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July 31, 2020
Londonderry Town Hall
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July 23, 2020
Blower Door Test/Envelope Study

Thank you for using BVH Integrated Services for your envelope study testing.
Ambient Conditions 7-23-2020:
Outside Temperature: 75 °F
Inside Temperature: 75 °F
Wind Conditions: 5-10mph
Time of Day: 10:00 am
Test Conditions:
1. All exterior doors were closed.
2. All interior doors were propped open.
3. All plumbing traps were filled.
4. No masking of any HVAC openings or open attic hatches were completed. The building was
tested under its normal operating conditions.
5. A three fan blower door setup was installed at the front entrance.
Blower Door Test Results:
The whole building leakage rate was 2.41 cubic feet per minute (CFM) at 50 Pascals of pressure (1.04
lbs./sq. ft) per sf of exterior shell. This is an extremely high air leakage. Adjusted CFM50 accounts for
the lack of power required to reach 50 Pascals. Three fans were used, but the building would have
needed approximately four fans to reach pressure. Adjusted CFM50 is a more accurate measure of air
flow under test conditions.
Field Measured
CFM @ 32
Pascals
16,518

Pressure
Adjusted CFM @
50 Pascals
22,077

Square Feet of
Building Shell

CFM50/SF

9,159

2.41

The table below is used to compare the results of this building.
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CFM50/sf of shell
2.41
<0.15
<0.25
0.60 to 0.90
>0.60

This result indicates that the building’s air barrier is in the realm of leaky construction as compared to
whole-building air tightness benchmarks. In fact, this is the leakiest building I have ever tested. findings
and recommendations are provided below.

R-Values:
Windows: The vast majority of the windows are single pane, wood framed with spring assisted sashes
for an approximate R-value of 1. It should be noted that the windows leak excessively. The windows on
the back of the building do have exterior storms, which are also single pane, wood framed. These
windows have an approximate R-value of 1.5.
Foundation: The exact thickness of the foundation could not be determined. It is a combination of
stacked stone, topped with what appears to be large granite blocks. From outside concrete is visible, it
appears that the concrete was used to reinforce the existing stone foundation. The approximate Rvalue is R-3.5.
Front Zone:
Walls 1st floor: ½” shiplap boards on 2x4 studs 16” o.c., the sheathing is estimated to be ½” thick, Tar
paper, then wood siding for an approximate R-value of 2.6.
Walls 2nd floor: The studs are visible on the 2nd floor, consisting of 2x4 studs 16” O.C., the sheathing is
estimated to be ½” thick, tar paper, then wood siding for an approximate R-value of 2.1.
Roof: 2”x6” rafters 16” o.c. with ½” thick wood sheathing, tar paper, and asphalt shingles for an
approximate R-value of 1.8.
Middle Zone:
Roof: 4” wide by 5” thick rafters approximately 30” o.c., ½” wood sheathing, tar paper, slate roof for an
approximate R-value of 1.5.
Attic Floor: Shiplap boards on 2x4 studs, 16” o.c. with 3-4” of cellulose insulation for an approximate Rvalue of 10.
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Walls: ½” shiplap boards on 2x4 studs 16” o.c., the sheathing is estimated to be ½” thick, Tar paper,
then wood siding for an approximate R-value of 2.6. However, some of the cellulose insulation has
fallen down the wall bays from the attic, so it may be slightly higher in some areas.

Back Zone:
Basement Walls: The basement walls consist of concrete, fiberglass insulation, and drywall. The type of
studs could not be determined, and the thickness of the fiberglass insulation appeared to be 4”. The
thickness of the concrete was found to vary, likely due to reinforcing the foundation wall. The
approximate R-value is R-11.
Walls 1st floor: The studs are visible on the 1st floor, consisting of 2x4 studs 16” O.C., the sheathing is
estimated to be ½” thick, plastic weather barrier, then wood siding for an approximate R-value of 2.1.
Attic Floor: ½” shiplap boards, 2x8 joists 16” o.c. with 2-3” of chopped fiberglass spread sporadically for
an approximate R-value of R-8.
Roof: 2x10 rafters 16” o.c. with ½” thick plywood sheathing, plastic ice and water shield, and asphalt
shingles for an approximate R-value of 2.1.
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Existing Drawings Provided-1980

Exterior Wall

1st Floor

Field Report

Page 5

Field Report

206 West Newberry Road
Bloomfield, CT 06002
Tel: (860) 286-9171
Fax: (860) 242-0236
www.bvhis.com

Actual Exterior
Wall

Basement

Findings and Recommendations
1. Building History
From information provided by Mary Lines, the existing drawings, and inspecting the building, the
following assumptions can be made. The building appears to have multiple additions/renovations
made throughout the years. The building has been separated into three different zones in terms of
construction, the Front, Middle, and Back. The floor plan above from 1980 shows a wing of the building
which was removed at some point in the buildings life. The shared wall between the Non-Existent and
the Back zone has since been turned into an exterior wall. This leads us to believe the exterior siding is
not original. Additionally, the siding between the Front and Middle are definitely different sizes. The
siding on the Back matches the Middle. On parts of the building, primarily the back, a plastic weather
barrier is visible behind the siding. Plastic weather barriers weren’t in existence in 1859, which is the
date posted on the front of the building. Because of this, we believe the siding can be removed and
replaced, since it does not appear to be original, hence doesn’t have a significant historic value.
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The foundation also appears to have had work done over the years. Looking at the building from inside
and outside, it appears that the foundation has been reinforced with concrete. It does not appear that
the building was lifted, as the existing stone foundation is visible from inside. This can be assumed
because no evidence of the removed wing was found. The wing is only known about from the
drawings. Along with this, the basement drawing shows the back of the building having a bowed wall,
however this was not witnessed during the visit. Either this wall was replaced or concrete was added
hiding the bowing.
The construction of the walls is different for each zone and do not fully match the floor plans. The Back
zone is not square as is shown in the drawings. Looking at the building you can see that the back
corners are not 90 degree angles, instead there are corner walls, pointed to in the basement drawing.
Along with this, there is a 2nd floor above the Front Zone, but no drawings exist of this.
The three zones have different attic/roof conditions, which are as follows. The Front zone has no attic,
instead it has a 2nd floor to access the mezzanine in the Middle zone. The underside of the roof is
visible from inside the building for the Front zone. The Middle zone has a curved ceiling, which has
some cellulose insulation applied on the ceiling. Above the ceiling here the cupola is partially visible
along with the underside of the roof. The Back zone has an attic with only 3” of chopped fiberglass
insulation along the attic floor. Looking at the underside of the roof, the rafters are newer, and the
roof sheathing is plywood. It’s likely when the wing was removed that the roof was replaced here.
The floor joists of the Middle zone are constructed of newer lumber, potentially done when the wing
was removed. The basement is lined with gravel and is sloped leading to a PVC drain for when water
enters the basement.
The roofs appear to need work. We suggest having a qualified roof installer inspect the roofs to
determine if they need to be replaced. A structural engineer should also be brought out to inspect the
building. From inside the attic, daylight is visible through parts of the roof, and in many areas through
the exterior walls. The shingles are not original to the building and the slate doesn’t appear to be as
well. This can be assumed because inside the building there is a chimney between the Front and
Middle zones. However, this chimney is not visible from outside, so the roof and slate was adjusted at
some point in the buildings life to cover up this change. Along with this, slate roofs have a life
expectancy of roughly 75-125 years, so it is possible that it has been replaced once already.
The windows are all old single pane windows with some having springs instead of weighted pulleys.
Some of the Back zone windows have an exterior storm over them. Looking at the windows they do
not appear to be from the 1800’s, as springs were used in the 20 th century. Because of this, we believe
the windows are not original which reduces their historical value.
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Based on the information above, we have determined that a number of the buildings features do not
appear to be original, including the siding, windows, some walls, and roofs. With this in mind, the
question of what should remain comes up. For this building, we believe that to be the interior wood
trim around the theater and the Middle zone. Along with the look of the building from outside. Our
recommendation involves replacing the windows, removing siding which can either be refurbished or
replaced, and most importantly air sealing/insulating. The goal of our recommendations is to have the
building renovated so that it can be used throughout the year instead of once a year. The
recommendations will help to maintain the building for many years to come and will help with heating
and cooling costs. Our recommendations are described further below.
2. Walls
The studs and sheathing of the exterior walls is visible from inside the building for the Back zone and
2nd floor of the Front zone. We recommend fully exposing the studs and the back of the sheathing for
the Front and Back zones so that 3” of closed-cell spray foam can be added between the studs. Closedcell spray foam has an R-value of approximately R-6/inch and is an air and vapor barrier. The building is
constructed of balloon framing, which means there is no top plate along the walls between the 1st floor
and the attic. Blocking should be added between studs, where the wall meets the ceiling, to act as a
backer/end of the spray foam.
The recommendation for the Middle zone is similar but involves insulating from outside instead. This is
because the interior wood which lines the walls and ceiling of the Middle zone is likely historic, and
would be costly to remove and reinstall/replace. For the Middle zone we recommend removing the
exterior siding and sheathing to the height of the ceiling. This will expose the back side of the interior
wood trim. At this point, 3” of closed cell spray foam can be added to the exterior walls of the Middle
zone up the wall and stop where the wall becomes the ceiling. The sheathing and siding can then be
reinstalled or replaced. This will effectively insulate and air seal the exterior walls.
3. Insulate the Roof or Attic?
For parts of the building, we believe the roof should be insulated and other parts the attic. The Front
zone should be insulated and air sealed along the plane of the roof. This can be done from inside with
5” of closed cell spray foam since the rafters are 2x6. The rafter tails/soffit area should be sealed off
with wood blocking so that the spray foam can effectively seal the wall to roof transition. Along with
this, the shared wall between the Front and Middle zones should be insulated with 3” of closed cell
spray foam. The foam should transition from the attic floor to where the Front zone roof meets the
shared wall. This is because the attic above the Middle zone will not be heated, which leads us to how
to treat the attic for the Middle zone.
For the Middle zone, we recommend removing the existing cellulose insulation along the attic floor.
The cellulose is compressed, dirty, and full of contaminants. The cellulose is not doing an effective job
of insulating the ceiling, especially along the exterior walls, where the cellulose has started to fall down
the wall bays. With the old cellulose insulation removed, the attic floor/ceiling can now be insulated
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and air sealed. This can be done in several ways. The cheapest would be to add 10” of new cellulose
insulation along the attic floor. For this to be effective, the wall bays would need to be dammed/
blocked off so that the cellulose won’t fall down the wall bays again. This will fully insulate the
ceiling/attic floor but would not take care of any air leaks which may exist here. 5” of closed cell spray
foam could be used instead which would have the same R-value and would fully air seal the attic, but
at a higher expense.
As for the Back zone, we recommend insulating along the plane of the attic floor. Inside the attic for
this zone there is existing chopped fiberglass insulation which should be removed, along with the
subfloor to fully expose the ceiling joists. This will allow the attic floor to be insulated and air sealed.
Again this can be done in several ways. The cheapest would be to add 10” of new cellulose insulation
along the attic floor. For this to be effective, the wall bays would need to be dammed/ blocked off so
that the cellulose won’t fall down the wall bays again. This will fully insulate the ceiling/attic floor but
would not take care of any air leaks which may exist here. 5” of closed cell spray foam could be used
instead which would have the same R-value and would fully air seal the attic, but at a higher expense.
It should be noted that the shiplap ceiling likely isn’t air tight, which is why spray foam is
recommend/preferred over cellulose. For the Back zone the shiplap ceiling could be replaced with
drywall, which would likely be tighter. It would also match the walls if drywall is added.
4. Attic Hatches
During the visit there were at least 4 large openings leading to the attic, a few are shown below. These
openings do not have any doors/hatches to seal them off. A large portion of the buildings air leakage
can be accounted to these openings. Because of this we recommend the following:
Seal off some of the openings or install a new attic hatch with weather-stripping and at least 6” of rigid
polyisocyanurate (foil faced foam board) insulation attached to every opening. Use ¾” plywood and
sheetrock for strength and weight so the hatch presses down on the weather-stripping when closed.
Use wide foil tape to cover and protect the edges of the insulation and then glue or screw the rigid
foam insulation to the plywood so it remains affixed to the hatch indefinitely. At the hatch opening
install a 16” tall, 4 sided end dam to keep cellulose insulation from covering the hatch.

Field Report

Page 9

Field Report

206 West Newberry Road
Bloomfield, CT 06002
Tel: (860) 286-9171
Fax: (860) 242-0236
www.bvhis.com

5. Basement/Crawlspace
The foundation is uninsulated and shows signs of water entry. Along with this, there is no air sealing
present in the basement. Dampness/humidity from the basement was apparent during the visit, and
could be made even more apparent when the building is tightened up and insulated. A dehumidifier
was also found in the basement adjacent to the furnace room. The basement room for the Back Zone
had mold growing on the drywall from the humidity. For these reasons, we recommend that the
foundation walls are insulated, air sealed, and a vapor barrier is installed along the basement floor. To
do so, the following steps should be done:
1. First, manage the water that enters the basement by installing a sump pump at a low point in
the basement and then digging/cutting channels in the floor at the perimeter of the basement
to catch and divert water to a sump pump. A PVC drain already exists in the basement, so it is
possible that a sump pump isn’t necessary.
2. Install a Tu-Tuff vapor barrier across the dirt/gravel floor and lap it up onto the granite
foundation walls, not the stacked stone. Tu-Tuff is recommended because it seals relatively
well to foam and it is more durable than 6 mil poly to occasional foot traffic. For regular foot
traffic you can install a poured slab, a layer of pea stone, or at minimum, install plank walkways
in heavy traffic areas to protect the vapor barrier.
3. Lap Tu-Tuff seams at least 6” and seal with manufacturers recommended tape.
4. Finally, install 3” of closed cell foam at the perimeter of the original basement starting at the
underside of the floor and down to 1’ below the outside grade or stop at the inside grade if it
the same as, or higher, than outside. Foam should lap over Tu-Tuff on the walls.
5. The foam will need an approved 15 minute thermal barrier for fire protection, foam installers
can make recommendations for the barrier to use but it should be approved beforehand by a
local code official.
6. Foam over basement windows:
The basement windows can be permanently covered over with spray foam or covered in rigid
foam plugs wrapped in polyethylene sheeting like a present that are then foamed in place as
shown below. This allows the windows, which have negligible R-value, to act like insulated
walls. If the window ever needs to be accessed simply trim the perimeter of the rigid foam
plug with a knife and slide the plug out. If you prefer the basement windows to remain
uncovered then a wooden frame should be built around each window so foam can be installed
to the full thickness right up to the window. Otherwise the foam can be tapered as it
approaches the window.
Examples of this recommendation:
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Tu-tuff lapped up onto walls prior to spray foam install.
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Fully installed Tu-Tuff and spray foam.

6. Crawlspace Access
The crawlspace does have a hatch to outside. During the visit, the hatch was found to have no
insulation, is not air tight, and leaked water heavily during a small rain storm that came through. Along
with this, it is constructed of plywood and wood lumber which is severely water logged. The hatch
ways easily over 100 pounds.
I imagine the hatch is necessary in the event that equipment must be moved in or out of the basement.
If so, then it should be framed square, weather-stripped, and insulated with at least 2” of polyiso
fastened to a new hatch panel. If the door is not necessary, then ideally it would be removed and an
infill panel (consider structural requirements) be installed and foamed over so that it becomes a
continuous part of the proposed foundation thermal barrier system.
7. Windows
The windows are old, impossible to open, have a low R-value, and leak significantly. Many of the
windows were found to not fully shut. Because of this, we recommend that the windows are replaced
with current windows. As mentioned previously, the windows do not appear to be original, which
lowers their historic value.
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When replacing the windows keep the following considerations in mind:
1. Are there any oversized window areas that are no longer necessary? Most buildings that
predate electricity had large windows for day lighting. Can parts of the window area be in filled
with insulated wall? Walls always outperform even the best windows at a fraction of the cost.
If aesthetics is a concern can part of the window area be in filled with translucent panels such
as Kal wall?
2. If the new windows are inserts remove window weights and fill in the weight pockets with
injected foam. Air seal the original window opening as much as possible before the window
insert is installed.
3. Consider installing single hung units so the top sash is sealed in place. This reduces air leakage
overall and makes them easier to close and latch.
4. Specify that new windows are to be foam sealed into the rough opening or to the original frame
to make an airtight connection to the wall.
5. Buy windows with low conduction frames like fiberglass and warm edge spacers between the
glazing.
6. Get as high an R-value and as low a U-value as possible. New windows with suspended films
can perform on par with triple pane windows at a much lower weight. Target R4 (U=0.25) or
better.
7. If installing aluminum framed windows get windows with thermally broken frames to separate
the interior aluminum from the exterior aluminum.
8. Finally, identify any windows that are no longer in use and infill them with insulated wall
panels.

Window along the front of the building.
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Please review and let me know if there are any questions.
Respectfully Submitted by,
BVH Integrated Services, P.C

Quinn Treadgold
Building Envelope Services Provider
7-23-2020 Londonderry Town Hall Blower Door Test Report.docx

Appendix A - Foam Notes
Polyurethane foam or foam plastic is an extremely useful tool in air sealing when used correctly. In this
report I may refer to various types of foam as part of an insulation or air sealing strategy. The
following brief guide will help the reader understand, and anticipate requirements, for foam. Please
contact BVH if you would like assistance writing foam or air barrier specifications.
1. Foam and fire protection: The foam system or foam coating must be an approved 15-minute
thermal barrier or ignition barrier. Occupied spaces require a 15-minute thermal barrier, which has
to be shown through one of the following tests: NFPA 286, FM4880, UL1040, or UL1715, to be an
approved equal to ½” thick gypsum board. The less stringent ignition barrier is only allowed for
unoccupied attics or crawlspaces “where entry is made only for the service of utilities”. An ignition
barrier is one of six permissible materials (per IRC 314.5.3 and IRC 314.5.4) 1½ ” mineral fiber
insulation, ¼”thick hardboard, 3/8” particle board, ¼” thick wood structural panels, 3/8” thick
gypsum board, or corrosion resistant steel having a base metal thickness of 0.016 inch. Other
materials may qualify as ignition barriers but they must be shown to meet the criteria for an
ignition barrier as described in IRC 314.6 through one of the following tests: NFPA 286, FM4880,
UL1040, or UL1715.
2. Types of Foam:
 Open-cell: Good air barrier, crushable, about R3.5/inch, NOT a vapor barrier
 Closed-cell: Good air and vapor barrier, dense, about R6/inch
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Kit foam: Closed-cell foam in small propane-like cylinders for “do-it-yourself” applications.
Prone to misuse because it is not intuitive. READ ALL instructions and cautions if using kit foam
and practice with it before starting. Plan on changing gun tips often and making test shots into
a trash bag to ensure the foam is mixing properly. Installing bad kit foam results in a sticky,
impossible mess.
Can foam: Also called one-part foam, hardware store foam and gun foam. Closed-cell foam
that is very intuitive to use especially if one buys the reusable gun.

Can-foam is great for sealing and filling gaps larger than 1/8” and up to about 1-1/2” wide but not
for filling voids or cavities or for bulk insulation. Can-foam does not apply well in multiple layers.
For gaps 1/8” and smaller silicone or urethane caulk is recommended, foam will not seal a gap 1/8”
or less, it will just cover and hide the gap.
Kit foam is good for voids and cavities but not for narrow gaps. Kit foam can be used as bulk spray
insulation for small areas (< 100 sf) and to fill a small number if closed cavity wall or roof bays if
done by a professional. Kit foam is also good for sealing joints on a surface like sheetrock or
plywood seams and for making “fillet” type seals around a large pipe or duct.
Open-cell foam can be sprayed but is not a good fit when tolerances are tight because it expands
100X its wet volume. Open cell foam can be applied in thick layers. It can be injected and is a good
option for air sealing closed cavities. Open-cell foam is vapor permeable so it may be the better
choice when applied to old masonry but consult a building scientist for any foam over existing
masonry applications. Open-cell foam is not a good choice in locations that are likely to be damp
with no drying potential - i.e. basements and crawlspaces - closed cell foam is the better choice.

Closed-cell foam is good for bulk insulation where tight tolerances are required, it only expands 3040X its wet volume. Closed-cell foam can be injected into closed cavities but requires an
experienced professional for application. Closed cell foam has to be applied in layers or lifts 3” or
less. Closed-cell foam is more technical and less forgiving to the installer than open-cell foam.
3. Cautions with foam:
 Temperature and humidity: Foam arrives at the site as unmixed chemicals. Making
foam is a chemical reaction that is sensitive to temperature and humidity. Read the
tech data sheet for the foam being installed to know the proper equipment and
environmental conditions for installation.
 Experienced installers: Experience matters. Knowing how the foam will react under all
conditions is critical to a good installation. Experienced foamers often cost more
because it really does take longer to do the job correctly, the new guys think they can
cut this corner until they get called back.
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Building Science: A new branch of science has emerged to help us understand how
parts of a building interact. As a building gets air and vapor tight, understanding those
interactions becomes more critical. Consider hiring a building science expert when
contemplating the extensive use of foam, the use of foam over surfaces like brick and
stone that are vapor permeable or in the use of foam on rubble foundations.
Each type of foam listed above has its advantages and limitations. Consider carefully
what you are trying to do and pick the appropriate foam.
Foam also does not span large holes or gaps (wider than about 2”) on its own, it usually
needs a dam to be sprayed against.
Because foam expands, fills, and adheres to surfaces people tend to think it will fill and
seal everywhere we want it to on its own. It will not. Foam will not make up for poor
installation technique. Pockets, corner bays, or blind cavities are properly filled by
putting the gun deep into the pocket and “backing out” while spraying. Cavities over
10” deep may be too deep for traditional spray foam, injection foam may be needed.
Blind pockets should be pointed out to the installer before they start.
Overspray: spray applied foam insulations are prone to overspray. Therefore,
appropriate measures should be taken to ensure that any finishes and furniture are
protected so as not to cause permanent damage. This is particularly important in
existing buildings.
Closed-cell foam insulation installed too thick at once can fail and it is difficult repair if
it does. How thick is too thick? It varies by manufacturer and environmental conditions
at the time of install but the safe approach is install in lifts of not more than 2” at a
time with full cure time between lifts. Ask the foam installer to provide technical data
sheets with the information on appropriate lift thickness and environmental
conditions.

Test Equipment
Minneapolis Blower Door Model 3 Fan Specifications:
Maximum Flow:
6,300 CFM at free air (2,973 l/s, 10,700 m3/h).
5,350 CFM at 50 Pa (2,524 l/s, 9,090 m3/h).
5,000 CFM at 75 Pa (2,360 l/s, 8.495 m3/h).
Minimum Flow:
300 CFM with Ring B (141 l/s, 510 m3/h).
85 CFM with Ring C (40 l/s, 144m3/h).
30 CFM with Ring D (14 l/s, 51 m3/h).
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11 CFM with Ring E (5 l/s, 18 m3/h).
Dimensions: 20 in. (50 cm) inlet diameter, 10.25 in (26 cm) length.
Weight: 33 lbs. (15 kg) with Flow Rings A & B.
Flow Accuracy: +/- 3% with DG-700, Rings D & E +/- 4% or 1 CFM.
Calibration: Meets ASTM Standard E779-03, E1554-07, CGSB-149.10-M86, EN 13829,ATTMA Technical
Standard 1 and NFPA 2001.
Power: 3/4 hp motor in 110V.
DG-700 Micromanometer Specifications:
Number of Independent Pressure Channels: 2
Pressure Range: –1,250 to +1,250 Pascals (-5 to +5 in. H20)
Display Resolution: 0.1 Pa (0.0001 in H20)
Accuracy: 1% of pressure reading or .15 Pa, whichever is greater.
Calibration date: 10-31-17
Analysis Software:
TECTITE software version 4.0 by the Energy Conservatory
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