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EXECUTIVE SUMMARY

The objective of this project was to validate an aerosol sealing application method for sealing
building shells as a cost-effective means to meet the USACE tightness requirement for military
facilities. The project involved several demonstrations on various building types and in multiple
climates to show the ability of the technology to be applied on a large scale.

The results of the demonstrations are expected to facilitate the adoption of the aerosol sealing
method for other DoD installations by providing several demonstrations on multiple building types
and in multiple climate zones. Prior work has demonstrated excellent results showing the ability
to seal 80% of the building leakage in less than two hours. Very few retrofit demonstrations have
been performed which was the focus of this project. These demonstrations validated the
performance of the sealing technology as an effective solution for retrofit installations.

The aerosol envelope sealing process involves pressurizing a building to normal testing pressures
while applying an aerosol “fog” to the interior. As the air escapes through leaks in the shell of the
building, the aerosolized sealant is transported to the leaks, and seals them as the particles try to
escape from the building. This technology uses commercially available blower doors to positively
pressurize the building during installation, as well as to provide real-time feedback on sealing
progress, allowing the air-tightness to be tracked during the sealing. The entire process is
controlled from outside the building and is capable of simultaneously measuring, locating, and
sealing leaks in a building envelope, while also providing verification of building tightness.

This project demonstrated that the aerosol envelope sealing technology is very effective at sealing
building leakage on DoD facilities. Ultimately, over 75,000 cfmat 75 Pa was sealed over the
sixteen demonstrations cutting the air leakage of the buildings in half. Figure 1 presents the overall
percent air leakage reduction for each demonstration. The most successful demonstration sealed
80% of the building leakage and three of the demonstrations brought the buildings to within the
USACE specification for envelope leakage. This was impressive considering two of these
buildings were in poor condition and scheduled for demolition.
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60%

50%
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0%

FB1 FB2 FB3 M1 M2 M3 M4 M5 M6 M7 M8 M9 Q1 Q2 Q3 Q4
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Figure 1. Percent Air Leakage Reduction for All Demonstrations
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Durability testing was performed to assess the strength and longevity of the seals created using the
aerosol sealing process. Seals were created under different humidity conditions to determine the
sensitivity of seal strength to this parameter. Multiple tests were conducted on seals formed on test
plates in the laboratory, including pressure cycling at medium and low pressures, temperature
cycling at medium pressure, and holding high pressure for one hour.

In summary, there were no seal failures during the lab testing of seal durability in which the seals
were subjected to pressures up to 5,000 Pa (equivalent to a wind speed of more than 200 miles per
hour). There was a gradual increase in leakage rates when subjected to prolonged pressures above
800 Pa. Cyclic tests at more reasonable pressures of 100 Pa showed that after 1,900 pressure cycles
the overall change in leakage flow between the first and last 100 cycles was 0.067 scfm for the six
sealed leaks tested. This translates to an increase in leakage area of approximately 0.004 in?. For
six sealed leaks each measuring about 1.2 in?, this represents an overall increase of less than 0.1%
in the sealed leakage area, indicating very little change over the course of the testing.

Modeling of facility energy saving and associated payback as a result of applying aerosol sealing
to reduce infiltration showed long payback periods exceeding 20 years in some climate zones.
Only in very cold climates was the payback calculated to be five years or less. However, when
accounting for reduced outdoor airflow to meet a pressurization target in a building, simple
payback periods were much shorter with most scenarios modeled paying back in less than five
years. Clearly the impact of reducing infiltration is much more significant in pressurized buildings.
Lastly, this analysis does not account for improved indoor air quality and improved safety in the
buildings

The most significant challenge that was met during the demonstrations was the presence of
significant leakage that was too large for the aerosol to address. This leakage was discovered at
the roof-to-wall connection which is a common location for building air leakage since it attaches
to continuous air barrier sections. The aerosol sealing process is still advantageous in this situation
even though it does require supplemental manual sealing. Future aerosol sealing installations in
commercial buildings should assess the roof-to-wall connection to determine if manual sealing
work is required.

Another issue that came up during the demonstrations arose from the fact that most people are not
familiar with the aerosol sealing process which led to questions about the safety of its application.
ESOH staff at one base was questioning whether the material being applied could potentially have
an environmental impact. After providing the safety data sheet and explaining that the amount of
material applied to the building is small the ESOH staff were satisfied and allowed the
demonstration to move forward. It is critical to work with ESOH staff to familiarize them with the
process prior to performing the work in order to answer questions about the safety of its
application.

ES-2



1.0 INTRODUCTION

Department of Defense (DoD) facilities consumed 0.2 Quadrillion British thermal units (Btu) of
energy in Fiscal Year 2014 with an annual expenditure of $4.0 billion to cool, heat and power its
facilities [1]. End-use surveys in the U.S. have shown that 37% of building energy use is for space
heating and cooling [2]. To meet DoD’s aggressive goal of reducing energy intensity by 3%
annually, it is critical to reduce the energy consumed for heating and cooling buildings.

One method for reducing heating and cooling loads in buildings is to improve their air-tightness
by reducing air leakage between conditioned spaces and unconditioned spaces or the outdoors. A
study performed by the National Institute of Standards and Technology (NIST) has shown that
reducing infiltration to levels similar to those required by the U.S. Army Corps of Engineers
(USACE) [3] can result in 30% heating and cooling energy savings in office and apartment
buildings [4]. This result is based on the average energy savings for different types of buildings,
weighted by their respective energy consumptions, as predicted by models of these building types
in five major U.S. cities.

11 BACKGROUND

Current methods for tightening building shells have relied primarily on manual sealing methods
that are labor intensive and often insufficient, particularly in retrofit applications. Significant
efforts have been made to reduce leakage in building shells within current construction practices;
however, the problem remains one of high labor costs, constant vigilance and quality control.
Automating the sealing process, removes contractor inconsistency, and in the case of the proposed
technology, provides automatic verification that the desired sealing level has been reached.

The proposed work demonstrated a technology and process recently developed at the UC Davis
Western Cooling Efficiency Center (WCEC) for automating the envelope sealing process, a
technology that can be applied to a wide range of building types both during retrofit and at various
stages of the new-construction process. The technology and process not only perform the sealing
but also track the sealing process throughout the installation, providing immediate feedback to the
installer, and a permanent record of the work performed, thereby allowing specific levels of air
tightness to be achieved and verified. This project applied the aerosol envelope sealing technology
to air-seal existing DoD facilities (focused on office buildings and barracks) to levels that meet or
exceed the requirement outlined by the USACE. The aerosol envelope sealing technology can
reduce the cost required to seal new and existing buildings to the required levels outlined by the
USACE.

1.2 OBJECTIVE OF THE DEMONSTRATION

The objective of the demonstrations was to validate the aerosol sealing application method as a
cost-effective means to meet the USACE tightness requirement for military facilities. The project
involved a number of demonstrations on various building types and in multiple climates to show
the ability for the technology to be applied on a large scale.



The results of the demonstrations are expected to facilitate the adoption of the aerosol sealing
method for other DoD installations. Prior work has demonstrated excellent results showing the
ability to seal 80% of the building leakage in less than two hours. Very few retrofit demonstrations
have been performed which was the focus of this project. These demonstrations validated the
performance of the sealing technology as an effective solution for retrofit installations.

13 REGULATORY DRIVERS

Building envelope tightness guidelines have been outlined in standards as voluntary measures for
more than 20 years. Recently, codes (see below) have begun to require specific levels of building
sealing as a mandatory measure. The specific requirements for the level of tightness vary between
organizations, a few of which are summarized here.

1.3.1 DoD Directive

In 2009, the USACE issued a directive requiring all new buildings and existing buildings
undergoing renovation to meet an air leakage specification [5]. The leakage level required is <0.25
cfm75/ft2. using the entire envelope area including the floor. The directive states that any building
undergoing renovation with costs that exceed 25% of the cost to replace the building must meet
the USACE air tightness spec.

1.3.2 ASHRAE

American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE)
produces standards for building energy efficiency, including targets for adequate building
envelope tightness. The ASHRAE ventilation standard for low-rise residential buildings,
ASHRAE 62.2, has a compartmentalization requirement for low-rise multifamily buildings that
require each apartment be sealed to 0.25 cfm50/ft? of envelope area. Many states have adopted or
are guided by the ASHRAE standard 62.2 for their low-rise ventilation code.

133 IECC

The Department of Energy (DOE) International Energy Conservation Code (IECC) provides an
air leakage guide for homes. In 2009, the IECC required that building air leakage was no higher
than 7 Air Changes per Hour at 50 pascal (ACH50) in all U.S. climate zones, and verification of
sealing was done either against a detailed checklist or a whole-house air leakage test using fan
pressurization. In 2012, the building leakage requirement was made significantly more stringent
requiring that building have an air leakage no higher than 5 ACH50 for climate zones 1 and 2 and
no higher than 3 ACH50 in climate zones 3-8. The 2012 code also required mandatory building
pressurization tests to verify that the appropriate building envelope tightness was achieved.



20 TECHNOLOGY DESCRIPTION
21 TECHNOLOGY OVERVIEW

The aerosol envelope sealing process involves pressurizing a building to normal testing pressures
while applying an aerosol “fog” to the building interior. As the air escapes through leaks in the
exterior shell of the building, the aerosolized sealant is transported to the leaks, and seals them as
the particles try to escape from the building. This technology uses commercially available blower
doors to positively pressurize the building during installation, as well as to provide real-time
feedback on sealing progress, allowing the air-tightness to be tracked during the sealing. Multiple
air-atomization nozzles that generate the aerosol are distributed around the inside of the building.
The current system is capable of up to eight injection points that are distributed around the
building, but it can be easily expanded with additional equipment. Expanding the system can be
done at relatively low cost since the system can be used modularly allowing multiple systems to
operate in parallel. The entire process is controlled from outside the building and is capable of
simultaneously measuring, locating, and sealing leaks in a building envelope, while also providing
verification of building tightness.

All leaks that are not intended to be sealed are blocked with tape or plastic (e.g. exhaust ducts, door
seams). Depending on the condition of the building during application, the floor may need to be
covered with plastic to protect it from sealant that settles during the process. While some sealant
deposits on the top of horizontal surfaces (which are therefore also covered), there is no noticeable
deposition on vertical surfaces or the bottom of horizontal surfaces. The ideal time to perform a
retrofit aerosol sealing is during occupant changeover or during a major renovation where the
contents of a building will be removed and carpets replaced. Without the removal of flooring it could
be difficult to seal leaks at the baseboards, however one possible outcome of this research would be
to determine how effective the sealing can be with carpets in-place and how time consuming the
preparation of the carpets is. While it is conceivable that desks and computers can be covered with
a tarp during the process, we feel that for the initial retrofit installations this should be avoided.

UC Dauvis has partnered with two manufacturers to provide the appropriate sealant and nozzles for
this technology. The current sealant is GREENGUARD Gold Certified, meaning that it meets the
stricter certification criteria required for use in California schools and healthcare facilities. The
toxicity of the sealant used for the aerosol sealing process is well below many other materials used
in buildings such as interior paints; however, because the sealant is atomized the contractor must
wear appropriate personal protective equipment when possible exposure to atomized sealant is
apparent and avoid entering the building if possible. If entering the building during the installation
is necessary, the contractor should have a fitted respirator to prevent breathing the aerosol. When
the installation is complete the aerosol is flushed out by continuing to pressurize the space for
several minutes after stopping the sealant injection.

The aerosol sealing technology was developed over several years by UC Davis primarily
through research grants with the DoE and California Energy Commission. Shortly before
this project the technology was licensed by Aeroseal LLC. Aeroseal developed an injection
system that was ultimately rented for application in this project for Environmental Security
Technology Certification Program (ESTCP). The equipment was based off of the system
developed by UC Davis but included software and controls for automating the process.



This project was the first application of the technology in large commercial buildings requiring in
some cases that the building be sealed in phases over multiple days. This project was also first to
utilize commercized equipment for sealing, and was the first instance of a subcontractor being
trained to perform the sealing.

2.2 ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY

Current state-of-the-art methods for retrofit air-sealing are all manual, relying on contractor
personnel to visually identify and manually seal leaks one-by-one. The resulting level of air-
tightness achieved is highly variable, and is based on the time allotted and the vigilance and
experience of the individual contractor that performs the work. In addition, it is common for air-
tightness verification to be performed by a different contractor after the sealing is completed,
making it difficult for the sealing contractor to assure that a specific level of sealing has been
accomplished.

The appeal of the proposed technology is that it is well suited for sealing buildings tighter and
more reliably at a lower cost than manual methods (reducing sealing costs to between $0.50-$1.50
per square foot of building floor area) and that it automatically provides verification of the entire
sealing process, certifying the performance of the envelope.

The highest potential risk of this technology is that if a building is not prepped appropriately it
could lead to unwanted deposition of sealant. For example, if the HVAC registers are not taped off
this could lead to deposition of sealant on an air conditioner or furnace coil. There are also potential
limitations of the application when buildings are occupied. Occupied buildings tend to have a lot
of contents that would need to be protected making the preparation process more time consuming,
and thus, more expensive. Sensitive electronics need to be powered off and protected when
applying the aerosol which could also disrupt the productivity of a business.



3.0

PERFORMANCE OBJECTIVES

The key performance objectives for this project were the level of air tightness achieved in the buildings
and cost to perform the sealing. Other performance parameters that were investigated include the
durability of the seal created, and the energy savings that result from sealing the building envelope.

The aerosol sealing technology provides real-time feedback of building leakage and automatic
verification of the sealing accomplished. This was used along with the staff time required and cost
of disposables to develop and accurate cost estimate. EnergyPlus models were used to estimate the
impact that sealing had on the energy use of military buildings including greenhouse gas (GHG)
reduction as a result of lower heating and cooling requirements. Data was collected to measure the
performance objectives outlined in Table 1.

Table 1. Performance Objectives
Performance
Objective Metric Data Requirements Success Criteria Results
Quantitative Performance Objectives
ili ildi 2 ildi 2
Facility Building cfm/ft*at 75 Pa Building leakage test <0.25 cfm/ft°at 75 Partially met:

Leakage

performed before and
after technology
installation

Pa

Successful in three
demonstrations

Seal Failure
Pressure

Pascal

Pressure measurement
across leak during failure
test (Laboratory)

>1,500 Pa

Met: No seal failure
after loading to 5,000
Pa

Cyclic Pressure
Loading

# of cycles to
failure

Pressure measurement
across leak, cycle counter
(Laboratory)

>1,000 cycles

Met: No seal failure
after cyclic loading

Cyclic Temperature
Loading

# of cycles to
failure

Temperature
measurement at leak,
cycle counter
(Laboratory)

>1,000 cycles

Met: No seal failure
after temperature
cycling

System Economics

Person-hours to
seal 1,000 sqg. ft.,
$ for disposable
materials

Tracking of labor
requirements and
materials used

< 16 person-hours
to seal 1,000 sqg. ft.

Met: Only buildings
1,500 ft2 or smaller?
require >16 person-
hours per 1,000 sqg. ft.

Quialitative Performance Objectives

Installer feedback
on safety protocols
for installation

Survey results

Feedback on experience
during installations (i.e.
are masks uncomfortable,
are masks worn all the

Concerns regarding
safety measures are
determined and
appropriately

Feedback from ESOH
personnel indicated no
concerns with
application of

time, etc.) addressed technology
Impact of aerosol Description of Photos of baseboard leaks | Determination of Demonstrations
sealing on flooring | impact of aerosol | before and after sealing how to best prep showed that with

(only if
encountered)

on flooring
materials

using smoke to
demonstrate leakage.
Photos of prepped areas
versus those not prepped.

flooring for aerosol
sealing

proper preparation
floors can be
successfully protected
from aerosol deposition

! There are some savings as you go to larger buildings because of the fixed cost associate with setting up and getting
equipment and personnel to the site.
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40 FACILITY/SITE DESCRIPTIONS

This project had commitments from several military bases to provide buildings for testing the
aerosol sealing process. Potential sites were reviewed to determine whether the buildings were
appropriate as a test site. There were several criteria used when selecting appropriate
demonstration sites including building type, size, type and state of flooring, and whether the
building was occupied. This project demonstrated the sealing technology on buildings between
2,000 and 22,000 square feet. The demonstrations included both residential and commercial
buildings, and all buildings were temporarily unoccupied at the time of sealing.

4.1 FACILITY/SITE LOCATIONS, OPERATIONS, AND CONDITIONS

This project tested the aerosol sealing process in nine buildings on three military bases. Overall,
15 smaller spaces and three larger spaces were sealed over 16 different demonstrations. The bases
that were involved included: Marine Corps Base Quantico in Virginia, Fort Bragg Army Base in
North Carolina, and Navy Support Activity Mechanicsburg in Pennsylvania.

The condition of the buildings varied from very poor and slated for demolition to building in good
shape that were awaiting a new tenant. There was a mix of attic designs with both drop ceilings
and exposed roof decks. There were also building with slab-on-grade foundation as well as
buildings with subfloors. The majority of buildings had lanolium or concrete floors which reduced
the effort required for prepping the buildings.
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5.0 TEST DESIGN

This project consisted of sixteen demonstrations of the aerosol envelope sealing technology on
three military bases. The fundamental problem this project was attempting to solve was whether
the aerosol technology can be used as a method for cost-effectively sealing air leakage in the shell
of existing buildings. The overall objective is to determine whether the process can be applied
consistently and efficiently in multiple locations around the U.S.

5.1 CONCEPTUAL TEST DESIGN

The aerosol sealing process was tested to determine the feasibility of applying the process on a
large scale to meet the USACE tightness requirement for existing military facilities. There was a
general test design that remained consistent between demonstrations; however, each
demonstration required a specific application protocol to be developed. Each test site required an
initial walk-through to identify how the building should be prepped before injection and how much
equipment would be needed. The walk-through noted what features of the building would need to
be protected during the process.

The independent variable that was tested was the total building/space envelope air leakage which
can be expressed as the flow rate through the shell of the building under a given pressure
differential, or as a physical size leak in the shell of the building (i.e. equivalent hole size). The
tightness goal is to meet or exceed the USACE requirement of 0.25 cfm at 75 Pascal per square
foot of envelope area.

The dependent variables that was tested included the leakage reduction achieved by the aerosol process
for each demonstration, and the time required to perform the sealing. The cost is expected to vary based
on building floor area, building type, and condition of the building (e.g. being renovated, occupied).

The controlled variable was the application process which includes precise percent relative
humidity control in the space during sealing. Humidity levels during the sealing process can impact
sealing rates and seal durability, and therefore, were controlled throughout the process.

Each test will measure the performance of the aerosol sealing technology by measuring the total
leakage reduction of the building and cost of the sealing. Reasonable estimates were made to
estimate the actual cost of the sealing after commercialization. The personnel time required was
closely monitored as well as the cost for materials to develop the cost estimate.

Each test included the following phases: pre-test site visit and installation plan, initial leakage
measurement, building preparation, aerosol sealing, building clean-up, and final leakage
measurement. While the pretest site visit was the best way to develop the installation plan, in some
cases a reasonable installation plan was developed using accurate building plan and photos of the
building followed by an initial walk-through before sealing. The initial leakage test was performed
on the building prior to any prep and was used as the baseline to measure performance. Building
preparation involves all of the work needed to prevent sealant waste, protect building contents
from damage, and limit the cleanup required after sealing. Once prepped sealing began by
pressurizing the building and injecting the aerosol. After sealing the building was cleaned and the
final leakage test was performed.



5.2 BASELINE CHARACTERIZATION

The primary baseline data that was collected on each demonstration is the total building leakage
before and after sealing. The baseline data was used to inform accurate inputs to an energy model
that was used to develop energy savings estimates for the DoD. A standard blower door was used
to collect the leakage data for each building.

5.3 DESIGN AND LAYOUT OF SYSTEM TECHNOLOGY COMPONENTS

The aerosol sealing technology is capable of remotely sealing leaks in a building shell by briefly
pressurizing the building while applying an aerosol “fog” to the interior. The system consists of
two major components (Figure 2): 1) the building pressurization system, and 2) the injection
system.

The building pressurization system includes a large fan capable of controlling and measuring the
airflow supplied to the building. The fan was controlled to maintain a constant building pressure
throughout the process by allowing the air flow to drop as the building seals. An electric heater for
heating the air entering the building was used to improve sealing rates by increasing the water-
carrying capacity of the air, and thus allow more sealant to be injected in to the space.

The injection system consists of an air compressor, sealant injection pump, and nozzles. The
injection system is controlled to maintain the humidity target during the process in order to
promote seal durability while also limiting sealant deposition on the floor. Each injector nozzle is
placed strategically around the building to allow for adequate aerosol distribution. Depending on
the building geometry, a single nozzle can seal up to 400 square feet of floor area.

Figure 2. Photo of Aerosol Sealing Equipment Setup
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The equipment used to test building air tightness met the USACE air leakage test protocol standard
with a resolution of 0.1 Pascal and accuracy of 1% of the reading. The instruments were calibrated
at least every two years to assure this accuracy, and the WCEC was responsible for getting the
instruments calibrated. The data collected to determine the air leakage of a particular building was
based on the average of at least 10 measurements to reduce the impact of wind and stack or other
environmental factors.

5.4 SAMPLING RESULTS

This project demonstrated that the aerosol envelope sealing technology is very effective at sealing
building leakage. Ultimately, over 75,000 cfm at 75 Pa was sealed over the sixteen demonstrations
cutting the air leakage of the buildings in half. Figure 3 presents the pre and post air leakage
measured in each of the demonstrations and Figure 4 presents the overall percent air leakage
reduction for each demonstration. The most successful demonstration sealed 80% of the building
leakage and three of the demonstrations brought the buildings to within the USACE specification
for envelope leakage. This was impressive considering two of these buildings were in poor
condition and scheduled for demolition.
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Figure 3. Pre and Post Air Leakage Test Results for All Demonstrations
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Figure 4. Percent Air Leakage Reduction for All Demonstrations
5.4.1 Example Sealing Demonstrations

One demonstration that took place at Quantico was performed on a small office building. This
building was vacant at the time of the aerosol sealing installation but was planned to be re-occupied
at a later date requiring that the horizontal surfaces inside the building be protected (Figure 5). The
prep work required about 16 person-hours or about one day for a two-person crew.

Figure 5. Building 2177 at Quantico Prepped for Aerosol Envelope Sealing
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The sealing results for building 2177 at Quantico were very impressive sealing 80% of the
available leakage area in three hours of injection. Figure 6 shows the sealing profile for the
demonstration. The pre and post air sealing results with the “as found” condition showed a total
air leakage reduction of 68% going from 4,503 cfm at 75 Pa to 1,440 cfm at 75 Pa which brought
this building to within the USACE specification for air leakage in new buildings. This
demonstration highlights the overall capability of the aerosol sealing approach by showing a 1950s
era building getting sealed to the standard outlined for all new military installations in only a couple
days of work.
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Figure 6. Sealing Profile for Building 2177 at Quantico Marine Corp Base (MCB)

Another sealing demonstrations at Naval Support Activity (NSA) Mechanicsburg in Pennsylvania
was a large industrial facility, building M/608A, used for training and storage. This was also the
first large building sealed for the project with a total floor area of about 8,400 ft?. This building
was scheduled for demolition so very minimal interior preparation was required.

At first inspection it was assumed that some manual sealing would be required to deal with large
holes in the wallboard (Figure 7), but after a closer look it appeared that the soffit construction
behind the wallboard was built with suitable gaps for the aerosol sealing method to address. It was
therefore decided to begin sealing without supplemental manual sealing. The building had several
large roll-up doors that were temporarily sealed prior to the aerosol injection to prevent sealing
those doors.
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Figure 7. Photo Showing Large Holes in Wallboard at the Roof Rafters of Building
M/608A at NSA Mechanicsburg

Two distinct sealing events occurred sealing 82% of the available leakage. Figure 8 shows the
sealing profile for both sealing events. Each sealing effort sealed about 60% of the available
leakage in two hours of injection. Ultimately, 64% of the building leakage was sealed over only
four hours of total injection time. The building leakage started at 18,210 cfm at 75 Pa and was
reduced to 6,515 cfm at 75 Pa.
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Figure 8. Sealing Profile Showing Both Sealing Events for Building M/608A at NSA
Mechanicsburg
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6.0 PERFORMANCE ASSESSMENT

This section describes the analysis performed for each of the performance objectives described in
Section 3.0. Some of the performance objectives are based on the results of energy models and
durability testing executed as part of this project. A description of the energy modeling performed
for estimating the potential impact of air sealing building envelopes, and of the durability testing
performed in the laboratory are also included below.

6.1 FACILITY BUILDING LEAKAGE

The data analysis that was used to evaluate the performance of the aerosol envelope sealing
technology focused primarily on obtaining accurate measurements of building envelope leakage.
The performance of the aerosol sealing technology was quantified by evaluating the difference
between the preliminary leakage measurement and final leakage measurement of the
demonstration site. When performing each airflow measurement, a baseline building pressure was
obtained first under natural conditions in order to account for natural forces that impact the
building pressure (i.e. wind). The baseline measurement was used to correct the value obtained by
fan pressurization. Each measurement point was the average of 100 samples taken over several
seconds under steady state conditions.

The sealing profiles that were generated during the sealing process were not used as the ultimate
pre and post air sealing results. The sealing equipment has the capability to measure leakage in
real-time but in many cases the fan was encumbered with other sealing equipment that affected the
fan calibration. The sealing profiles do contain useful information about sealing process and
provide reasonable estimates for sealing rates during installation.

Three of the demonstrations completed for this project met this performance objective reducing
envelope leakage to below the USACE requirement of 0.25 c¢fm75/ft% however, many of the
demonstrations did not meet this criteria. Considering many of t