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Section 1
Introduction

This Workplan to Install a Perimeter Soil Vapor Extraction System — Southeast Site Perimeter at
100 East Patterson Street, Tecumseh, Michigan (Workplan) has been prepared by TRC
Environmental Corporation (TRC) on behalf of Tecumseh Products Company (TPC). The
United States Environmental Protection Agency (USEPA) facility identification number for the
site is MID-005-049-440 and the Administrative Order on Consent (AOC) identification number
is RCRA-05-2010-0012.

1.1  Purpose and Scope

TPC anticipates that soil and groundwater at the southern source area may be treated directly.
However, in order to expeditiously address the potential vapor intrusion migration pathway,
TPC proposes the installation of a perimeter soil vapor extraction (SVE) system downgradient
of the southern source area. This perimeter SVE system will be designed to reduce or eliminate
the potential for lateral migration of affected soil gas from the southern source area.

Tecumseh Products Company 1-1 TRC Engineers Michigan, Inc.
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Section 2
Site Conditions

2.1  Site Description

The former TPC site is located at 100 East Patterson Street in Tecumseh, Michigan (Figure 1).
The site is located in Lenawee County in southeast Michigan. The site is comprised of two
parcels which occupy a total of approximately 50.5 acres. Parcel number 325-0250-00 is a
3.4-acre grass-covered area located outside of the southern site fence. Parcel number 325-0241-
00 occupies 47.1 acres and is located along the northern portion of the site. This parcel includes
an expanse of interconnected buildings/building additions that occupy approximately

750,000 square feet near the western perimeter of the site!. East of the main building, the site

is occupied by the former parking area in the north and a grassy area in the south.

2.2 Site Topography

The site slopes at a grade of approximately 2-percent to the east. The surface elevation is
approximately 803 feet above mean sea level (ft MSL) at southern source area, approximately
797 ft MSL near monitoring well MW-01s, and approximately 785 ft MSL at the southeast corner
of the TPC property near monitoring well PRB-03s.

2.3  Geology

TRC evaluated the unconsolidated materials underlying the site through a review of logs from
soil borings advanced at the site during field activities conducted by TRC from April 2009
through March 2013. Logs of soil borings and monitoring wells installed during the

investigation activities were provided to USEPA in previous investigation reports.

Two geologic cross sections were developed from these boring logs to illustrate the shallow
geology along the southeast perimeter of the former TPC site in the vicinity of the proposed
SVE system location. Figure 2 shows the orientation of the cross-section transects, while

Figures 3 and 4 provide the cross sections.

As shown on the cross sections, the site geology generally consists of a surficial silty/sandy clay
interval ranging from 2 to 7 feet thick, underlain by unconsolidated fine to coarse sand and
gravel. A deep clay layer is present beneath the sand and gravel layer. Soil boring data

1 Plans for demolition of the majority of the building are underway. If the demolition is completed as
proposed, only the northeast portion of the former TPC manufacturing building (P-Building and
S-Building) will remain.
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suggests that this second clay layer is continuous across the study area. The elevation of
the top of the clay confining unit is approximately 750 ft MSL near the southeast perimeter of
the site.

The unconsolidated fine to coarse sand and gravel is an unconfined aquifer beneath the site.
Groundwater elevation data indicates that shallow groundwater typically ranges from 778 to
781 ft MSL (approximately 22 to 25 feet below ground surface [ft bgs]) at the southern source
area; from 777.5 to 780.5 ft MSL (approximately 16.5 to 19.5 ft bgs) at monitoring well MW-01s;
and from 777 to 779 ft MSL (approximately 6 to 8 ft bgs) at the southeast corner of the site near
monitoring well PRB-03s. Groundwater flow in this area is to the east toward the River Raisin,
the nearest body of water, which is located 1,500 to 2,500 feet east of the site.

The proposed perimeter SVE system will target the unsaturated permeable sand and gravel unit
near the water table. The thickness of the unsaturated portion of this unit decreases from west
to east, and in the area furthest east (near Maumee Street) the high water table intersects the
overlying silty/sandy clay layer. Along the eastern interior perimeter of the site (south of
monitoring well MW-01s) the thickness of the unsaturated sand and gravel unit varies
temporally from approximately 12 to 15 feet (Figure 4). Along the southern perimeter of the site
(between monitoring wells MW-01s and PRB-03s) the thickness of the unsaturated sand and
gravel unit varies temporally from 12 to 15 feet in the west and from 0 to 1 foot in the east
(Figure 3).
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Section 3
System Design and Installation

3.1 Conceptual System Design

Investigation activities conducted at the former TPC site indicate that shallow groundwater and
soil gas are affected by chlorinated volatile organic compounds (CVOCs) near the southeast
perimeter of the property. Soil gas concentrations of trichloroethene (TCE) measured at soil gas
sample point SG-01 typically exceed the Michigan Department of Environmental Quality (MDEQ)
non-residential deep soil gas screening level (2,100 parts per billion by volume [ppbv]). A
comparison of soil gas data and groundwater concentrations at other locations suggests that
elevated soil gas concentrations at soil gas sample point SG-01 are due, at least in part to the
lateral migration of affected soil gas from the source area located approximately 160 feet to the
west. As described in Section 2, site geology near the southern source is favorable to lateral
migration, e.g., a low permeability surficial silty/sandy clay which acts as a natural vapor barrier
underlain by a high permeability sand and gravel unit having a significant unsaturated thickness.

The primary purpose of the proposed perimeter SVE system is to reduce or eliminate lateral
migration and to expeditiously address the potential vapor intrusion migration pathway.
However, this system was also designed to be expandable, i.e., the blower, carbon treatment
system and associated components are sufficiently sized to manage flow from a possible future
southern source SVE treatment system. Design details are described below. Engineering
design drawings for the perimeter SVE system are provided in Appendix A.

3.2 Extraction Point Design and Installation Details

The design and layout of the extraction points was developed in large part using data from the
SVE system that was installed beneath P-Building in 2012 (P-Building SVE System). Design
details for the P-Building SVE System are provided in the February 2013 Full-Scale Vapor
Extraction System Construction Documentation Report (TRC 2013a). Field data collected
during the December 22, 2011 pilot study for active ventilation at PRB vents V-01 through V-03
were also used to help estimate the radius of influence, particularly in areas with a comparably
thin permeable unsaturated zone.

Although soil type in the area of the proposed system is similar to that observed in the north,
the following conditions influenced the perimeter system design:

n  The proposed perimeter SVE system will be installed in an unpaved area;

n  The unsaturated thickness of the sand and gravel unit, particularly in the east, is less than
that observed under P-Building;
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n  The perimeter SVE system will not be installed in areas of affected soil; and

n  The perimeter SVE system will not be used for soil treatment, but rather will be used to
reduce or eliminate lateral migration of soil gas affected by on-site soil and groundwater
contamination, and to increase air flow near the water table.

Based on the observed radius of influence at the P-Building SVE system and the December 22,
2011 pilot study for active ventilation at PRB vents, the minimum radius of influence is
estimated to range between 35 and 45 feet at an applied vacuum of 5 inches of water, with the
radius of influence increasing with the thickness of the unsaturated sand and gravel unit. The
proposed perimeter SVE system includes ten extraction wells (SVE-S01 through SVE-510) which
will be installed on the former TPC site adjacent to the southeast site perimeter. The
approximate locations of the proposed extraction wells are shown on Sheet 3 of 7 (Appendix A).
The vapor extraction rate for each well and the subsequent radius of influence resulting from
the applied vacuum will be evaluated during system start-up as described in Section 4.2;
adjustment to the extraction point layout may be proposed if appropriate.

Extraction wells will be installed along the site perimeter as close to the adjacent perimeter fence
as possible, given drilling equipment and work space requirements. Prior to extraction well
installation, a ground survey will be conducted to determine the surface elevation at each of the
proposed extraction well locations. The ground survey will be used to determine the target
installation depth. The target depth will be approximately equal to the low water table
elevation, except where the low water table is less than 12 ft bgs, in which case, the target depth
will be a minimum of 12 ft bgs (top of screen at least 5 ft bgs) to minimize the potential for
short-circuiting. Approximate low water table elevations are provided in Detail 1 on Sheet 7 of
7 (Appendix A)

Extraction wells will be constructed by drilling an 18-inch diameter hole to the target depth
using 12.25-inch inside diameter hollow stem augers. The well will be constructed using a
7-foot long, 4-inch diameter, 30-slot (0.030-in) stainless steel well screen, installed to the target
depth. The annular space surrounding the well screen will be backfilled with uniform washed
pea gravel (Global No. 4. well gravel). Bentonite chips/granular bentonite (hydrated in place)
will be placed above the pea gravel well screen to provide an effective surface seal and to
minimize the potential for drawing air from the surface at each extraction well point. A non-
shrinking concrete-bentonite grout will fill the remaining annular space to approximately

2.5 ft bgs.

The extraction well riser pipe will consist of 4-inch diameter schedule 40 PVC, and will extend
from the top of the well screen to approximately 2-feet below the surface. A pipe tee (capped in
the direction of the ground surface) will be installed at the top of the riser pipe, with the
horizontal leg of the tee extending away from the site perimeter toward the adjacent header
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pipe. A minimum 8-inch diameter flush mount well cover will be installed to allow access to
the vertical portion of the extraction well. Details of a typical extraction well are illustrated in
Detail 1 on Sheet 7 of 7 (Appendix A).

3.3  Extraction Piping Design Details

From the soil vapor extraction well, 4-inch diameter Schedule 80 PVC pipe and fittings will be
used to connect the extraction well to the header pipe. A horizontal section of the pipe, having
a minimum length of 2.5 feet, will extend from the extraction well to a rectangular well vault.
The portion of horizontal piping which extends through the well vault will be equipped with a
lockable butterfly valve to control air flow from the well and three sample taps for the collection
of vapor flow readings (one ¥2-inch diameter ball valve) and for differential vacuum pressure
monitoring (one ball valve with a barbed sample port on either side of the butterfly valve). The
rectangular well vault will be approximately 2 feet wide, 3 feet long and 2.5 feet deep. A
horizontal section of the pipe having a minimum length of 2.5 feet will extend from the well
vault to the header pipe. Details of a typical well vault and horizontal connection between the
extraction well and the header pipe are illustrated in Detail 1 on Sheet 7 of 7 (Appendix A).

The layout of the header pipelines is illustrated on Sheets 4 and 5 of 7 in Appendix A. The
horizontal connector pipe from each extraction well riser pipe will connect to one of two header
pipes. The extraction wells along the eastern site perimeter (SVE-S01 through SVE-S03) will
connect to an approximately 210-foot long 4-inch diameter Schedule 80 header pipeline (Header
S1). The extraction wells along the easternmost portion of the southern site perimeter (SVE-S07
through SVE-510) will connect to an approximately 290-foot long 4-inch diameter Schedule 80
header pipeline (Header S2). Near extraction well SVE-506, the eastern 290-foot long portion of
Header S2 will be connected to the western 270-foot long, 6-inch diameter portion of Header S2.
The extraction wells along the westernmost portion of the southern site perimeter (SVE-S04
through SVE-S06) will connect to the approximately 270-foot long 6-inch diameter portion of
Header S2.

All horizontal piping will be installed in trenches having a minimum depth of 2 feet. Pipe will
be installed such that condensate, if any, will drain away from the SVE blower and back to the
extraction wells (minimum slope of 0.1 feet per 100 feet). Pipes will be bedded in clean granular
material, and the remainder of the trench will be backfilled with native material.

Adjacent to the location of the blower enclosure (near the location of monitoring well MW-01s),
Schedule 80 pipe elbows will be used to turn each header pipe vertically upward. Each header
pipeline will terminate approximately 3 feet above grade. The end of each header will be
equipped with a male Cam Lock fitting to facilitate connection to the SVE blower enclosure via
flexible hose.

Tecumseh Products Company 3-3 TRC Engineers Michigan, Inc.
X:\WPAAM\PJT2\ 207339\ 000001\ R2073390000-001.DOCX Final November 2013



3.4  SVE System Blower Enclosure Design and Details

The soil vapor extraction vacuum blower and appurtenances were selected to meet the
following project objectives:

n  To achieve the calculated minimum air flow as described in Appendix B; and

n  To be sized and equipped such that the anticipated southern source area SVE system could
use the same blower enclosure, specifically:

—  Three additional inlet lines are included in the design to allow for direct connection
to additional header pipelines;

—  The blower will be selected to have the highest reasonable flow capacity for the
anticipated system vacuum loss;

—  SVE enclosure plumbing will be sized to handle the anticipated maximum flow
capacity with minimal vacuum loss; and

—  Other components (knock-out tank, air filter, and carbon treatment system) will be
sized to manage the anticipated maximum flow capacity.

3.4.1 Target System Air Flow Calculations

Design calculations were performed to determine the minimum air flow required to
control the potential volatilization to indoor air migration pathway for affected
groundwater located beneath the adjacent non-residential property. These calculations
are provided in Appendix B. The target perimeter SVE system air flow is greater than or
equal to the calculated minimum air flow of 245 cubic feet per minute.

3.4.2 Development of System Curves

Design calculations were performed in order to develop system head loss curves for the
proposed perimeter SVE system. Those system curves will be used to assist with blower
selection, to design of the blower enclosure piping, and to design the carbon treatment
system. The proposed SVE blower, treatment system and associated appurtenances will
be designed such that they may be used for both the perimeter SVE system and the
southern source area SVE system. Therefore system curves were developed for two
different operating scenarios:

—  Only the perimeter SVE system operational; and

—  The perimeter SVE system and a hypothetical southern source area SVE system
operating simultaneously such that perimeter SVE system operates near the
minimum target flow rate, and the balance of system flow originates from the
southern source area (combined SVE system).
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The SVE system curve is a function of flow rate and vacuum loss. Total system losses
under each scenario are the sum of 1) vacuum loss at the well(s), 2) vacuum loss in the
piping, 3) vacuum loss through the blower enclosure, and 4) pressure drop across the
carbon. Calculation sheets and system curves for each scenario are provided in
Appendix C.

3.4.3 Blower Selection

A regenerative-type blower has been selected over a positive displacement (PD) blower
as site conditions will support high flow rates at lower applied vacuum. Additionally,
regenerative blowers generally afford lower operation and maintenance costs than PD
style blowers, as PD blowers operate with tighter mechanical tolerances to achieve the
higher operating pressure conditions that they offer.

Blower curves from various regenerative-type blowers will be plotted with the system
curves to assist with blower selection and the final blower enclosure design details.
Final blower selection will be made based on the following considerations:

—  Flow rate at the anticipated operating point;
—  Energy usage/operating cost;
—  Operating noise levels;

—  Shape of blower curve, e.g., a relatively steep blower curve indicating only small
changes to extraction flow rates with modest differences in operating pressure;

— Maintenance requirements; and

—  Capital cost to purchase and install the blower(s).

3.4.4 SVE System Blower Enclosure Design and Details

The SVE vacuum blower and appurtenances will be housed in a ventilated and
insulated enclosure. The enclosure will be located on the former TPC property near
monitoring well MW-01s, as shown on Sheet 3 of 7 (Appendix A). The two SVE header
pipe lines (one from SVE-501 through SVE-S03, and one for SVE-504 through SVE-510),
as described above, will penetrate the ground adjacent to the blower enclosure. Flexible
hose will connect to the header pipes to the intake manifold on the blower enclosure.
The blower enclosure will be equipped with the following components:

— A five leg intake manifold constructed of Schedule 80 PVC (one leg for SVE-S01
through SVE-S03, one leg for SVE-S504 through SVE-510, and three legs for system
expansion). Each leg of the intake manifold will be equipped with a sample port, a
flow control valve, a vacuum gage, and an air flow metering device with
transmitter.
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— An air-water separation tank, i.e., a water knock-out tank, to prevent fluids from
entering the blower. The knock-out tank will be equipped with a vacuum gage, a
relief valve, site tube to monitor the accumulation of fluids, a high level float switch
to automatically shut-down the blower if water in the tank reaches that level, a
high-high float back-up switch to provide a failsafe in the event that the high level
switch fails, a manual bottom drain to remove fluids from the tank, and a manway
for cleaning purposes.

— Aninlet air filter to prevent particulates from entering the blower. A differential
pressure switch/transmitter will automatically shut down the blower in the event
that the filter excessively restricts air flow to the blower. The air filter unit will also
be equipped with direct-read inlet and outlet vacuum gages to allow personnel to
record and monitor the pressure drop across the filter during typical system
inspections.

— A totalized air flow meter with transmitter between the knock out tank and the
air filter.

As described above, the SVE system will be equipped with a regenerative-type blower(s)
capable of operating at up to 120-inches of water (vacuum) with a target operating flow
rate of at least 500 actual cubic feet per minute (acfm) at 60-inches of water (vacuum).
The blower will be equipped with a variable speed drive unit that will allow manual
motor speed adjustments to be made in order to optimize soil vapor extraction rate and
energy demand. The blower exhaust manifold will be constructed of carbon steel pipe
and equipped with the following components:

—  Thermometer and thermostat (to shut the blower down on high temp condition
caused by low air flow);

—  Discharge silencer; and

—  Exhaust stack vented 15 feet above ground surface.

Construction of the blower enclosure is expected to take 12 to 16 weeks (including the
12 weeks lead time required to obtain the selected blower).

Consumers Energy has been contracted to provide 200 amp, 240 volt, 3-phase electrical
service. The power drop and meter will be located adjacent to Maumee Street near the
southeast corner of the site. An electrician will be contracted to install an electrical
conduit from the power drop to the SVE blower enclosure. This conduit may be placed
in the same trench as the SVE extraction piping.
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3.5 Carbon Treatment System Details

At present, the existing P-Building SVE extraction system operates under an MDEQ Permit to
Install (PTI) air permit exemption. The limiting requirement for the PTI exemption is that the
total controlled carcinogenic volatile organic carbon (VOC) emissions may not exceed

10 pounds per month.

To meet PTT exemption requirements, the combined carcinogenic emissions from the P-Building
SVE system and the proposed perimeter SVE system cannot exceed 10 pounds per month. As
documented in the Construction Documentation Report for the P-Building SVE system,
carcinogenic emission from the P-Building system are maintained below one pound per month.
Given observed concentrations in soil gas in the vicinity of the proposed perimeter SVE system,
carbon treatment will likely be needed (at least initially) to ensure carcinogenic VOC emissions
from the perimeter SVE system remain below 9 pounds per month.

The proposed carbon treatment system will be located adjacent to the blower enclosure. The
carbon treatment system will be designed to ensure compliance with air permit exemption
requirements while limiting increased SVE system backpressure that would reduce system
flow. Additionally, the treatment system will be sized to be expandable, i.e., to manage flow
from the anticipated southern source SVE treatment system. Details and components of the
carbon treatment system are outlined below:

n  Two steel vapor phase carbon vessels equipped with male cam lock inlet/outlet fittings, an
outlet pressure gage, a ¥4-inch outlet sample port equipped with a ball valve and barbed
fitting, and a Y4-inch drain port equipped with a ball valve.

n  Carbon vessels will be operated in series via interconnecting flexible hose equipped with
cam lock fittings. Flexible hose will be connected to the exhaust stack via cam lock fittings.
Air flow will be routed from the bottom port on the exhaust stack through the flexible hose
to the inlet (bottom) of the lead carbon vessel. A screen at the bottom of each carbon vessel
will help to distribute air flow and prevent preferential pathways. Air will flow up
through the lead vessel, through the outlet port (top), through an additional length of
flexible hose to the inlet (bottom) of the lag carbon vessel. Air will then flow up through
the lag vessel, through the outlet and into a third length of flexible hose which is connected
to the exhaust stack above the closed butterfly valve. Treated exhaust will then be
discharged through the stack approximately 15 feet above ground surface.

n 4 x 10 reactivated vapor phase carbon will be used for carbon treatment.

3.6 Temporary Multi-Level Subsurface Vacuum Monitoring Point Details

Temporary subsurface vacuum monitoring points (TVP-S01 through TVP-518) will be installed
at 18 locations as shown on Sheet 3 of 7 (Appendix A). Radius of influence is expected to vary
with the thickness of the unsaturated sand and gravel unit. Therefore vacuum monitoring point
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locations were selected to provide the required data for preparation of distance-drawdown
plots for evaluating well efficiency and radius of vacuum influence for each well during the
stepped-rate tests (see Section 4.2.1).

At each location, a single vacuum monitoring point or a nested pair of vacuum monitoring
points will be installed, depending on the unsaturated thickness of the sand and gravel unit. At
nested vacuum monitoring point locations, the deep point will be installed approximately 5 feet
above the average water table and the shallow vacuum monitoring point will be installed below
the top of the clay confining unit (with a minimum target depth of 5.5 feet below ground
surface). A ground survey will be used to calculate the target installation depth for the deep
monitoring point at each location using the target installation elevations provided in Detail 2 on
Sheet 7 of 7 (Appendix A). If the unsaturated thickness is less than 9 feet, e.g., the target depths
for the shallow and deep monitoring points are less than 3.5 feet apart (TVP-511, TVP-512,
TVP-513, TVP-514, TVP-5S15, TVP-S16, TVP-517, and TVP-518), only a single vacuum
monitoring point will be installed. The single monitoring point will be installed below the
surficial silty/sandy clay unit. Where the unsaturated thickness of the sand and gravel unit is
sufficient, the multi-level vacuum monitoring point design is preferred because it allows for an
assessment of flow patterns within the subsurface soils, specifically as it relates to thickness of
the unsaturated granular soils.

Each nested pair will be constructed in a single borehole. The 2.5-inch borehole will be
constructed to the target depth using Geoprobe® direct-push technology. Each vacuum
monitoring point will be constructed with a 6-inch long stainless steel monitoring implant
(Geoprobe® Vapor Implant AT8617S, or similar) and a length of Y2-inch outer diameter Teflon™
tubing. Multi-level vacuum monitoring points will be constructed as illustrated in Detail 2 on
Sheet 7 of 7 (Appendix A), and single-level vacuum monitoring points will be constructed as
illustrated in Detail 3 on Sheet 7 of 7 (Appendix A). Vacuum monitoring point construction
details are described below:

n  The deep monitoring point will be installed at the bottom of the borehole.

n  The annular space surrounding the deep monitoring point screen will be backfilled
with glass beads to approximately 6-inches above the top of the screen (filter pack).

n  Granular bentonite chips will be placed above the filter pack in 6- to 8-inch lifts to
approximately 6.0 ft bgs (6-inches below the bottom of the shallow monitoring point
screen). Each lift will be hydrated in place prior to the addition of the next lift to help
ensure an effective seal between the shallow and deep monitoring point.

n  An approximately 6-inch thick glass bead filter pack (5.5 to 6.0 ft bgs) will be installed
above the bentonite seal to ensure that the bentonite does not swell to plug the shallow
monitoring point.
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n  The shallow monitoring point will be installed above the filter pack at approximately 5 to
5.5 ft bgs.

n  The annular space surrounding the shallow monitoring point screen will be backfilled with
glass beads to approximately 6 inches above the top of the screen (4.5 to 5 ft bgs).

n  Granular bentonite will be placed above the filter pack in 6- to 8-inch lifts to approximately
1 ft bgs. Each lift will be hydrated in place prior to the addition of the next lift to help
ensure an effective seal between the shallow and deep monitoring point.

n  Tubing from each vacuum monitoring point will extend at least 12-inches above the top of
the bentonite. Care will be taken to properly label each monitoring point so that the
shallow and deep monitoring points are easy to distinguish.

n  Each probe will be capped with a ball valve and equipped with a barbed hose fitting.

n  Each vacuum monitoring point/nested pair will be finished with a flush-mount protective
cover to protect it from inclement weather and on-site traffic.

During system start-up, a portable vacuum gauge will be connected to the probe, and the ball
valve will be opened to measure vacuum propagation away from the extraction wells in order to
assess zone of vacuum influence. Vacuum measurements will be taken at both shallow and deep
probes to assess the distribution of subsurface flow vertically throughout the vadose zone soils.
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Section 4
SVE System Optimization and Performance

As described in Section 1, the SVE system was designed to reduce or eliminate the potential for
lateral migration of affected soil gas from the site. This section describes the maintenance,
monitoring, and reporting activities associated with the perimeter SVE system operations at the
former TPC facility in Tecumseh, Michigan. These described activities are based on proposed
system operations. If operations are adjusted in the future, these activities, as described herein,
may be modified as appropriate.

The following subsections describe the proposed SVE system optimization and performance
evaluation. Specifically:

n Measurement, evaluation and calculations associated with flow and vacuum data.

n  Qualitative and quantitative estimates of VOC emissions from the extraction system over
time to ensure compliance with the MDEQ requirements associated with a PTI exemption
and/or an air permit.

n  Overall SVE system performance.

The proposed performance evaluation and optimization will include short-term stepped-rate
tests for estimating individual extraction well capacities/system curves as well as a long-term
performance monitoring to verify continued system performance. Testing and monitoring
locations are displayed on Sheets 4 and 5 of 7 of the Soil Vapor Extraction System Design
drawings contained in Appendix A.

4.1  Equipment Requirements

Equipment requirements for performance testing include:

n  Vacuum Gauge(s) — Magnehelic® Differential Pressure Gages (or equivalent) with
sensitivity to 0.01 inch of water

n  Flow Measuring Device — Hot wire anemometer
n  Portable Temperature Probe

n  Draeger Pump and associated Draeger Tubes for field measurement of TCE concentrations
(or equivalent)

n Thermometer
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4.2  System Start-Up and Optimization

42.1 Stepped-Rate Test Evaluation - Individual Extraction Wells

The purpose of the step-rate test is to evaluate vapor recovery rates obtainable at various
applied vacuum rates. Data collected will be used to determine well-specific radius of
vacuum influences and to establish flow and pressure relationships at various operating
conditions. Approximately four days will be dedicated to performing stepped-rate tests
at the extraction points (SVE-501 through SVE-510).

Field Procedures and Data Collection

The following sequence describes the procedures and data collection
requirements for performing a single stepped-rate test. Following the
completion of this sequence, a different extraction well will be isolated
and the sequence will be repeated.

1.  With the blower off, collect vacuum pressure readings at each of the
extraction wells and vacuum monitoring points to establish starting
conditions.

2. Isolate flow to one extraction well by closing all wellhead butterfly valves
except for the valve at the well to be tested.

3. With the butterfly valve on the extraction well to be tested completely
open, turn on the blower, allow the system to equilibrate (10-15 minutes)
and record the following:

a. Time of each measurement collected.

b. Vacuum pressure, temperature, and flow rate at the blower, and at
the extraction well

c.  Vacuum pressure at adjacent monitoring locations, including closed
extraction wells and vacuum monitoring points. If pressure
influences are observed at adjacent locations, collect readings at
additional locations moving radially away from the test well until no
influence is observed.

4. Turn the blower off and allow the pressure at monitoring points to return
to starting conditions.

5. Open one of the unused legs on the intake manifold to provide system
dilution and decrease the vacuum/flow at the test extraction well. Turn
the blower on, and adjust the valve such that the vacuum pressure at the
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well is reduced by approximately 5 inches of water?. Allow the system to
stabilize (approx. 10 to 15 minutes) and follow the data recording
requirements outlined in Step 3.

6. Repeat Steps 4 and 5, opening the dilution valve further, and decreasing
the vacuum applied by an additional 5 inches of water.?

7. Repeat Step 6, in a series of approximately equal decreases in the vacuum
applied until the applied vacuum is zero.

8. Once the stepped-rate test is complete at a given well, turn off the blower
and allow the system to return to staring conditions.

9. Repeat the stepped-rate test procedures at a new test extraction well
beginning with Step 2 above.

Data Evaluation

Following the completion of the stepped-rate tests, data evaluation will include:

8  Preparation of system curves for each of the extraction wells. System
curves will consist of plotting observed wellhead flow versus vacuum
applied for each well tested.

§ Evaluation of the radius of influence (ROI) at each well.

§ Determination of whether extraction wells have the potential to be air flow
limited within the range of vacuum pressure applied.

4.2.2 Stepped-Rate Test Evaluation — Entire System

Following the conclusion of individual stepped-rate tests, the SVE system will be
configured to operate all 10 extraction wells. Valves at the SVE enclosure and at
individual extraction wells will be used to balance flow between each extraction well.
The system will be considered balanced if the flow at all extraction wells is within
20-percent of the average extraction flow rate. Once the system is balanced a stepped-
rate test will be completed for the SVE system as a whole.

2 If the observed vacuum at the test well during the Step 2 is less than 12 inches of water the reduction in
vacuum pressure should be reduced so that the well can be tested under at least three different vacuum
conditions. For example, if an initial vacuum of 10 inches of water is observed at the test well, the well
should then be tested at an applied vacuum of approximately 6 inches of water and at an applied vacuum
of approximately 2 inches of water.
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Field Procedures and Data Collection

The following sequence describes the procedures and data collection
requirements for performing a system-wide stepped-rate test.

1. Close all unused legs on the intake manifold value, i.e., no make-up air.

2. Balance the system as described above, turn on the blower, allow the
system to equilibrate (10-15 minutes) and record the following;:

a. Time of each measurement collected.

b. Vacuum pressure, temperature and flow rate at the blower, and at
each extraction well.

c.  Vacuum pressure at vacuum monitoring locations.

3. Turn the blower off and allow the pressure at monitoring points to return
to starting conditions.

4. Open one of the unused legs on the intake manifold to provide system
dilution and decrease the total system flow by approximately 30-percent,
and repeat Steps 2 and 3.

5. Repeat Step 4, opening the dilution valve further, and decreasing the total
flow by an additional 30-percent.

6. Repeat Step 5, until the total flow is less than 140 CFM (i.e., two steps
below the minimum target air flow).

7. Once the system-wide stepped-test is complete, establish long-term
operating parameters by repeating Step 1 and Step 2.

Data Evaluation

Following the completion of the system-wide stepped-tests, data evaluation
will include:

8  Preparation of system curves which will allow TRC to accurately predict
system vacuum losses (at the well, in the extraction piping, in the blower
enclosure, and in the carbon treatment system) under various flow
conditions. These data may be used to ensure the system continues to
operate as required and expected if/when system modifications are made
(e.g., the installation of one or more additional exaction headers from the
southern source area, variable frequency drive adjustments, etc.)

8  Evaluation/confirmation of the ROI for the entire system under various
flow scenarios.
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43

Long-Term SVE System Operation and Maintenance

43.1 Remote Operation and Maintenance

The SVE system will be equipped with remote sensing devises that transmit data
(pressure, flow, and temperature) to the system’s programmable logic controller (PLC)
within the system control panel. The PLC records the data and triggers alarm conditions
if data falls outside of the accepted “normal” limits of the system. Alarm conditions are
displayed locally at the control panel. These data may also be viewed remotely, in real
time, by way of the system telemetry. Additionally, system telemetry is used to
automatically send collected data and any alarm conditions to designated project
personnel via a cellular phone modem in the form of electronic mail. Data available
remotely will include:

—  Flow rate for each of the five intake manifold pipes as they enter the SVE blower
enclosure;

— Total system flow rate (measured between the knock out tank and blower);
— Differential pressure across the air filter; and

—  Blower exhaust temperature.

Flow, pressure, and temperature data will be recorded at 10-minute intervals, and will
be automatically emailed to project personnel daily. These data will be compiled and
reviewed regularly (typically at least monthly).

In addition to the ability to monitor routine system data remotely, the system will notify
designated staff via email if deactivation of the blower occurs due to any of the
following alarm conditions:

—  Motor overload;

— High temperature at the exhaust stack;

— High or low vacuum;

— High or high-high water level reached in the knock out tank; or

— High differential pressure across the inlet air filter.

Following automatic notification of an alarm condition or identification of a significant

anomaly in SVE system data by manual review, TRC will work to correct the problem as
soon as possible either remotely or in person, as appropriate.
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4.3.2  System Inspection — Blower, System Piping and Appurtenances

On-site system inspections will be conducted to verity, in the field, that the system is
operating as expected. An operation and maintenance checklist will be completed by
the field technician. System inspections will include the following:

—  Flow and pressure readings at each extraction well;

— Differential pressure between the air filter inlet and outlet;

—  Pressure and temperature at the blower (i.e., exhaust stack);
— Visual and auditory inspection of the blower and motor; and

—  Visual inspection of accessible system piping, well vaults, and fittings.

Deficiencies identified during system inspections will be corrected as soon as possible,
typically within 30 days of discovery. At a minimum, inspection of the blower, system
piping and appurtenances will be completed on a quarterly basis for the first year of
operation. The inspection frequency will be evaluated and adjusted, if appropriate, at
that time.

4.3.3 Carbon Treatment System

Operation and maintenance of the carbon treatment system requires that the carbon in
the carbon vessels be removed and replaced (i.e., carbon change out) once its absorptive
capacity has been reached. As noted in Section 3.5, the carbon vessels are operated in
series. Typically carbon change out will be arranged after breakthrough is observed on
the lead vessel, but not on the lag vessel. As such, the lag vessel is used to maintain
acceptable emissions throughout the carbon loading cycle, providing a margin of safety
for the time lag between the observed breakthrough on the lead vessel and the carbon
change out.

Field Measurement of TCE Concentrations

The carbon treatment system is designed to ensure that carcinogenic VOC
emissions from the facility remain below 10 pounds per month, as required by
MDEQ PTI exemption requirements. As documented in February 2013
P-Building Construction Documentation Report, TCE is expected to be the
dominant carcinogenic COC to be removed with the carbon treatment system.
A Draeger pump equipped with TCE-specific Draeger tubes (or equivalent) for
field measurement of TCE will be used to monitor TCE concentrations through
the treatment process as outlined below:

§ TCE concentrations will be measured at three locations: treatment system
influent (sample port after the blower in the SVE blower enclosure),
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between the lead and lag vessels (lead vessel sample port), and system
exhaust (lag vessel sample port).

§  Prior to sample measurement, pump ambient air through the Draeger
pump to flush the pump and purge residual contamination that may be
residing in the pump prior to sample collection (approximately 5 pumps);

8  Break the ends off the TCE Draeger tube;

wn

Connect a length of 4-inch diameter flexible tubing to the influent end of
the Draeger tube;

Connect the other end of the tubing to the sample port;
Open the sample port;

Seat the effluent end of the Draeger tube in the Draeger pump;

w w W W

Use the Draeger pump to pull the sample through the Draeger tube
(5 pumps or as called for in the Draeger tube instructions to achieve
targeted concentration limits for the tube);

§ Record the TCE concentration on TRC field forms.

Exhaust concentrations (assuming no significant modifications to the SVE
system) are expected to decrease over time. Field measurement of TCE
concentrations will be completed at a frequency appropriate to detect TCE
breakthrough on the lead vessel prior to breakthrough on the lag vessel.
Initially that frequency will be based on historical carbon usage rates for the
P-Building SVE system. Specifically 1000 pounds of carbon should remove
approximately 17 pounds of TCE. As data are collected from the perimeter SVE
system, the carbon usage rate will be re-evaluated and adjusted as appropriate.

Sample Collection for Laboratory Analysis

In addition to field measurement of TCE concentrations, samples may be
collected for laboratory analysis to confirm field measurements. Samples will
be collected as described below:

8  Grab sample(s) will be collected in a laboratory-supplied certified-clean
1-liter SUMMA® sample canister equipped with a barbed fitting. The
canister will be evacuated to a nominal 26 to 30 inches of mercury and
shipped to the field under Chain-of-Custody documentation.

§  Va-inch diameter flexible tubing will be used to connect the sample canister
to the sample port.

8  The sample information, including canister number and initial canister
vacuum will be recorded on TRC standard air sampling forms.
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8  The valve on the sample canister will then be opened to begin sample
collection.

§  Once the vacuum gage indicates that sample collection is complete, the
valve on the sample canister will be closed. The final canister vacuum and
ending sample collection time will be recorded.

Field procedures for sample documentation, handling, storage, shipment,
preservation, and Chain-of-Custody will be conducted in accordance with the
procedures outlined in the Quality Assurance Project Plan (QAPP) (RMT,
2010d). Samples will be analyzed by H&P Mobile Geochemistry using USEPA
Method TO-15 or USEPA Method 8260B. Field personnel will document
sample collection procedures on field data forms or in field notebooks.

Data Evaluation

Data evaluation during and following system sampling may include:

8  Carbon usage will be based on TCE breakthrough as measured with TCE
Draeger tubes. Specifically:

—  Prior to carbon change out —

u  If the TCE concentration between the lead and lag carbon vessel
is greater than or equal to 50-percent of the concentration at the
influent of the carbon treatment system, carbon change out will
be arranged.

u  If the TCE concentration between the lead and lag carbon vessel
is less than 50-percent of the concentration at the influent of the
carbon treatment system, the next TCE field measurement will
be scheduled.

— At the time of carbon change out —

u  If the TCE concentration at the system exhaust is greater than or
equal to 50-percent of the concentration at the influent of the
carbon treatment system, carbon in both the lead and lag vessel
will be replaced.

u  If the TCE concentration at the system exhaust is less than
50-percent of the concentration at the influent of the carbon
treatment system, carbon in the lead vessel will be replaced and
system piping will be adjusted so that the former lead vessel
(new carbon) becomes the lag vessel and the former lag vessel
(partially used carbon) becomes the lead vessel.
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8  Exhaust samples may be collected from the SVE system to document
compliance with PTI exemption requirements and/or verify Draeger Tube
sample results.

8  As concentrations decrease, carbon treatment system influent samples may
be used to determine whether continued operation of the carbon treatment
system is required.

4.4 System Optimization and Performance Monitoring Schedule

441 System Start-up

—  Stepped-rate tests at individual extraction wells will be conducted as soon as
feasible following system installation.

—  If stepped-rate tests at individual extraction wells indicate that the ROI is less than
anticipated, and additional extraction wells are needed, system improvements will
be made and stepped-rate tests will be conducted at any additional extraction wells.

—  The stepped-rate test for the entire system will be conducted as soon as feasible
following the completion of stepped-rate tests at individual extraction wells.

— Assoon as the system-wide stepped-rate test is complete, long-term operating
parameters will be established, and baseline conditions will be established by
completing the following;:

8 Aninitial system inspection will be conducted as described in Section 4.3.2;
8  Field measurement of TCE concentrations as described in Section 4.3.3; and

§  Sample collection at the carbon treatment system influent as described in
Section 4.3.3.

4.4.2 System Shake-Down Period

Routine system operation and maintenance will be conducted relatively frequently
following system start-up to ensure the system continues to operate as anticipated and
to more accurately predict when carbon change out will be needed. At a minimum
operation and maintenance during the shake-down period will include:

— Inspection of the blower, piping and appurtenances as described in Section 4.3.2;
—  Field measurement of TCE concentrations as described in Section 4.3.3; and

—  Sample collection at the carbon treatment system influent as described in
Section 4.3.3.
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At a minimum, on-site operation and maintenance will be conducted on the following
schedule after long-term operating parameters are established:

— 3to7days

— Approximately 2 to 3 weeks

— Approximately 6 to 8 weeks

— Approximately 12 to 14 weeks

4.4.3 Long-term Operation and Maintenance

Following system start-up and shake-down, long-term operation and maintenance
will be completed as described in Section 4.3. At a minimum, remote telemetry data
will be compiled and reviewed monthly and on-site system inspections including field
measurement of TCE will be conducted quarterly for the first year of operation. The
inspection frequency will be evaluated and adjusted, if appropriate, after one year of
operation.

45  Reporting

Reports/technical memoranda will be prepared as appropriate to document system installation
and the results of operation and maintenance activities. At a minimum, the following reports
will be prepared:

n A construction documentation report will be prepared following the completion of system
installation, start-up and shake down period; and

n  Annual performance monitoring reports or technical memoranda which summarize
operation and maintenance activities for each year of operation.
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Results you can rely on _

Technical Memorandum

Date: September 30, 2013

To: Project File

From: Stacy Metz

cc: Dave McKenzie and Scot Pawlukiewicz

Project No.: 207339.0000, Phase 1

Subject: Perimeter Soil Vapor Extraction Design Calculations — Minimum Air Flow

Goal

Determine the minimum air flow from a perimeter soil vapor extraction (SVE) system required to
control the potential volatilization to indoor air migration pathway at adjacent non-residential
properties downgradient of the southern source area.

Parameters and Assumptions

n In this area, groundwater is primarily affected by 1,1,1-tricholorethane (TCA) and trichloroethene
(TCE).

n Concentrations of TCA and TCE are similar.

n  The toxicity of TCE is much greater than the toxicity of TCA. Therefore, mitigating the potential
migration of TCE into indoor air will control SVE system design.

n  Soil Properties (Default properties for sand in Johnson Ettinger Model Spreadsheet (Version 3.1,
02/2004)

— Total porosity (nr) =0.375

— Water filled porosity in vadose zone (1nw) = 0.053
— Air filled porosity in vadose zone (n.) = 0.322

—  Water filled porosity in capillary zone (6w) = 0.253
— Air filled porosity in capillary zone (0a) = 0.122

—  Thickness of capillary zone (L) =17.05 cm

X:\WPAAM\PJT2\207339\000001\ APPENDIX B_TM_AIR FLOW CALCS.DOCX
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Technical Memorandum

n  Chemical Parameters of TCE (from USEPA VISL Calculator)

— Henry’s Law Constant at average groundwater temperature (H"): 0.187

— Diffusivity in Air (Da): 0.0687 cm?/sec

— Diffusivity in Water (Dw): 0.0000102 cm?/sec

— Target TCE concentration in soil gas: <12,000 ug/m?® (MDEQ non-residential SGSL)
n  Site Properties

—  Slab-on-Grade Construction

— Depth below grade to water table (Lwr) =280 cm

— Depth below grade to bottom of floor (Lr) = 15 cm (default for slab-on-grade)

— Average shallow groundwater concentration (Cew) = 931 ug/L

— Approximate off-site area (A) over which groundwater concentrations exceed 100 ug/L =
128,500 ft2 (12,000 m?)

Step 1: Calculate the Effective Diffusivity (Des.v)of TCE in the Vadose Zonel.

D, x n,333 D, n,33
=+
Deff—V nTZ H' x nTZ
cm? 3.33
b 00687 ——x0.322* 00000102  0.053%%%\ _ 0.0112 cm?
eff=v.— 3752 0.187 03752 ) s

Step 2: Calculate the Effective Diffusivity (Dett.cz) of TCE in the Capillary Zone.

3.33 3.33
Deff—cz = Do > + DM// x Ou
nTZ H nTz
cm? 3.33
5 _ 00687 ——x0.122% 0.0000102  0.253%%%) _ 0.000447 cm?
eff-cz — 3752 0.187 03752 | 7 S

! Calculation taken from Johnson Ettinger Model Spreadsheet (Version 3.1, 02/2004).
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Technical Memorandum

Step 3: Calculate the Overall Total Effective Diffusivity (Desr.r) of TCE.

D — Lyr — Lg
eff-T (LWT — Ly — LF) + ( L, )
Deff—V Deff—cz
280cm — 15¢cm cm?
Desrr = = 0.00440 —~
280cm —17.05cm — 15cm 17.05cm
om? o
0.0112 —~ 0.000447 —~

Step 4: Calculate the Expected Near-Source Concentration in Soil Gas (Cs-source).

p— !
CSG—source =H'x CGW

ug 1000 L ug
CsG—source — 0.187 x 931 T x 3= 174,000 3

Step 5: Use Fick’s Law to Calculate the Diffusive Flux (J) of TCE to the Building Slab via Soil Gas.

CSG —source

J = Degpr X

Lew — Lp
— 000440 T x 174000 15 « =™ _ 00289 9
/=0 s 280cm —15cm 100cm m2-s

Step 6: Calculate the Mass Flux into Soil Gas at off-site property.

Mass FluxIn= | x A

ug
m2-s

x 12,000 m? = 347%

Mass Flux In = 0.0289

Step 7: Calculate the Pore Volume (PV) of Soil Gas Beneath off-site property.

PV:AX[(LWT_LF_ch)xna+LCZx9a]

PV = 12,000 m? x [(280 cm — 15 cm — 17.05 cm) % 0.322 + 17.05 cm % 0.122] x 100 om

PV = 12,000 m? x [79.84 cm + 2.08 cm ] x = 9,830 m3

m
100 cm
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Technical Memorandum

Step 8: Calculate the Minimum Air Flow (Qair-min) beneath the off-site property to achieve the
target soil gas concentration (Csc-target).

The minimum air flow is calculated by creating a mass balance equation and assuming steady state
conditions to achieve the target soil gas concentration.

Mass Flux In — Mass Flux Out = Accumulation
At steady state, accumulation = 0. Therefore

Mass Flux In = Mass Flux Out

Mass Flux In = Qgir—min % Csg-target

_ Mass Flux In _ 347%

Quir—min = =
air-min CSG—target 12,000 u_g3
m

m3 ft3
=0.0289— =613 —
s min

Step 9: Calculate the Target System Air Flow (Qtarget).

The target air flow is calculated using the following assumptions:
n  Up to 50-percent of the flow is a result of short-circuiting (factor of safety [FS]=2); and

n  The flow regime is symmetric such that approximately half of the flow (excluding short-
circuiting) comes from beneath the off-site property and approximately half of the flow comes
from on-site (former TPC property), e.g., target flow must be increased by a factor of 2.

ft?

Qtarget = Qair—min X FS§ x2 =245 %

X:\WPAAM\PJT2\207339\000001 \ APPENDIX B_TM_AIR FLOW CALCS.DOCX 4
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VLOOKUP TABLES

Soil Properties Lookup Table Bulk Density

SCS Soil Type Ks (cm/h) a4 (1/cm) N (unitless) M (unitless) N (em®cm®) @, (cm¥cm®  Mean Grain Diameter (cm) (gfem®) 6, (cm¥cm®) SCS Soil Name
C 0.61 0.01496 1.253 0.2019 0.459 0.098 0.0092 1.43 0.215 Clay
CL 0.34 0.01581 1.416 0.2938 0.442 0.079 0.016 1.48 0.168 Clay Loam
L 0.50 0.01112 1.472 0.3207 0.399 0.061 0.020 1.59 0.148 Loam
LS 4.38 0.03475 1.746 0.4273 0.390 0.049 0.040 1.62 0.076 Loamy Sand
S 26.78 0.03524 3.177 0.6852 0.375 0.053 0.044 1.66 0.054 Sand
SC 0.47 0.03342 1.208 0.1722 0.385 0.117 0.025 1.63 0.197 Sandy Clay
SCL 0.55 0.02109 1.330 0.2481 0.384 0.063 0.029 1.63 0.146 Sandy Clay Loam
Sl 1.82 0.00658 1.679 0.4044 0.489 0.050 0.0046 1.35 0.167 Silt
SIC 0.40 0.01622 1.321 0.2430 0.481 0.111 0.0039 1.38 0.216 Silty Clay
SICL 0.46 0.00839 1.521 0.3425 0.482 0.090 0.0056 1.37 0.198 Silty Clay Loam
SIL 0.76 0.00506 1.663 0.3987 0.439 0.065 0.011 1.49 0.180 Silt Loam
SL 1.60 0.02667 1.449 0.3099 0.387 0.039 0.030 1.62 0.103 Sandy Loam

Johnson Ettinger Model (Version 3.1, 02/2044) Soil Property Look-up Table

10f1
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INTERMEDIATE CALCULATIONS SHEET

Vadose Vadose zone Vadose zone Vadose zone Vadose zone Total Air-filled Water-filled Floor-
Source- zone soil effective soil soil soil Thickness of porosity in porosity in porosity in wall
building air-filled total fluid intrinsic relative air effective vapor capillary capillary capillary capillary seam
separation, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter,
I-T eav Ste ki krg kv ch Nez ea,cz ew,cz Xcrack
(cm) (cm3/cm3) (cm3/cm3) (sz) (sz) (sz) (cm) (cm3/cm3) (cm3/cm3) (cm3/cm3) (cm)
| 265 [ 0322 [ 0000 [ 992E-08 ] 1.000 | 9.92E-08 | 17.05 0375 | 0.122 | 0.253 [ 4000 |

Johnson Ettinger Model (Version 3.1, 02/2044) Calculated Soil Properties based on Default Sand Soil Properties

10f1
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Chemical Properties for Supporting the VISL

2013 USEPA VISL Calculator - Chemical Properties p. 1 of 3

A B C [ D E T F G [ H | J [ K N M N 0
Henry's Law | Henry's Law Henry's Law Henry's Law
Pure Component Water Constant Constant @ | Constant Used in Constant @
| 3 | Molecular Weight Vapor Pressure Solubility MCL Henry's Law Constant @25°C @25°C? Tgw? Calcs Tgw_GW?
4 MW VP s (ug/L) Hc25 H25 HTgw HLC HTgw_GW
5 [CAS Alphabetized List of Compounds (gimole) source (mm Hg) source (mg/L) source (atm-m’/mol) source (unitless) (unitless) (unitless) (unitless)
52|79-01-6 Trichloroethylene 131.39 [ a 6.90E+01 | b 1.28E+03 | a 5 9.85E-03 | a 4.03E-01 1.87E-01 1.87E-01 4.03E-01
5 —
:E NOTE: Values not currently included in the chemical parameter Regional screening table (see footnote a) were derived following the hierarchy outlined in the Regional Screening Tal User's Guide.
1170 Available online at: http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/usersquide.htm
71
:Z2 a Based on values reported in the U.S. EPA Regional Screening Tables. June 2013.
1173 Available online at: www.epa.govireg isk/human/rb-cor i i htm
1174 b Experimental values. USEPA 2009. Estimation Programs Interface Suite™ for Microsoft® Windows, v 4.00. United States Environmental Protection Agency, Washington, DC, USA.
1175 Available online at: http://www.epa.govic i htm
1176 c USEPA 1996. Soil Screening Guidance. Attachment C: Chemical Properties for SSL Development. EPA540/R-96/018. July, 1996.
1177 d USEPA 2001. USEPA WATEROY, Version 2.0. United States Environmental Protection Agency, Research Triangle Park, NC, USA.
78 Available online at: http://www.epa.govi/ttn/chi water/index.html
:7_9 e Syracuse Research Corporation (SRC). 2005. PHYSPROP Database. SRC. Syracuse, NY. Te m pe ratu re Set to
80, Available online at: http://www.syrres.com/what-we-do/databaseforms.aspx?id=386 H
[181 f CRC Handbook of Chemistry and Physics, 76th Edition 10 Deg rees Ce|S| us
|182 g National Institute of Standards and Technology (NIST). Chemistry WebBook.
1183 Available online at: http://webbook.nist.gov/chemistry/
|184 h USEPA, 2001. FACT SHEET Correcting the Henry's Law Constant for Soil Temperature. Attachment.
|185] j Weast, Robert C. CRC Handbook of Chemistry and Physics 1984-1985, 65th edition. Pages F-62 through F-64.
| 186 k McKay, D., et al. Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals. Second Edition.
|187] kk Chemical-specific MSDS
|188| m These properties are not used for any calculations in the spreadsheet, but are included to maintain consistency with other spreadsheet tools that do use these properties.
|189] mm The Merck Index, 10th Edition
1190 n United States National Library of Medicine. National Institutes of Health. TOXNET Toxicology Data Network.
191 Available online at: http://toxnet.nim.nih.gov/
1192 nn Weiss, G. Hazardous Chemicals Data Book, Second Edition, Noyes Data Corporation, 1986.
1193 p DECHEMA Web Database, March 2003.
1194 q No chemical property information available for this chemical, although toxicity data are available.
|195] r California Environmental Protection Agency. Consumer Products Solvents Database. Entry for "Aromatic 150". 2004.
1196 Available online at: http://www.arb.ca.gov/db/solvents/solvents.htm
197 s Calculated as average of m-xylene, o-xylene, and p-xylene isomers.
|198| v Approximated using Tcrit = 1.5 x Tboil.
99| Note the "c" at the end of some sources indicates that the value presented in the table is converted from the value included in the reference source.
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Chemical Properties for Supporting the VISL

2013 USEPA VISL Calculator - Chemical Properties p. 2 of 3

A B P Q R [ s T [ U A X [ Y Z | AA AB__| AC AD | AE_JAH
Henry's Law Enthalpy of
Constant Used in Vapor vaporization at the| Organic Carbon
Calcs for GW- Pressure @ Critical normal boiling Partition Lower Explosive
| 3| 1A_calc Tgw? Diffusivity in air ™ Diffusivity in water ™ | Normal Boiling Point |  Temperature point Coefficient ™ Limit
4 HLC_GW VPTgw Da Dw Thoil Terit DH,p Koc LEL
CAS Alphabetized List of Compounds (unitless) (ug/m3) (cmzls) source (cmzls) source (°K) source (°K) source| (cal/mol) source (cm’/g) source | (% by vol) source
79-01-6 Trichloroethylene 4.03E-01 2.27E+08 6.87E-02 | a 1.02E-05 [ a 3.60E+02 | b 544E+02 [ h 751E+03| h 6.07E+01 [ a 8 [ N

T=[=[=[=]=]
@[N

T=T T T T T
|co|co|co|co|co|co|co|co|w S FFNFY N2 2|0l
N|O|O| B W[N|=|O|o|o|N[o o b» =

[188]

NOTE:

Values not currently included in the chemical parameter Regional screening table (see footnote a) were derived following the hierarchy outlined in the Regional Scre:
Available online at:  http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/usersquide.htm

Based on values reported in the U.S. EPA Regional Screening Tables. May 2013.

Available online at:  www.epa.govireq: Jman/rb-cor htm
Experimental values. USEPA 2009. Estimation Programs Interface Suite™ for Microsoft® Windows, v 4.00. United States Environmental Protection Agency, Washi
Available online at:  http://www.epa.gov/c i htm

USEPA 1996. Soil Screening Guidance. Attachment C: Chemical Properties for SSL Development. EPA540/R-96/018. July, 1996.
USEPA 2001. USEPA WATER®Y, Version 2.0. United States Environmental Protection Agency, Research Triangle Park, NC, USA.
Available online at:  http:/www.epa.gov/ttn/chi water/index.html
Syracuse Research Corporation (SRC). 2005. PHYSPROP Database. SRC. Syracuse, NY.
Available online at:  http://www.syrres.com/what-we-do/databaseforms.aspx?id=386
CRC Handbook of Chemistry and Physics, 76th Edition
National Institute of Standards and Technology (NIST). Chemistry WebBook.
Available online at:  http://webbook.nist.gov/chemistry/
USEPA, 2001. FACT SHEET Correcting the Henry's Law Constant for Soil Temperature. Attachment.
Weast, Robert C. CRC Handbook of Chemistry and Physics 1984-1985, 65th edition. Pages F-62 through F-64.
McKay, D., et al. Handbook of Physical-Chemical Properties and Environmental Fate for Organic Chemicals. Second Edition.
Chemical-specific MSDS
These properties are not used for any calculations in the spreadsheet, but are included to maintain consistency with other spreadsheet tools that do use these prope;
The Merck Index, 10th Edition
United States National Library of Medicine. National Institutes of Health. TOXNET Toxicology Data Network.
Available online at:  http://toxnet.nim.nih.gov/
Weiss, G. Hazardous Chemicals Data Book, Second Edition, Noyes Data Corporation, 1986.
DECHEMA Web Database, March 2003.
No chemical property information available for this chemical, although toxicity data are available.
Callifornia Environmental Protection Agency. Consumer Products Solvents Database. Entry for "Aromatic 150". 2004.
Available online at:  http:/www.arb.ca.gov/db/solvents/solvents.htm
Calculated as average of m-xylene, o-xylene, and p-xylene isomers.
Approximated using Tcrit = 1.5 x Tboil.
Note the "c" at the end of some sources indicates that the value presented in the table is converted from the value included in the reference source.
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Chemical Properties for Supporting the VISL

2013 USEPA VISL Calculator - Chemical Properties p. 1 of 3

A B AG
13
4
5 [CAS Alphabetized List of Compounds Alternative Chemical Name 1
52|79-01-6 Trichloroethylene
6
:E NOTE:  :ning Tables User's Guide.
7
[i71
[172 a
[173
1174 b igton, DC, USA.
[175
1176 c
177 d
[178
[179) e
[180
161 f
182 g
[183
184 h
15| i
16| k
[167] Kk
|188| m ties
[169) mm
[190 n
101
[192 nn
[193 P
[194 a
[195] r
[196]
[1o7] s
[198] v
99|
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Target Soil Gas
Concentration for

TCE

APPENDIX D.2- MDEQ Remediation and Redevelopment Division
INDOOR AIR, SOIL GAS, GROUNDWATER, AND SOIL SCREENING VALUES FOR THE VAPOR INTRUSION PATHWAY

NONRESIDENTIAL LAND USE

N INDOOR AIR SOIL GAS GROUNDWATER SOIL
Vapor Intrusion Shallow Soil .
\ Gas (sub-slab) Screening Vapor Intrusion Vapor Intrusion .
Chemic Vapor Intrusion Indoor Air Levelsy, Vapor Intrusion Deep Soil Groundwater Shallow Vapor Intrusion
Abstract : . . Groundwater Soil Screening
Hazardous Substance, Service Screening Levels, (Samples collected less than || Gas Screening Levels, Screening Screening Levels,,
Number or equgl t.o 15 meter§ bgs or Levelsyy Levelsq,
building foundation) '
\6VI-nr SGVI-SS-nr SGVI-nr GWVI-nr GWVI-sump nr SVl-nr
(ugim®) [\ (PPbV) (ug/m®) (ppbv) e (ug/m®) (ppbv) e (ug/L) (ug/L) (ug/kg)

1,2,4,5-Tetrachlorobenzene 95943 4.40E+00 NJ0E-01 5.80E+02 6.30E+01 5.80E+03 6.30E+02 2.00E+02 2.00E+00 t 1.39E+04
2,3,7,8-Tetrachlorodibenzo-p-dioxin 1746016 3.10E-06 2.2&5\07 4.10E-04 3.00E-05 4.10E-03 3.00E-04 2.90E-03 3.00E-05 d 7.30E+01
1,1,1,2-Tetrachloroethane 630206 1.80E+01 2.60E+00\ | 2.50E+03 3.40E+02 2.50E+04 3.40E+03 3.50E+02 1.00E+00 t 2.92E+02
1,1,2,2-Tetrachloroethane 79345 2.40E+00 3.30E-01 Y\ 3.10E+02 4.30E+01 3.10E+03 4.30E+02 3.00E+02 1.00E+00 t 2.30E+02
Tetrachloroethylene 127184 1.80E+02 2.50E+01 | R .30E+04 3.30E+03 2.30E+05 3.30E+04 4.60E+02 5.00E+00 d 1.03E+03
Tetrahydrofuran 109999 7.90E+01 2.50E+01 1.00E+04 3.40E+03 1.10E+05 3.40E+04 5.20E+04 9.00E+01 t 1.14E+04
Tetranitromethane 509148 9.10E-03 1.10E-03 1.20E3Q0 1.40E-01 1.20E+01 1.40E+00 1.00E+02 t 1.00E+02 t 5.00E+02 t
Toluene 108883 2.20E+04 5.50E+03 2.90E+06\ |  7.40E+05 2.90E+07 7.40E+06 1.50E+05 1.00E+03 d 1.69E+05
Tributylamine 102829 3.10E+01 3.80E+00 4.10E+03 |\ 5.10E+02 4.10E+04 5.10E+03 8.90E+03 8.90E+00 ID
1,2,3-Trichlorobenzene 87616 1.20E+02 1.50E+01 1.60E+04 “R00E+03 1.60E+05 2.00E+04 4.40E+03 5.00E+00 t 7.58E+04
1,2,4-Trichlorobenzene 120821 1.80E+01 2.20E+00 2.30E+03 3.00E+02 2.30E+04 3.00E+03 5.70E+02 7.00E+01 d 5.86E+03
1,1,1-Trichloroethane 71556 2.60E+04 4.60E+03 3.50E+06 6.10E-85 3.50E+07 6.10E+06 7.10E+04 2.00E+02 d 6.66E+04
1,1,2-Trichloroethane 79005 8.50E+00 1.50E+00 1.10E+03 2.00E+02\”g 1.10E+04 2.00E+03 4.80E+02 5.00E+00 d 3.65E+02
Trichloroethylene 79016 8.80E+00 1.50E+00 1.20E+03 210E+02 T[I* 1.20E+04 2.10E+03 4.10E+01 5.00E+00 d 5.00E+01 t
Trichlorofluoromethane 75694 2.50E+05 4.20E+04 3.30E+07 5.60E+06 3.30E+08 5.60E+07 1.20E+05 1.20E+02 1.18E+05
1,1,2-Trichloro-1,2,2-trifluoroethane 76131 8.50E+04 1.10E+04 1.10E+07 1.40E+06 1.10E+08 1.40E+07 7.50E+03 7.50E+00 341E+04
2,2,4-Trimethyl pentane 540841 1.50E+04 3.10E+03 2.00E+06 4.20E+05 2.00E+07 4.20E+06 2.30E+02 5.00E+01 t 4.30E+03
1,2,3-Trimethylbenznene 526738 9.60E+02 1.90E+02 1.30E+05 2.50E+04 1.30E+06 2.50E+05 1.00E+04 1.00E+01 5.35E+04
1,2,4-Trimethylbenzene 95636 9.60E+02 1.90E+02 1.30E+05 2.50E+04 1.30E+06 2.50E+05 7.30E+03 7.30E+00 3.69E+04
1,3,5-Trimethylbenzene 108678 9.60E+02 1.90E+02 1.30E+05 2.50E+04 1.30E+06 2.50E+05 5.10E+03 5.10E+00 2.79E+04
tris(2,3-Dibromopropyl)phosphate 126727 2.60E-01 8.60E-03 3.40E+01 1.10E+00 3.40E+02 1.10E+01 5.50E+02 1.00E+01 t 4.28E+04
Vinyl acetate 108054 8.80E+02 2.40E+02 1.20E+05 3.20E+04 1.20E+06 3.20E+05 8.00E+04 1.00E+02 t 1.44E+04
Vinyl chloride, 75014 3.10E+01 1.20E+01 4.10E+03 1.50E+03 4.10E+04 1.50E+04 5.20E+01 2.00E+00 d 4.00E+01 t
Xylenes 1330207 4.40E+02 9.60E+01 5.80E+04 1.30E+04 5.80E+05 1.30E+05 1.00E+04 | d 1.00E+04 d 4.89E+03
Footnotes:

a) Part 201 hazardous substances without inhalation toxicity values at this time are not included in this table.
b) The IAVI and SGVI presented in this table are health-based values. The applicable IAVI and SGVI are based on the higher of the health-based value and the appropriate analytical reporting limit.
c) Conversion from ug/msto parts per billion by volume (ppbv) uses this equation: ppbv = ([ug/ms] X (283.15°K)) / (12.187 x Molecular Weight(g/mol))

d) If the calculated criterion is below State of Michigan Safe Drinking Water Standard established pursuant to Section 5 of 1976 PA 399, MCL 325.1005, the criterion defaults to the Safe Drinking Water Standard.

Page D.2-4

Prepared by Remediation and Redevelopment Division
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Determination of Average Shallow Groundwater Concentration

Normalized
Location Concentration Concentration
(See Supporting Drawing Mark-Ups) (ug/L) Area (ft"2) Percent of Area (ug/L)
Corner near MW-01s 2200 4,115 3.2% 70.4
2000 3,999 3.1% 62.2
1800 5,173 4.0% 72.4
1600 6,295 4.9% 78.4
1400 8,716 6.8% 94.9
1200 12,558 9.8% 117.2
1000 Contour 1000 10,456 8.1% 81.3
900 13,730 10.7% 96.1
700 27,512 21.4% 149.8
500 19,656 15.3% 76.5
300 12,165 9.5% 28.4
SE corner 100 4,166 3.2% 3.2
Total 128,541 100.0% 931

Average Shallow
GW Concentration
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SPawlukiewicz
Distance Measurement
120 ft

SPawlukiewicz
Area Measurement
129842.16 sq ft�

SPawlukiewicz
Area Measurement
4114.91 sq ft�

SPawlukiewicz
Area Measurement
3999.27 sq ft�

SPawlukiewicz
Area Measurement
5172.53 sq ft

SPawlukiewicz
Area Measurement
6294.63 sq ft

SPawlukiewicz
Area Measurement
8715.85 sq ft

SPawlukiewicz
Area Measurement
12558.33 sq ft

SPawlukiewicz
Area Measurement
10456.49 sq ft

SPawlukiewicz
Area Measurement
13729.51 sq ft

SPawlukiewicz
Area Measurement
27511.98 sq ft

SPawlukiewicz
Area Measurement
19655.98 sq ft

SPawlukiewicz
Area Measurement
12165.32 sq ft

SPawlukiewicz
Area Measurement
4166.29 sq ft


Appendix C
System Curve Calculations

Tecumseh Products Company TRC Engineers Michigan, Inc.
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Results you can rely on _

Technical Memorandum

Date: November 15, 2013

To: Project File

From: Stacy Metz

cc: Dave McKenzie and Scot Pawlukiewicz

Project No.: 207339.0000, Phase 1

Subject: Perimeter Soil Vapor Extraction Design Calculations — System Curve and Blower
Selection

Summary and Goal

Develop system curves for the proposed perimeter soil vapor extraction (SVE) system, so that those
system curves may be used to assist with blower selection and design of the blower enclosure and
carbon treatment system. The proposed SVE blower, treatment system and associated appurtenances
may be used for both the perimeter SVE system and the southern source area SVE system. Therefore
system curves were developed for two different operating scenarios:

n  Only the perimeter SVE system operational; and

n  The perimeter SVE system and a hypothetical southern source area SVE system operating
simultaneously such that perimeter SVE system operates near the minimum target flow rate, and
the balance of system flow originates from the southern source area (combined SVE system).

The SVE system curve is a function flow rate and vacuum loss. Total system losses under each
scenario are the sum of 1) vacuum loss at the well, 2) vacuum loss in the piping, 3) vacuum loss in the
blower enclosure, and 4) pressure drop across the carbon. The perimeter SVE system curve is
provided in Chart 1 and the system curve for the combined SVE system is provided in Chart 2.

System Design Parameters
n  Well design
— Each extraction well is teed approximately 2-feet below ground surface.

—  Extraction piping will extends horizontally from the extraction well to the nearest
header pipe.

X:\WPAAM\PJT2\207339\000001\ APPENDIX C_TM_OPERATING POINT CALCS.DOCX
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Technical Memorandum

The horizontal connection between the well and the header is equipped with a butterfly
valve to control and balance flow.

n  The extraction well and piping layout of the perimeter SVE system is shown on the attached
Figure and summarized below:

The perimeter SVE system has 2 header pipelines, Header S1 and Header S2.

The north-south pipeline, Header S1, has 3 extraction wells (SVE-S01 through SVE-503)
The north-south pipeline will be composed of 4-inch diameter Schedule 80 PVC pipe.
The north-south pipeline will have a total length of 180 feet.

The east-west pipeline, Header S2, has 7 extraction wells (SVE-S04 through SVE-510).

The east-west pipeline will be composed of a combination of 4-inch and 6-inch diameter
Schedule 80 PVC pipe.

The four wells furthest east (SVE-S07 through SVE-510) will feed into the 4-inch portion of
Header S2, and extraction wells SVE-504 through SVE-S06 will feed into the 6-inch
portion of Header S2.

The east-west pipeline will have a total length of 560 feet, including 260 feet of 6-inch
diameter pipe and 300 feet of 4-inch diameter pipe.

n  The hypothetical extraction well and piping layout of the southern source area SVE system was
developed for planning purposes. The draft layout which was developed based on passive soil

gas survey results, is sketched on Figure 1.

The southern source SVE system will have a minimum of 2 header pipelines.
The southern source SVE system will have eleven extraction wells.
Extraction wells will be located, at most, 580 feet from the blower enclosure.

The worst-case source area pipeline will be composed of a combination of 4-inch and
6-inch diameter Schedule 80 PVC pipe.

The three furthest wells will feed into the 4-inch portion of worst-case header pipeline,
and three additional extraction wells will feed into the 6-inch portion of the worst-case
header pipeline.

The worst-case header pipeline will have a total length of 580 feet, including 260 feet of
4-inch diameter pipe and 320 feet of 6-inch diameter pipe.

n System flow

Flow within each of the perimeter SVE extraction wells will be approximately equivalent,
e.g. balanced.
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—  Flow within each of the source area SVE extraction wells will be approximately
equivalent, e.g. balanced.

— The calculated minimum target air flow for the perimeter SVE system is 245 cubic feet per
minute (CFM).

—  If both the perimeter and source area SVE systems are operated simultaneously, air flow
from the source area will be maximized and air flow from the perimeter SVE system will
be maintained near the calculated minimum target air flow. Actual air flow from the
perimeter SVE system under this scenario is assumed to be 260 CFM, slightly greater than
minimum target air flow (to allow for minor variations in flow).

Step 1 - Determine Loss at the Well

Assumptions and Design Parameters
—  Wells will be constructed with the same materials as the wells in the northern SVE system.

— Soil parameters are similar between the northern SVE system and the perimeter/southern
SVE system.

— Perimeter SVE Wells:

§  Well will be screened near the water table from approximately 4.5 feet above the top
of the high water table to the low water table for a total screen length of 7 feet.

8  Unsaturated screened thickness is assumed to be 5 feet.
— Southern Source Area SVE Wells:

§  Well will be screened near the water table from approximately 9.5 feet above the top
of the high water table to the low water table for a total screen length of 12 feet.

8  Unsaturated screened thickness is assumed to be 10 feet.

— Vacuum loss at the well is inversely proportional to screen length, e.g. with an
unsaturated screened length of 5 feet compared to 10 feet in the north the vacuum loss
will be two times higher.

—  P-Building SVE system extraction wells have a 10-foot unsaturated screened interval.

Calculation

Vacuum and flow measurements are collected at each of the northern SVE system wells
(SVE-01 through SVE-07) on a quarterly basis. As noted above, vacuum loss at the proposed
wells to be installed in the perimeter and southern SVE systems are expected to be similar.
Field data from the second quarter 2013 and the third quarter 2013 were used to plot observed
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vacuum loss at the well, AV, yr,,.;;, as a function of flow at the well, Qwen ( Chart 3). Microsoft
Excel was used plot a best fit line and to determine the equation of that line:

AVip'wen = 0.031Quey +0.2944
Vacuum loss at the well is assumed to be inversely proportional to screen length. Therefore:
AVperimeter—wetl = AVs'ywen = 28V1g1yey = 0.062Qye; + 0.5888
AVsource-wett = AVig'wen = 0.031Quey +0.2944

Microsoft excel was used to calculate vacuum loss at the well at various different system flow
rates, Qsystem, at intervals of 150 CFM from 300 CFM to 1800 CFM for each of the operating
scenarios.

For the perimeter system, which has 10 wells:

_ ststem
well ™ 10 wells

For the simultaneous operation of the perimeter and southern source systems:

ststem = Qperimter + Qsource

Qperimter =260 CFM

Therefore,
Qweli-perimeter = % =26 CFM
wells
And
Qsource = Qsystem — Qperimter = Qsystem — 260 CFM
And

Q — Qsource — (ststem — 260 CFM)
well—source 11 wells 11 wells

Vacuum loss was calculated for both the perimeter wells and the source area wells, as
described above. The worst case (higher) vacuum loss was used to develop the system curve.
Vacuum loss at the well is plotted as a function of flow on Chart 1 (perimeter) and Chart 2
(combined).
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Step 2 - Determine Loss in System Piping

Assumptions and Design Parameters

The perimeter SVE system will be constructed as shown on the proposed SVE system
layout (See attached figure).

For the perimeter SVE system, the worst case header pipe is Header S2 (east-west pipeline
which includes 7 of the 10 proposed wells and extends in an approximately straight line

from just west of monitoring well MW-01s to the east 560 feet [260 feet with a diameter of
6-inches and 300 feet with a diameter of 4-inches]).

For the combined SVE system, the worst case header pipe depends on the total system
flow. Atlow flow (e.g. where approximately 50-percent or more of the total flow is from
the perimeter system) the worst case header pipe is Header S2 (as described above). At
higher flows, a greater proportion of the total flow is directed through the hypothetical
source area system and the worst-case header becomes the source area header which
includes 6 of the 11 source area wells, and extends approximately 580 feet to the
northwest [320 feet with a diameter of 6-inches and 260 feet with a diameter of 4-inches].

The density (d) of air is assumed to be 1.21 kg/m?.

The viscosity (u) of air is assumed to be 1.82 x 10 kg/(m*s)

The specific roughness constant (¢) for PVC is assumed to be 1.50 x 10-¢ m.

Calculation

The total piping vacuum loss was calculated as the sum of vacuum loss from each segment of
system piping, where each segment represents a different flow volume. Piping losses for each
segment are calculated as a function of flow (Qpipe), pipe diameter (D) and pipe length (L)

(including equivalent lengths due to minor losses).

Equivalent Lengths for Sources of Minor Losses are Summarized Below:

Minor Loss Source 4-Inch Diameter Pipe 6-Inch Diameter Pipe

90 deg. Elbow 2.93 4.42
Tee (str. Thru) 1.96 2.95
Tee (Branched) 5.84 8.79
Gate Valve 0.78 1.18
Globe Valve 33.11 49.85
Butterfly Valve 4.38 6.60
Expansion 1.51 2.27
Contraction 0.78 1.18
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Vacuum loss through the system piping was calculated as follows:

fxLx vZxd
2D

The air velocity, v, in the system piping is calculated as a function of flow (Qpip):

Qpipe _ Qpipe

V'~ Internal Area _— (D2/4)

The friction factor, f, is calculated empirically:

0.25
e/ 5747\
oo |47+ [2:%)

Note the parameters e and D must be in the same units for this relationship to be valid.

f:

The Reynolds Number (Re) is calculated as a function of pipe diameter (D), velocity (v), fluid
density (d) and fluid viscosity (u):

Dxvxd
Re=——
u

Microsoft excel was used to calculate vacuum loss in the piping for both the perimeter wells
and the source area wells, as described above. Vacuum loss at the well was calculated at
various different system flow rates, Qsystem, at intervals of 150 CFM from 300 CFM to 1800 CFM
for each of the operating scenarios. For each operating scenario, the worst case (higher)
vacuum loss was used to develop the system curve. Vacuum loss through the system piping
is plotted as a function of total system flow on Charts 1 (perimeter) and 2 (combined).

Step 3 - Determine Loss in Blower Enclosure

Assumptions

Blower enclosure design (and vacuum losses) will be similar to the design for the P-Bulding
SVE system blower enclosure. SVE system conveyance pipe headers may enter the blower
enclosure at one of five inlet points. Flow through the blower enclosure is modeled to proceed
as follows:

— SVE conveyance pipe (up to 5 total)

— 4-to 6-inch diameter (sized to match conveyance pipe) flexible hose (up to five total)
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— Inlet Line (5 total)
§  3-inch Schedule 80 PVC
8  4-inch diameter flexible hose
8  4-inch diameter Schedule 80 PVC
—  8-inch diameter Schedule 80 PVC Header
— 120 gallon air-water separator tank
—  6-inch diameter Schedule 80 Steel
— Air filter
—  8-inch diameter Schedule 80 PVC Header
— SVE Blower
— Silencer
— 4-inch diameter Schedule 80 Steel Pipe
—  6-inch diameter Schedule 80 Steel Stack
—  8-inch diameter flexible hose
— vapor phase carbon vessel;
—  8-inch diameter flexible hose
— vapor phase carbon vessel;
—  8-inch diameter flexible hose
—  6-inch diameter Schedule 80 Steel Stack

Note: These assumptions are based on the actual P-Building system design. The actual size
and materials of construction may be modified to reduce losses through the blower enclosure.
These calculations provide a “worst-case” baseline for vacuum loss through the blower
enclosure.

Calculation

The total vacuum loss through the blower enclosure was calculated as the sum of vacuum loss
from each component/segment of the blower enclosure piping. Losses for each
component/segment are calculated as a function of flow through that portion of the system
piping (Qpipe), pipe diameter (D) and pipe length (L) (including equivalent lengths due to
minor losses). Minor losses due to some components (e.g. air filters, camlock fittings and
flexible hose) cannot be calculated based on text book correlations. Therefore piping lengths
including equivalent lengths were calibrated against start-up data provided by Proact from
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the P-Building SVE blower enclosure. Following calibration of the equivalent lengths for the
P-Building blower enclosure, vacuum loss through the proposed perimeter SVE system
blower enclosure was calculated as described in Step 2 above.

The total vacuum loss through the blower enclosure was calculated at intervals of 150 CFM
from 300 CEM to 1800 CFM. For each operating scenario, the highest flow (worst case) inlet
line was used to develop the system curve. Vacuum loss through the blower enclosure is
plotted as a function of total system flow on Chart 1 (perimeter) and Chart 2 (combined).

Step 4 - Determine Pressure Drop across Carbon

Assumptions
— Pressure drop across the carbon is a function of flow velocity and carbon bed height.

— The relationship between flow velocity and pressure drop per foot of carbon bed height
was provided by Schrader Environmental.

—  Physical parameters of the carbon are assumed to be:
§  Carbon will be vapor phase granular activated carbon (GAC) size 4x10 US.
§ Carbon is conservatively assumed to be densely packed.

§ Carbon density is assumed to be 37 pounds per cubic foot (based on a typical mass
of 2500 Ibs in the 4 foot diameter, 5.3 foot tall vessels installed in the north).

8  Total mass of carbon is assumed to be 7,500 lbs

— Two carbon vessels are assumed to have a capacity of 5000 lbs (5-foot diameter and
68-inch height).

Calculation

Schrader Environmental provided pressure drop (per foot of carbon bed height) data as a
function of flow velocity (v) through the carbon. These data were plotted using Microsoft
Excel and fitted with a second degree polynomial (Chart 4):

AP (inches of H,0) = (0.0004v2 + 0.0161v + 6x107°) x h

This equation described the pressure drop (AP) in inches of water is a function of flow velocity
(v) in feet per minute across a carbon bed having a height (1) measured in feet.
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Velocity through the carbon is calculated as a function of total flow (Qsystem) and the cross-
sectional area (A) of the carbon vessels:

— ststem — ststem
A T X (D 2 / 4)

Bed height is calculated as a function of the cross-sectional area of the vessels, the total mass of
carbon (m) and the carbon density (d):

m m 7500 lbs

= = = = 102ft
( /4) 37fl—12§ X T X [5 ft]2/4

h

Using the equation of the best fit line and the anticipated carbon bed height, the pressure drop
across the carbon was calculated at various flow velocities. Pressure drop across the carbon
treatment system was calculated at intervals of 150 CFM from 300 CFM to 1800 CFM for the
total system flow. Vacuum loss through the carbon treatment system was plotted as a
function of total system flow on Charts 1 (perimeter) and 2 (combined).

Step 5 - Develop Total System Curves for Each Operating Scenario

The total system curve for each operating parameter was determined by adding the vacuum loss or
pressure drop across each component of the SVE system. These data were graphed in Microsoft Excel
and fitted with a second degree polynomial:

For the perimeter only operating scenario:
AVyorqr = 7x107°Q2 + 0.0311Q
For the combined southern source and perimeter operating scenario:
AViorar = 5x107°Q% +0.0118Q

Where the total vacuum loss (AViwt) is measured in inches of water and total flow (Q) is measured in
CFM. System curves are plotted on Charts 1 (perimeter) and 2 (combined).
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Calculation Sheets
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Chart 1 - Perimeter SVE System Curve
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Chart 2 - Combined SVE System Curve
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Chart 3 - Vacuum Loss at Well (10-Foot Screen)
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Piping Loss - Perimeter SVE System
User Defined Parameters

|Tota| Number of Wells | 10

Layout of Worst Case Header Pipe

Segment A B C D E F G H I J
Length 100 80 80 80 75 75 70 0 0 0
Nominal Pipe Diameter 5.761 5.761 5.761 3.826 3.826 3.826 3.826 3.826 3.826 3.826
Number of segments served 7 6 5 4 3 2 1 1 1 1
Quantities

90 deg. Elbow 4 0 0 0 0 0 1 0 0 0
Tee (str. Thru) 1 1 1 1 1 1 0 0 0 0
Tee (Branched) 0 0 0 0 0 0 1 0 0 0
Gate Valve 0 0 0 0 0 0 0 0 0 0
Globe Valve 0 0 0 0 0 0 0 0 0 0
Butterfly Valve 0 0 0 0 0 0 1 0 0 0
Expansion 0 0 0 0 0 0 0 0 0 0
Contraction 0 0 0 0 0 0 0 0 0 0
References

Nominal Pipe Diameters

2-inch pipe 1.939

3-inch pipe 2.900

4-inch pipe 3.826

6-inch pipe 5.761




User Defined Parameters

Piping Loss - Southern Source (Hypothetical)

Total Number of Wells 21

Perimeter Wells 10

Southern SVE Wells 11

Minimum Flow - Perimeter SVE 260 CFM

Layout of Worst Case Header Pipe

Segment A B C D E F G H I J
Length 60 90 110 30 60 230 0 0 0 0
Nominal Pipe Diameter 3.826 3.826 3.826 5.761 5.761 5.761 3.826 3.826 3.826 3.826
Number of Wells Served 1 2 3 4 5 6 1 1 1 1
Quantities

90 deg. Elbow 1 0 0 0 0 4 0 0 0 0
Tee (str. Thru) 0 1 1 1 1 1 0 0 0 0
Tee (Branched) 1 0 0 0 0 0 0 0 0 0
Gate Valve 0 0 0 0 0 0 0 0 0 0
Globe Valve 0 0 0 0 0 0 0 0 0 0
Butterfly Valve 1 0 0 0 0 0 0 0 0 0
Expansion 0 (0] 0 (0] 0 (0] 0 0 0 0
Contraction 0 0 0 0 0 0 0 0 0 0
References

Nominal Pipe Diameters

2-inch pipe 1.939

3-inch pipe 2.900

4-inch pipe 3.826

6-inch pipe 5.761




User Defined Parameters

Max Number of Wells/Inlet Line 7
Number of Wells/Inlet 2 3
Number of Wells/Inlet 3 0
Total number of wells 10

Piping Loss Estimate - Based on Northern SVE Syste

Loss through Blower Enclosure - Perimeter SVE System

m Design, Values Calibrated against Proact Skid Test Data

Segment Inlet 1a Inlet 1b Inlet 1c Header a Header b Header c Air Filter Blower In 1 Blower In 2 Blower
Length 20 8 4 4 4 4 4 15 2 0
Nominal Pipe Diameter 3.826 2.900 3.826 7.625 7.625 7.625 5.761 7.625 3.826 3.826
Number of wells served 7 7 7 7 10 10 10 10 10 10
Quantities

90 deg. Elbow 0 0 1 0 0 1 1 4 1 1
Tee (str. Thru) 0 1 1 1 1 1 3 1 0 0
Tee (Branched) 0 0 1 0 0 0 3 0 0 0
Gate Valve 0 0 0 0 0 0 0 0 0 0
Globe Valve 0 0 0 0 0 0 0 0 0 0
Butterfly Valve 0 0 1 0 0 0 0 0 0 0
Expansion 0 1 1 0 0 0 1 0 0 0
Contraction 1 0 0 0 0 1 0 1 0 0
References

Nominal Pipe Diameters

2-inch pipe 1.939

3-inch pipe 2.900

4-inch pipe 3.826

6-inch pipe 5.761

8-inch pipe 7.625




User Defined Parameters

Max Number of Wells/Inlet Line 6
Number of Wells/Inlet 2 5
Total Perimeter Wells 10
Max Perimeter Wells/Inlet 3 7
Min Perimeter Wells/Inlet 4 3
Total number of southern wells 11

Piping Loss Estimate - Based on Northern SVE System Design, Values Calibrated a

Loss through Blower Enclosure - Southern Source (Hypothetical)

Additional Flow from Perimeter System

Inlet 3 =
Inlet 3 =

182
78

gainst Proact Skid Test Data

Segment Inlet 1a Inlet 1b Inlet 1c Header a Header b Header c Header d Air Filter Blower In 1 Blower
Length 20 8 4 4 4 4 4 15 15 2
Nominal Pipe Diameter 3.826 3.826 3.826 7.625 7.625 7.625 7.625 5.761 7.625 3.826
Number of South wells served 6 6 6 6 11 11 11 11 11 11
Quantities

90 deg. Elbow 0 0 1 0 0 0 1 1 4 2
Tee (str. Thru) 0 1 1 1 1 1 1 3 1 0
Tee (Branched) 0 0 1 0 0 0 0 3 0 0
Gate Valve 0 0 0 0 0 0 0 0 0 0
Globe Valve 0 0 0 0 0 0 0 0 0 0
Butterfly Valve 0 0 1 0 0 0 0 0 0 0
Expansion 0 1 1 0 0 0 0 1 0 0
Contraction 1 0 0 0 0 0 1 0 1 0
References

Nominal Pipe Diameters

2-inch pipe 1.939

3-inch pipe 2.900

4-inch pipe 3.826

6-inch pipe 5.761

8-inch pipe 7.625




Pressure Drop across Carbon Treatment System - Both Scenarios

Physical Parameters and User Input Values Relationship between Pressure Drop and Flow Rate Calculated Pressure Drop
Total
Pressure | Pressure
Flow Drop (in Drop
Pressure Drop (inches H20/ft Flow Rate| Velocity | H20)/ft | (inches
Carbon Vessels Features Flow Velocity (ft/min) carbon) (CFM) (ft/min) | carbon H20)
Diameter 5 ft 15 0.35 300 15 0.34 3.5
Height 5.6667 ft 30 0.8 450 23 0.58 5.9
Area 20 ftA2 45 1.5 600 31 0.87 8.9
Volume 111 ftA3 60 2.55 750 38 1.20 12.3
Number of Vessels 2 75 3.5 900 46 1.58 16.2
Physical Parameters of Carbon 89 4.7 1050 53 2.00 20.5
Mass of Carbon 7500 Ibs 104 6.2 1200 61 2.48 25.4
Density of Carbon 37 Ibs /ftA3 119 7.9 1350 69 3.00 30.7
Volume of Carbon 201 ftA3 * Data taken from chart provided by Schrader for Densely 1500 76 3.56 36.5
Height of Carbon 10.2 ft Packed Vapor Phase GAC (4x10 US) 1650 84 4.18 42.8
1800 92 4.84 49.5
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Chart 4 - Pressure Drop across Carbon Bed
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