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DoD
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FCS

ft
HDPE
in
ITRC
Jacobs
m

mm
Pa
ppm
psi
PVC
RTH
SFs
SFH
SSD
USACE
VI
VOC

ACRONYMS AND ABBREVIATIONS

American Society for Testing and Materials

core hole (for example, CHO8)
Department of Defense

U.S. Environmental Protection Agency

former communication site
feet
high density polyethylene

inch

Interstate Technology Research Council

Jacobs Engineering Group Inc.
meter

millimeter

pascal

parts per million

pounds per square inch
polyvinyl chloride

remote test hole

sulfur hexafluoride
single-family home

sub-slab depressurization

U.S. Army Corps of Engineers
vapor intrusion

volatile organic compound
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1.0 INTRODUCTION

A pilot scale study of sub-slab depressurization (SSD) systems was conducted in four duplexes
to determine if an SSD system could prevent potential future volatile organic compounds
(VOCs) from entering a housing duplex via vapor intrusion (VI) at Taku Gardens located on the
Former Communication Site (FCS) in Fort Wainwright, Alaska (Figure A-1). Jacobs
Engineering Group Inc. (Jacobs) conducted this study on behalf of the U.S. Army Engineer
District, Alaska (USAED) under the Environmental Remediation Services Contract W911KB-
06-D-0006, Task Order No. 07.

The pilot scale study was conducted from January to March 2011 to determine the effectiveness
and feasibility of installing an SSD system in all of the Taku Gardens duplexes to prevent VI,
should it ever be deemed appropriate in the future. The testing was conducted in the winter
months, as these represent the worst-case environmental and building conditions for VI potential.
The frozen winter ground increases the tendency of vapor phase contaminants to accumulate
under building footprints, as they move from high pressure (frozen ground) to low pressure
(aggregate in a building foundation). If a home is less pressurized than the ambient and
subsurface conditions, a negative pressure differential can be created between the interior of the
house (lower pressure) and the sub-slab material and surrounding soils (higher pressure). This
could induce the transport of contaminated vapors toward and into the structure. If this were to
occur, vapors could permeate through the foundation slab of the housing units, where building

occupants could come in contact with them.

This report was prepared to present the pilot scale test results, and recommendations for site wide

installation of SSD systems, should it ever become necessary at the FCS.

1.1 SUB-SLAB DEPRESSURIZATION SYSTEMS

The principal mechanisms that cause VOCs in soil vapor to migrate through the soil and into
buildings are diffusion and advection of vapors. Diffusion is the mechanism by which soil gas
moves from an area of high to low concentration due to an attempt to achieve equilibrium,

usually induced by concentration gradient. Grain size and moisture content have an impact on
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the rate of diffusion; high moisture content prohibits air movement and VOC migration and
small, compact grains typically have slower diffusion rates than larger, looser grains such as
sandy and gravely soil. Advective transport is the actual movement of the VOC vapors due to
differences in pressure. The advective properties of vapor cause it to move more easily through
routes of least resistance (i.e., preferential pathways) such as those created by coarser materials

used for sub-base materials, pipe beddings, or French drains.

The general principle of an SSD system is to remove volatile compounds that may be present in
soil gas before they can enter the home. It works by creating a pressure differential between the
interior of the building and the sub-slab environment, forcing air movement directly to the
suction point via advective transport. Active SSD involves inserting one or more suction pipes
into the aggregate or soil beneath a concrete slab, either vertically down through the slab from
the space above, or horizontally through a foundation wall below slab level from outdoors.
Suction is created in these pipes using a fan and then vented outdoors through the roof of the

building. A typical schematic of the system is presented in Figure A-9, Detail 2.

As proposed in the Former Communications Site Active Sub-Slab Depressurization Pilot Test
Work Plan (USAED 2010), SSD systems were installed and tested by measuring pressure
differentials and tracer gas concentrations using remote testing holes (RTH) in four duplexes on
the FCS. Interstate Technology Regulatory Council’s (ITRC) Technical and Regulatory
Guidance - Vapor Intrusion Pathway: A Practical Guidance (ITRC 2007) states that a pressure
differential of about 4 pascal (Pa) over the entire slab will prevent vapor intrusion. However, a
pressure differential of less than 4 Pa does not necessarily indicate that VI would occur.
Therefore, in addition to monitoring pressure, in accordance with the United States
Environmental Protection Agency (EPA) Technical Guidance (Third Edition) for Active Soil
Depressurization Systems (EPA 1993) and the Department of Defense VI Intrusion Handbook
(DoD 2009) an inert tracer gas, sulfur hexafluoride (SF¢), was introduced sub-slab in the second
phase of testing, and concentrations were monitored to demonstrate the system’s ability to
remove sub-slab gases. As stated in the DoD VI Guidance, “using tracer gases for evaluating

contaminant migration pathways is a subsequent step after using techniques such as air current
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tube test and pressure mapping; data from these initial techniques are needed to assist in

interpretation of tracer gas testing results.”

A system that maintained an adequate pressure differential (4 Pa) across the slab was considered
an effective system. However, if the SFs was actively removed during the tracer gas test, the
system was considered effective even if a pressure differential was not observed in all areas of a

slab (DoD 2009).

1.2 FOUNDATION CONSTRUCTION

The FCS duplexes are constructed using a slab on grade foundation. The slabs of the interior
portion of the duplexes were poured as a single slab with the garages being poured afterwards.
The slabs are approximately 4 inches thick with up to 4 feet of engineering aggregate beneath. In
addition to the standard slab, grade beams exist under each foundation. These beams consist of a
thickened slab, up to 10 inches, and are placed to support the second floor of the duplexes. Each
foundation plan has different grade beam placements with Unit E having the most and Unit D
having none. Utility lines, such water pipes and glycol lines, also exist under the slab within the
aggregate base. The floor plans with utility lines and grade beams are presented in Figures A-4

through A-7.

1.3 PROJECT OBJECTIVES

The overall objective of the pilot test was to determine if an SSD system could prevent potential
future VOCs from entering a housing duplex via VI. The activities supporting the primary
objective include:

e Install the SSD systems in the selected duplexes in Taku Gardens using two different

configurations (Figure A-2). Each system included one or two suction points and
approximately 20 RTHs per duplex.

e Perform baseline and active pressure differential testing in each test duplex. Data obtained
from these tests was used to determine if the system could effectively depressurize the entire
slab.

e Perform baseline and active tracer gas (SFe) testing in each test duplex. Data obtained from
these tests was used to determine if the system was able to effectively remove sub-slab gases.
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2.0 SUB-SLAB DEPRESSURIZATION SYSTEM INSTALLATION

There are many factors that can influence the number and positioning of SSD suction pipes

needed to effectively mitigate the potential for VI (EPA 1993). These factors include, but are not

limited to:

e The type of aggregate beneath the slab — finer soils with less aggregate may require more
suction points.

e Slab size — larger slabs may require more suction points.

¢ Building floor plans — suction pipes should be installed in unfinished areas or concealed areas
outside of normal traffic patterns to be less intrusive.

e Observed or reported slab utilities which could limit where penetrations could be made.

e Exterior driveways, patios, and walkways which would affect where below-grade
penetrations might be made from outdoors.

e Apparent entry routes through the slab including areas of extensive cracking; a block
structure toward the interior of the slab, which penetrates the slab and rests on footings
underneath; and perimeter block foundation wall that extends the deepest below grade in a
walk-out basement.

e Observed or reported sub-slab obstructions which divide the slab into segments, such as
interior footings.

Many of these factors, including separate garage slabs, interior footings, differing aggregates,
building floor plans, below-grade exterior and interior piping, and extensive cracking were
observed in the test duplexes. As discussed below, these factors did have an influence on how the
SSD systems were designed and their ability to maintain pressure differentials and remove

potential vapors.

Construction of the six SSD systems and associated RTHs in the four different duplexes (#1,
#17, #24, #48) (Figure A-2) occurred in February 2011. As presented in the Pilot Test Work Plan
and summarized in Table 2-1, these buildings were chosen because they best represent the
configuration of single-family homes (SFH) within the duplex units built on the FCS and would

enable evaluation of different SSD system configurations.
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Table 2-1
Pilot Test Duplexes

Duplex . Footprint . . . Remaining Debris
# Basic Layout Size (ft?) Pilot Test Configuration under slab
One single-story Single system originally with a
1 SFH and one 5,100 second system added after initial | Suspected
2-story SFH testing
Yes- visually identified
17 Two 2-story SFHs | 3,600 Single system during previous
excavations
Yes- visually identified
24 Two 2-story SFHs | 3,600 Two systems, one per SFH + during previous
Overlap Measurements .
excavations
Yes- visually identified
48 Two 2-story SFHs | 3,600 Two systems, one per SFH during previous
excavations

The design of the SSD systems is included in the Former Communications Site Active Sub-Slab
Depressurization Pilot Test Work Plan (USAED 2010). However, due to variables in field
conditions and testing equipment, there were deviations from the Pilot Test Work Plan and
testing approach. The exact installation of the systems and testing methodology is described in

detail below.

2.1 SYSTEM COMPONENTS

Each SSD pilot test system consists of one suction point, system piping, and associated RTHs.
The system piping, comprised of suction point piping and exhaust system piping, consisted of
perforated and solid 4-inch polyvinyl chloride (PVC) piping, one factory sealed radon fan, dryer
vent flex pipe, and high density polyethylene (HDPE) piping. Since these systems were
temporarily installed for the purpose of the pilot scale testing program, the dryer vent and HDPE
piping were attached to the fan and used as an exhaust system to vent the sub-slab air outside via
the garage. Should these systems be permanently installed, the exhaust system components and

design would be different and likely vent through the roof.

2.1.1 Collection Void Installation

A total of six suction points were installed initially for each SSD system pilot test. Prior to core

drilling, a concrete investigation using ground penetrating radar was performed to check each
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core location for utilities, rebar, and other hazards. The final location for each suction point and

potential nearby hazards were marked.

A 6-inch wet concrete core drill was used to core through the foundation slab to create the
suction point. The slab at each point ranged from 3 to 7 inches thick. After the core was drilled, a
collection void was created by using a shop vacuum to remove the excess aggregate. The initial
collection voids were 10 inches deep, however after initial vacuum tests were conducted the void
was deepened to increase potential sub-slab communication. The finished voids measured
approximately 12 inches in diameter and extended 24 inches below the bottom of the slab. The
sub-slab material observed in each collection void varied in composition (large round cobbles
with some fines to mostly fines with small rounded cobbles) (Appendix B, Photos No. 2, 4, and
13) and compaction. Some voids were easily made (e.g., the soils naturally sloughed into the
hole) while others took more effort, including the use of breaker bars to loosen prior to removal.
Observations while digging collection voids indicated that the aggregate tends to be more

compact in the garage storage room than those in the middle of the duplexes.

2.1.2 System Piping and Exhaust

After the void was made the piping for the suction point was installed. The piping consisted of a
10-inch piece of perforated 4-inch PVC, attached to a solid piece of 4-inch PVC with PVC
cement. Additional holes were drilled in the perforated section to increase the surface area of the
suction opening, thus reducing the pressure drop through the opening. Finally, a solid cap was

cemented to the perforated end and the piping was placed in the bottom of the void.

To seal the piping into the slab, foam was first placed around the piping and pushed to the
bottom of the slab to ensure that grout and sealant would not leak into the void and clog any of
the porous space (Appendix B, Photo No. 5). Once the foam was firmly in place and the piping
was level, a loose mixture of self-leveling grout was hand-placed around the suction pipe.
Finally, a sealant (Sikaflex”) was used to create an air tight seal between the slab and suction
piping (Appendix B, Photo No. 6). The suction point was allowed to set and dry for a minimum

of 24 hours prior to attaching a fan or vacuum.
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Exhaust systems were constructed for each suction point to ensure that the sub-slab air and
injected SF¢ did not become an indoor air hazard. Dryer vent flex piping was attached to the
suction piping and routed towards a section of HDPE piping on the floor of the garage door
(Appendix B, Photo No. 15 and Photo No. 19). The piping was then attached to a heating vent
and sealed under the partially open garage. Sub-slab air from Duplex #17, where the suction
point is located in the middle of the living room against the party wall, was vented through a
nearby window. The window was partially opened to allow the HDPE piping to run through and
blue board insulation was used to seal the window from the open air. A simple stand was made
to hold piping off the ground and allow for a better seal in the window (Appendix B, Photo
No. 15).

2.1.3 Remote Test Hole Installation

RTHs used for diagnostic purposes were evenly spaced across each duplex. Locations for each
RTH were selected based on the distance from the suction point and location in the living space.
They were drilled directly through to the bottom of the slab using a “roto-hammer” drill with a
Ya-inch bit. Care was taken to not drill past the bottom of the slab as drilling into the sub-slab
material would have created a preferential pathway for SFs and could have altered the results.
Once drilled, poly tubing was sealed in the holes using hot glue and a waterproof sealant (Seal-
All™). After the glue and sealant dried, the poly tubing was cut to measure 14 inches from the top
of the slab and a 5-inch piece of silicon tubing was added to the end. A stopper was then inserted

into the tubing of each RTH to ensure no air leakage during testing (Appendix B, Photo No. 10).

2.2 WASTE MANAGEMENT

A total of approximately 14 cubic feet of backfill material removed from under the duplexes as
part of construction activities was left on site. Used construction materials, personal protective
equipment (e.g., gloves, paper towels, etc.), and other investigation derived waste was disposed

of at the Fairbanks North Star Borough landfill.
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3.0 PILOT SCALE TEST PROCEDURES

In order to determine if the SSD systems would be effective at reducing potential VI, the SSD
pilot testing field activities included pressure differential and tracer gas testing, as described

below.

3.1 PRESSURE DIFFERENTIAL TESTING

The pressure differential test (communication test) is a diagnostic test used to evaluate the
potential effectiveness of an SSD system by applying a vacuum beneath the slab and measuring
the pressure differential at various locations across the slab. Three phases of pressure tests were

conducted after construction was completed:

1. A baseline test, without a fan connected, was used for comparison between natural sub-
slab conditions and conditions when the system was activated.

2. A shop vacuum, which is able to produce over 1000 Pa of suction, was connected to the
piping to check the initial sub-slab pressure field extension potentially induced by a
system over the slab from the suction point.

3. A radon fan, which is able to produce over 100 Pa of suction, was used to assess whether
an adequate pressure differential could be maintained across the entire slab.

All pressure communication tests were conducted using a TSI VELOCICALC® Multi-Function
Ventilation Test Instrument (a digital manometer) with pressures measured in Pa. A complete

discussion of these testing phases is provided below.

3.1.1 Baseline Tests

Prior to starting the communication tests, a baseline pressure differential check was performed.
The heat recovery ventilation systems were turned off for testing, and all of the RTHs were
checked to make sure they were properly sealed. Checking one RTH at a time, the stoppers were
removed and the micromanometer was attached (Appendix B, Photo No. 20). This meter was
allowed to sit for one minute while readings stabilized before the pressure differential was

measured.
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3.1.2 Shop Vacuum Tests

A shop vacuum has the potential to produce a pressure differential ten times greater than the
proposed radon fan. If there was little to no change in pressure seen with the shop vacuum, the

next phase of testing with the radon fans would have been pointless.

A pressure field extension test was conducted in each SFH by connecting the shop vacuum to the
suction point via an airtight rubber connection. After the shop vacuum had been running long
enough to allow for a consistent influence across the slab (approximately 10 minutes), pressure

differential measurements were taken by the method used during baseline testing.

3.1.3 Fan Tests

Once the shop vacuum test determined that an adequate amount of pressure communication
existed under the slab, a fan test was performed. The fan test was completed by using a
RadonAway™ GP501 fan—the fan proposed for the final system. The data collected from this
test was used to determine if the system was able to maintain an adequate pressure differential

across the entire slab.

To run this test, the fans were hooked to the systems and turned on. After ten minutes, pressure
differential measurements were collected. The fan was left running for 7 days and pressures were
checked periodically to determine if the pressure differential induced by the system varied or if

the effect immediately seen once the fan was turned on was the true radius of influence.

Overlap fan tests were also performed in Duplexes #1 and #24. During the overlap test one fan
was turned on at a time and pressure differentials measured across the slab. After the
measurements were taken with only one fan running at a time, both fans were turned on and
another set of pressure readings were taken. These tests were used to determine the effect at the

middle of the duplex when both systems were operating.
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3.2 TRACER GAS TESTING

To gain a better understanding of sub-slab air movement, an inert tracer gas (SF¢) was injected at
several points within the duplexes to measure the rate of removal with and without the SSD
system running. To determine if the system was pulling outside air or if the system simply had
no effect at that location, points where there was little to no pressure change observed during

pressure field fan and vacuum tests were selected for SFg injection.

3.2.1 Injection Methods

To perform the test, a small amount of tracer gas was injected into one point for one minute at a
pressure of one pound per square inch (psi). The concentration of sub-slab SF¢ was measured in
parts per million (ppm) with a SF¢ leak detector attached to the RTH tubing; readings were
allowed to stabilize for five minutes prior to recording. Initial and subsequent measurements over
a three-hour time period indicated levels too high (over 999.9 ppm) for the SF¢ meter to read.
Therefore, the injection was changed to a “burst” method to inject SF¢ into the RTHs. This
method entailed attaching the gas to the RTH tubing, turning the regulator on to 1 psi, and
applying the gas to the hole for five seconds. The Pilot Test Work Plan dictated that the tracer
gas concentration would be checked and recorded every 30 seconds for three days. However, the
concentration of SF¢ using this method was still above the instrument measurement range for at
least a few hours due to the purity (99.9%) of the SFe gas. Therefore, the gas was injected at least
12 hours (overnight) prior to the first measurements and the time between measurements was

modified to approximately 30 minutes.

3.2.2 Active Tracer Testing

Active tracer gas testing was used to determine if the system was able to actively remove SFg
from various points across the slab. Prior to injecting the gas, the radon fans were turned on and
allowed to run for at least 20 minutes. Tracer gas was then injected using the burst method in two
RTHs per SFH and the gas was left in the RTHs overnight with the systems turned on. After this
overnight active removal period, the SFs concentrations from the RTHs were measured. If
concentrations were above the detection limit of the meter (999.9 ppm) the concentrations were

monitored every hour until the concentrations were within range. Once the gas concentration was
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within detection range the SF¢ levels were checked every 30 minutes. In the cases where the SFg
was entirely removed in the 12 hour overnight active removal period the RTHs were re-injected
in the morning and monitored throughout the day. If the SF¢ concentrations showed a significant
decrease in the RTHs within 30 minutes, as was observed in the RTHs closer to the suction

point, the SFs measurement time increments were decreased.

3.2.3 Baseline Tracer Testing

After the active tracer gas tests were completed, the fans were removed and a baseline tracer gas
test was performed within each SFH. The results from these tests were used to determine the air
movement in natural sub-slab conditions. SFs was injected using the burst method and then
concentrations were checked in the morning. Due to the slow natural dissipation, baseline
concentrations were measured every twelve hours until 7 days after the initial injections or the

concentrations reached 100 ppm, whichever was shorter.
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4.0 EVALUATION OF PILOT TEST RESULTS

As discussed below, a positive pressure differential was maintained at the interior points of each
duplex. At locations where the target pressure differential was not obtained (e.g., external wall
RTHs), the SF¢ measurements indicated that operation of an SSD system could remove vapors
from under the slab at those locations within 24 hours. As discussed below and presented in
Appendices A and C, the pressure differential tests indicated that there were many factors that
influenced the sub-slab communication including type of sub-slab material, location of utility

chases, and other building features.

4.1 INFLUENCING FACTORS

The radius of influence can be greatly affected by the type of sub-slab material. The soils used as
fill under the duplexes varied from a very coarse aggregate with large round stones (Appendix B,
Photo No. 2) to a pit run material consisting of mostly fines and some rounded aggregate stone
(Appendix B, Photo No. 4). Also, as is typical for laying utility lines, the pipe beds are lined with
a finer bedding material. These materials, which have more void spaces than native material or
other more loam sub-base materials, enable a larger radius of influence to be created by

operation of the SSD system and create preferential pathways.

At times a greater radius of influence was observed due to the presence of other preferential
pathways (e.g., pipe chases, porous material surrounding internal footings, French drains). Other
than the French drains, which surround each of the duplexes tested, these potential preferential
pathways are shown in Figures A-4—A-7. Additionally, if a less porous material was present
(e.g., finer soils, foundation walls) the preferential pathway may be impeded and the radius of
influence decreased. Common pressure communication trends can be seen in similar building
foundation plans. Three types of SFHs were tested during the pilot test including Units C, D, and
E. In general, more grade beams in a foundation plan made the direct radius of influence less but
increased the number of preferential pathways under the slab. These grade beams will play an

important role in designing a final SSD system should one ever become necessary in the future.

I:\ERS-UR\TO07-Taku Gardens RA\WP\Pilot Study\Report\SSD Report Draft.doc  4-1 AKERS-UR-05F507-J22-0012
DRAFT
6/27/2011



Examples of the trends produced by preferential pathways are presented in Table 4-1, which
compares the test results and specific information obtained from six RTHs and are summarized
below. The six RTHs presented in Table 4-1 are all located in similar locations within the
duplexes, with at least one point from each foundation plan, and were used to compare the
differences between the foundation plans and duplexes. A complete data set of all tests and

results is located in Appendix C.

In general, RTH distances between 20 and 35 feet from the suction point produced very low
active pressure differentials near 0.0 Pa. However, the active tracer gas tests indicated that SFg
was removed from the RTHs in less than 24 hours in all instances although the exact rates varied.
Rationale for differences between the SF¢ removal rates and the low pressures seen in these

RTHs is discussed in detail below.

4.1.1 Pressure Differentials

As shown in Table 4-1, overall, the pressure differentials obtained in the compared RTHs were
very low, indicating that the fan had little to no effect depressurizing the slab at these locations.
Negative pressure differentials indicate that the sub-slab was more positively pressurized than
the interior. These consistently low pressure differentials indicate that there are likely no
preferential pathways to these points that are located in corners away from the suction point and
other sub-slab utility lines. Increased pressure differentials, seen in other RTHs, were due to co-
location with utility chases and interior grade beams which were creating preferential pathways.
Additionally, the low pressures measured in points located on the exterior walls indicate that the
French drain is affecting the ability of the system to fully depressurize the slab. As compared to
native soil, the cobbles in French drains are a much more porous material and thus a complete
seal around the foundation walls and building slab cannot be made. Rather, the French drain
creates a pressure sink towards which the vapors would migrate. To determine if the SSD could
induce sufficient air flow under the slab at these external points, these RTHs were chosen for

tracer gas evaluation (SF¢ injection).
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Table 4-1

Examples of Influencing Factors

Building 48 1 17 24
Unit Type E C D E E
Remote Test Hole CHO04 CH54 CHO8 CH43 CH37 CH16
Pressure Baseline -2.9 -1.8 -5.4 -1.1 -1 -1
Differential (Pa)' | Active 1.4 0.6 0.4 2.4 1.1 0.4
Time Elapsed - Baseline 23.8 99.0 128.6 72.6 37.6 55.8
200 ppm SF¢ Active 13.0 19.9 6.2 15.1 12.8 21.5
concentration
(hours)2
Sub-Base Material® e Poorly sorted aggregate with small rounded stones. o Coarse aggregate o Well sorted e Poorly sorted

o Approximately 80% fines.

with large sub-
rounded stones.

aggregate with
medium rounded

aggregate with
small rounded

o Very little fines. stones. stones.
o Approximately e Approximately
50% fines. 80% fines.

Other Features e Suction point e Suction point e Suction point o Near garage. e Suction point e Suction point
enclosed by enclosed by was not e Located on enclosed by enclosed by
interior grade interior grade completely interior of interior grade interior grade
beams. beams. enclosed by building. beams. beams.

e Located on an e Located next grade beams. e Located on an e Located on an
exterior wall near to party wall. e Located on an exterior wall near exterior wall near
French drain. exterior wall French drain. French drain.

near French
drain.
Rationale e Small SSD e RTH on o Air flow e RTH on opposite e More porous e More fines in
effect. interior grade through sub- side of garage aggregate. aggregate.

e Direct beam. slab material from suction e Point on north ¢ Point on north side
communication ¢ No influence only (no point. side of building. of building but
with French from French internal e More compact e Complete seal of protected.
drain. drain for "barriers"). under aggregate French drain with e Partial seal of

e Exterior point on natural effecting active snow. French drain.
south side of the removal. removal.

building.

Notes:

Pressure Differential = interior pressure minus sub-slab pressure (Pa).

2Time elapsed (in hours) to 200 ppm calculated by equations of trendlines produced by graph.

3 Soil type based on sub-base material removed from suction point in each duplex.
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4.1.1.1 Effect of French Drain

In general, under natural conditions, the SF¢ completely dissipated during baseline tests in a
minimum of 3 days. However, SF¢ dissipated from RTH-CHO4, which is located on the south
side of Duplex #48 in the corner of the right family room, after only 25 hours in baseline tests.
During the active fan testing at this hole, the tracer gas was removed in approximately half the
time as compared to the baseline tests even though the pressure tests showed that very little
pressure differential (0.1 Pa) was induced at this point. This active removal rate is similar to
RTHs in the same location in different duplexes however the baseline removal rate was 3 times
faster than similarly placed RTHs. This indicates that not only was SF¢ being actively removed
by the SSD system but it was directly interacting with outside air via the French drain
(Appendix B, Photo No. 16). Based on the laws of diffusion and advection, vapors would move
directly outwards towards the path of least resistance. Although French drains surround all of the
buildings on Taku Gardens this was the only duplex tested where the south facing French drain
was completely free of snow and ice creating a direct pathway with the outside air. This trend
seen in RTH-CHO04 may be similar to what can be seen in the summer months when the ground
is thawed and there is no snow or ice. In this case, although the SSD system does not create an
adequate pressure differential at this building corner, the potential for VI throughout the entire
building does not exist because the vapors would likely migrate out from under the building into

the ambient (outside) air.

4.1.2 Tracer Gas Test Results

To gain a better understanding of sub-slab air movement, baseline and active tracer gas tests
were compared for these six RTHs. As shown in Graphs 4-1-4-6, the use of the SSD system
significantly increased the SF¢ removal rates in all six cases. Measurements during the active test
indicated that the SF¢ was removed up to 20 times faster when the system was active as
compared to baseline measurements when the system was off. With this increased removal rate
tracer gas was completely removed in less than 24 hours whereas, when injected for baseline

measurements a minimum of 3 days was needed before the tracer gas was completely dissipated.
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Graph 4-1
SF¢ Removal Rate — RTH04
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SF¢ Removal Rate — RTH08
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Graph 4-3
SF¢ Removal Rate — RTH54
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Graph 4-4
SF¢ Removal Rate — RTH43
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Graph 4-5
SF¢ Removal Rate — RTH16

SF¢ Removal Rate: Baseline vs. Active

Time BElapsed (h:mm:ss)

—e— Active —m— Baseline

Duplex #24 - RTH16
900
800 -
— 700 -
3
2 600 - Active
5 500 y = -3802.9Ln(x) + 21318
£ : R? =0.9472
S 400 -
e
g 300 -| Baseline
5" 200 4 y = -554.3Ln(x) + 3806.8
R% =1
100 -
0
o O O O O O O O O O O o o o o o o o
S 99 99 9 9 9 92 99 S 9 S 9 9 9
nu O v O v O u O uvu O v O uw O u o u o
< B A= o B e B S =T B Y A = T B BV S B
O N IO 0O «~ M O OO N < ~~ O M B 0O « < ©
- - = — N N N O OO O 0O - < <
Time Blapsed (h:mm:ss)
—e— Active —m— Baseline ‘
Graph 4-6
SF¢ Removal Rate — RTH37
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Pressure differential measurements from the RTHs compared in Table 4-1 were all similar
(0.0-2.4 Pa) indicating there were no unexpected preferential pathways to these locations;
however there was still variability within the tracer gas removal rates. To determine which
factors were the driving forces behind these removal rates, test results obtained at similar
building location RTHs were compared. To enable true comparisons, the removal rate trendline
equations generated at each RTH were used to calculate the time it took for the concentration of

SF¢ to decrease to 200 ppm in that RTH. The following controlling factors were identified:

e Sub-Base Material: The results of the SF¢ testing at RTH-CH37 in Duplex #17 and
RTH-CH16 in Duplex #24 were compared to determine if the sub-base material influenced
the removal rate. Both RTHs are located in Unit Type E. It took approximately 13 hours for
tracer gas concentrations to reach 200 ppm in RTH-CH37 and 21.5 hours for RTH-CH16.
RTH-CH37 is further from the suction point than RTH-CH16 indicating that there is another
factor causing variation among active SFe removal rates outside of distance and preferential
pathways. When the sub-base material removed from the suction core in Duplex #17 was
compared to that from Duplex #24, observations indicated that the sub-base material under
Duplex #17 contained more cobbles and aggregate than fines; the sub-base material in
Duplex #24 had more fines and was slightly more compact than un Duplex #17 leaving less
pore space for the SF¢ to migrate through. Less pore space in soils would result in a slower
rate of diffusion, as seen by this comparison.

e Interior Grade Beams: In order to determine how much influence the interior grade beams
had on the removal rate of SFg, test results from RTH-CH04 and RTH-CHO8 were compared.
These points are located in opposite sides of Duplex #48 in the corner of each family room;
RTH-CHO4 is in Unit E and RTH-CHOS in Unit C. It took approximately 13 hours for SFg
concentration in RTH-CHO04 to reach 200 ppm and 6 hours in RTH-CHOS8. As can be seen in
Figure A-7, the suction point in Unit E is completely enclosed by interior grade beams
whereas the suction point in Unit C only has one grade beam nearby. These grade beams,
comprised of slabs thickened to approximately 10 inches, can slow and reduce the effect of
the fan by impeding its draw and pressure induced through the system.

4.2 OTHER OBSERVATIONS

Although the baseline tracer gas tests indicated that in natural sub-slab conditions the SFs would
take a minimum of 4 days to completely dissipate from RTH-CH44, which is approximately
25 feet away from the suction point in Duplex #1 - Unit D, the active tracer gas test indicated
that SF¢ was completely removed from the RTH in 45 minutes. Due to this abnormally fast rate
of removal, it was thought that there was a preferential pathway to the outside of the duplex;
however, if this preferential pathway existed baseline test results would have shown similar

removal rates as the active test. Another explanation for the high SF¢ removal rate is a
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preferential pathway between the suction point and the RTH. However pressure differential
measurements indicated that the slab was depressurized to 6.4 Pa. This is a typical pressure
differential shown in other RTHs with no known preferential pathways and similar distances
from suction points. Therefore, although an average pressure differential was induced with
operation of the SSD system, it is not known why the SF¢ dissipated so quickly from the sub-slab

under these conditions.
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5.0 CONCLUSIONS

The results of the pilot test indicated that an SSD system can be an effective mitigation strategy

to prevent VI into each SFH should it ever become necessary.

The SSD system works by creating a positive preferential between the sub-slab and interior and
providing a preferential path for vapors to through under the house. In general, although each
type of building foundation plan responded differently, an adequate pressure differential (about
4 Pa) was achieved at the interior points when a GP501 fan was installed in each SFH. This
positive pressure differential will prevent the advective transport of gases into the home by

making the sub-slab less pressurized than the interior of the house.

Tracer gas tests indicated that SF6 could be removed from far corners of the duplex in less than
24 hours with the system active, even in areas where pressure differentials were not maintained.
This active removal was 2 to 20 times fasters than the natural dissipation of the tracer gas that
took place when the system was turned off. This generated advective transport will allow for
sub-slab gases to be removed prior to entering the building protecting future residents from vapor

intrusion should it ever become necessary in the future.

Each system tested proved to be effective at creating a positive pressure differential and
removing sub-slab gases. However due to the heterogeneous nature of soils located on the site
and unknown sub-slab conditions, a “one-size-fits-all” SSD system is not able to be designed and
implemented in all the duplexes. The double suction point SSD system designs tested during this
pilot scale program can be used as an initial design for each SFH but its effectiveness will need

to be tested and potentially modified prior to completion and operation.
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6.0 DESIGN RECOMMENDATIONS

Should it be determined that an SSD system is an appropriate solution to prevent the potential for
VI into these buildings, it is recommended that the initial system be designed with the suction
point located in the garage storage room of each SFH. Although not centrally located, placing the
suction points in the garage storage rooms will ensure the fans are not directly in the living
space, as dictated by EPA guidance, where they could be tampered with by residents and create a
nuisance. Additionally, pilot test results indicated that an adequate pressure differential could be
created when fans were placed in the garage storage room (Duplexes #24 and #48). As shown by
this pilot test study, at least a 24-inch deep void should be created by removing soil from each
hole. The SSD piping (4-inch PVC) would then be installed into the void space and attached to
the GP501 radon fan. Completion of the exhaust system should be in accordance with the
American Society for Testing and Materials (ASTM) Method E2121-09, as opposed to what was

done during the pilot scale tests. In particular,

“The discharge from the vent stack pipes shall be:

1. Vertical and upward, outside the structure, at least 10 ft (3 m) above the ground level, above
the edge of the roof, and shall also meet the separation requirements of (2) and (3). Whenever
practicable, they shall be above the highest roof of the building and above the highest ridge.

2. Ten feet (3 m) or more away from any window, door, or other opening into conditioned or
otherwise occupied spaces of the structure, if the radon discharge point is not at least 2 ft (0.6
m) above the top of such openings.

3. Ten feet (3 m) or more away from any opening into the conditioned or other occupiable
spaces of an adjacent building. Chimney flues shall be considered openings into conditions
otherwise occupied space.

4. For vent stack pipes that penetrate the roof, the point of discharge shall be at least 12 in.
(0.3 m) above the surface of the roof. For vent stack pipes attached to or penetrating the sides
of buildings, the point of discharge shall be vertical and a minimum of 6 in. (150 mm) above
the edge of the roof and in such a position that it can neither be filled with water from the
roof or an overflowing gutter. In areas where it snows the point of discharge shall be 12 in.
(0.3 m) above the surface of the roof.

5. When a horizontal run of vent stack pipe penetrates the gable end walls, the piping outside
the structure shall be routed to a vertical position so that the discharge point meets the
requirements of (1), (2), (3), and (4).

6. Points of discharge that are not in a direct line of sight from openings into conditioned or
otherwise occupiable space because of intervening objects, such as dormers, chimneys,
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windows around the corner, etc. shall meet the separation requirements of (1), (2), (3), (4),
and (5).” (ASTM Method E2121-09)

In addition, as indicated by the pilot test results, the following factors should be considered when

designing and installing the final systems:

e Operation of the SSD system (when the air beneath the building was drawn into the SSD
piping) resulted in water vapor condensing and pooling in the system piping. This was due to
the building construction and location of sub-slab utilities (e.g., hot water lines) which made

the sub-slab air temperature greater than the indoor air temperature. Therefore, collection and
removal of condensate should be considered.

e Exposure to the elements (e.g., snow, wind) and amount of sun influences the SSD system’s
ability to induce a negative pressure throughout the entire slab. As indicated by RTH37 and
RTHO4, when the French drain is completely sealed (Duplex #17, RTH37) with snow the
pressure differential is greatest; the French drain around Duplex #48 was never completely
sealed and as such a pressure differential was not able to be induced via an SSD system.
Therefore, surface sealing of the French drains should be considered to reduce the external
advective forces.

Once the system is installed and operated for at least ten minutes, the radius of influence should
be checked by monitoring the pressure differential achieved at the corners of the SFH. If an
adequate pressure differential (at least 4 Pa) is achieved, the system will be determined effective
and no further testing will be necessary. If an adequate pressure differential is not obtained, a
tracer gas test (using the burst method) should be used to determine whether the system will be
effective. If neither test indicates system effectiveness, building conditions (e.g., cracks) should
be evaluated and sealed as applicable. If the pressure field extension test or tracer gas test still
does not indicate that the SSD system using one suction point per SFH will be effective, the
system should be enhanced by using a larger fan and/or adding another suction hole and

manifolding the system piping together.
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Photo No. 1:
The subcontractor using a concrete core drill to drill the core for the suction point in Duplex #1.

Photo No. 2:
The suction point in Duplex #1 with the concrete core removed.

The aggregate seen is mostly large rounded stone with little to no fines.
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Photo No. 3:
The subcontractor using a concrete core drill to drill the core for the suction point in Duplex #17.

Photo No. 4:
The suction point in Duplex #24L.

The material seen is mostly fines with a few stones.
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Photo No. 5:
The foam backer rod used to seal the suction piping system.

Photo No. 6:
A finished suction point piping system with sealant.
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Photo No. 7:
Subcontractors hand-placing grout for the Duplex #1 suction point.

Photo No. 8:
Perforated PVC pieces that will be in the collection void.
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Photo No. 9:
A Jacobs employee monitoring sub-slab gases with 5-gas meter.

Photo No. 10:
A finished remote test hole in Duplex #1
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Photo No. 11:
A Jacobs employee using hot glue to seal tubing in a remote test hole.

Photo No. 12:
A Jacobs employee setting up for vacuum pressure testing in Duplex #17.
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~ Photo No. 13:
The collection void in Duplex #48R.

The void depth increased to 24” below bottom of the slab and the aggregate seen consists of fines
and small stones.

Photo No. 14:
The exhaust system set-up in Duplex #1.
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Photo No. 15:
The Exhaust system setup in Duplex #17.

Photo No. 16:
The aggregate French drain on south side of Duplex #48.
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Photo No. 17:
Jacobs employee preparing to inject the sulfur hexafluoride in the remote test hole of Duplex #17L.

Photo No. 18:
The sulfur hexafluoride detector is hooked up to the suction point in Duplex #17 to monitor
concentrations coming up the pipe.
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Photo No. 19:
The complete fan setup with exhaust and variable speed control in Duplex #48L.

Photo No. 20:

The ventilation meter monitoring pressure differential at a remote test hole in the mudroom of
Duplex #48R.
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Photo No. 21:
All suction points were capped tightly to ensure until the summer testing phase occurs or the
systems are removed.
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Duplex #1

Vacuum Test with Single Suction Point -1/25/2011
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Duplex #1

Vacuum Test 1L - 24" Void - 2/8/2011

Distance Pressure

From SP [Core Hole| Baseline | Suction Difference Notes
11 42 -1 231.8 232.8
18 61 -0.5 57.9 58.4
19 43 -0.9 29.2 301
22 44 -1.2 89.6 90.8
24 40 -3.7 1.2 4.9
34 45 -0.6 45 45.6
34 49 -3.2 26.7 29.9
37 60 -3 -0.4 2.6
38| 47 -3.3 4.5 7.8
48 50 -2.1 6.2 8.3
68 62 2.4 -1.5 0.9
76 48 -4.7 -4.8 -0.1
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Duplex #1

Vacuum Test Right Side-2/8/2011

Distance Baseline Pressure
From SP [Core Hole| (Pa) Suction | Difference Notes
8 62 -2.4 830.5 832.9
18 50 -2.1 817.4 819.5
24 48 -4.7 152 156.7
28 49 -3.2 2252 228.4
30 52 -5.8 10.5 16.3
31 45 -0.6 161.8 162.4
52 61 -0.5 5 5.5
56 43 -0.9 2.3 3.2
72 44 -1.2 -0.5 0.7
76 42 -1 -0.6 0.4
98 47 -3.3 -3.4 -0.1
40 -3.7
60 -3
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Overlap Test

Duplex #1

2/22/2011
Core Hole | Baseline 1L 1R Both Distance from Left | Distance from Right

40 -3.6 -3.9 - -3.3 24

42 -0.9 26.5 - 26.3 11 76
43 -1.1 1.7 -0.7 2.4 19 56
45 -0.8 4.7 21.1 27.2 34 31
44 -0.6 7.2 -1.1 7.5 22 72
47 -4.1 -3.2 - -3 38 98
52 -3.1 -2.6 -2.2 30
50 -1.8 -1.6 101.6 101.8 48 18
48 -4.4 14.2 14.8 76 24
49 -1.5 1 28.4 31.5 34 28
60 -4.1 -3.1 - -3.6 37

61 -0.3 5.4 0.3 6.1 18 52
62 -3.1 88.8 85.7 68 8

Pressure Differential

9-Mar (Prior to SF6 injections)

Core Hole |Baseline [Suction |Change PD
40 -3.6 -3.3 0.3
42 -0.9 26.3 27.2
43 -1.1 2.4 3.5
45 -0.8 26.6 27.4
44 -0.6 6.4 7
47 -4.1 -2.7 1.4
52 -3.1 -1.8 1.3
50 -1.8 103.6 105.4
48 -4.4 13.7 18.1
49 -1.5 31.2 32.7
60 -4.1 -3.4 0.7
61 -0.3 6.1 6.4
62 -3.1 82.7 85.8
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Baseline Tracer Gas Testing

Duplex #1

CH43 CH44
Date Time Time Elapsed [Conc Date Time Time Elasped [Conc
16-Mar 1155 0]Inject 16-Mar 1158 O]Inject
17-Mar 727 19:32|>999 17-Mar 725 19:27|>999
18-Mar 740 43:45:00 620 18-Mar 745 43:47:00 851
19-Mar 752 67:57:00 358 19-Mar 802 68:04:00 694
21-Mar 946 117:51:00 88.3 21-Mar 954 117:56:00 327
21-Mar 1655 125:00:00 78 21-Mar 1700 125:02:00 288
22-Mar 745 139:50:00 55.9 22-Mar 750 139:52:00 239
5.871149
CH48 CH49
Date Time Time Elapsed [Conc Date Time Time Elapsed [Conc
16-Mar 1148 0]Inject 16-Mar 1150 O]Inject
17-Mar 730 19:42|>999 17-Mar 732 19:42|>999
18-Mar 736 43:48:00 958 18-Mar 738 43:48:00 999
19-Mar 810 68:22:00 607 19-Mar 813 68:23:00 781
21-Mar 939 117:51:00 336 21-Mar 930 117:40:00 485
21-Mar 1707 125:05:00 324 21-Mar 1710 125:00:00 470
22-Mar 738 140:12:00 270 22-Mar 734 140:14:00 433
Concentration vs. Time
1200
1000 -
<
g 800 B : —e—CH43
g 600 \-\ —=— CH44
o
S 400 - CH48
o '—\_ CH49
200 -
0 X M —e
43:45:00 67:57:00 117:51:00 125:00:00 139:50:00
Elapsed Time (since injection)
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Duplex #1

CH 43
Initial Injection - 1735 -- 3/9
Time Time Elapsed Conc CH43 (Concentration vs. Time)
745 14:10 250 300
815 14:40 244
845 15:10 208 250 -
910 15:35 153 5
945 16:10 174 I 200
1015 16:40 154 £ 150
1045 17:10 139 8 \’\\
1115 17:40 122 g 100
1145 18110 68 50 | \\’/‘\0—0\’_./0
1215 18:40 458
1245 19:10  62.1 o
1315 19:40  57.1 14:10 15110 16110  17:10 1810 1910 20110  21:10
1345 20:10 57.3 Time (since initial injection)
1415 20:40  48.1
1445 21110 453
1515 21:40  56.2
[SLOPE: 25.84 per hour |
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Duplex #1

Concentration

250

200 -

150

100

50 -

0

CH44 (Concentration vs. Time)

0:15 0:17 0:19 0:21 0:23 0:25 0:27 0:31 0:33 0:35 0:37 0:39 0:41

Time (since initial injection)

CH 44

Initial Injection - 0900 -- 3/10

Time Time Elapsed Conc.
905 0:05 >999
915 0:15 229
916 0:16 196
917 0:17 179
918 0:18 146
919 0:19 129
920 0:20 112
921 0:21 108
922 0:22 88
923 0:23 83.2
924 0:24 76.7
925 025 714
926 0:26  65.1
927 0:27  58.3
928 0:28 556
931 0:31 35.1
932 0:32 299
933 0:33 26.6
934 0:34 245
935 0:35 24
936 0:36 23.8
937 0:37 2238
938 0:38 195
939 0:39 18
940 0:40 16.2
941 0:41 13.6

[SLOPE 359.00 per hour |

5.983333333 per minute
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Duplex #1

CH45
Initial Injection - 0800 -- 3/10 CH 45 (Concentration Vs. Time)
Time Time Elapsed Conc. 1200
900 1:00 >999
1000 2:00 >999 c 1000
1205 4:05 990 'E
1235 435 715 T 600
1305 5:05 487 3
1330 5:30 384 S 400
1405 6:05 264 o
1440 6:40 243 200
1505 7:05 115
1530 730 113 0
4:05 4:35 5:05 5:30 6:05 6:40 7:05 7:30
[SLOPE 134.9230769 _per hour | Time (since initial injection)
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CH60
Initial Injection- 17:39 -- 3/9
Time Time Elapsed Conc.
8:30 14:51  >999
9:50 16:11  >999
10:50 17:11 >999
12:00 18:21 846
13:00 19:21 827
14:00 20:21 693
15:00 21:21 746
15:35 21:56 721
[SLOPE 34.91620112 per hour |

Duplex #1

Concentration

CH 60 (Concentration Vs. Time)

900
800
700
600
500
400
300
200
100

18:21 19:21 20:21 21:21 21:56

Time (since initial injection)
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CH 48

Initial Injection- 7:50 -- 3/10

Time Time Elapsed Conc.
8:55:00 1:05 >999
10:30:00 2:40 >999
11:00:00 3:10  >999
11:30:00 3:40 >999
14:30:00 6:40 187
14:35:00 6:45 106
14:45:00 6:55 68
15:05:00 7:15 100
15:10:00 7:20 119
15:25:00 7:35 50.5
15:30:00 740 527
15:35:00 745 537
15:45:00 7:55  50.1
15:55:00 8:05 474
16:05:00 8:15 453
16:15:00 825 394
16:25:00 8:35 235

[SLOPE 85.15625 per hour |

Duplex #1

Concentration

200

CH 48 (Concentration vs. Time)

180

160 -
140 -
120
100 -

80
60

v//\\

40

\.__MA

20 A

T~

6:40 6:45 6:55 7:15 7:20 7:35 7:40 7:45 7:55 8:05

Elapsed Time (Since Initial Injection)

8:15 8:25 8:35
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Duplex #1

CH49
Initial Injection 7:50 -- 3/11
Time Time Elapsed Conc.
8:50 1:00 310
9:05 1:15 189
9:10 1:20 189
9:15 1:25 185
9:25 1:35 177
9:35 1:45 143
9:45 1:55 127
9:55 2:05 116
10:05 2:15 112
10:15 2:25 33
[SLOPE 195.0704225 per hour |

Concentration

CH 49 (Concentration vs. Time)

350
300
250
200
150
100

50

1:00 1:15 1:20 1:25 1:35 1:45 1:55 2:.05
Elapsed Time (Since Initial Injection)

2:15 2:25
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Duplex #17

Vacuum Test 10 inch Void - 2/1/11

Distance Pressure

From SP Core Hole Baseline Suction Difference CFM
10 33 -3.7 830 833.7
10 32 -4.4 930 934 .4
19 35 -1.1 278.8 279.9
19 29 -8 209.2 217.2
30 36 -0.2 62.2 62.4
32 30 -3 63 66
39 38 0.4 7.6 7.2
39 28 -3.5 491 52.6
43 37 -2.1 22.3 24 .4
48 31 -5.8 27 32.8
50 39 -2.2 6.4 8.6
50 27 -4.4 6.7 11.1
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Duplex #17

Vacuum 24 inch Void- 2/2/2011

Distance Pressure
From SP [ Core Hole [ Baseline | Suction | Difference Notes
10 33 2.3 900 897.7|** Not exact reading. Too high for equipment
10 32 0.4 1000 ** Not exact reading. Too high for equipment
19 35 -0.9 349.3 350.2
19 29 -0.3 269.9 270.2
30 36 -1 76.3 77.3
32 30 -0.1 82.2 82.3
39 38 -0.7 9.2 9.9
39 28 -2.4 66.1 68.5
43 37 -2.4 30.3 32.7
48 31 -1.6 37.6 39.2
50 39 -5.2 8.6 13.8
50 27 -5.4 114 16.8
Duplex #17
Vacuum Test (24" vs 10" void)
1000 .
900 +
800 -
700 +
f&\
o 600
S 500 A
S 400 -
(70}
300 +
200 -
100 -
0
33 32 35 29 36 30 38 28 37 31 39

Core Holes

—o— 24" VVoid —#— 10" Void
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Fan Test 100%

Duplex #17

Initial - Fan start time:2/2/2011 1035

Distance Pressure
Core Hole From SP Baseline Suction Difference Notes

37 43 2.4 1.0 3.4
38 39 0.7 1.4 2.1

35 19 -0.9 37.9 38.8
36 30 -1 7.6 8.6
39 50 -5.2 -1.0 4.2
33 10 2.3 115.5 113.2
27 50 -5.4 -2.1 3.3
28 39 2.4 7.7 10.1
31 48 -1.6 3.0 4.6
29 19 -0.3 35.3 35.6
30 32 -0.1 8.7 8.8
32 10 04 144.2 143.8

3 Hours
Distance Pressure
Core Hole From SP Baseline | Suction | Difference | Notes

37 43 2.4 3.1 55
38 39 0.7 1.3 2

35 19 -0.9 324 33.3
36 30 -1 6.4 7.4
39 50 -5.2 -1.4 3.8
33 10 2.3 109.2 106.9
27 50 -5.4 -4.9 0.5
28 39 2.4 0.9 3.3
31 48 -1.6 -1.4 0.2
29 19 -0.3 28.1 28.4
30 32 -0.1 8.1 8.2
32 10 04 140.0 139.6
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Duplex #17

23 Hours
Distance Pressure
Core Hole From SP Baseline Suction Difference Notes
37 43 2.4 3.0 5.4
38 39 -0.7 1.9 2.6
35 19 -0.9 37.8 38.7
36 30 -1 8.6 9.6
39 50 -5.2 -0.8 4.4
33 10 2.3 119.7 117.4
27 50 -5.4 -1.1 4.3
28 39 2.4 9.9 12.3
31 48 -1.6 4.7 6.3
29 19 -0.3 35.4 35.7
30 32 -0.1 9.6 9.7
32 10 0.4 148.3 147.9
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Fan Test 100%

Duplex #17

2nd Trial- 4 hours Start Time: 2/4/2011 1015

Distance Pressure
Core Hole From SP Baseline Suction Difference Notes
37 43 -1 1.3 2.3
38 39 0.1 0.5 0.4
35 19 1.3 34.9 33.6
36 30 0.3 7.9 7.6
39 50 -3.1 -2.4 0.7
33 10 1.3 120.3 119
27 50 -4.1 -2.2 1.9
28 39 -0.5 6.8 7.3
31 48 -0.6 2.0 2.6
29 19 1.3 32.7 31.4
30 32 0.1 9.3 9.2
32 10 -1.3 152.5 153.8
20 Hours
Distance Pressure
Core Hole From SP | Baseline | Suction | Difference | Notes
37 43 -1 0.6 1.6
38 39 0.1 0.3 0.2
35 19 1.3 335 32.2
36 30 0.3 7.1 6.8
39 50 -3.1 -4.6 -1.5
33 10 1.3 120.4 119.1
27 50 -4.1 -5.3 -1.2
28 39 -0.5 3.7 4.2
31 48 -0.6 0.6 1.2
29 19 1.3 30.2 28.9
30 32 0.1 9.5 9.4
32 10 -1.3 151.2 152.5
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Duplex #17

72 Hours
Distance Pressure
Core Hole From SP Baseline Suction Difference Notes
37 43 -1 -0.8 0.2
38 39 0.1 0.2 0.1
35 19 1.3 31.4 30.1
36 30 0.3 55 5.2
39 50 -3.1 -4.2 -1.1
33 10 1.3 114.6 113.3
27 50 -4.1 -3.6 0.5
28 39 -0.5 2.4 2.9
31 48 -0.6 -0.4 0.2
29 19 1.3 28.2 26.9
30 32 0.1 7.4 7.3
32 10 -1.3 149.0 150.3
168 Hours
Distance Pressure
Core Hole From SP | Baseline | Suction | Difference | Notes

37 43 -1 1.2 2.2
38 39 0.1 0.7 0.6
35 19 1.3 29.6 28.3
36 30 0.3 5.6 5.3
39 50 -3.1 -4.6 -1.5
33 10 1.3 111.7 110.4
27 50 -4.1 -5.0 -0.9
28 39 -0.5 1.6 2.1

31 48 -0.6 0.0 0.6
29 19 1.3 29.0 27.7
30 32 0.1 8.1 8

32 10 -1.3 145.2 146.5
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Baseline Tracer Gas Injections

Duplex #17

CH33 CH31 CH 37
Date Time Time Elapsed Conc Date Time Time Elapsed |Conc Date Time Time Elapsed |Conc
9-Mar 1026 0fInject 9-Mar 1030 Ofinject 9-Mar 1025 Ofinject
9-Mar 1725 6:59|>999 9-Mar 1715 6:45|>999 9-Mar 1720 6:55|>999
10-Mar 717 20:25|>999 10-Mar 710 20:14|>999 10-Mar 715 20:24|>999
10-Mar 1619 29:27:00 968 10-Mar 1615 29:19:00(>999 10-Mar 1617 29:26:00 815
11-Mar 722 44:30:00 866 11-Mar 725 44:29:00/>999 11-Mar 720 44:29:00 320
11-Mar 1705 54:13:00 718 11-Mar 1710 54:14:00 988 11-Mar 1700 54:09:00 348
12-Mar 715 68:23:00 582 12-Mar 720 68:24:00 772 12-Mar 710 68:19:00 198
12-Mar 1450 75:59:00 458 12-Mar 1452 75:57:00 620 12-Mar 1448 75:58:00 150
13-Mar 1715 102:34:00 317 13-Mar 1705 102:20:00 357 13-Mar 1710 102:30:00 84.2
16-Mar 1130 169:49:00 156 16-Mar 1135 169:50:00 136 16-Mar 1125 169:45:00 39.1
Baseline Concentrations over time
1200
1000 —e—CH33 —
2 \ -\ = CH31
-.§ 800 CH37
£ 600
8
S 400
o
200 - \
0 T T T T T T
29:27:00 44:30:00 54:13:00 68:23:00 75:59:00 102:34:00 169:49:00
Time elapsed since injection
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Duplex #17

Active Tracer Gas Injections

CH35
Initial Injection: 1538 -3/5
Time
Elapsed Conc.
0:01] >999
8;82 :ggg CH35 (Concentration vs. Time)
0:15] >999
0:25] >999 800
0:32]  >999 200 1%
0:50] >999
1:01]__>999 5 6001 \
1:14]  >999 = 500
1:35]__ 740 £ 400 \
1:57| 274 ]
1:50] 262 s 3001 \\o\,\‘\A
2:04] 245 © 200 *
2:00] 234 100 - \'\‘\0\.
214 201 0
g;;i 12; 1:35  1:57  1:59  2:04  2:09 214 2119 2:24 229  2:34  2:41
2:29 137 Elapsed Time
2:34] 120
2:41 104
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Duplex #17

CH 33
Initial injections: 0956 3/7
(Min:Sec)
Time
Elapsed Conc.
3:30 >999
9:00 8
9:30 12.5
lg:gg 10.2 CH33 (Concentration vs. Time)
: 7
11:00 11 14
11:30]_ 10.3 12 ~
12:00] 8.2 S0l /N P
12:30 5.8 = / \ / \
13:00 6.4 £ 87¢ AV
13:30] 4.9 g 6|
14:00 0 S 4.
14:30 2.6 o
15:00 0 21
15:30 2.2 0 ¥ A .
16001 19 I N I SN I N S S S N S SR S R S SR I
13538 129 37 BT 8787 T RN BT T T T BT BT 8T 8T T T
17:30 0 Elapsed Time
18:00 0
18:30 0
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Duplex #17

CH 31
Initial Injection- 1130 3/7
Time
Time Elapsed Conc
1230 1:00 >999
1345 2:15 >999
1445 3:15 >999
1545 4:15 >999
1800 6:30 >999
740 20:10 268
815 20:45 265
855 21:15 245
940 22:00 198
1010 22:30 184
1045 23:05 148
1115 23:35 137
1145 0:05 114
1225 0:45 83.4
1640 5:05 41.6
1710 5:35 55.1
815 20:40 0

Concentration

CH 31 (Concentration vs. Time)

300

250

200 -
150 -
100 -

50

20:10 20:45 21:15 22:00 22:30 23:05 23:35 0:05 0:45 5:05 5:35 20:40
Elapsed Time (since injection)
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Duplex #17

CH 28
Initial Injection- 1135 3/7
Time . )
Time Elapsed Conc. CH 28 (Concentration vs. Time)
1235]  1:00:00]  >999
1359]  2:24:00] _ >999 400
1459 3:24:00 >999 350 * - -
1550]  4.24.00] 999 £ 300 e RN
1805] _ 6:30:00] __ >999 S o \0\
730]  19:55:00 351 £ .
800]  20:25:00 317 & 200
845  21:10:00 351 2 150 4
920| 21:45:00 350 S 100 -
1000] 22:25:00 270 50
1035] 23:00:00 81.3 0
1110] _ 23:35:00 165
1140 24.05.00] 212 (,;o*@ S \QQQ b@@ S & & S S
1215 24:40:00 144 & {L"/ X q,qf.lz {{};9 ff;b qyp qu
1635] 29:00:00 115
1705]  29:30:00 147 Elapsed Time
820] 44:45:00 56
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Duplex #17

CH 32
Initial Injection- 1250 3/7 12:50
(Min:sec:nothing)

Time
Elapsed Conc.

4:00:00 >999

9:00:00 >999

19:00:00 85.7

19:30:00 79.1

CH 32 (Concentration vs. Time)
20:00:00 85.7

20:30:00] 783 90
21:00:00] 695 : ?8”\‘/\ TIME ELAPSE
21:30:00 632 S —
22:00:00] 565 § 90 \ (Pump Blocked)
22:30:00] 524 g% Do N
23:00:00] 489 S 4 | v\"H“'ﬂ—o—o\
23:30:00] _ 44.1 S 20
24:00:00] 406 10 U,
24:30:00] 362 0 LI — e
25:00:00 37.7

Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q
25:30:00f 36.89 QQ‘.Q QQ‘.Q QQ‘.Q QQ‘.Q QQ‘.Q QQ‘.Q QQ‘.Q %Q‘.Q %Q'.Q %Q'.Q %Q'.Q %Q'.Q %Q'.Q %Q'.Q %Q'.Q
26:30:00] _ 36.3 BT ST QT P P PP T QT DT ©T N T

27:00:00 35.1

27:30:00] 33.9 Elapsed Time

28:00:00 33.6

28:30:00 33.2

39:00:00 2
39:30:00 1.4
40:00:00 2.7
40:30:00 3.5
41:00:00 3.2
41:30:00 5.1
42:00:00 5.9
42:30:00 6.4
43:00:00 6.2
43:30:00 8.6
54:30:00 0
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Duplex #17

CH 37
Initial Injection 1910 - 3/7
Time
Time Elapsed Conc.
725 13:15:00 233
755 13:45:00 176
825 14:15:00 143
901 14:51:00 131
951 15:40:00 79.2
1020( 16:10:00 93.4
1055 16:45:00 46.4
1130( 17:20:00 89.9
1235[ 18:25:00 36.3
1620( 22:10:00 0

Concentration

CH 37 (Concentration vs. Time)

250

N

o

o
|

-

o

o o
|

a
o

NS NS S "O* QN

Elapsed Time (since injection)
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Duplex #24

Vacuum 10 inch Void- 24L 2/1/2011

Distance Pressure
From SP |Core Hole Baseline |Suction |Difference [Notes
9 14 1.7 44.6 46.3|Garage - 1 24" grade beam, more compaction
10 19 -0.3 40.9 41.2]Arctic entry- 1-10" grade beam, influence from outside
10 58 -2.2 409.8 412|Mudroom (no grade beams between SP and RTH)
16 18 -0.6 148.8 149.4|Interior of duplex
25 16 -3.0 24.3 27.3|Far corner of family room, outside influence
28 13 -4.7 5.1 9.8|Far corner of garage, heavy compaction
34 17 -3.3 24 5.7|24L Party wall
36 20 -0.1 0 0.1|24R party wall
50 22 -0.4 2.9 3.3
Vacuum Test (24L)
10" vs 24" void depth
600 -

& 500 -

I

T 400

o

o

=

5 300 -

o

5

@ 200 A

g

o

100 -
0 B¢ ——8— _u
14 19 58 18 16 13 17 20 22
Core Hole

—— 10" Void —#— 24" Void
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Duplex #24

Vacuum 10 inch Void -24R -2/1/11

Distance Pressure
From SP |Core Hole Baseline |[Suction |Difference |Notes
10 23 -0.6 704.3 704.9|Mudroom (no grade beams between SP and RTH)
14 22 -0.4 568.7 569.1
14 26 -2.9 80.3 83.2|Garage - 1 24" grade beam, more compaction
26 21 -1.5 86.3 87.8[Northeastern corner of family room, influence from outside
30 25 -4.4 6 10.4|Far corner of garage
32 20 -0.1 0 0.1[24R Party wall
34 17 -3.3 54 8.7(24L Party wall
48 18 -0.6 6.9 7.5
56 19 -0.3 0.4 0.7

Vacuum Test (24R)
10" vs 24" void depth

800 +
700 A
600 -
500 +
400 -
300 +
200 +

Pressure Differential (Pa)

100

0 - i e = P
10 14 14 26 30 32 34 48 56 66

Core Hole

—— 10" Void —#—24" Void
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Duplex #24

Vacuum 24 inch Void- 24L --2/5/2011

Distance Pressure
From SP [ Core Hole [ Baseline | Suction [ Difference Notes
9 14 -0.7 60.5 61.2|Garage - 1 24" grade beam, more compaction
10 19 -0.5 19.8 20.3|Arctic entry- 1-10" grade beam, influence from outside
10 58 -3.2| 6194 622.6|Mudroom (no grade beams between SP and RTH)
16 18 -1.7] 1954 197.1|Interior of duplex
25 16 -4 37.5 41.5|Far corner of family room, outside influence
28 13 -3.3 6.4 9.7 |Far corner of garage, heavy compaction
34 17 -3.8 44 8.2|24L Party wall
36 20 -1.8 -0.2 1.6|24R party wall
50 22 -2.2 54 7.6
68 23 -1.7 0.3 2
74 21 -3.7 2.7 1
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Duplex #24

Pressure Differential (Pa)

Vacuum Test (24")

850
750
650
550
450
350
250
150

50

0 10 20 30 40 50

Distance from Suction Point (ft)

60 70 80

——24 —=-24R |
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Duplex #24

Vacuum Test (24")
Close up of distance 20ft-70ft

Pressure Differential (Pa)

Distance from Suction Point (ft)

—— 24| —=-24R
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Vacuum 24 inch Void--2/5/2011

Duplex #24

Distance Pressure
From SP [ Core Hole [ Baseline | Suction [ Difference Notes
10 23 -1.7| 8374 839.1|Mudroom (no grade beams between SP and RTH)
14 22 -2.2 687.3 689.5
14 26 -3.8] 116.5 120.3|Garage - 1 24" grade beam, more compaction
26 21 -3.7 105.6 109.3|Northeastern corner of family room, influence from outside
30 25 -5.2 10.9 16.1|Far corner of garage
32 20 -1.8 7.4 9.2|24R Party wall
34 17 -3.8 7.2 11]24L Party wall
48 18 -1.7 8.3 10|closet effect
56 19 -0.5 0.3 0.8
66 58 -3.2 0.5 3.7
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Overlap Fan Test -2/15/2011

Duplex #24

Distance from

Distance from

Core Hole Baseline 24L 24R Both Right Left Change Left | Change Right [ Change Both
14 -6.6 -3.2 - -2.1 63 9 3.4 - 4.5
13 -8.6 -6.9 - -6.3 80 28 1.7 - 2.3
16 -7.7 -4.7 - -4 71 25 3 - 3.7
18 -4.1 15.4 -2.8 15.3 48 16 19.5 1.3 19.4
17 -7.6 -7.8 -6.4 -4.9 34 34 -0.2 12 2.7
19 0.2 0.4 - 0.2 56 10 0.6 - 0.4
23 -6.7 - 65.8 69.5 10 68 - 725 76.2
22 -5.3 -4.6 63.9 68.6 14 50 0.7 69.2 73.9
21 6.2 - 0.8 3.6 26 74 - 7 9.8
20 -3.1 -3.1 -2.7 -1.8 32 36 0 0.4 1.3
26 -6.6 - 2 3.6 14 64 8.6 10.2
25 -7.7 - -6 -5.5 30 81 - 1.7 2.2
58 -6 38.7 - 39.1 66 10 44.7 - 45.1
Fan Test Prior to SF6 Injections
Pressure
Core Hole Baseline |Suction Differential

14 -6.6 1.3 7.9
13 -8.6 -2.4 6.2
16 7.7 -0.4 7.3
18 -4.1 18.6 22.7
17 -7.6 -1.8 5.8
19 0.2 0.3 0.5
23 6.7 74.7 81.4
22 -5.3 76.3 81.6
21 -6.2 6.7 12.9
20 -3.1 -0.1 3.0
26 -6.6 8.4 15.0
25 -7.7 -1.3 6.4
58 -6 42.1 48.1
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Baseline Tracer Gas Injections

Duplex #24

CH16 CH20 CH21
Date Time Time Elapsed |Conc Date Time Time Elapsed |Conc Date Time Time Elapsed [Conc
19-Mar 730 Olinject 19-Mar 727 Olinject 19-Mar 725 0finject
21-Mar 1005 50:35:00 883 21-Mar 1015 50:48:00 369 21-Mar 1010 50:35:00 999
21-Mar 1648 57:18:00 693 21-Mar 1643 57:16:00 596 21-Mar 1640 57:15:00 999
22-Mar 810 72:30:00 410 22-Mar 805 72:28:00 228 22-Mar 800 72:25:00 890
CH21 Concentration vs. Time
1200
1000 -
S 800 -
b —e—CH16
‘g 600 - ——CH20
2 CH21
S 400
200
0
1005 1648 810

Elapsed Time (Since Injection)
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Active Tracer Gas Injections

CH16

Initial Injection 17:05 -- 3/16

Duplex #24

Time Time Elapsed | Concentration
7:40 12:35 >999
7:45 12:40 >999
8:45 13:40 >999
9:45 14:40 >999

10:45 15:40 >999
11:00 15:55 >999
12:00 16:55 >999
13:00 17:55 989
14:00 18:55 648
14:35 19:30 537
15:00 19:55 422
15:30 20:25 365
16:00 20:55 292
16:30 21:25 223
17:00 21:55 213

Concentration

CH16 (Concentration vs. Time)

1200

1000 -

N

800

600

S

400 -

200 -

17:55 18:55 19:30 19:55 20:25 20:55 21:25 21:55

Elapsed Time (Since Injection)
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CH20

Initial Injection -- 7:20 --3/18

Duplex #24

Time Time Elapsed | Concentration
8:00 12:40 >999
10:30 15:10 >999
12:05 16:45 >999
12:30 17:10 980
13:00 17:40 836
13:30 18:10 683
14:00 18:40 581
14:30 19:10 521
15:00 19:40 488
15:30 20:10 379
16:00 20:40 363
16:30 21:10 299
17:00 21:40 245

Concentration

1200

CH20 (Concentration vs. Time)

1000 -
800 -
600

400

200 -

17:10

17:40 18:10 1840 19:10 19:40 20:10 20:40 21:10 21:40

Elapsed Time (Since Injection)
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Duplex #24

CH21
Initial Injection -- 7:20 -- 3/18 . .
Time Time Elapsed | Concentration CH21 (Concentration vs. Time)
10:30 15:08 <999
10:35 15:13 <999 800
12:00 16:38 <999 200 o
12:35 17:13 >999
13:05 18:43 >999 § 6001
13:35 18:13 727 ® 500 |
14:05 18:43 608 T 400 *
14:35 19:13 499 8 300 T~
15:00 19:38 390 S 200 \'\A
15:35 20:13 275 \
16:05 20:43 194 100 1
16:35 21:13 105 0
17:05 21:43 ??2? 18:13 18:43 19:13 19:38 20:13 20:43 21:13
Elapsed Time (Since Injection)
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CH17

Initial Injection 17:07 -- 3/16

Duplex #24

Time Elapsed Time | Concentration
8:50:00 15:43:00 >999
9:50:00 16:43:00 >999

10:50:00 17:43:00 >999
11:00:00 17:53:00 767
11:35:00 18:28:00 526
12:00:00 18:53:00 495
12:30:00 19:23:00 379
13:00:00 19:53:00 327
13:30:00 20:23:00 284
14:00:00 20:53:00 260
14:30:00 21:23:00 223
15:00:00 21:53:00 187
15:30:00 22:23:00 189
16:00:00 22:53:00 173
17:00:00 23:53:00 115

Concentration

900

CH 17 (Concentration vs. Time)

& i & ff,b"g ST &
\%. \q. \q. (LQ' (LQ. (L\‘ (L\'

Elapsed Time (Since Injection)
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Duplex #48

Vacuum Test 10" Void 48 L- 1/28/2011

Vacuum Test (48L)

800
700
600
500
400
300
200

100

56 12 9 11 8 55 54 6 4

Core Hole

—e— Pressure Difference (48L) \
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Duplex #48

Vacuum Test 10" Void 48 R- 1/28/2011

11 2 -5.8 45.2 51
15 6 -3.4 135.7 139.1
22 4 5.5 11.4 16.9
28 1 -7 0.5 7.5
34 54 1.4 1.4 2.8
36 55 -6.4 0.8 7.2
46 9 0.4 0.2 0.2
Vacuum Test (48R)
160

140
120
100
80
60
40
20

4 1
Core Hole

54

—e— Pressure Difference (48R) ‘

55
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Duplex #48

Vacuum Test 24" Void 48 R- 2/8/2011

Distance From SP Core Hole Baseline Suction (48R) Pressure Difference (48R) CFM(49R)

66 56 -2.7 -2.4 0.3 -2.33
46 9 -0.3 -0.2 0.1 0.07
72 8 -4.7 -4.9 -0.2 -3.32
36 55 -6.3 4.8 11.1 3.34
28 1 -3.9 5.6 9.5 3.49
11 2 -1.4 94.2 95.6 14.85
8 59 -1.2 400.1 401.3 29.52
22 4 -4.6 215 26.1 6.87
15 6 -1.9 219.8 221.7 21.9
34 54 -1 2.6 3.6 2.41

3 of 11




Vacuum Test 24" Void 48 L- 2/8/2011

Duplex #48

Distance From SP Core Hole Baseline Suction (48L) Pressure Difference (48L) CFM(49L)
26 11 -5.2 5.1 10.3 3.33
17 12 -4.5 139.6 144 .1 17.47

8 56 -2.7 927.9 930.6 44.85
16 9 -0.3 154.4 154.7 18.37
24 8 -4.7 37.5 42.2 9.08
31 55 -6.3 49.7 56 10.42
65 59 -1.2 -0.5 0.7 -1.08
66 4 -4.6 -3.9 0.7 -3
46 6 -1.9 12.4 14.3 5.24
34 54 -1 10.4 11.4 4.82
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Dual Fan Test - 2/17/2010

Duplex #48

Pressure
Core Hole Baseline Suction Difference Notes
1 -5.6 -5 0.6
12 -5.9 7.7 13.6
56 -3.5 76.8 80.3
9 -0.6 7.6 8.2
8 -5.4 -1.6 3.8
55 -5.7 1.7 7.4
1 -6.1 -5.6 0.5
2 -5.4 1.8 7.2
59 -1.4 30.5 31.9
4 -2.9 -3 -0.1
6 -2.4 21.2 23.6
54 -1.8 0.1 1.9

Fan Test Prior to SF6 Injections- 3/11/2011

Pressure
Core Hole| Baseline | Suction | Difference Notes
1 -5.6 -3.3 2.3
12 -5.9 8.9 14.8
56 -3.5 74.4 77.9
9 -0.6 7.9 8.5
8 -5.4 0.4 5.8
55 -5.7 3.4 9.1
1 -6.1 -2.6 3.5
2 -5.4 2.6 8
59 -1.4 32.7 34.1
4 -2.9 14 4.3
6 -2.4 20.9 23.3
54 -1.8 0.9 2.7
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Baseline Tracer Gas Injections

Duplex #48

CHo04

Date Time Elapsed Time Conc
16-Mar 1108 0[Inject
18-Mar 727 44:19:00 0
19-Mar 745 68:37:00 0
21-Mar 1034 120:34:00 0
21-Mar 1037 0:00:00]re-inject
21-Mar 1200 1:23|>999
21-Mar 1519 4:44(>999
21-Mar 1625 5:50{>999
22-Mar 830 21:55 274
22-Mar 1025 23:50 198

CHO8

Date Time Elapsed Time [Conc
16-Mar 1115 OlInject
18-Mar 725 44:24:00 760
19-Mar 735 68:20:00 535
21-Mar 1041 120:34:00 230
21-Mar 1635 126:28:00 210
22-Mar 820 142:03:00 149

Concentration

800

700 -
600 -

500

400 -
300 +

200
100

CHO08 Concentration vs. Time

T~

h 4

~ :

—

44:24:00

68:20:00 120:34:00 126:28:00

Elapsed Time (Since injection)

142:03:00
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Duplex #48

CH54

Date Time Elapsed Time Conc
16-Mar 1110 Inject
18-Mar 728 44:18:00 680
19-Mar 747 68:37:00 485
21-Mar 1027 120:25:00 194
21-Mar 1627 126:31:00 185
22-Mar 825 141:53:00 117

Concentration

800
700
600

500 -
400 -

300

200 -
100 -

CH54 Concentration vs. Time

~_

T

\*‘\o

44:18:00 68:37:00 120:25:00 126:31:00 141:53:00
Elapsed time (Since injection)
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Duplex #48

Active Tracer Gas Injections

CHo4
Initial Injection 17:32 -- 3/13
Time Time Elapsed Concentration
7:45 14:13 139 CHO04 (Concentration vs. Time)
7:50 14:18 114
8:00 14:28 114 160
8:10 14:38 110 140
8:20 14:48 105 —~
8:30 14:58 100 § 120
8:40 15:03 64.2 ® 100 4
8:50 15:18 62.1 ‘qé; 80
9:05 15:33 59.2 Q 60 -
9:15 15:43 65.2 S 40
14:25 20:53 0 20
0 T T T T T T T T T T \_
14:13  14:18 14:28 14:38 14:48 14:58 15:03 15:18 15:33 15:43 20:53
Elapsed Time (minutes)
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CH54

Initial Injection 17:32 -- 3/13

Duplex #48

Time Time Elapsed Concentration
7:50 14:18 990
8:35 15:03 780
9:10 15:38 792
9:50 16:18 494

10:20 16:48 358
10:50 17:18 312
11:20 17:48 320
11:50 18:18 327
12:50 19:18 232
13:20 19:48 175
13:50 20:18 151
14:20 20:48 146
14:50 21:18 158

Concentration

1200 -
1000

CH54 (Concentration vs. Time)

800

600 -
400 +
200 ~

14:18 15:03 15:38 16:18 16:48 17:18 17:48 18:18 19:18

Elapsed Time (minutes)

19:48 20:18 20:48 21:18
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Duplex #48

CH8
Initial Injection
Time Time Elapsed Concentration
7:40 0:00:00 >999 CHO08 (Concentration vs. Time)
8:15 0:35:00 >999 200 -
9:15 1:35:00 >999
10:15 2:35:00 >999 600 + &
11:15 3:35:00 >999 S 500 \
12:25 4:45:00 >999 2 \
13:00 5:20:00 605 £ 400
13:05 5:25:00 364 5 300 \\’\‘\
13:10 5:30:00 341 e “\0\.\
13:15 5:35:00 321 S 200 < ¢
13:30 5:50:00 284 100 M
13:35 5:55:00 268
13:40 6:00:00 252 0 \ \ \ w T T T T T T T T T T T T \
13:45 6:05:00 235 5:20:00 5:30:00 5:50:00 6:00:00 6:10:00 6:20:00 6:30:00 6:40:00 6:50:00
13:50 6.10.00 205 Elapsed Time (minutes)
13:55 6:15:00 192
14:00 6:20:00 179
14:05 6:25:00 167
14:10 6:30:00 156
14:15 6:35:00 147
14:20 6:40:00 134
14:25 6:45:00 121
14:30 6:50:00 116
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CH55

Initial Injection 17:50 -- 3/11

Duplex #48

Time Time Elapsed Concentration
7:35 13:45 463
8:10 14:20 413
8:45 14:55 369
9:15 15:25 320
9:45 15:55 279

10:15 16:25 264
10:45 16:55 237
11:15 17:25 204
11:45 17:55 181
12:20 18:30 165
12:50 19:00 164
13:20 19:30 97.8

Concentration

500 -
450

CH 55 (Concentration vs. Time)

400 -

350
300 -
250

200 -

150
100 ~
50

o

T T

T T T T T T

13:45 14:20 14:55 15:25 15:55 16:25 16:55 17:25 17:55

Elapsed Time (Since Injection)

T

T T

18:30 19:00 19:30

1
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2011 Temperatures

FORT WAINWRIGHT TEMPERATURES

DATE MEAN TEMP MAX TEMP Barometric Pressure (Average)
1/26/2011 -6 0 30.19
1/27/2011 0 6 30.20
1/28/2011 -6 0 30.20
1/29/2011 -3 0 29.98
1/30/2011 -5 1 30.01
1/31/2011 0 6 29.79
2/1/2011 9 15 29.36
2/2/2011 11 12 29.54
2/3/2011 12 15 29.66
2/4/2011 2 10 30.26
2/5/2011 0 5 29.93
2/7/2011 -11 -2 29.77
2/8/2011 8 15 29.94
2/11/2011 -7 -5 29.77
2/12/2011 3 9 29.89
2/14/2011 -26 -20 30.36
2/15/2011 -32 -22 30.17
2/16/2011 -27 -16 30.26
2/17/2011 -7 -6 30.14
2/18/2011 6 12 30.26
2/19/2011 7 13 29.95
2/21/2011 7 14 30.35
2/22/2011 -6 3 30.94
2/23/2011 0 10 30.82
2/24/2011 6 15 30.23
2/25/2011 28 32 30.44
2/26/2011 12 16 30.00
2/27/2011 10 16 30.23
2/28/2011 -10 -7 30.68
3/1/2011 -16 -2 30.57
3/4/2011 4 17 30.30
3/5/2011 7 16 30.15
3/7/12011 4 21 30.06
3/8/2011 8 26 30.08
3/9/2011 14 23 30.18
3/10/2011 8 21 30.06
3/11/2011 10 19 29.98
3/12/2011 10 20 30.03
3/14/2011 9 21 29.69
3/16/2011 10 21 29.54
3/117/2011 -2 14 30.16
3/18/2011 11 26 30.11
3/21/2011 10 28 29.67
3/22/2011 12 30 29.61
3/23/2011 18 39 29.67
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Diagnostic Testing
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Diagnostic Testing
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Diagnostic Testing
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