: 2403
cueckenBy: £ w3  pate:__ (60>

PROJECT: NYSDEC - West Side Corporation Site
SUBJECT: Estimate of Emissions for Air Permits

d) Actual Hourly Emissions (Ib/h)

Again based on the assumed 95% efficiency of the air control system, the
actual annual emissions were estimated to be:

0.67 Ib/hr x 0.05 = 0.034 Ib/hr

Calculations for the individual contaminants are shown on Table 1.
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4) Hydrochloric Acid Emissions

One product from the combustion of chlorinated organic compounds is
hydrochloric acid (HCI). If emissions of HCl from the catalytic oxidation unit
exceed a limit of 4 Ibs/hour, scrubbing of the acid will be required in order to
meet the air emissions limitations. For the purpose of this estimate, it is
assumed that all of the emissions will be in the form of PCE.

The molecular weight of PCE (C.Cl,4) = 165.9
The molecular weight of HCI = 36.5

a) Combustion Equation

b)

The equation for the combustion of the chlorinated organics, based on PCE,
is as follows:

CzCl4 + 2CH4 + 502 —> 4COZ + ZHZO + 4HC!
Thus, 4 moles of HCl are produced for every mole of PCE combusted.

Emissions Estimate

Conservatively assuming that the entire 0.67 |b/hr of emissions as
determined above are PCE, the corresponding emissions of HCl following
combustion would be:

0.67 Ib/hr PCE x (1 Ib mol PCE / 165.9 Ib) x (4 mol HCI / 1 mol PCE) x
(36.5 Ib/Ib mol HCl) = 0.59 Ib HCl/hour.

Since the estimated HCl emissions are much lower than the limit of 4 Ibs/hr,
it is not expected that acid scrubbing will be a required component of the
catalytic system.
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rate of removal will decline. A decision to terminate operations will be made when the removal
rates are trending to an asymptotic low point. Soil samples would also be taken at the point of
completion (as determined by diminishing returns in the vapor recovery process) to confirm

reduction in source mass.

Table 1-1 presents a statistical summary of the contamination as measured in a 10 x 12

foot subsection of the 60 x 60 foot main source area that was sampled as part of the oxidation

ol ol ol A

r

P

ol ol ol o

study:
TABLE 1-1 5
STATISTICAL SUMMARY OF SOIL SAMPLE ANALYSES
BEFORE AND AFTER CHEMICAL OXIDATION TREATMENT
PCE (0G/KG)

Vadose Saturated Combined

Before After Before | After Before After
No. of Samples 9 |10 30 30 39 40
Max. PCE conc. (ng/kg) | 6,100,000 | 10,000,000 | 320,000 { 6,600,000 | 6,100,000 | 10,000,000
Min. PCE conc. (pg/kg) | ND 5 ND 1 ND 1
Arithmetic mean (ug/kg) | 615,320 1,014,728 21,602 237,664 174,391 431,930
Geometric mean (ug/kg) | 419 639 152 228 191 295
Median (ug/kg) 38 45 44 96 43 96

key: pg/kg:  micrograms per kilogram

ND: Not detected

Although additional sampling was conducted during the RI, this data set represents the

most intensive investigation of the zone that would be treated in situ. Especially considering the

limited number of RI samples taken in this source zone were consistent with the levels observed

during the chemical oxidation pilot testing, the pilot test data set is used as the basis of the

thermal treatment valuation calculations. Based on the arithmetic mean from these data, we may

assume an average concentration of about 200 mg/kg. This value was arrived at by taking a value
Wm.

at the lower end of the “combined” arithmetic means yet at the upper end of the arithmetic mean

of the saturated zone, since more treatment would be directed towards the saturated zone (the

vadose zone is presumed to be readily treated by the vapor recovery portion of these

J1\35897.01\Word\thermal-5.doc
8/5/02 1:14 PM
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technologies). Based on a 200 mg/kg basis, approximately 4,000 pounds of PCE may be present
in the 60 ft x 60 ft (area) x 45 ft (depth) source zone. However, experience has shown that using
such estimates for the purposes of remediation planning can be inaccurate. Therefore,
remediation progress will be monitored to determine when the removal rates are trending toward
an asymptotic low point, followed by a soil sampling program similar to the one used during

chemical oxidation pilot testing to confirm reduction in contaminant mass.

1.2.3 General Implementation Overview

Both steam injection and ERH work by heating up the subsurface, however recovery
operations are significantly different for each. Using steam injection, recovery is made as both
vapor and liquid. Steam injection involves the propagation of a heating front from the steam
injection well. PCE is mobilized as a “solvent bank” ahead of the heating front. As more steam
is injected, the heating front and hence the solvent bank propagates outwards from the steam
injection well. It is this pressure/heating front that allows for the collection of separate phase
DNAPL from wells during steam injection, making fluid (groundwater plus DNAPL) pumping an
integral part of a steam injection remediation approach. Behind the solvent bank, volatilization is

the dominant removal mechanism for the PCE.

Using ERH, there is no fluid pumping beyond vapor recovery, which also contains
entrained water. Heating the groundwater to steam results in significant volume changes. The
conversion of water to steam increases the water volume 1,700 fold at standard pressure, which in
porous media will result in an apparent raising of the water table in the heating zone. The water
table in the treatment zone is not truly elevated, as the steam bubbles rise, water is forced to the
surface. As a result, the vapor recovery system will also recover significant entrained water. To
compensate, vapor recovery for ERH is oversized in comparison to conventional vapor recovery
to accommodate the removal of entrained water. With the vapor recovery system in operation
removing vapors and entrained water, an inward hydraulic gradient to the treatment zone is
maintained, hydraulically containing the area being treated. When ERH is applied, there is some
initial preferential heating of the subsurface through areas of higher total dissolved solids (TDS)
and through colloidal material. As these zones heat up, the lower TDS zones also heat up until

the entire treatment zone is heated to the boiling point of water (which will vary with depth). As

J\35897.01\Word\thermal-5.doc
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5.0 OFF GAS TREATMENT OPTIONS

Gas treatment is needed for both the SVE system and the vapor recovery system of the
thermal treatment units. The contributions from each of these systems would be similar both in
quantity and contaminant load. The SVE pilot test results suggest that an extraction rate of 40
scfm per well would be appropriate to capture vapors within a 50-foot radius, and that about 37
pounds of PCE per day would be recovered per well at the start of SVE operation. The thermal
treatment systems would be expected to generate about 460 scfm and up to 50 pounds of PCE per
day on average. The main difference between the two systems is that in situ thermal treatment
would operate over a shorter time period than the SVE system. SVE would operate for more than
a year. Thermal treatment is expected to treat the soil over a period of about three months. Also

e —————
the PCE concentrations in the SVE system would be expected to drop more quickly than the
thermal treatment-generated volatiles. PCE generation rates from in situ thermal treatment would
be expected to ramp up as the subsurface is heated up, reach a maximum generation rate, and then

tail off asymptotically.

Despite the disparity in operating durations and concentration vs. time profiles, URS
recommends that the two gas streams be treated together. This will reduce costs and make
operation easier. The shorter duration of the gas stream from in situ thermal treatment would not
be a problem. Off gas would be treated by either carbon or catalytic oxidation, as discussed
below. If carbon is used, then a reduced air flow at the end of soil treatment would not tmpact
operation or cost effectiveness, as the carbon could continue to be used until its capacity is
reached. Catalytic oxidation may not be appropriate or economical when only SVE offgas is
treated due to lower flow rates and that fact that concentrations of PCE in the SVE offgas after
several months of treatment will likely be much lower than at the start of operation. Furthermore,
the remediation operators would have a much better estimate of the long-term concentrations in
the extracted gas stream. So at that point, a carbon system appropriately sized for long term

operation could be installed.

Because of the relatively high gas flow rates and predicted mass fluxes (at least at the
start of operation), a cost comparison of carbon adsorption versus catalytic oxidation were
considered. Catalytic oxidation was evaluated over thermal oxidation because of the advances in

catalyst formulation that have allowed effective chlorinated organic oxidation, and that therefore

J:\35897.0 \Word\thermal-5.doc
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) Page 1 of 8
. POST-TREATMENT SOIL
H WEST SIDE CORPORATION
H Location ID SB-01 SB-01 5$B-01 SB-01 $B-02
Sample ID SB1-8 SB1-15 S$B1-31 SB1-42 SB2-7
g Matrix Soil Soil Soil Soit Soil
! Depth Interval (ft) 8.0-8.0 15.0-15.0 31.0-31.0 420420 7.0-7.0
) Date Sampled 11/15/01 11/15/01 11/15/01 11/15/01 11/15/01
Parameter Units
Volatiles Organic Compounds
,2-Dichl thene (Cis
1,2 Dichloroe (cis) UGKG
Acetone UGKG
WMe(hyI acetate UGKG
T k trachloroethene
elra UGKG 9J 18 13,000 360,000 72,000
Flags assigned during chemistry validation are shown. i
J - The reported concentration is an estimated value.
Only Detected Results Reported. Advanced Selecton: POST-TREATMENT SOI

135897 0 1APrOgrami\progr am mde:
Prinied: 1/21023.09:1t PM
MATRIX = 'SO' AND {LOCID NOT LIKE BB~ AND LLOGDATE] > #t1/1014
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Ref 2

Page2of 8
POST-TREATMENT SOIL
WEST SIDE CORPORATION
Location ID $B-02 $B-02 $B-02 $8-03 $B-03
Sample (D SB2-21 S$B2-27 S$B2-35 SB3-8 SB3-18
Matrix Soil Sail Soil Soil Soil
Depth Interval (ft) 21.0-21.0 27.0-27.0 35.0-35.0 8.0-8.0 18.0-18.0
Date Sampled 11/15/01 11/15/01 11/15/01 11/15/01 11/15/01
meter
Para Units
Volatiles Organic Compounds
-Dichl the! is
1,2-Dichloroethene (cis) UGG
|Acetone UGKG
Jet tat
Methyl acetate UGKG
[Tetrachloroethene
etrachioroe UGKG 6,600,000 35 79 11 13

Flags assigned during chemistry validation are shown.

J - The reported concentration is an estimated value.

Only Detected Results Reported.

Advanced Selection: POST-TREATMENT SOIL

51358970 tAProgramiprogram. mde
Prictad: 172102 3:09:-11 PM

(MATRIX) = SO AND {LOCID| NOT LIKE B8~ AND ROGOATE]) > M 11014
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Page 3of 8
POST-TREATMENT SOIL
WEST SIDE CORPORATION
Location ID $B-03 $B-03 SB-04 SB-04 SB-04
Sample ID SB3-24 SB3-40 584-11 SB4-19 SB4-28
Matrix Soil Soit Soil Soil Soil
Depth Interval (ft) 24.0-24.0 40.0-40.0 11.0-11.0 19.0-19.0 28.0-28.0
Date Sampled 11/15/01 11/15/01 1114101 11114101 11714101
meter
Para Units
Volatiles Organic Compounds
-Dichh thene (cis
1,2-Dichloroethene (cis) UGKG
[Acetone UGKG
Veth tat
Methyl acetate UGKG 24
[Tetrachl thene
etrachioroe UG/KG 60 140,000 45 9,700 700 J

Flags assigned during chemistry validation are shown.

J - The reported concentration is an estimated value.

Only Detected Results Reported.

Advanced Selaction: POST-TREATMENT SO

$\35897 01\doAProgramiprogram.mde.

Pricted: 12102 3:09:11 PM

{MATRIX]) = 50" AND [LOCHD NOT LIKE B8~ AND [LOGOATE] > #11/101#
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Page 4 of 8
POST-TREATMENT SOIL
WEST SIDE CORPORATION
Location ID SB-04 SB-05 SB-05 SB05 SB-05
Sample ID $B4-33 $85-9 $B5-19 $85-27 SB5-34
‘Matrix Soil Soil Soil Soil Soi
Depth Interval (ft) 33.0-33.0 9.0-9.0 19.0-19.0 27.0-27.0 34.0-34.0
Date Sampled 11/14/01 11/14/01 11/14/01 11/14/01 11/14/01
meter
Para Units
Volatiles Organic Compounds
-Dich} the: i
1,2-Dichloroethene (cis) UGKG
Acetone UGKG
Methyl acetate
ot 2 UGKG 6J 9l
Tetrachioroethene
e UGKG 510J 104 2,900 20 14

I
'
;j
k
.
M
M

Fiags assigned during chemistry validation are shown.

J - The reported concentration is an estimated value.

Only Detected Results Reported.

Advanced Setecion: POST.-TREATMENT SOIL

135887 0 1\\Programiprogr am mde
Printed: 172102 3:08:12 PM

[MATRIX) = "SO" ANO {LOCID| NOT LIKE B8™AND [LOGDATE) »>#11/101%
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Page 50f8
POST-TREATMENT SOIL
WEST SIDE CORPORATION
tocation ID SB-06 SB-06 SB-06 SB-06 SB-07
Sample ID SB6-6 5B6-16 $86-23 SB6-42 SB7-11
Matrix Soil Soil Soil Soil Soil
Depth Interval (ft) 6.0-6.0 16.0-16.0 23.0-23.0 42.0-42.0 11.0-11.0
Date Sampled 11/14/01 1114/01 14/14/01 11/14/01 11/14/01
Parameter Units
Volatiles Organic Compounds
1,2-Dichloroethene (cis) UGKG
jAcetone UGKG 53
t:
Methyl acetate UGKG 23
t
Tetrachioroethene UG/KG 11,000 460 J 38J

Flags assigned during chemistry validation are shown.

J - The reparted concentration is an estimated value.

Only Detected Results Reported.

Advanced Solection; POST-TREATMENT SOIL

J\35897 .0 \AProge s vprogr am.mde
Prnted: 12102 3:09:12 PM

[MATRIX] = 'SO' AND [LOCIOl NOT LIKE ‘BB~ AND [LOGOATE| > #11/101%



l l e C . 2.
Page 6 of 8
POST-TREATMENT SOIL
u WEST SIDE CORPORATION
u Location ID $B-07 SB-07 $B-07 SB-08 §B-08
i Samp|e 1D 5B87-18 SB87-26 SB7-42 SB8-10 58&17
; Matrix Soil Soil Soil Soil — Soil
Depth Interval (ft) 18.0-18.0 26.0-26.0 42.0-42.0 10.0-10:0 17.0417.0
' Date Sampled 11/14/01 11/14/01 11/14/01 11/13/01 11/13/01-
Parameter Units
U Volatiles Organic Compounds
z -Dicht thene (Cis,
1,2-Dichloroethene (cis) UGKG
H ) JAcetone UGKG 44
tat
Methyl acetate UGKG
H Tetrachioroethene UGKG 20 5704 230J 8 10,000,000, J N
u
b
Flags assigned during chemistry validation are shown. i
J - The reported concentration is an estimated value.
Only Detected Results Reported. Advanced Selaction: POST-TREATMENT SOK.

4135897 01\d\Programiprogram.mds
Printed: /2102 3.09:12 PM
[MATRIG = SO AND {LOCID| NOT LIKE B8~ ANO ROGOATE] > M11/101#




Page 7 of 8
POST-TREATMENT SOIL
WEST SIDE CORPORATION
Location ID $B-08 SB-08 SB-09 SB-09 SB-09
Sample ID SB8-23 SB8-34 SB9-9 SB9-17 SB9-26
Matrix Soil Soil Soit Soil Soit
Depth Interval (ft) 23.0-23.0 34.0-34.0 9.0-9.0 17.0-17.0 26.0-26.0
Date Sampled 11/13/01 11/13/01 11/13/01 11/13/01 11/13/01
Parameter Units
Vélatiles Organic Compounds
1,2-Dichloroethene (cis) UGG
[Acetone UGKG
Methyl acetate UGG
Tetrachloroethene UGKG 354 64,000 600 J 430 J

Fiags assigned during chemistry validation are shown.

J - The reported concentration is an estimated value.

Oniy Detected Results Reported.

Advanced Selection: POST-TREATMENT SO

4135897 ONEAProgr amiprogram mde
Printedt: 122102 3.09:12 PM

{MATRIX] = SO ANO {LOCIO} NOT LIKE B8~ AND ROGOATE} > ¥11/t0t8



Page 8 of 8
POST-TREATMENT SOIL
WEST SIDE CORPORATION
Location 1D SB-09 S$B-10 SB-10 $B-10 s$B-10
Sample ID $B89-41 SB10-9 $B10-12 SB10-22 $B10-37
Matrix Soit Soil Soil Soil Soil
Depth Interval (ft) 41.041.0 9.0-9.0 12.0-12.0 22.0-22.0 37.0-37.0
Date Sampled 11/13/01 11/13/01 11/13/01 11/13/01 11/13/01
r
Paramete! Units
Volatiles Organic Compounds
1,2-Dichloroethene (cis) UGKG 24
[Acetone UGKG 104 44 5J
Methyl acetate UGKG
[Tetrachioroethene UGKG 1304 200 64 22 61

Flags assigned during chemistry validation are shown.

J - The reported concentration is an estimated vajue.

Only Detected Resuits Reported.

Advanced Selection: POST-TREATMENT S0iL

JA35897 0 1\BAProgram\progeam. mde:
Primed: 12102 3.09:12 PM

MATRIX] = SO AND [LOCIDY NOT LIKE ‘BB~ AND RLOGDATE] >#11/11014
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DENSITIES OF MISCELLANEOUS MATERIALS

DENSITIES OF MISCELLANEOUS MATERIALS

TABLE 3-118 Approximate Specific Gravities an

d Densities of Miscellaneous Solids and Liquids*

Water at 4°C and normal atmospheric pressure taken as unity. For more detailed data on any material, see the section dealing with the

properties of that material.

Aver, Aver.
Sp. gr. 'ﬁ,. { Substance Sp. er 'ﬂ‘g}“
cu. ft. cu. ft.
Dry Rubble Masonry -
1 2.55-2.80 44 [Granite, syenite, gneiss. .. . . . 1.9-23 130
7.7 34 {Limestone, marble .1 192t 125
;.tg.; ﬁ Sandstone, bluest 1.8-1.9 1o
" 22 g ik Masonry 1823
11 S .8-2. 128
8.8-8.95 27 IMedium bric 1.6-2.0 1n2
| o B R EH
- 8 -lime brick........ ... 42 12
..[19.25-19.35 35
J17.1817.2 32 - Concrete Mafjom'y
ement, stone, sand 2.2-2.4 144
R 25 | dlag ete....... 1.9-2.3 130
.- 77 ﬁ cinder, etc. 1.5-1.7 100
45 | Various Building Materials
44 fashes, cinders.... ......... 0.64-0.72 | 40-45
s Cement, Portland, loose. . 1.5 94
33 Lime, gypsum, loose. . . 0.85-1.00 | 5364
% Mortar, lime, set. ... L4119 103
54 Portland cement. .. ... ... 2.08-2.25 | 94-135
42 wbg:ﬁene ............ 3.13.2 1%
, slag. .. -1 67—
$ ik sercenings. Ls1s | sz
machine s| .
3 sand....... 00010000 0.80.9 | 4955
38-42 .
Earth, etc., Excavated
ﬂ y 1)
dey. . 1.0 63
: damp plastic.. ... .. ... 1.76 110
. 537 [Poplar..................... 0.43 z
I Rettwood, Califorsia... .| 0.42 2 fo el gavel dry. 16 190
%00 | Goe [ipruoe rhite red... o i '1 dry, packed.... 1111 I's %
moist, looge. ...... ... .. 1.3 78
i b moist, packed... 11111 s 5
459 28 mud, flowing............. .
mud, packed............. 1.8 115
';(I)o& Various Liquids Riprap, limestone. ..... .. ... 1.3-1.4 80-85
Alcohol, ethyl (100%).......| 0.789 49 0
6.9-7.2 440 metbyl(lOU'(%)....) ....... 0.7% 50 [Riprap, sandstone........ ... 1.4 9‘5’
3.9.4.2 253 jAcid, muriatic, 40%. ... . 1.20 75 {Riprap, shale......... ... .. 1.7 10 5
nitric, 91%......... 0. 1.50 94 Sa;ia serlasil}dgc.gggse. }t{; ‘33-:‘2’0
1 vel, . . . -
051 2 | T 87%.... . 1.80 N2 | Cavel wot, ool 189216 | - 126
0.62 39 EChloroform. 1.500
0.73 45 |Ether... ... 0.73
0.77 4 Lye,esoda,ss%.. 1.70 1.28 80
0.22-0.26 15 [Oils, vegetable. ... ... 0.91-0.94 1.44 %
mineral, lubricants. .. 0.88-0.94 0.96 60
1.47-1.50 93 1.00 65
0.90-0.97 58 fTurpentine................. 0.861-0.867 1.12 70
0.40-0.50 28 IWater, 4°C. max. density....| 1.0 1.00 65
0.70-0.80 47 | 100°C o] 0.9584
2.40-2.80 | 162 | dce......... .l -] 0.88-0.92
suow, fresh fallen 0.125 2.1-2.8 153
2.45-2.72| 161 4.50 281
290-300] 184 | seawater................ 1.02-1.03 2.73.2 184
362;;.7 2% 2.55 :gg
0.86-1.02
Y
Paper...................... 0.70-1.15
Potatoes, piled. ... 0.7 137
Rut;l;ejrg caoutchouc. A }g;
48 Rubble Masoury
Bluestone. ......... . 2.7-2. 175
67 ranite, sy .6-2. 165
96 [Limestone. 147 reenstone, ttap. ... .8-3. 187
125 156 ypsum, alabaster. . . .3-2. 159
82 137 |Hornblende.............. .. 3. 187
155
170
187
200
172
* From Marks, *‘Mechanical E ' Handbook,” McGraw-Hill.




T ABLE 9-12  Characteristics of Typical Nonpetroleum Fuels

el 3

te Synthetic crude
) Conventional coal-tar fuels from Typical coal-derived fuels with different levels of oils, by
s retorting® hydrogenation hydrogenation
od by the ¢ oil Tar
s Hght sap, CTF 50 CTF 400 Minimal Mild Mild® Severe shale  sands?
: Jlation ran:ge °C 175-280 280-500 160-415 175-400 125-495

Density. kg/m", 15°C 1.018 1.234 974 1.072 0.964 0.9607 0914 0.817 0.864
stitute naty 1b/USS. gal, 60°F 85 103 8.1 8.9 8.0 80 76 6.8 72
.tu‘ral sou Viscosity, mm 2/s 2-9 9-18 3.1-3.4 50-90 3.6 o 2.18
s At 38°C At 121°C At 38°C At 38°C At 38°C e At 38°C
st v timate analysis, %

- Ny 87.4 90.1 86.0 89.1 87.8 89.6 89.0 86.1 87.1
£ storing a 79 5.4 9.1 75 9.7 10.1 111 13.84 12.69
fact that ¢ 3.6 2.4 3.6-4.3 1.4-18 2.4 0.3 0.5 0.12 0.04

) a 09 1.4 09-11 12-14 0.6 0.04 0.09 0.01 0.07
it 0.2 07 <0.2 0.4-0.5 0.07 0.004 0.04 0.02 0.10
th Ahe Trace 0.15 <0.001 f

dMllmple, /H ratio, weight 11.0 16.5 9.4 119 9.1 89 8.0 6.2 6.9

and —1039 ross calorific value, MJ/kg 38.4-40.7 36.8-37.9
—82°C Btu/lb 16,500 to 17,500 15,800 to 16,300 .
,l r_-:j—'ITF_sT) 100, etc., indicate approximate preheat temperature, °F, for atomization of fuel in burners {terminology used in British Standard B.S. 1469).

(- Properties depend on distillation range, as shown, and to a lesser extent on coal source.

Using recycle-solvent process.
300 J/m?® ( Tar sands, although a form of petroleum, are included in this table for comparison.
f " ~uid met Inorganic mineral constituents of coal tar fuel:
5 to 50 ppm: Ca, Fe, Pb, Zn (Na, in tar treated with soda ash)
9 0.05 to 5 ppm: Al, Bi, Cu, Mg, Mn, K, Si, Na, Sn
Ogayete tan Less than 0.05 ppm: As, B, Cr, Ge, Ti, V, Mo
Not detected: Sb, Ba, Be, Cd, Co, Ni, Sr, W, Zr

ied petroley Inherent ashi is “trace” or “<0.1%,” although entrainment in distillation has given values as high as 0.03 to 0.1%.
«
u
tumts of LP
ane, mixed
ation of hea
.
|-
r#d) hydr TABLE 9-13  Physical Properties of Light Hydrocarbons*
P . Methane | Ethane | Propaue | Isobut But; Pentane
j‘the.' in tan Molooula voluzas of gas, oa. uf. ... 378.7 375.8 | 392.7 | 366.7 | 365.4
e Molecular weight of gas..... 16.04 30.07 44.09 58.12 58.12 72.15

Galmg/lllb-moleltw" ................................ 6.4% 9.64 10.41 12.38 11.94 13.71
aﬂormgd b B CATDOL. ... oee et aen e et 74.88 79.88 | 81.72 82.66
ily applied %.hydrogen ...................................... 25.12 0.12 8.28 17.34 17.34
is and stea Specific gr
i Ofllqlud (waw E ) 0.248 0.377 0.508 0.563 0.584 0.631
U Ofliquid, "AP.I............... .. ... 340 247 147 120 i 93
t(‘leet peak Ofgas(air = ). ....oooiiiiiiiviniiinan.s 0.555 1.048 1.550 2.077 2.084 2.490

Weighta and volums

Lb /gal liquid. . 2.5t 3.145 4.235 4.6%4 4.873 5.250
30 to 41 MJ/ gas/aal. liq 59.0t 39.69 | 36.28 30.65 31.46 2.67
“e~*ion of oils & ft gas/Io. liquid 248 12.50 | 855 6.50
: h Ratio, gas volume to lig: ume§ 443t 293.4 272.7 229.3 237.8 207.0
0. Although: Initial bonlmg point (:tmoephenc pressure). .. L —259 -128.2 | ~-3.7 10.9 3t 97
Btu gases:

A 1,012 1.786 2,522 3,163 3,261 4,023
ities, whereas. 323 | 21560 732 | 21180 | 20110
ent peak-load 70210 | 91500 | 103750 | 1025600 | 110,800

88 0 -9 =12 —14

d >, hot bf,d ﬂ‘;’ a }g —z _ﬁ

iggream. The 563 124 4 31 —6
of air), small 710 165 62 “

percemiage o BogoE g

3 1/m® (125 346 138 8 2

21 21 185 158 167 153

lln.sbin eTC};‘;Z 553 664 785 742 808 802

continuously Of liquid, nt Cp and 60°F., B.t.u./(b.)(°F.) 0.780 0.588 0.560 0.549

1 wre of the Of gas, at Cp and 60°F., Bta. /(b.)(F.). 0.526 0.413 0.3% 0.406 0.3% 0.402

Of gas, at Cy and 60°F.. B.t.u./(1b.)(°F.). .. 0.402 0.347 0.346 0.373 0.363 0.376
- Maufacture *Johnson and Auth (eds.), Fuels and Combustion Handbook, McGraw-Hill, New York, 1951. To convert British thermal
- heati . units per cubic foot to megajoules per cubic meter, multiply by 0.0373; to convert British thermal units per pound to

eating pur ! ) ! s X . i
1 .2 MJ/m® megajoules per kilogram, multiply by 0.00232; to convert British thermal units per gallon to megajoules per cubic meter,
- multiply by 0.277; and to convert cubic feet to cubic meters, multiply by 0.0283. Gal/(lb-mol)(at 60°F) X 0.008 = m3/
. (kg-mol)at 16°C).

e requu’(ling tideal gas = 379.5 fi°.
ting. In order {Apparent values for dissolved methane at 60°F.

§Based on “perfect gas.”
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Global Technologies | Integrated Vapor Treatment Module: Oxidizer, Knock-Out Pot, Bl...

More info

Have a project?
Get faster
budget quotes
with

Quick Quote or
look at Rental
availability.

Read about the
Integrated
Vapor
Treatment
system in
action.

Do you already
own a Global
Integrated
Vapor
Treatment
Module?
Extend the life
and profitability
of the unit with
Global Service.

Ask the

question or find
other FAQs.

http://www.globaltechnologiesinc.com/prinvtm.htm

Page 1 of 3

Global Technologies

products | services | resources | company | contact
»

Integrated
Vapor Treatment
Module

Global Technologies' Integrated Vapor
Treatment Module (VTM) destroys organic
vapor contaminants that are extracted from
soil vapor extraction wells or air scrubber
towers. The system is integrated with a Vapor ’
Liquid Seperator (knockout pot), blower and vapor treatment module. The
Remedi-Cat™ model is designed for hydrocarbon contamination; the Chloro-

Cat™ model is designed for halogenated or mixed organic vapor contaminants.

How the Remedi-Cat Works

The Remedi-Cat or Chloro-Cat wili provide 99% destruction efficiency of VOC's
(higher destruction efficiencies are possible with additional catalyst). During
operation, VOC-laden air is drawn by the VTM regenerative system blower from
vacuum extraction wells and diluted to the appropriate concentration using an
automatic valve. The blower discharges the contaminated air into the tube side
of the primary heat exchanger, where it is preheated prior to the gas burner.
Within the burner/reactor section the contaminated air is raised to oxidizing
temperature by the burner prior to entering the catalyst module. When the vapor-
laden air passes through the catalyst, an exothermic reaction takes piace. The
hot purified air then passes through the shell side of the heat exchanger where
the energy released by the reaction is used to preheat the incoming air. The
cooler, vapor-free air is exhausted to the outside atmosphere.

'

The Model 7 Integrated Unit has a 20 h.p. regenerative blower which allows
vapor extraction at up to 10" hg vacuum from vapor exiraction wells. No
additional blowers are needed.

Global's Fully Integrated Approach

The Therm-Cat was designed as part of Global's entire line of soil and
groundwater remediation products. The Global line of products, which includes
Vapor Liquid Separators (Knockout Pots), Extraction Blower Packages,
Oxidizers, and Acid Gas Scrubbers, is technologically advanced as well as user -
friendly. Each module interfaces easily and is constructed for optimum
performance and trouble-free operation.

When networked, the Global modules form a comprehensive subsurface
remediation system that works continuously and automatically to achieve site
closure quickly. In addition, Global's modular approach allows rapid deployment
and provides the flexibility necessary to successfully perform site remediation
under a wide variety of conditions.

System Components

The Integrated System includes a Vapor Liquid Separator Module, 300 series
stainless steel shell and tube heat exchanger, reactor vessel with catalyst,
modulating burner, gas train, regenerative blower with 20 h.p. motor, system
controls, flowmeter, automatic fresh air dilution valves, first-out shutdown

10/17/02
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CATALYTIC OXIDIZER UNIT MACRO SPECIFICATIONS

Tyree Organization Ltd.

Unit CC-5311

4

OPERATING SPECIFICATIONS

(All values established
for required VOC
destruction efficiency)

Nominal Process Stream VOC Content

Air Stripper Discharge

Guaranteed VOC Destruction Efficiency

95 %

Maximum Process Air Stream

600 SCFM

Inlet Temperature Control Set Point

Field set to Achieve
845°F at Outlet
(600°F min.) :

Catalyst Required Operating Temperature

845°F

Temperature Control Method

Modulating firing rate
valve controlled via
temperature PI loop
controller

Temperature High Limit Safety Set Point

1,050°F

Catalyst Inlet High Temp. Safety Set Point

900°F




RL 4

MACRO SPECIFICATIONS - Unit CC-5311

BURNER & ASSOCIATED EQUIPMENT

Manufacturer Eclipse
Model

40 AHMA
Type Air Heat

Maximum Nominal Firing Rate

400,000 BTU/Hr.

K

Minimum Firing Rate

10,000 BTU/Hr.

Fuel Train

1"

Required Gas Pressure to Fuel Train

2 psig to S psig

Gas Pressure Regulated To Approximately

12" to 14" water column
(Nominal value only.
Must be adjusted by
qualified technician)

FLAME SAFETY EQUIPMENT

Flame Safeguard Primary Control

Honeywell RM7895

Flame Sensor Type

Rectifying Flame Rod

High Temperature Limit Control

Honeywell DC100L

iii
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- December 21, 2001
Shive Mittal
- NYSDEC, Bureau of Western Remedial Action
625 Broadway
Albany, NY 12233
-
RE:  WEST SIDE CORP. SITE #2-41-026
W.A. D003825-31
- SVE PILOT TEST REPORT
Dear Mr. Mittal:
-
Please find attached the report on the SVE pilot test conducted at the above-referenced site on
September 26 and 27, 2001.
- If you have any questions, please contact me at 716-856-5636.
Sincerely yours,
-

URS Corporation
- % M

Jon Sundquist, Ph.D.
- Project Manager

cc: Daniel W. Rothman, P.E.
- File: 05-000-35897.01 (C-1)

URS Corporation

282 Delaware Avenue
Buffalo, NY 14202-1805
Tel: 716.856.5636

Fax: 716.856.2545

Rel &

J:\35987.01\word\cor\SVE report cover letter



MITKEM CORPORATION
Cliect Sample ID: EW-1

GC/MS Volatiles

R S

Lot-Sample #...: H1J010107-001 Work Order #...: ELCIL1AA Matrix
Date Sampled...: 09/28/01 Date Received..: 10/01/01
Prep Date......: 10/04/01 Analysis Date..: 10/04/01
Prep Batch #...: 1277284
Dilution Pactoxr: 144684 Method.........: EPA-19 TO-14

. REPORTING
PARAMETER RESULT LIMIT UNITS
Acetone ND 720000 ppb (v/v)
Benzene ND 29000 ppb (v/v)
Bromodichloromethane ND 29000 ppb (v/v)
Bromoform ND 29000 ppb (v/v)
Bromomethane ND 29000 ppb (v/v)
Carbon disulfide ND 29000 ppb (v/v)
Carbon tetrachloride ND 29000 ppb (v/v)
Chlorobenzene ND 29000 ppb (v/v)
Dibromochloromethane ND 23000 ppb (v/v)
Chloroethane ND 29000 ppb(v/v)
Chlorofaorm ND 29000 ppb (v/v)
Chloromethane ND 72000 ppb(v/v)
1,1-Dichloroethane ND 29000 ppb (v/v)
1, 2-Dichloroethane ND 29000 ppb (v/v)
1,1-Dichloroethene ND 29000 ppb (v/v)
cis-1,2-Dichloroethene 1790000 23000 ppb (v/v)
trans-1,2-Dichlorocethene ND 29000 ppb (v/v)
1, 2-Dichloropropane ND 29000 ppb (v/v)
cis-1,3-Dichloropropene ND 23000 ppb (v/v)
trans-1,3-Dichloropropene ND 29000 ppb (v/v)
Ethylbenzene ND 29000 ppb (v/v)
2 -Hexanone ND 72000 ppb (v/v)
Methylene chloxide 23000 J,B 29000 ppb{(v/v)
Styrene ND 23000 ppb(v/v)
1,1,2,2-Tetrachlorocethane ND 29000 ppb(v/v)
Tetrachloroethene 1300000 29000 ppb{v/v)
Toluene ND 29000 ppb (v/v)
1,1,1-Trichloroethane ND 23000 pob(v/v)
1,1,2-Trichlorocethane ND 29000 ppb (v/v)
Trichloroethene 339000 29000 ppb(v/v)
Vinyl chloride 90000 29000 ppb (v/v)
o-Xylene ND 23000 ppb{v/v)
m-Xylene & p-Xylene ND 29000 ppb (v/v)
2-Butanone {MEK) ND ' 72000 ppb{v/v)
4-Methyl -2-pentanone ND 72000 ppb (v/v)

(MIBK)
PERCENT RECOVERY

SURROGATE RECOVERY LIMITS
1,2-Dichloroethane-ds 101 {70 - 130)
Toluene-ds 100 (70 - 130)
4-Bromofluorobenzene 99 {70 - 130)

(Continued on next page)
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APPENDIX 5A

BOILING POINT CALCULATIONS FOR
WATER/PCE MIXTURE

N:A11172744.00000\WORD\Word Perfect\West Side Corp-Redlined\West Side Corp DAR doc
3/14/03 10:38 AM



URS

282 Delaware Avenue

CALCULATION COVER SHEET Buffal, New York 14202

(716) 856-5636

Client: M SDEC Project Name: West Side G f‘wﬁrh )
Project/Calculation Number: {I\7 2744
Title: ngu(akaq of LO;I;,'U} poiat of Water /PCE wivduce

Total number of pages (including cover sheet): y

Total number of computer runs: 0

Prepared by: Vo4 S :Qz..:.r Date: 10/3/93
Checked by: _ TOoneWd A. M¢Call W” Date: 10:-23.02

Description and Purpose: This («\ WQ«SMM CA»Qc.«L{"I Hee La. )« “x 'i?m}-tfu"\-ees 5
’)’M—I:fn«l—p\«o;c -M.)l.')\\n’.f OQ ‘PCB a»l M\'ﬂ*‘ a*‘ valiouws p,f;;,.ft)

Design bases/references/assumptions: Vﬂpaf‘ gressst Jalw o5 r«pp\;d (47 Cec ‘ta.J\v’olc
& Clevisdy aud Physier Phuse datm wot wwed 3 devdop « corr lobon in i Brmat
,,S\( ‘9‘\,,,? E) (1"‘-‘31—\0 1A acco~dance w iV He  Cloyusias - c(«,e,rv-—, ey«mﬁ'on.

Remarks/conclusions: @ \am\ go.\.\ﬂ X W \v‘?—ga ligwid- phatc  3psden e fom §3°C
"-;r\uospktn‘& ?.-c;;.-v. *o /0('9C at f‘hc_ L,o(n: hixc pre S§=ee R-‘A--l 'l"
’)]? f’w‘}' og‘ w;ﬂ*— L»t(‘.

Calculation Approved by:

ProjectManager/Date

Revision No.: Description of Revision: Approved by:

ProjectManager/Date

URSF-124/1 OF 1CCS/gem
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CRC Handbook
of

Chemistry and Physics

A Ready-Reference Book of Chemical and Physical Data

Editor

Robert C. Weast, Ph.D.

Formerly Vice President Research, Consolidated Natural Gas Service Company, Inc.
Formerly Professor of Chemistry at Case Institute of Technology

" Associate Editor

N Melvin J. Astle, Ph.D.
" Formerly Professor of Organic Chemistry at Case Institute of Technology

and
Manager of Research at Glidden-Durkee Division of SCM Corporation

In collaboration with a laige number of professional chemists and physicists whose
assistance is acknowledged in the list of general collaborators and in connection with.
the particular tables or sections involved.

o

CRC Press, Inc.
Boca Raton, Florida




VAPOR PRESSURE OF WATER BELOW 100°C

Pressure of aqueous vapor over waterin mm of Hg for temperatures from
—15.8 to 100°C. Values for fractional degrees between 50 and 89 were

obtained by interpolation.

0.0 0.2 0.4 0.6 0.8 Teme- | 0.0 0.2 0.4 0.6
1.436 | 1.414 | 1.390 | 1.368 | 1.345 42 ] 61.50 | 62.14 | 62.80 | 63.46
1.560 1.534 1.511 1.485 1.460 43 | 64.80 65.48 66.16 66.86
1.691 1.665 1.637 1.611 1.585 44 | 68.26 68.97 69. 70.41
1.834 1.804 ‘1.776 | 1.748 1.720
1.987 1.955 1.924 1.893 1.863 45 71.88 72.62 73 74.12
46 75.65 76.43 77 78.00
—10 | 2.149 2.116 2.084 2.050 2.018 471 79.60 80.41 81 82.05
-9 2.326 2.289 2.254 2.219 2.184 48 { 83.71 84.56 85 86.28
- 8 2.514 2.475 |- 2.437 | 2.399 2.362 49 | 88.02 88.90 89 90.69
-7 2.715 2.674 2.633 2.593 2.553
— 6 2.931 2.887 2.843 2.800 2.757 50 92 51 93.5 94. 95.3
: ‘ ‘i o - ’ 51 97.20 98.2 99.1 100.1
e ] 3.163 3.:115 .'1.::3.069 3.022 2.976 52 | 102.09 103.1 104.1 105.1
— 4 3.410 3:359 :]: 3:309 3.259 - 3.211 53 | 107.20 108.2 109.3 110 .4
=3 3.673 | 3.620 ‘] :3/567 | -3.514~ 3.461 54 | 112.51 113.6 114.7 115.8
-2 3.956 1. 3.898 13.841 3.785 - 3.730
—1 |:-4.258 1 4.196 ~4.135 4.075 4.016 56 | 118.04 119.1 120.3 121.5
- : 56 | 123.80 125.0 126.2 127 .4
-0 4.579 4.513 4.448 4.385 4.320 57 | 129.82 131.0 132.3 133.5
58 | 136.08 137.3 138.5 139.9
0 4.579 4.647 4.715 4.785 4.855 50 1 142.60 | 143.9 145.2 146.6
1 4.926 4.998 5.070 5.144 5.219
2 5.294 5.370 5.447 5.525 5.605 60 | 149.38 150.7 152.1 153.5
3 5.685 5.766 5.848 5.931 6.015 61 { 156.43 157.8 159.3 160.8
4 6.101 6.187 6.274 | 6.363 6.453 62 1163.77 165.2 166.8 168.3
63 | 171.38 172.9 174.5 176.1
[ 6.543 6.635 6.728 .822 6.917 64 | 179.31 180.9 182.5 184.2
6 7.013 7.111 7.209 .309 7.411 RS e :
7| 7513 | 7.617 | 7.722 | 7.828 | 7.936 66 |187.54 | 189.2 |190.9 | 192.6
8 | 8.045 8.155 8.267 '8.380 | 8.494 66 1°196.09 | 197.8 199.5 201.3
9 8.609 8.727 8.845 965 9° 086 67 1204.96 206.8 208.6 210.5
68 | 214.17 216.0 218.0 219.9
9.209 9.333 458 585 9.714 69 | 223.73 225.7 227.7 229.7
9.844 9.976 .109 244 | 10.380
518 | 10.658 | 10.799 941 | 11.085 0 237 2.7 | 2877|207
. . . .
231 11.379 .528 680 11.833
987 12 144 302 462 12 624 72 | 254.6 256.8 259.0 261.2
: : : 73 | 265.7 268.0 270.2 272.6
788 12.953 121 290 13.461 74 | 277.2 279.4 281.8 284.2
.634 13.809 .987 . 166 14.347 76 1289.1 291.5 294.0 296.4
.530 14.715 .903 092 ]| 15.284 76 1301.4 303.8 306.4 308.9
477 15.673 15.871 1.16.071 . § 16.272 77 | 314.1 316.6 319.2 322.0
16.685 .894 7.105 17.319 78 1327.3 330.0 332.8 325.6
17.753 .974 .197 18.422 79 13410 343.8 346.6 349.4
18.880 .113 .349 19.587 80 [355.1 358.0 361.0 363.8
20.070 .316 .565 20.815 81 |369.7 372.6 375.6 378.8
21.324 .583 .845 | 22.110 82 |384.9 [388.0 |391.2 |394.4
22.648 " .922 .198 23.476 83 1400.6 -|.403.8 407.0 410.2
d T : \ 84 [416.8 420.2 423.6 426.8
24.030. | 24.320 o7 | 25922 86 |433.6 |[437.0 |440.4 |aad.0
27055 374 696 28‘021 86 450.9 454.4 458.0 461.6
o o ; : 89 |506.1 510.0 513.9 517 .8
-824 | 32191 -561 934. | 33.312 96 |525.76 | 529.77 | 533.80 | 537
695 | 34.082 471 864 | 35.261 91 |546.05 | 550.18 | 554.35 | 558
663, | 36.068 477, 891 | 37,308 92 |566.99 | 571.26 | 575.55 | 579
.729 | 38.155 .584 .018, | 39.457 95. | 588.60 | 593.00 | 597.43 | 601.
898 | 40.344 .796 .251 | 41.710 94 le610.90 | 615.44 | 620.01 | 624,
175 | 42.644 117 .595 | 44.078 95 [633°90 | 638.50 | 643.30 | 648
.563 45.054 .549 46.050 46 .556 96 |657.62 662.45 667.31 672.
.067 47.582. ¢ 102 627 49.157 97 1682.07 | 687.04 692.05 697.
.692 50.231: 774 323 51.879 © 98 |707.27 712 .40 717 ,5(_3 722,
442 53.009 .580 . 156 34.737 99 |[733.24 738.53 743.85 | 749.
‘ . 100 |760.00 | 765.45 | 770.93 | 776 4
324 | 55.91 .51 | 57.11 57.72 r :
34 58 96 58 6022 60.86 101 |787.57 793.18 798.82 §04.




VAPOR PRESSURE OF WATER ABOVE 100° C.

Based on values given by Keyes in the International Critical Tables.

Poe (¥ 7

-
7.8
Pressure Pressure Pressure Pressure
e — Temp. Temp.  Temp. Temp. Temp Temp. Temp.] Temp.
64.12 °C Pounds °F °C Pounds ° °C Pounds °F ° Pounds °F
- mm per mm per mm per mm per
. ?7?2 sq. 1n. sq. in sq. in. sq. n.
1.
100 | 760. 14.696 | 212.0 170 | 5940.92 | 114.879 | 338.0 240 | 25100.52] 485.365 | 464.0 310 | 74024 .00 1431.390{ 590.0
w4 88 101 | 787.51( 15.228 | 213.8 171 | 6085.32 | 117 671 | 339.8 241 | 25543.60] 493.933 | 465 8 311 | 75042.40( 1451.083] 591.8
78.80 102 | 815861 15776 | 2156 172 16233 52 1 120537 | 341.6 242 | 25094 28] 502 647 | 4676 312 | 76076 00 1471.070( 593 8
82.87 103 | 845121 16.342 | 217 4 173 | G383 24 | 123.432 | 3434 243 | 26440 52| 511,450 | 4694 313 | 77117.20] 1491 203 598 9
104 | 875.06 | 16.921 | 219 2 174 [0535.28 | 126.430 [ 3452 244 | 2691236 520.400 | 471 2 314 | 78166.00| 1511 484 597.2
87.14
91.59 105 07| 17.521 | 221 ¢ 175 | 6694.08 | 120.442 | 347.0 245 | 27381.28] 529 467 | 473.0 315 | 79230.00| 1532.058] 599 o
- 106 | 937.92] 18.136 | 222 '8 176 | 6852 92 | 132.514 | 348 .8 246 | 27855.52) 538 638 | 474.8 316 | 80294.00| 1552.632] 600.8
107 | 970.60 | 18.768 | 224 ¢ 177 ] 7015.55 | 135.659 | 350.6 247 | 28335.84] 547.926 | 476.6 317 | 81373.20} 1573.501| 602.6
96.
1011 108 { 100442 | 19 422 | 226 4 178 | 7180.4S | 138 848 | 352 .4 248 | 28823 76] 557.360 | 478.4 318 | 82467.60] 1594 663) 604 4
e 3 109 | 1038.92 | 20.089 | 228 2 179 1 7349.20 | 142.110 | 354.2 249 | 2y317.00] 566.898 | 480'2 319 | 83569 60| 1615 972 606 2
: 110 | 1074 .56 20.779 | 230.0 180 § /520.20 | 145 417 { 356.0 250 | 29817.84| 576.583 | 482.0 320 | 84686.80| 1637.575] 608.0
iéé 11 { 1111.20 [ 21.487 [ 231.8 181 | 7694.24 | 148.782 | 3578 251 | 30324 00] 586,370 | 483'8 321 | 8581920 1659 472| 609 8
| 112 | 1148.74 | 22.213 | 233 6 182 1 7872.08 | 152 221 | 3506 252 ) 30837.76] 596.305 | 485.6 322 | 86959.20| 1681.516) 611.6
2.0 L5 RIS RS OEIR NDe ad B Mot | S et
122. 227. . 237. 6. 275 | 363.2 254 .04 . 89.2 .2 - 83 -
"28.6 115 | 1267 98 | 24.519 § 239.0 135 | 8403 84 | 1 ‘
. - - . 62. 39 . 2 32417 80| 626 858 . 325 | 90447.60} 1748.971}-617.0
34.7 116 | 1309.94 | 25.330 | 240.8 186 | 8616 12 166‘203 322,3 2265 3395_% 637.292 4485_3 326 | 91633.20| 1771.897) 618.8
41.2 117 | 1352 95 1 26.162 | 242.6 187 1 8809 .92 | 170 356 | 368 6 257 | 33505.36] 647 8388 | 494 .6 327 | 92826.40] 1794.969] 620.6
118 | 1397.18 27.017 | 244 .4 188 | 9u07.52 | 174.177 370.4 258 | 34059.40] 658:601 | 496 4 328 | 94042, 40| 1818.483| 622.4
48 .0
: 119 | 1442.63 | 27.896 | 246.2 189 | 9208.16 | 178.057 | 372 2 259 1 34618.76( 669.417 | 498.2 329 | 95273.60| 1842.291| 624.2
*55.0 151 | 1850 80 [ 2573812480 190 oa13.36| 182 025 | s74.0 260 | 35188.00| 680.425 | s00.0 330 | 96512.40] 1866 245 626.0
62.3 121 | 1536 .80 [ 29.717 { 249.8 191 1 9620.08] 186.022 | 375.8 261 | 35761.80['691.520 | 501.8 331 | 97758.80| 1800 346} 627.8
: 122 | 1586.04 | 30.669 { 251.6 192 | -9831.36{ 190.107 { 377 6 262 | 36343.20] 702.763 | 503'6 332 | 99020.40| 1914.742| 6296
69.8 123 | 1636.36 31.642 { 253 .4 193 |-10047 20} 194 281 | 370 4 263 | 36932.20| 714:152 | 505 4 333 [100297 .20} 1939.431} 631 .4
77.7 124 | 1687 .81 | 32.637 | 255.2 194 | 10265.32] 198 499 | 3812 264 | 37520 56) 725.703 | 5072 334 101581 60| 1964 267] 633 2
185.8 125 | 1740.93 | 33.664 | 257.0 35 |1 3
: . 195 | 10488.76] 202.819 | 3 265 [ 38133.00]1 737.372 { 509.0 335 1102881.20] 1989.398] 635.0
94.3 126 | 1795.12 | 34.712 | 2588 196 | 10715 24 287.199 3§2jg 266 | 38742.52| 749.158 | 510.8 336 (104196 00] 2014.822( 636.8
. 127 | 1850.83 | 35.789 | 260.6 197 | 10044 76{ 211 637 | 386 6 267 | 39361.92] 761.135 | 512.6 337 1105526.00| 2040.540| 638.6
03.1 128 | 1907.83 | 36.891 | 262.4 198 | 11179 60| 216 178 | 339 4 268 | 39986 64] 773 215 | 514 4 338 1106871:20] 2066.552] 640.4
12.3 129 | 1966.35 | -38.023 | 264.2 199 | 11417 48} 220,778 | 390 2 269 | 40619.72] 785:457 | 516.2 339 108224:00] 2092.710} 642.2
221.8 130 | 2026.16 | 39.180 | 266.0 ¢ 340 1109592.00| 2119.163( 644.0
. . 39. . 200 | 11659. 16| 225 451 3920 270 1°41261.16]797.861 | 518.0 . -20a .
21.7 | a0 ds | WS |ie 30| peodoimedi a8 o | oo sioahl |88 N fowran) Bl vE 8
'41.8 133 | 2214.64 | 42824 | 2714 203 | 12408 52] 230 045 333‘2 273 | 43220 56] 835023 | 5234 343 [113749.20] 2199 550/ 6494
ﬂ52'4 134 | 2280.76 | 44.103 | 273.2 204 | 1266616 244 924 | 390 2 274 | 43902.161-848.929 | 52512 344 115178-09 2227.179 651.2
63.4 135 | 2347 26 | 45.380 | 275.0 205 62 345 (116614.40]-2254 .954) 6530
2 Bt e : : 1292912} 250. 275 | 44580.84)] 862.053 | 527.0 ‘ 2549 .
274.8 136 | 2416.34 | 46.724 | 2768 206 | 13197 40 2%_?32 18:1,'3 276 | 45269 40] 875.367 | 528 8 346 118073 60 2283 171| 654.8
2866 137 | 2483.16 | 48.113 | 2786 207 | 13467 96| 260 428 | 401 g 277 | 45964.04] 888 799 [ 530.6 347 1119532.80}'2311.387 656.6
o0 138 | 2560.67 | 49.515 | 280.4 208 | 13742 .32] 265.733 [ 406 4 278 | 46669.32] 902 437 | 532.4 348 1121014 80] 2340 044/ 6584
1988 139 | 2634 84 | 50.950 | 282 2 209 | 12022 76| 271156 | 408 2 279 | 47382.201 916.222 | 534.2 349 1122504. 40| 2368.848('660.2
i 4 140 | 2710.92 | 52.421 } 284 .0 210 | 14305 280 | 48104.20] : 930.183] 536.0 350 1124001.60| 2397.799{'662.0
324 6 141 1 2788 44 | 53.920 | 2858 211 14585j3§ :323353 2}?‘2 281 | 48833 .80 944 291| 537 8 351 [125521.60] 2427.191] 663.8
142 1 2867 48 | 55 448 | 287 6 212 | 14888 40| 297 : 282 | 49570.24| 958 532| 539 6 352 ]127049 .20} 2456.730[ 665.6
338.2 2 888.40] 287 895 | 413 6
i e TR SR B|igimesolss e and am ) serie el sraoesl sid 3 |izasoo of aite Tuol G084
<. ol . 214 | 15488 04| 299 490 417 2 284 1072.76 987.586] 543.2 . - 09 .
66.8 145 | 3116.76 60.268 | 293.0 215 | 15792 285 | 51838.08§ 1002 385] 545 0 355 |131730.80} 2547 258 y671.0
81.8 up || Gk mes Ao lswuiolMIR Gne G| SelSIOR A8 0SB (MR SR o g
: . : 217 | 16420.56] : : 287 | 53395. . 518 6 -6 - .
3974 s ass2 76 f 65412 12984 3ys | 1050 el 353 aoa | $32°8  Zn | Bires oa] deas avf 286 33T lianss- 00| 2009 422) 674.6
1133 145 { 3476 .24 | 67.220 ] 300.2 219 | 17067, 32| 330 028 426 2 289 | 54989 04] 1063 3141 552 2 359 1138228.80[ 2672.908[.678.2
130. .
A 150 | 3570.48 | 69.042 | 302.0 220 | 173 290 | 55799.20] 1678.980] 554 ¢ 360 ]139893.20] 2705.093| 680.0
47.5 151 | 3667 00 | 70.908 303’8 33, | 1739564 336817 io8-0 291 | 6612 20| 1008 ool 2240 36y 141572 80} 2737.571] 681.8
ed . 152 | 3766 56 | 72.833 | 305.6 222 | 18072.80( 340471 | 431 6 292 | 57448 40f'1110.871| 557 6 362 1143275.20] 2770.490{ 683.6
465.2 153 1 3866.88 | 74.773 3073 223°| 18417 84| 356 143 | 4334 293 | 58284.40] 1127 .036] 550 4 363 124932430 ggggggg ggg-;
4831; 154 | 3970.24 76.772 09. 224 | 18766 68| 362,883 | 435 o 294 | 59135.60) 1143 196{ 561 2 64 1146733 .20 . .
502. 155 | 4075 78.815 | 311.0 ) 365 [148519.20] 2871.892] 689.0
521.8 156 4153,'33 80 901 | 3128 2233 }8}33%8 3‘7‘2;3%; 22}2 ggg gggggfgg {{?3;&2% ﬁfg 366 1150320:40{ 2906.722] 690.8
157 | 4293 24 83.018 | 314.6 227 | 19848 92| 383.815 | 410 6 297 | 61742 40] 1193 903] 566 6 367 |152129.20) 2941.698] 692.6
541.95 158 | 4404 .96 85.178 | 316.4 228 | 20219.50| 390 987 | 442 4 298 | 62624.00] 1210 950] 568 4 368 1153960.80] 2977.116] 694 .4
562.75 159 { 4519.72 | 87.397 | 318.2 229 | 20596.76] 398 276 | 444 2 299 | 63528.40] 1228_439] 570.2 369 1155815.20( 3012.974] 696.2
584.22 160 | 4636 00 | 89.646 | 320.0 23 370 {157692.40| 3049.273| 698.0
. : 0 1 20978, 300 | 64432.80] 1245.927] 572 .0 . . .
606.38 161 | 475532 [ 91.953 | 321.8 o3 | 50973 28] 405.654 1473 301 | 65352 40| 1263 70| 573§ 371 [13954 80| 5085 e 699.8
29 .24 162 | 4876.92 | 94.304 | 323.6 232 | 21757.28] 420 717 | 44976 302 | 66279.60] 1281 638| 575.6 372 1161507.60] 3123.047] 701.6
i 163 | 5000.04 } 96.685 | 325.4 233 | 22154.00| 428 388 | 451 .4 303 | 67214 40| 1299 714| 577 4 373 1163468.40] 3160.963| 703.4
652.82 164 § 5126.96 | 99.139 | 327.2 234 | 22558 32} 436.207 | 453 2 304 | 68156.80( 1317.937] 579 2 374 |165467.20 3199.613( 705.2
677.12 165 | 5256 16 | 101.638 | 329.0 305 | 69114 40| 1336.454| 581.0
702.17 106 [ 238688 | 104 165 | 330.8 230 f C2o0T 9| 4t 128 | 4550 306 | 70072 00| 1354 091] o3 o
727.98 lon | 3521.20 | 106.766 1 332.6 230 | S3s0s ga] s0s 222 458'6 307 | 71052 40| 1373.929( 584.6
54.58 165 | 5658 20 1 109.412 | 334.4 25 ) 2 o0s , ‘4 308 | 72048 00| 1393 181| 586 4
= ’ 2 2 -




P r§€ 7 .}' 7
-
ORGANIC COMPOUNDS
Pressures Less than One Atmosphere (Continued)
- B Temperature °C
m . : Name Formula M.P.
. ; . 1 mm 10 mm 40 mm 100mm  400mm 760 mm
’a 2-Methyldisilazane CH,NSi, -76.3 -50.1 -29.6 -13.1 +17.2 34.0 —
"0 Cyanogen iodide CIN 25.2s 57.7s 80.3s 97.6s 126.1s 141.1s —
- Tetranitromethane CN,O, s 22.7 48.4 68.9 105.9 125.7d 13
Carbon monoxide CcO -222.0s —215.0s -210.0s —-205.7s -196.3 —191.3 —205.0
- Carbonys! sulfide CoS -1324  -1133 -98.3 —-85.9 -62.7 —-49.9 -138.8
- Carbonyl seleénide COSe —-117.1 —95.0 -76.4 —61.7 —-35.6 =219 —
- Carbon dioxide CO, —134.3s —119.5s —108.6s —100.2s -85.7s ~78.2s -57.5
- - Carbon Selenosulfide CSSe —47.3 -16.0 +8.6 28.3 65.2 85.6 -75.2
- Carbon disulfide CS, -73.8 —-44.7 -22.5 -5.1 +28.0 46.5 ~-110.8
- Trichloroacetyl bromide C,BrCl,O -7.4 +29.3 57.2 79.5 120.2 143.0 .
. 1-Chloro-1,2,2-trifluoroethylene C,CIF, -116.0. ~95.9 -79.7 -66.7 -41.7 ~157.5
. 1,2-Dichloro-1,2-difluoroethylene C,CLF, -82.0 -57.3 -38.2 -23.0 +5.0
- 1,2-Dichloro-1,1,2,2-tetrafluoroethane C,CI,F, -95.4 -72.3 —-53.7 -39.1 —~12.0
-, — 1,1,2-Trichloro-1,2,2-trifluoroethane C,CL,F, —68.0s 40.3s -18.5 -1.7 +30.2
0.6 Tetrachloroethylene C,Cl, ~20.6s +13.8 40.1 61.3 100.0
36.2 1,1,2,2-Tetrachioro-1,2-difluoroethane C;CLF, -37.5s ~5.0s  +19.8s 38.6 73.1
- Hexachloroethane C,Cls 32.7s 73.5s 102.35 124.2s 163.8s
27.5 Tribromoacetaldehyde C,HBr,0 18.5 58.0 87.8 110.2 151.6
76.3 Trichloroethylene C,HCl, -43.8 -12.4 +11.9. 31.4 67.0
- Trichloroacetaldehyde C.HCLO -37.8 -5.0 20.2 40.2 71.5
- Trichloroacetic acid C,HCI,0, 51.0s 88.2 116.3 137.8 175.2
- Pentachloroethane C,HCi, +1.0 39.8 69.9 93.5 137.2
- Acetylene : C,H; -142.9s = —128.2s ~116.7s - —2107.9s ~92.0s 1
94.8 1,1,1,2-Tetrabomoethane - C,H,Br, 58.0 957 ' 1232 144.0 181.0
27.4 1,1,2,2-Tetrabromoethane C,H,Br, 65.0 110.0 144.0 170.0 217.5 t
w22 cis-1,2-Dichloroethylene C,H,Cl —58.4 -29.9 -7.9 +9.5 41.0
- trans-1,2-Dichloroethylene C,;H.Cl, -65.4s —38.0 T -17.0 -0.2 +30.8
- 1,1-Dichloroéthane C:H,ClL -77.2 -51.2 -3I.1 -15.0 +14.8
- Dichloroacetic acid C,;H,C1,0, 4.0 82.6 111.8 134.0 173.7
- 1,1,1,2-Tetrachloroethane C,H,Cl, —16.3 +19.3 46.7- 68.0 108.2
- 1,1,2,2-Tetrachloroethane C,H, Cl. : -3.8 +33.0 60.8 83.2 124.0
- 1-Bromoethylene C;H;Br C 954 —68.8 —48.1 - -31.9 -1.1
141.7 Bromoacetic acid C,H,BrO, 54.7 94.1 124.0 146.3 186.7
198.9 1,1,2-Tribromoethane C.H,Br, 32.6 70.6 100.0 123.5 165.4
176.5 1-Chloroethylene CHCl -105.6 -83.7 ~66.8'  —53.2 -28.0
Chloroacetic acid C,H,CIO, 43.0s 81.0 1092° 1307 169.0
) 1,1,1-Trichloroethane C,H,Cl, -52.0 ~21.9 Y16 - 20.0 54.6
- 1,1,2-Trichloroethane C,H,Cl, —-24.0 +8.3 35.2 - 55.7 93.0
Trichloroacetaldehyde hydrate C.H;Cl,0, —9.8s - +19.5s 39.7s 55.0 82.1
I-Fluoroethylene C,H;F ©-149.3- 7 -1322  -118.0° -106.2 -84.0
Aceétonitrite C:HiN " ~47.0s ~16.3 +7:7 27.0 62.5
Methyl thiocyanate C;H,;NS -14.00 - +21.6 149.0° - 70.4 110.8
M.P Methyl isothiocyanate C,H;iNS -34.7s +5.4s 382" 59.3 97.8
- Ethylene = - CH,' -168.3 —-153.2 —14£3  -131.8  -113.9
1-Bromo-1-chloroethane C;H;BrCl —36.0s =~ —9.4s +10.4s 28.0 63.4
58 1-Bromo-2-chloroethane C,H,BrCl —28.8s +4.1 <1297 49.5 86.0
90.1 1,2-Dibromoethane C,H.Br, —27.0s +18.6 48.0 - 70.4 110.1
— 1,1-Dichloroethane C,H.Cl, ~60.7 -32.3 -10:2 +7.2 39.8
- —6.5 1,2-Dichloroethane C,H.Cl, —44.5s ~13.6 +10.0 29.4 64.0
— 1,1-Difluoroethane C;HLF; -112.5 -91.7 PL75.8 —63.2 ~39i5
—104 Acétaldehyde C;H.0 —~81.5 -56.8 -378°  -22.6 +4.9
— Ethylene oxide C:H.O -89.7 -65.7 ~469.0 -32.1 -4.9
—64 Acetic acid C,H.0; -17.2s +17.5 43.0 63.0 99.0
-22.6 Methyl formate C,H,0, -74.2 ~48.6 -28.7 -12.9 16.0
- Mercaptoacetic acid C;H,0,S -60.0 101.5 1368 154.0d —
— Ethyl bromide C,HBr -74.3 —47.5 7 -10.0 +21.0
8.5 Ethyl chloride C,H,Cl —-89.8 —65.8 -32.0 -3.9
~160 2-Chloroethanol C;H,CIO -4.0- +30.3 75.0 110.0
—135 Trichloroethylsilane C,H,CLSi —-27.9 +3.6 46.3 80.3
—63.5 Trichloroethyoxysilane C;H,C1,0Si -~32.4 0.0 45.2 §2.2
- M4 Ethyl fluoride C,H,F -117.0 -97.7 ~69.3 -45.5
—52.8 Ethyltrifluorosilane C:H,F,Si —95.4 = -73.7 —43.6 —-19.1
—96.7 Ethyl lodide C,H,1 —54.4 —-24.3 0.9 +18.0 52.3
-92 Acetamide C.HNO 65.0s 105.0 135.8 158.0 200.0
8.2 Acetaldoxime C,H,NO ~5.8s +25.8 1486 66.2 98.0
~59 Nitroethane C,HNO, -21.0 +12.5 38.0 57.8 94.0
- - Di(nitrosomethyl)amine C;H;N;0; +3.2 40.0 68.2 90.3 131.3
-93 Ethane C,H, -159.5  —142.9  -129.8 ° —119.3 -99.7
~97.7 Dichlorodimethylsilane C,HCL,Si -53.5 -23.8 -0.4 +17.5 51.9 3 .
~90 Ethanol C,H,0 -31.3 -2.3 +19.0 34.9 63.5 78.4 =112
— Dimethyl ether C:HO -115.7 -93.3 -76.2 -62.7 -37.8 -23.7 ~138.5
—64.4 1,2-Ethanediol C;H,0, 3.0 921 120.0 141.8 178.5 197.3 ~15.6
- Dimethy! sulfide C.H.S -75.6 -49.2 -28.4 -12.0 +18.7 36.0 —83.2
—29 Ethanethiol C,H.S ~76.7 ~-50.2 -29.8 -13.0 +17.7 35.5 —-121
—182.5 Dimethylantimony C;H,Sb 4.0 - 86.0 118.3 143.5 187.2 211.0 o
— Ethylamine C:H,N -82.3s © —58.3 ~39.8 —25.1 +2.0 16.6 ~80.6
—97.8 P Diméthylamine C.H,N -87.7 -64.6 ~46.7 -32.6 -71.1 +7.4 —96
-121 EERERN 1,2-Ethancdiamine C:H,N, -11.0s +2L1.5 45.8 62.5 99.0 117.2 8.5
— : : Dimethylsilane C,H,Si -115.0 -93.1 -75.7 -61.4 -35.0 -20.1 e
-93.5 = O Dimethyldiborane C,H 4B, -106.5 -82.1 —-62.4 -47.0 -18.8 ~2.6° " ~150.2
- 2-Ethyldisilazane C,H,,NSi, -62.0 ~32.2 -8.3 +10.4 45.9 659 =127
- D-175
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DENSITY OF DRY AIR DENSITY OF WATER
- AT THE TEMPERATURE {, AND UNDER THE PRESSURE H CM OF MERCURY
THE DExsiTr or Ak The temperature of maximum density for pure
0.001293 H_ .
“1+0.00367¢ 76 water, free from air = 3.98C (277.13K)
Units of this table are gramsa per milliliter
- (From Miller's Laboratory Physics, Ginn & Co., publishers, by permission.) d
Pressure H in Centimeters t,°C gm/ml
7 Proportional =
. ¢ Parts 0 0.99987
',;;’ . 72.0 73.0 74.0 75.0 76.0 77.0 398 1.00000
o147 - - 5 0.99999
ﬁgﬁi ) 10/0.001182/0.001198/0.001215/0.001231/0.001247}0.001264| cm 10 0.99973
T 11 178 193 210 227 243 259 0.1 2 15 099913
-9 12 173 190) 206 222 239 255! 0.2 3
. 13 169, 186 202 218 234 251 0.3 5 18 0.99862
6 . 14 165 181 198 214 230 246 g.g '81 20 0.99823
69342 . §
70658 0.6 10 25 0.99707
ki 0.7 | 12
P 15(0.001161(0.001177]0.0011930.001210]0.001226{0.001242] 0.8 | 1% 30 099567
o ' 18, 157, 173 }gg 385 g% %gg 0.9 i 15 35 0.99406
17 153 169 1
! g 149 165 181 197 213 229( cm 38 0.99299
7723 145 161 177 193 209 226(..0.1 2 40 0.99224
; 192 3 45 0.99025
0.4 6 50 0.98807
0.001141/0.001157/0.001173/0.001189/0.001205/0.001221] 0.5 8 55 0.98573
137 153 169 185 201 216, 0.6 | 10 -
134 149 165 18; {g; g(l,g 8‘:73 {; 60 0.98324
130 145 161 17 .
126 142 157 173 189 204| 09 | 14 65 0.98059
15 - 70 0.97781
<m
0.001122/0.001138/0.001153/0.001169]0.001185/0.001200 0.1 1 75 0.97489
118 134 149 125 %% igg . g.g 2 80 097183
115 130 146 161 .
111 126 142 157 173 188 04 | & 85 096865
107 123 . 138 153 169 184 g.g ; 90 096534
‘ 82; 10 95 096192
0.001104/0.001119{0.001134/0.001150/0.001165/0.001180] 0.9 | 13 100 0.95838

Density of dry air at 20C and 760mm Hg = 1.204 mg/cm®. (Rev.
Mod. Phys., 52, Part 11, S33, 1980.)

THERMODYNAMIC AND TRANSPORT PROPERTIES OF AIR

From NASA Technical Note D-7488 by David J. Poferl and Roger Svehla (1973). The following three tables list the
- thermodynamic and transport properties of air over the temperature range of 300-2800K at pressures of 20, 30, and 40
“atm. Factors for converting viscosity, specific heat at constant pressure, thermal conductivity, and enthalpy from cgs units
o SI and English units are -

*'Viscosity: Thermal conductivity :

_ (N)(sec) 1 w
1 g =0.1 e - LA
(cm)(sec) m’ 1 (cm)(sec)(K) 4184 (m)(K)
lbm
=6.72x10 7 —2m_ = Bl
x (0 Gec) 0.8064 7 Gec)C F/iny)
Ibm
=241.9 tom_ = 2 Btu
{(ft)(hr) 6.72x10 (1) Ge)C F/D)

_ _3 (Ibf)(sec) Bt
= 2.089x10 -3 {bD(sec) B, ___Btu_
e 2 T e

Specific heat at constant pressure: Enthalpy:

cal _ ! 184484
g g

=4.184 —
&(K) 8 &XK)

- Btu -8 Bty
(1bm)(°F) Ibm
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3.7.1 Hydraulic Conductivity and Soil Porosity

data. The hydraulic conductivities of the seven shallow wells were calculated to range from

66 to 150 feet per day (fpd) with an average of approximately 114 fpd. Five deep wells had

hydraulic conductivity values that were calculated to range from 8 to 71 fpd, with an
7 average of 39 fpd. However, two of the seven deep wells had significantly higher
- calculated hydraulic conductivities relative to the other wells at the Site: monitoring wells
: "I MW-3D and MW-7D had calculated hydraulic conductivities of 610 and 800 fpd,
- respectively. Due to the nature of this glacial outwash deposition, it is probable that areas

or zones of fluctuating permeability exist throughout the Site.

-
7 Estimated hydraulic conductivity values were calculated from field permeability test
-

- The aquifer thickness is anticipated to vary at different locations of the study area;
- Vhowever, the thickness was measured at the deep locations drilled to average approximately
55 feet. The transmissivity of the upper glacial aquifer, considering an average depth of 55
- feet, ranges from 445 to 8340 ft*/day with an estimated average of 4615 ft*/day.
The effective porosity for gravelly sand was estimated to be 0.35, based on
- published values for this type of soil (gravelly sand). '
3.7.2 Groundwater Flow Patterns and Velocities ‘
-
P A groundwater contour map, presenting groundwater elevations (Figure 8) recorded
1_ during this study, was prepared based on the water elevations measured in the shallow
groundwater monitoring wells on September 24, 1999,
-
- The groundwater flow direction in the study area is southerly based on the
- groundwater contour map prepared. As discussed in Section 2.10, the groundwater flow
direction may have been affected by the former JWS supply wells located adjacent to the
- Site during periods of operation. During times of water pumping, these wells could have
1 skewed the groundwater in an easterly, westerly and/or northerly direction depending on
; which well was pumping and the amount of water pumped at a given time.
-
9 The calculated average horizontal hydraulic gradient at the Site is 0.001 based on
i the September 24, 1999 groundwater elevation data.
- .
] The groundwater velocity at the Site study area was calculated to range from 0.02 to
0.43 fpd, or 7.0 to 160 feet per year (fpy), with an average of 0.24 fpd or 88 fov.
- y
-
-
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JOBNO.: 11172744

MADEBY: Jon S uist DATE: _1/21/03,
CHECKED BY: _& DATE: 3,/ 2y/073

PROJECT: NYSDEC - West Side Corporation Site
SUBJECT: Evaluation of Reported Steam Generation Rates
Problem: Evaluate rates of steam generation (condensate collection) at two

completed ERH projects where these data were reported.

References:

1. Six-Phase Soil Heating for Enhanced Removal of Contaminants: Volatile Organic
Compounds in Non-Arid Soils Integrated Demonstration, Savannah River Site,
Pacific Northwest National Laboratory, October 1997.

2. Applications Analysis Report: Six-Phase Heating of the Saturated Zone Dover
Air Force Base, Delaware, Pacific Northwest National Laboratory, October
1994.

General Assumptions:
1. Assume rates of condensate collection can be scaled with volume of soil freated.

2. For Savannah River application, assume steam generated only during operation
phase, not heat-up phase.

3. West Side treatment volume is 60 x 60 x 45 /(27ft*/yd?) = 6,000 yd®

1) Condensate Collection at Savannah River (Ref. 1)
Reference (1) indicates 19,000 gallons of water were collected during this

remediation. Operation phase for this project was 17 days long, so average rate of
collection is 1,100 gal/day or 0.8 gal/min. The volume of soil treated was 1,430 yd®.

N:A11172744.00000\WORD\DRAFT\Condensate rate evaluation calcs.doc
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JOBNO.: 11172744
MADE BY: Jon Supdquist DATE: _1/21/03,
CHECKED BY: zﬁb DATE: __3/279/03

PROJECT: NYSDEC - West Side Corporation Site
SUBJECT: Evaluation of Reported Steam Generation Rates

Scaling the rate of condensate collection to the volume of soil treated from 1,430
yd® to 6,000 yd® produces this extrapolated condensate volume:

0.8 8eL) 000) 5 , gal
min || 1,430 min

2) Condensate Collection at Dover Air Force base (Ref. 2)

Reference (2) indicates 29,000 gallons of condensate were collected in the first 21
days of operation, and 21,000 more gallons were collected in the last 9 days.

For the first 21 days:
29,000 gal || 1day lhr | 0.96 gal
21days 24 hr || 60min " min

Treatment volume was 600 m® or 800 yd®. Scaling up to 6,000 yd® treatment
volume:

0.96 8L | 6900 _,, gal
min || 800 min
For the last 9 days:
21,000 gal || 1day lhr | L62 gal
9days 24 hr || 60min " min
Scaling up to 6,000 yd® treatment volume:

162 8L | 60001 ), &al
min | 800 min

N:\11172744.000000WORD\DRAFT\Condensate rate evaluation calcs.doc
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JOBND: 11172744

MADE BY: Jon Sundquist DATE: _1/21/03,
CHECKED BY: 570 pate: _ 3/2%[03

PROJECT: NYSDEC - West Side Corporation Site
SUBJECT: Evaluation of Reported Steam Generation Rates
Summary:

Condensate collection rate data are not published for many of the sites where ERH
has been implemented. Although these summaries represent only two sites and
both were smaller than West Side Corp. site, these examples are useful for
determining the range and order of magnitude of condensate collection rates that
represent sufficient steam stripping rates. The rates presented by these examples
range from 3.4 to 12.2 gpm, when scaled to treatment of 6,000 yd®.

However in both these cases, the volume of treatment was much smaller than 6,000
yd® and the thickness of the contaminated groundwater was less. Thus, the
assumption of linear scaling from these smaller, thinner applications to the larger,
thicker application at West Side may result in an overestimate of comparable
condensate generation. With a thicker contaminated groundwater zone, steam
bubbles have a greater residence time within the groundwater, achieving a greater
degree of stripping compared fo thinner aquifers.

N:\11172744.00000\WORD\DRAFT\Condensate rate evaluation calcs.doc
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Executive Summary

During November 1993, Pacific Northwest Laboratory (PNL) and Savannah River Site
(SRS) personnel completed a field demonstration of six-phase soil heating (SPSH) at
the Savannah River Site, Aiken, South Carolina. This demonstration was directed by
the U.S. Department of Energy (DOE) Volatile Organic Compounds in Non-Arid Soils
Integrated Demonstration (VOCs in Non-Arid Soils ID). Pacific Northwest Laboratory
designed the SPSH systems for this demonstration, and Westinghouse Savannah River
Company (WSRC) conducted drilling, soil sampling, construction, off-gas treatment, and
contaminant analyses. The purpose of the project was to demonstrate a soil heating
system that uses electricity to cost effectively heat soil and enhance the performance of

conventional soil-venting techniques.

Soils at the integrated demonstration site are contaminated with perchloroethylene
(PCE) and trichloroethylene (TCE); the highest soil contamination occurs in clay-rich
zones that are ineffectively treated by conventional soil vapor extraction (SVE) because
of the very low permeability of the clay. Specific objectives for the demonstration were

to:

Demonstrate that SPSH accelerates the removal of TCE and PCE from the SRS clay

soils compared with conventional SVE techniques

Quantify the areal and vertical distribution of heating as a result of SPSH under soil

conditions experienced at the SRS
Provide a functional soil electrode and vent design for SPSH

Collect sufficient data to project the economic feasibility of commercial application of

SPSH technology for soils and contaminants similar to those at the SRS

To quantify the accelerated VOC removal using SPSH, pre-and post-demonstration soil
characterization and monitoring activities were conducted. Testing and monitoring
support was provided by the VOCs in Non-Arid Soils ID. To record soil temperature
changes, thermocouples at 30 locations were installed to quantify the areal and vertical

heating within the treated zone. Soil samples were collected before and after heating to

C.A&p



«f (1)

quantify the efficacy of heat-enhanced vapor extraction of PCE and TCE from the clay
soil. Samples were taken [essentially every one-third meter (foot)] from six wells before
heating and adjacent to these wells after heating for direct comparison of soil

parameters and changes.

The results of the SRS field demonstration indicate that SPSH is a technology capable
of heating and remediating low-permeability soils containing volatile organic
contaminants. Comparison of pre-and post-test soil samples show that contaminants
removal from the clay zone was 99.7% (median) within the electrode array. Outside the
array where the soil was heated, but to only 50°C, the removal efficiency was 93%,
showing that heating accelerated removal of VOCs from the clay soil. The accelerated

remediation resulted from effective heating of the contaminated clay zone by SPSH.

Soil temperature profiles show that SPSH was successful in heating the targeted clay
zone that contained the higher levels of soil contamination. The clay-zone temperatures
increased to 100°C after 8 days of heating and were maintained near 100°C for 17
days. In addition, the electrical heating removed 72,000 L (19,000 gal) of water from
the soil as steam, with peak removal rate of 5,700 L per day [1,500 gallons per day
(gpd)] of condensed steam. Process automation allowed unattended operation

following an initial start-up period.

The total energy applied to the soil during the demonstration was approximately 100,00
kWh. After the initial start-up, electrical power was applied to the heating pattern at an
average rate of 200 kW. The volume of soil heated to above 70°C is estimated to be
1100m?, giving an energy input of 90 kWh/m® (70 kWh/yd®). The average voltage (line
to neutral) applied to the soil was 1000 V. The voltages began at 250 V (L-N) during
start-up and increased to 2400 V (L-N) at the end of the test. Based on this
demonstration experience, the SPSH energy use is estimated to be approximately $7
per cubic meter of soil at $0.07/kWh.

The success of the SPSH technology at the Savannah River Site has resulted in the
planned use of SPSH at the Rocky Flats Plant and consideration by several potential

commercial partners for use at private industrial sites.

b e
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EXECUTIVE SUMMARY

A. Background:

In August 1995, Armstrong Laboratory’s Environics Directorate selected Six-Phase Soil Heating
(SPSH) as part of their program to identify technologies for treating Dense Non-Aqueous-Phase
liquids (DNAPLs) in the saturated zone. An expert panel reviewed various technologies, and
SPSH was identified as a promising technology for further evaluation. Six-Phase Soil Heating
uses electrical resistive heating to raise the temperature of soil and groundwater to boiling,
creating an in-situ source of steam to strip contaminants. A field test was performed at the
Groundwater Remediation Field Laboratory (GRFL) at Dover Air Force Base, Delaware, to
determine the effectiveness of SPSH for heating the aquifer sufficiently to remove target DNAPL
contaminants. This field test was conducted in an uncontaminated aquifer using tracer

compounds to mimic DNAPLs commonly found at Air Force sites.

B. DESCRIPTION OF DEMONSTRATION:

A single, six-electrode array was installed into the aquifer at the GRFL site. The stratigraphy at
the site consisted of sand, gravel, thin clay layers and silt to a depth of 33.5 to 34 feet below
ground surface (bgs) and an underlayer of dense clay containing thin laminations of silt and fine
sand. The water table was located at approximately 25 feet bgs and extended to the clay layer,
forming an aquifer with a total thickness of about 5 to 7 feet in the upper high permeability
region. Electrodes were installed to a depth of 35 feet bgs, and the active heated region
extended from 20 feet bgs to 35 feet bgs. This design allowed heating of not only the aquifer
but also approximately 5 feet of the vadose zone above the aquifer to assist in steam collection.
The diameter of the electrode array was 30 feet, creating a heated zone roughly 42 feet in
diameter and 15 feet thick for a total heated soil volume of about 800 yd® (600m®). Non-
hazardous organic tracers mimicking DNAPLs were added to the heated region to study their
migration and to test the effectiveness of the vapor extraction system in removing DNAPL
mobilized by SPSH. The vapor extraction system used for this demonstration was designed as
part of the electrode array to collect both steam and mobilized contaminants from each

electrode and from a central vent.

The above-surface equipment included a transformer to convert standard three-phase line
power into six phases, a collection header, a vacuum blower, a condenser and knockout box,

and granulated activated carbon drums to treat both the off gas and condensate. A water

Jov 17
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addition system was also installed in case additional moisture was needed to maintain

conduction at the electrodes; however, this system was never needed.

C. RESULTS:

Power was applied to the array beginning on February 7, 1997. Over 12-17 days, temperature
in the saturated zone rose to boiling. Heating and boiling of the aquifer continued for another 13
days while sampling for the tracers proceeded. The total duration of the heating operation was
30 days, during which 50,000 gallons of condensate were removed from the site, an amount
roughly equal to all the subsurface moisture initially in that region. The energy used over 30
days was 200,000 kW-hrs. Most of the tracer removed over 21 days. The energy used up to
that time was 136,000 kW-hrs, and the condensate removed was 29,000 gallons.

Tracer sampling results showed no significant migration of tracers in the groundwater, some
migration of tracers in the unsaturated zone, full recovery of the perfluoromethylcyclohexane
(PMCH) in the extracted off gas, and 35% recovery of the perfluorotrimethylcyclohexane
(PTMCH). The fate of the remaining PTMCH is uncertain. Its appearance in the off gas may
have been missed during an outage of the analytical system. Moreover, soil vapor and off-gas
analyses at the end of the operation were consistent with the view that a negligible amount of

the PTMCH remained in the subsurface.

D. CONCLUSIONS:
Six-Phase Soil Heating was successful in heating the aquifer to levels sufficient to remove
target DNAPL contaminants. Temperatures within the heated region exceeded the target

heating temperatures, and boiling occurred throughout the aquifer.

A significant portion of the injected tracers was removed during treatment, indicating that SPSH
has the potential to treat DNAPL. The apparent lower recovery of PTMCH may be due to loss

of data between sampling events.

Soil vapor samples suggest that the tracer compounds migrated outward through the vadose
zone when steam was first generated, indicating incomplete control of vapor by the off-gas
collection system. However, the high recovery of PMCH (the tracer placed at the edge of
heating) indicates that an increase in the vacuum applied to the soil during the operation

enabled overall high capture efficiency for the system.

Groundwater samples showed no measurable tracer at any time during the demonstration.

986
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Energy requirements for SPSH treatment of an aquifer were roughly as predicted. At 20
percent of the total cost, energy costs are an important part, but not a majority of the overall
treatment cost. For the 30-day test, 200,000 kW-hrs were used and 50,000 gallons of
condensate were collected. Most of the tracer was removed during the first 21 days of heating.
During that period, 136,000 kW-hrs were used and 29,000 gallons of condensate were
collected. At $0.07 per kW-hr, this represents an energy cost $9,500 or approximately $16 per

cubic meter heated.

E. RECOMMENDATIONS:

Six-Phase Soil Heating is applicable for full-scale deployment at a DNAPL site. The GRFL
demonstration was successful at showing that the technology can be used to heat a flowing
aquifer to temperatures sufficient to remove targeted DNAPL compounds. The technology has
also been deployed, full-scale, at a saturated, tight-soil DNAPL site in Chicago where it was
successful in removing over 12,000 pounds of perchloroethylene contaminants in six months.
The success of the GRFL demonstration and the Chicago deployment support moving forward

with a full-scale demonstration or deployment of this technology.

The six-phase transformer, vacuum blower, and condenser operated well; however, the
condensate collection system had numerous problems. The condensate collection system
should be modified for future demonstrations. This will also allow continuous operation of the

vapor collection system at higher vacuums, improving vapor collections.
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Sensible Heat

Plertmce (3)

Sensible Heat

The Physics Hypertextbook™
© 1998-2002 by Glenn Elert
All Rights Reserved -- Fair Usc Encouraged

prev | up | next

Discussion

introduction

Heat that results in a temperature change is said to be "sensible" (although this term is falling out of favor).

1781 Wilcke comes up with the concept of specific heats.

1819 Objects have a heat capacity, while materials have a specific heat capacity (often just called specific heat)
was first defined by Pierre-Louis Dulong and Alexis-Thérése Petit, France, 1819.

o The specific heat of a material is the amount of heat required to change a unit mass of a

substance by one unit of temperature.

continue

Specific heat capacity at constant pressure for selected materials

(~300 K and ~100 kPa except where otherwise indicated).

material ¢, (JkgK) material
air, 0200 K 1650 mica
air, (300K 1158 neon
air, 0500 K 1073 nickel
air, 1000 K 1151 nitrogen (N,)
alcohol, methyl (wood) 2530 oil, olive
alcohol, ethyl (grain) 2440 oxygen (O,)
aluminum 897 perlite
ammonia, liquid 4700 platinum
ammonia, gas 2060 plutonium
argon 520 porcelain
asphalt 920 salt
bone 440 sand
brass 375 scandium
brick 840 silicon
concrete 880 silver
carbon, diamond 516 soil, dry
carbon, graphite 717 soil, wet
copper 385 snow

http://hypertextbook.com/physics/thermal/heat-sensible/index.shtml

¢, (JlkgK)

880
1030
444
1040
1790
918
387
133
140
1085
880
835
568
705
235
800
1480
2090

)0 af'%
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Sensible Heat e F(R), con' 4 ,Page—z-of'g
ot 32

freon 12, liquid e teflon 1172
freon 12, vapor 600 tin 228
glass, crown 670 titanium 523
glass, flint 503 tungsten 132
glass, pyrex 753 uranium 116
gold 129 water, ice, -5 °C 2090
granite 790 water, liquid, 000 °C 4217.6
gypsum 1090 water, liquid, 020 °C 4181.8
hydrogen (H,) 14,304 water, liquid, (040 °C 4178.5
helium 5193 water, liquid, 080 °C 4196.3
tron 449 water, liquid, 100 °C 42159
lead 129 water, vapor, 000 °C 3909.2
lithium 3582 water, vapor, 027°C 3984.6
lucite 1460 water, vapor, 100 °C 4039.2
marble 880 wood 1700
mercury 140 zine 388

water has an unusually high specific heat, the only natural substance with a higher specific heat is liquid
ammonia

e our bodies can lose or absorb significant amounts of heat without becoming dangerousty hot or cold
e large bodies of water moderate climate

calories

A calorie is the energy needed to raise the temperature of one gram of water by one celsius degree. This turns
out to be a terrible definition as the heat required to raise the temperature of any substance varies with
temperature itself.

4220 4
\ 7

4210 A\ F
=5

\ Z

4200 b B
<}

£

4190 - E’:
=3

4180 |- =
7}

41704 20 40 60 80 100 2

temperature (°C)

The specific heat of liquid water varies with temperature. (See water.txt for the numerical values.)

Thus, there are at least five different units that are called calories. Three of them are now defined in terms of the
SI unit of energy, the joule.

There is more than one kind of calorie.

type of calorie  joule equivalent Sl status

thermochemical 4.18400 defined
International Table 4.18680 defined
at 15 °C 4.18550 defined
at 20 °C 4.18180 approximate
mean 4.19092 approximate

http://hypertextbook.com/physics/thermal/heat-sensible/index.shtml 1/9/03
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Module 3 Lab Data

14-Oct-02
Enthalpy of reaction (KJ/mol)
Specific heat of

Group Sand (J/g C) A B C
Theoretical 0.795 -43.991 -99.851 -55.86
Josh/David/Aaron 0.7236 -34.6003 -76.88  -50.208
Ali/Michelle/Jasmine -45.38 -104.58 -50.208
Josh/Colin 0.8081 -44.2624  -64.982
Zeke/David 0.72 -55.1 -100.4 -56.9
Andrealden 0.7451 -35.92 -10046 -60.249

*The data from the Monday lab is on a computer that is no longer in the lab. Sorry.
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STEAM ’l“ABLES (Continued)
- Properties of Saturated Steam and Saturated Water
- - .. Volume, ft?/lbm Enthalpy, Btu/lbm Ent
Water o Evap. Steam Wa ter Stearq Water ntropy, B'?\l/ll:otn XF
[‘*" Tt 21g v he
—_ 0017264 8.627 8.644 1173.8 0.4008
430.0 0.317246 8.890 8.907 1173.2 0.4071
4 0 - 9.162 9.180 11725 0.4043
: 8 9.445 g.;gg llllf;'llg 0.4015
9.738 . - 0.3987
480 1170.6
10.042 10.060 . 0.3960
420.0 10.358 10.375 1170.0 0.3932
4120 10685 10.703 1169.3 0.3904
4 D 0.017123 .11.025 11.042 1168.7 0.3876
:: 0 0:017106 11.378 11.395 1168.0 0.3847
' 0.017089 11.745 11.762 1167.4 0.3819
110.0 01707 12.125 12.142 1166.7 0.3791 !
108.0 12.520 - 12.538 166.1 0.3763
€77 12.931 12.948 116524 0.3734
& ) 13.358 13.375 1164.7 0.3706
)
[ ) 13.802 13.819 1164.0 0.3677
100.0 14:264 14.281 1163.4 0.3649
198.0 14.744 14.761 1162.7 0.3620 p
196.0 69 . 15,243 15.260 1162.0 0.3591
g 0.016942 '15.763 15.780 1161.3 0.3562
= 0.016926 16.304 16.321 11606 | 0.3533 .
o 0 _Q‘ 4 16.867 16.884 1159.9 0.3505 13
88.0 17.454 17471 1159.2 0.3476
86.0 18.065 18.082 1158.5 0.3446 1.3784
840 18.701 18.718 1157.8 0.3417 13842
4
19:364 19.381 1157.1 0.3388 .
8 19707 19723 Hee7 | oas;s 5002
789 20.056 20.073 1156.3 03359 . 1739a7
76.0 20.413 20.429 1156.0 0.3344 13961
74.0 20.777 20.794 1155.6 0.3329 1:4021
7oA
21.166 1155.3 0.3315
7 21545 11549 | 03300 (1495}
! 21.933 1154.5 0.3285 14111
Yo 22330 542 | 03370 1441
4.0 22.735 1153.8 0.3255 14171
2.0
23.148 1153.4 0.3241 .
0 23,571 11531 | 03296 L4zo1
i8 .01 ‘5’4.222 i igg; 0.3211 5
i 0.016754 4. 2. .3196
- 0. at6147 24.804 1152.0 0.3181
2.0
016740 25.355 1151.6 0.3166
9 3018738 25.826 1512 | Q310
8 D.0167 26.:;,07 }}gg g,slae
6 .016719 26.799 0. 0.3121
o oo 27502 1501 | 03106
2.0 i
27.816 1149,7 0.3091
0.0 S Tos 28.341 1149.4 0.3076
8 gg.ggg }ﬁ%g 8.3061
6. .0166 - -3046
o o016 26.080 1482 | 03303,
2. x
16670 30.564 1147.9 0.3016
2.0 8 016254 31.151 1147.5 0.3001
3.0 31.752 1147.1 0.2086
3. 32.367 1146.7 0.2971
£ 32.996 1146:3 0.2955
3
" 33.639 1146.0 |  0.2940
).0 34.297 1145.6 0.2935
1.0 34.970 1145.2 0.2910
e 35.659 1144.8 0.2894
R 36.364 1144.4 0.2879
L(
37.086 1144.0 0.2864
'-(P 37.824 1143.7 ) 0 2848
w0 38.580 11433
.0 39.354 1142.9 0 2313
T 40.146 11425 0.2802 L5115
<€
40.957 11421 0.2787 L5
- 41.787 11417 0.2771 1.5}33
B 42.638 a3 | 0276 15
.0 43.508 1140.9 0.2740 1.5246
0 44.400 1140.5 0.2725 1.5979
0
45.313 1140.2 0.2709 1.5
0 46.249 11398 | 032694  pogis
o 47.207 1139.4 0.2678 15379 ¥
0 659 48.189 1139.0 0.2662 1.5413
48 0.016516 49.178 49.194 1138.6 0.2647 1.5446
o 0.016510 50.208 50.225 1138.2 0.2631 1.5480
-
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3.7.1_Hydraulic Conductivity and Soil Porosity

Estimated hydraulic conductivity values were calculated from field permeability test
data. The hydraulic conductivities of the seven shallow wells were calculated to range from
66 to 150 feet per day (fpd) with an average of approximately 114 fpd. Five deep wells had
hydraulic conductivity values that were calculated to range from 8 to 71 fpd, with an
average of 39 fpd. However, two of the seven deep wells had significantly higher
calculated hydraulic conductivities relative to the other wells at the Site: monitoring wells
MW-3D and MW-7D had calculated hydraulic conductivities of 610 and 800 fpd,
respectively. Due to the nature of this glacial outwash deposition, it is probable that areas
or zones of fluctuating permeability exist throughout the Site.

The aquifer thickness is anticipated to vary at different locations of the study area;
\/however, the thickness was measured at the deep locations drilled to average approximately

55 feet. The transmissivity of the upper glacial aquifer, considering an average depth of 55
feet, ranges from 445 to 8340 ft*/day with an estimated average of 4615 ft*/day.

The effective porosity for gravelly sand was estimated to be 0.35, based on
published values for this type of soil (gravelly sand). '

3.7.2 Groundwater Flow Patterns and Velocities

v

A groundwater contour map, presenting groundwater elevations (F igure 8) recorded
during this study, was prepared based on the water elevations measured in the shallow
groundwater monitoring wells on September 24, 1999.

The groundwater flow direction in the study area is southerly based on the
groundwater contour map prepared. As discussed in Section 2.10, the groundwater flow
direction may have been affected by the former JWS supply wells located adjacent to the
Site during periods of operation. During times of water pumping, these wells could have
skewed the groundwater in an easterly, westerly and/or northerly direction depending on
which well was pumping and the amount of water pumped at a given time.

The calculated average horizontal hydraulic gradient at the Site is 0.001 based on
the September 24, 1999 groundwater elevation data.

The groundwater velocity at the Site study area was calculated to range from 0.02 to
0.43 fpd, or 7.0 to 160 feet per year (fpy), with an average of 0.24 fpd or 88 fpy.
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District heating, an Objective Choice

Réseaux de chaleur

un choix objectif

One has to consider the price of the product, the installa-
Btion cost as well as the technical characteristics of the instal-
lation with their impact on future running costs. While it is
easy to look at price lists and work out the installation cost, the
technical data derived from the manufacturers’ documents are
often published in such a way as to render useful comparative
evaluation impossible. For example, the extracts from two cat-
alogues cited below in a table from BRUGG (CALPEX) (table
1) and a chart from FLEXALEN (table 2), who specialise in
long distance distribution networks.

Whereas CALPEX talks about total heat loss from the tube (on
flow and return), FLEXALEN charts give the heat loss per
buried tube per run, treating flow and return as separate prob-
lems. This is logical, as the two tubes are never at the same tem-
perature. As the presentation and the data are different, it is
useful to bring the two together as in the table 3.

As the basic data are so different one can have an idea of the
difficulties encountered in making a comparative evaluation
which is still the principal tool for making a decision.

In order to give to the decision makers (consulting engineers,
users) an easy way of evaluating heat loss in different systems
of preinsulated tubing, we will set up a common database able

Hans Dresler

Heat loss q [W/m] for a UNO tube
Pertes de chaleur q [W/m] pour un'tube UNO :
Average workmg temperature TB(°C)

Type Température moyenne de service TB(°C)
CALPEX UNO } 40°C | 50°C | 60°C | 70°C | 80°C | 90°C
25/92 PLUS 4,4 5,9 7.4 8811031118
32/76 6,2 8311041125146 | 16,6
32/111 PLUS 451 601 76} 91106 ] 121
40/91 67| 90112134157 }179
40/126 PLUS 4,9 6,5 8,2 9811141130
50/111 6,8 911114137} 16,01 18,2
50/126 PLUS 59 7,9 99111911391} 158
63/126 77 110311291154 | 18,0} 20,6
63/142 PLUS 6,8 90 111,3]136 | 158 | 18,1
75/142 84 |11,2114,1 1169 ] 19,7 } 225
75/162 PLUS 7.1 94111,8]11421165] 189
90/162 9,01]120]1501179]20,9|239
110/162 128 | 17,1 | 21,4 | 25,7 |1 30,0 | 34,2

Methode of laying UNO tube / Mode de pose du tube UNO : 2 burried tubes
Depth of tubing / Hauteur de couverture : 60 cm

Ground temperature / Température du terrain : 10°C

Soil conductivity / Conductibilité du sol : 1.2 W/mK

PUR foam conductivity / Conductibilité de la mousse PUR: 0.032 W/mK
PEX tube conductivity / Conductibilité du tube en PEX : 0.38 W/mK

PE tube conductivity / Conductibilité du tube en PE : 0.43 W/mK

BOIS / HOLZ ENERGIE < HORS SERIE / SPECIAL ISSUE > MARCH / MARS 2000 41



ceF (7)), cod'd

to produce a valid comparison.

Heat loss is calculated using a chart software which applies the
resistance constants of Mr. DI Ziegler ot the Munich Univer-
sity Thermal Insulation Research Institute as well as the for-
mulae derived from the work. Mr DI Ziegler puts forward his
calculations both for traditional solutions with underground
preinsulated tubing, but also for solutions such as FLEXALEN
whose technology depends on individual insulating segments
either for single or double runs of tubing.

To see in more detail what happens inside a trench we shall use
the following formula.

Yo, M

my = Soil thermal conductivity
U=H+007 A

LEmatis

i+ 3

.:." o

Ag = Soil thermal conduc-
tivity in 1 WimK
- H = Depth measured to
: centre of pipe
D = Tube outer diameter
. a = Total distance between
o the two tube casing extrem-
ities

Table 2 / Tableau 2

Erad il

3 g g

B0 B e LD O TR B0

2o P B WG A £0
£ PR 200 A TG
TPV FERT A SO
. FVE IR At
o e BVGR B0 A 12T

4860 e
selon la tenedr en humidité de :

The following theories and data will be used in our calculations:

1. In depth examination of the preinsulated tube layout.

2. Flow temperature 90 °C

3. Return temperature 70 °C

4. Soil temperature 0 °C

5. Depth of pipe 1000 mm

6. Thermal conductivity of soil 1 W/mK

7. Thermal conductivity (1) of PUR flexible foam 0.037 W/mK
(CALPEX) (2)

8. Thermal conductivity (A) of PUR rigid foam 0.033 W/mK
(FLEXALEN) (3)

9. The thermal conductivity values (A) of the outer casing and
of the inside tube are those given by the manufacturers. (4)

(2) and (3) The optimal values often published in catalogues (CALPEX
0,032 W/mK) are those measured immediately after manufacture. After
a few days, they decrease to those used above because of the diffusion
of gases in the cells. After that, the values remain constant.
(SOURCE': The problem of diffusion in synthetic materials, by
EUIROHEAT and POWER- Fernwirme International 7/11988 by Erik
Geiss and Michael Kraaz Hannover)

(4) 0,22 W/mK for PB (FLEXALEN), 0,38 W/mK for PEX (CALPEX)

The data recalculated in this way for the two systems of prein-
sulated tubing can thus be correctly compared (see table 3)
(flow, return, soil temperature, depth of tubing, thermal con-
ductivity A of the soil).

The basic data are fed into the chart which makes it possible to
make calculations for different tubes (on flow and then on
return), and then to make comparisons between each system.

The column marked " calculated” represents the actual calcu-
lated value, the column marked " catalogue " refers to the values
quoted in the manufacturers technical literature.

In view of the considerable differences discovered, it seems
extremely important to compare that which is comparable. With
the exception of the considerable differences seen with twin
tubing (which cannot be explained by the corrections alone) the
system giving the best results must be considered to be the one
with the best insulation.

To make the best selection, these calculation formulae are avail-
able to anyone interested. The parameters can be very wide
which makes it possible to compare all types of materials and
systems available on the market.

Those doubts arising from unreliable heat-loss comparisons are now
history. Moreover, this accurate calculation of heat loss per linear
meter now makes it possible to have a better overall view of the total
losses involved in long distance networks which is a considerable
advantage in evaluating the feasibility of the project.

Thanks to this method, the uncertainty surrounding a decision
will gradually disappear. O

Thermal data / caractéristiques thermigues

uid temperature / température du fluide 90°C
Ground temperature / température-du sol 10°C
Tube depth/ proforideur de pose 1m
Thermal conductivity / conductivité thermique 0.8 W/mK
The thermal-conductivity of the soil varies

ccording to moisture content from:

ariable 0.3103.0
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¢ 2.4.1 Heat Capacity
e 2.4.2 Thermal Conductivity

o 2.4.2.1 De Vries Model

o 2.4.2.2 Kersten Equation
e 2.4.3 Thermal Diffusivity

2.4 The Effect of Soil Moisture on the
Thermal Properties of Soils

The temporal variability of the parameters governing heat conduction in soil, ¢, and kh is

determined mainly by the soil moisture. This is due to the fact that water and air are the only soil
constituents which can vary considerably on a daily basis. In this section, analytical models for ¢

and kh are presented to describe this dependence.

2.4.1 Heat Capacity

The macroscopic volumetric heat capacity of a soil can be calculated by summing over ali
constituents and phases multiplied by their respective volumetric fractions Bj :

%
Chp = Z gjch,j (2.17)
i=1

Note that ¢, increases linearly with increasing soil moisture content Bw- Table 2.1 lists the

volumetric heat capacities of some major soil constituents. Due to the small heat capacity of air,
the contribution of air towards the total heat capacity may be neglected to a good approximation.

Table 2.1: Thermal properties and densities of soil

materials, water and air at 10 °C according to De
Vries and Afgan (1975).

Substance p {ms.} Ch [ng} kh {fz?'_[{]

http://www.geo.umnw.ethz.ch/staff/homepages/fuhrer/dipl/node10.htm! 1/14/03



2.4 The Effect of Soil Moisture on the Thermal Properties of Soils

PageZo67 o6

- \ JVfF ?>
rcc\@\,uﬁ d
- Quartz 2.66 103 | 2.0 10° 8.8
Clay 2.6510%] 2.0 10° 2.9
- Organic matter(ff 1.3 1{}3 2.5 106 0.25
Water 1.0 103 4.2 10° 0.57
-
Air (dry) 1.25) 1.2510%| 0.025
-
Figure 2.1 shows the heat capacity calculated for a sandy loam soil at Research Centre Foulum,
Denmark (Schelde et al., 1998). As for all materials, the heat capacity of soils is dependent of
- temperature. The effect is very small over the temperature range of interest though, and can be
neglected to a good approximation.
-
-
L _J
L_J
-
[
Figure 2.1: Heat capacity ¢y as a function of
- volumetric soil moisture gw for an upper soil layer (
5em to 15 em) at Foulum, Denmark (§B.1). The solid
- line is calculated using Eg. (2.17) and the values
7 = 0.54 for porosity, 8, = 0.39 for volumetric
quartz content, and 8, = 0.042 for volumetric clay
-
content of the soil.
-
2.4.2 Thermal Conductivity
-
Many models and empirical formulae to calculate the macroscopic thermal conductivity of soils
have been proposed (Sepaskhah and Boersma, 1979; Kersten, 1949; Kasubuchi, 1984; De Vries
- and Afgan, 1975: Nakshabandi and Kohnke, 1994). A good overview including a detailed evaluation
-
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of their applicability is given by Farouki (1986).

2.4.2.1 De Vries Model

In analogy to a model developed by Maxwell2-2, De Vries (1952a) developed a model for the
macroscopic thermal conductivity of ellipsoidal soil particles in a continuous medium of water (or

air)

T3
251 KiOikn g
7 £} .
j=1 K0,

kp =

(2.18)

where Ky, j is the thermal conductivity and 8; is the volume fraction of the jth constituent. & is

the ratio of the space average of the temperature gradient in the soil grains of kind _7 and the

space average of the temperature gradient in the water (or air). Assuming a needle like shape for
soil particles, Nobre and Thomson (1993) found that

2 kn.i 1o ks -
“j*g[l'i‘(ﬁ“l)gj] +§[l+(k;”"ml) (1“293')] (2.19)

Table 2.2: Subscripts and shape factors of
soil constituent according to Nobre and
Thomson (1993)

Constituent || Subscript J || Shape Factor g;
Quartz g 0.125
Clay ¢ 0.125
Organic matter 0 0.500
Water ) _
Air (dry) a Variable

For air enclosures, the shape factor is dependent on the volumetric water content and is deduced

by linear interpolation between the value for spherical shape at saturation and a value of 0.013 at
dryness (Kimball et al., 1976). Thus,

gw = 0.013 4 (

(2.20)

0.022 (3.29-8)
+ 8,
aw,wilt ]
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where ew,wm is the wilting point moisture content, and 1} is the porosity of the soil. This

approximation is only valid for Gw > ew,wt‘lt_ For very dry s0ils2:3, the De Vries model may be

applied using air as the continuous medium. De Vries (1952a) suggests that one should discontinue
calculations with water as a continuous medium at gw < .03 for coarse soils or at

9“, < 0.05 — (.1 for fine soils. Farouki (1986) indicates that the de Vries model gives values

within +10% over the applicable range of 8.

Q T 1 T 1 T T 17 T T 1 T T T 7T T T 1

5 / —["]— Foulum Data  —

— Die ViieaModel |
Kersten Maodel

Figure 2.2: Thermal conductivity kh as a function of

volumetric soil moisture Qw for an upper soil layer (

H5em to 15 em) at Foulum, Denmark (§B.1). Points
are field measurements using the needle probe method
(Schelde et al., 1998), the solid line is calculated using

the de Vries equation (17 = (.54, Bq = (.39,

. == (0.042), and the dashed line is calculated using
the Kersten equation (gg = 1.20, a; = 1.24,

ay = —(.11, a3 = 0.62). The soil thermal

conductivity measurements were determined in the
laboratory at successively higher suction levels ( 1.0},

5.0, 10 and 50 kPa) using a minimum of three soil
replicates for all layers.

Figure 2.2 shows the thermal conductivity calculated using the de Vries model for a sandy loam soil
at Research Centre Foulum, Denmark (Schelde et al., 1998).
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Below Gw & (J.1, the De Vries model overpredicts thermal conductivities, since water can no

longer be considered a continuous medium in the soil. At complete dryness, the heat flow mainly
passes through the grains and has to bridge the air-filled gaps between the grains around their

contact points. As with the heat capacity, temperature dependence of kh can be neglected to a

first approximation.

2.4.2.2 Kersten Equation

Kersten (1949) proposes a purely empirical formula for the calculation of the thermal conductivity
based on measurements for five different soils

ky = 0.1442 (g, log 8, — ag) 10%%%4 (2.21)

where the thermal conductivity kh is given in [m_ﬁ'] , the dry density gy in [a—%;] ,and a;, Qo

and gg are dimensionless empirical constants. Values of ¢y, @ and ag valid for unfrozen sand

soils are ().750, 0.400 and 0.625, respectively. According to Farouki {1986) the equation
generally applies to soils with low silt-clay content (less than about 20 %). It should ideally be
applied to coarse soils with an intermediate quartz content of about 60 % of the soil solids.

conductivity calculated using the Kersten equation as compared to the de Vries model and field

3
measurements. At moistures below approx. .05 ’% both models are no longer applicable.

2.4.3 Thermal Diffusivity

The thermal diffusivity is defined by Eq. (2.22). It governs the temperature response of a soil to
thermal perturbations.

Dy = ﬁ (2.22)
Ch

Figure 2.3 shows the thermal diffusivity calculated using the De Vries and Kersten equation for a
sandy loam soil at Research Centre Foulum, Denmark (Schelde et al., 1998). For mineral and loam

soils, the thermal diffusivity shows a maximum value at a relatively low value of gw.
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Figure 2.3: Thermal diffusivity ¢ as a function of

volumetric soil moisture 9w for an upper soil layer (

S5em to 15 em) at Foulum, Denmark (§B.1). The solid
and dashed lines are calculated using the De Vries and
Kersten model, respectively (Fig. 2.2). Points are

calculated using field measurements of I{fh (see the
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Engineering material properties

This table gives various engineering material properties listed alphabetically. The units are SI.

[Density — |[Acrytic 1400 kg/m~3 |
[Density lair (2800 m) Jo.9800  |[kg/m~3 |
[Density ~Jlair (sTP) |l1.2930 lkg/m~3 |
[Density JlAluminum 2024-T3 [2770 kg/m~3 |
[Density Jaluminum 3003 |l2700 lkg/m~3 |
[Density [[Aluminum 6061-T6 [2700 kg/m~3 |
[Density Jlaluminum 7079-T6 2740 Jkg/m~3 |
lBensity Jﬁmmonia - liquid Jr682.10 J(kg/m’\B |
ﬁ)ensity JArgon - liquid ][1390 Jl?g/m’% I
[Density [Beryttium Qmv 850 Jkg/m~3 |
lBensity J[Borosilicate Ohara E6 J[2180 Jﬁg/m'ﬁ J
Iﬁnsity jfBorosiIicate Tempax J[2230 Jﬁ(g/m"B ]
[Density Jﬁoncrete J|2242 Jﬁ(g/m’\3 ]
Eensity Jﬁ)pper - pure Jr8900 J[@/m’% I
[Density ~ |[pow Corning 200 (350cSt) ~ |loe8.00 kg/m~3 |
rDensity Iﬁised silica "2200 J’@/m’% ]
E)ensity J|aass wool J[64.00 ]|Eg/m’\3 I
ﬁnsity "Gold - pure Iﬁ.932E+0ﬂ[kg/m’\3 J
[Density [Helium - liquid l125.00 Jkg/m~3 |
rDensity ]Iﬁydrogen - liquid J?0.00 ”I?g/m'\3 J
[Density ]Eron J|783O |[kg/m'\3 |
Ensity J[Lead - pure Jﬁ.134E+04J|kg/m’\3 ]
[Density " |[Magnesium AZ31B-H24 1770 lkg/m~3 |
[Density |Magnesium HK31A-H24 11790 lkg/m~3 |
ﬁ)ensity Jﬁdethane - liquid |424.00 Jﬁ(g/m’\B ]
ﬁ)ensity ”ﬁolybdenum - wrought ”H)3OE+O44”?g/mA3 |
Ibensity J[Neon - liquid JIIZOO J{kg/m’\3 J
[Density Jlﬁickel - pure 15900 Jlfg/m'\3 J
I&nsity Jmitrogen - liquid J[804.00 ”Eg/m’% J
ﬁ)ensity JlNylon H1700 ”kg/m’\3 J
[Density Jlptatinum 2.145E+04 |kg/m~3 |
ﬁ.‘)ensity J|P0|ycarbonate JEOO ”kg/m’\3 ]
ﬁ)ensity Jﬁolyethylene 4”?300 ”Eg/m’\3 ]
[Density [pTFE ][1200 lkg/m~3 |
[Density _|lsic Alpha ||2975 lkg/m~3 |
[Density _|Isic sintered kT 12975 lkg/m~3 |
Hansity ]Eilver - pure J|1.050E+O4 Jﬁ(g/m’\B |
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lThermaI Conductivity JIDow Corning Q3-6605 ”0.8400 JIW/m*°C J
[Thermal Conductivity Jﬁoxy (Epotek 353ND) "0.0490 JIW/m*°C ]
ﬁhermal Conductivity JIEpoxy (Masterbond 11A0) J|1.4400 ”W/m*°C |
lThermaI Conductivity "Glass wool |[0.0400 JM/m*°C J
Ehermal Conductivity ”Gold - pure |E97.70 JIW/m*°C ]
ﬁ'hermal Conductivity Jlmalium J|2.7700 |M/m*°C J
[Thermal Conductivity |lice ~ ][2.2000 Jw/m*ec |
ﬁermal Conductivity ]Won JESO "W/m*°C J
ﬁermal Conductivity Iﬁead - pure |[37.04 JIW/m*°C l
|Thermal Conductivity JLimestone ]|0.5000 "W/m*°C J
[Thermal Conductivity " |[Magnesium HK31A-H24 J114.20 Jw/m*ec |
[Thermal Conductivity |IMagnesium AZ31B-H24 |l95.19 [w/m*ec |
ﬁ'hermal Conductivity Iﬁflethane "0.3030 ”W/m*°C J
ﬁermal Conductivity Hmlybdenum - wrought ]E&GO ||W/m*°C J
ﬁerma| Conductivity Jﬁ\lickel - pure J@1.73 JIW/m*°C |
[Thermal Conductivity I(Nitrogen ”0.1460 J[W/m*°C J
[Thermal Conductivity |[Nyton Jlo.2400 w/m*ec |
ﬁ'hermal Conductivity Jﬁ’latinum H69.23 JVV/m*°C ]
[Thermal Conductivity ”Polycarbonate ”0.2000 J[W/m*°C J
|ﬁ1ermal Conductivity Jﬁolypropylene JEAOOO J|W/m*°C J
{Thermal Conductivity ”Polystyrene foam ||O.3600 J[W/m*°C J
Frhermal Conductivity Jﬁ?olyurethane foam JIE.OZGO JIW/m*°C J
[Thermal Conductivity |lPTFE |[0.2400 [w/m=*ec |
ﬁhermal Conductivity I[Quartz J[1.3200 JWV/m“C J
[Thermal Conductivity |lsic Alpha |77.50 [w/m*ec |
ﬁhermal Conductivity JISiC sintered KT JIB0.00 JM/m*°C J
[thermal Conductivity |Isitastic |[0.1800 [w/m*ec |
[Thermal Conductivity |lsilastic L ~ ]lo.2800 w/m*ec |
ﬁ'hermal Conductivity JlSilicone foam (Poron) 4“0.0600 JIW/m*°C J
ﬁhermal Conductivity “Silver - pure J[417.10 J[W/m*°C l
ﬁhermal Conductivity ]E\ow (light) ||0.6000 "W/m*°C ]
ﬁermal Conductivity J]Snow (packed) J[Z.ZOOO J[W/m*°C J
[Thermal Conductivity JBO” (coarse) JO.SZOO JIVV/m*°C J
[Thermal Conductivity |E>i| (dry w/stones) JIO.SZOO ”W/m*°C J
[Thermal-Conductivity Jiseirtery ll0.2300 w/m*c |
Thermal Conductivity I[‘Soil (w/42% water) J 1.1000 JWV/m*°C J)
Thermal Conductvity J'iSteel ATSI 304 }{16.27 JJiW/mL“%—/f
[Thermal Conductivity ~ ]isteel AISI 1020 |l46.73 |w/m*ec |
ﬁhermal Conductivity JlTantalum ]|53.65 J[W/m*°C |
[Thermal Conductivity [[Titanium B 120VCA [7.4420 |w/m*ec |
l I I I |
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