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2.  HABITAT FOR HUMANITY OF GREATER LOWELL, FARMHOUSE 
RENOVATION, BEDFORD, MA  

2.1  Executive Summary 

Farmhouse Retrofit Prototype, Gate 3 

Overview 

Key Results 

Gate Status 

Table 2.1:  Stage Gate Status Summary 

“Must Meet” Gate Criteria Status Summary 

Source Energy Savings Fail This affordable housing retrofit prototype home does not meet the projected 
source energy savings target of 40% savings relative to the Building America 
Benchmark. 

Prescriptive-Based Code 
Approval 

Pass All modifications to the existing structure comply with prescriptive code 
requirements 
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Quality Control 
Requirements 

Pass Continued successful implementation of exterior insulating sheathing and 
drainage plane will require inclusion of developed details in project plans and 
demonstration of proper techniques.   

Retrofit projects will require on-site monitoring due to unique conditions. 

“Should Meet” Gate 
Criteria 

Status Summary 

Neutral Cost Target Pass Estimated annual energy savings relative to incremental finance costs for 
energy performance measures yields a positive cash flow. 

Quality Control Integration Pass Process is in place to document lessons learned in the prototype and apply 
these to a community-scale development  

It is recommended that Habitat for Humanity of Greater Lowell continue to 
participate in third-party verification programs due to the sparse continuity of 
workers 

Gaps Analysis Pass Additional details and construction sequence guidance is expected to 
resolve some common water management issues.  Continued site 
involvement will be needed for retrofits. 

Methods of implementing effective retrofit air barriers need to be developed 
and tested. 

Vinyl exterior finish systems should only be applied if they can be made to be 
compatible with the cladding attachment and water management systems 

More cost effective ignition barrier solutions are needed to improve the 
feasibility of retrofit ruble wall foundation insulation. 

Conclusions 
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2.2 Introduction 

2.2.1. Project Overview 

2.2.1.1. Existing Conditions 

Figure 2.1: South elevation showing added 
sunroom and rear addition demolished prior to 
retrofit 

Figure 2.2: South elevation showing demolition 
and new rear addition 
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Figure 2.3: Existing rear addition Figure 2.4: Rebuilt rear addition 

Figure 2.5: Demolition photo showing multiple 
layers of exterior wall cladding 

Figure 2.6: Existing rubble stone foundation 

2.2.1.2. Construction Process Operational Context 
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2.2.1.3. High Performance Renovation Strategy 
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Figure 2.7: Bedford 
Farmhouse Retrofit 
nearing completion 

2.2.2. Project Information Summary Sheet 

PROJECT SUMMARY  

Company Habitat for Humanity of Greater Lowell 

Company Profile Habitat for Humanity of Greater Lowell (HFHGL) is a nonprofit 501(c)(3) 
organization that works to strengthen families and communities through 
affordable homeownership opportunities. HFHGL works in partnership with 
corporations, like-minded community groups, faith-based organizations, 
and individual volunteers to develop communities with people in need by 
building and renovating simple, decent, energy efficient, affordable homes.  

Since its founding in 1991, HFHGL has built or renovated a total of 20 
homes in Billerica, Concord, Lowell, Reading, and Westford. To date, 
HFHGL's largest completed project was a 3-duplex, located at Harmony 
Way in Lowell. HFHGL projects have placed more than 50 people into 
quality housing. 

Contact Information Dana Owens, Executive Director (dowens@lowellhabitat.org) 
Jim Comeau, Construction Manager (jcomeau@lowellhabitat.org) 

66 Tadmuck Road  Suite 5 
Westford, MA 01886 
P: (978) 692-0927 
F: (978) 692-3430  

Division Name […] 

Company Type Nonprofit 

Community Name Bedford Site (130 North Road) 

City, State Bedford, MA 

Climate Region Cold (5A) 

  

SPECIFICATIONS  

Number of Houses 1 (+7 new construction houses at same site) 

Municipal Address(es) 130 North Road, Bedford, MA 01730 
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House Style(s) Single family, affordable 

Number of Stories 2 

Number of Bedrooms 3 

Plan Number(s) n/a 

Floor Area 1504 ft
2
 

Basement Area 804 ft
2
 

Estimated Energy Reduction 35% over BA Benchmark 

Estimated Energy Savings $928 per year 

Estimated Cost $135,000 for construction (net of building and land acquisition) 

Construction Start Demolition began mid-2008 

Expected Buildout October 2009 

2.2.3. Targets and Goals 
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2.3 Whole-House Performance and Systems Engineering 

2.3.1. Energy Analysis Summary 

 

Table 2.2: Estimated Whole House Energy Use for Farmhouse Renovation, Bedford, MA 
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2.3.1.1. Parametric Energy Simulations 

Figure 2.8: Parametric energy simulations 

2.3.1.2. End-Use Site and Source Energy Summaries 

Table 2.3: Summary of End-Use Site-Energy 
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Table 2.4: Summary of End-Use Source-Energy and Savings 

2.3.2. Discussion 

2.3.2.1. Enclosure Design 

Table 2.5: Enclosure Specifications 

ENCLOSURE  SPECIFICATIONS 

Ceiling  

Description - Sawn full-dimension rafter (2” x 7”) with fiberglass insulation;  
2 layers polyisocyanurate board insulation exterior to roof sheathing 

Insulation - R-25 fiberglass in rafter bays, 2 layers 2” polyisocyanurate (R-26) 

Walls  

Description - Existing full dimension 2x4 framing with cellulose  
with polyisocyanurate insulating sheathing 

Insulation - R-14 (4”) cellulose with 2” (R-13) or  
4” (R-26) polyisocyanurate insulating sheathing 

Foundation  

Description - Existing rubble stone and granite full basement interior insulated with 
high density urethane spray foam; XPS under new concrete slab 

Insulation - R-13+ (2-3” high density urethane spray foam) on foundation walls 
R-10 2” XPS underneath and around perimeter of new concrete slab 

Windows  

Description - Double Pane Vinyl Frame Spectrally Selective Low Emissivity Argon 

Manufacturer - Andersen Silverline 3000 Series 

U-value - 0.31 

SHGC - 0.32 
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ENCLOSURE  SPECIFICATIONS 

Infiltration  

Specification - 2.5 in
2 
leakage area per 100 ft

2
 enclosure (1334 cfm50, 3.6 ACH50) 

Performance test - 4.2 in
2
 leakage area per 100 ft

2
 enclosure (2,260 cfm50, 6.15 ACH50) 

Including inter-unit leakage 
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Figure 2.2:  Enclosure Building Section 
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• 
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• 
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• 

• 

Figure 2.12: Air 
barrier and water 
management at 
window head of new 
window in existing wall 
with 4” exterior 
insulation 

• 
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• 

2.3.2.2. Development of Air Barrier and Drainage Plane Details 
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Figure 2.9: Air 
barrier and water 
management detail 
at sill 
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Figure 2.10: Air 
barrier and water 
management detail 
at wall-to-lower roof 
interface 
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Figure 2.11 Air 
barrier detail at top 
of wall, existing roof 
eave 

Figure 2.12: Air 
barrier and water 
management at 
window head of new 
window in existing wall 
with 4” exterior 
insulation 
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• 

• 

• 

• 

• 

• 

• 
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• 

• 

• 

• 
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Figure 2.21: 
Replacement sill 
detail 
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2.3.2.5. Mechanical System Design 

Table 2.6: Mechanical system specifications 

MECHANICAL SYSTEMS SPECIFICATIONS  

Heating   

Description - 95 AFUE furnace 

Manufacturer & Model - Goodman GMV95 0453BXB 

Cooling (outdoor unit)  

Description - None installed 

Manufacturer & Model -  

Cooling (indoor unit)  

Description - None installed 

Manufacturer & Model -  

Domestic Hot Water  

Description - 0.82 EF on-demand gas water heater 

Manufacturer & Model - Rinnai R75LSi 

Distribution  

Description - R-4.2 flex duct runouts in conditioned space 

Leakage - 5.8% (50 cfm @ Pa 25) leakage to outside 

Ventilation  

Description - Central Fan-Integrated Supply-only system integrated with AHU, 75 CFM 
33% duty cycle; 10 minutes on; 20 minutes off 

Manufacturer & Model - Aprilaire model 8126 Ventilation Control System 

Return Pathways  

Description - Transfer grilles at bedrooms, central return 
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MECHANICAL SYSTEMS SPECIFICATIONS  

Dehumidification  

Description - None installed 

Manufacturer & Model -  

PV System  

Description - None installed 

Manufacturer & Model -  

Solar Hot Water  

Description - None installed 

Manufacturer & Model -  

2.3.2.6. Lighting and Miscellaneous Electrical Loads 

2.3.2.7. Site-generated Renewable Energy 
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Figure 2.26: Original site, showing barn (red) and 
farmhouse (blue) 

Figure 2.27: Solar Pathfinder™ representation of 
the relatively unobstructed exposure of the South-
facing roof 

BA-0911: Prototpye House Evaluations—Habitat for Humanity of Greater Lowell, Farmhouse Renovation



D-121

2.4 Construction Support 

2.4.1. Construction Overview 
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Figure 2.28: Step flashing applied behind intended 
location of drainage plane 

Figure 2.29: Corrected step flashing integrated 
with the drainage plane 

Figure 2.30: Roof-wall intersection detail drawn to 
guide correction of drainage plane and air barrier 
transition 
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Figure 2.31: Air 
barrier detail at top 
of wall, existing roof 
rake 

2.4.2. Educational Events and Training 
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Figure 2.32: Carpentry program students rapt with 
window installation demonstration 

Figure 2.33: BSC engineer demonstrating window 
flashing 

2.4.3. Systems Testing 

 
CFM 50 

measurement 
Leakage Ratio 
(EqLA/ 100 s.f.) ACH 50 Notes 

Initial Unguarded Test 3302 6.2 8.9  

Initial Guarded Test 2560 4.8 7.0  

Measured inter-unit 
leakage 

507    

Process Test 1 2800   Remedial sealing of 
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(unguarded) bulkhead door, crawlspace, 
bsmt demising 

Process Test 2 2500   
Eave froth pack application 
1, air sealing of small attic 

Final Test 
(unguarded) 

2260 4.2 6.2  

Reduction from 
treatments 

1042    

Estimated Final Inter-
unit leakage 

101-406    

Estimate Final Net 
Leakage 

2159 - 1854 4.0 - 3.5 5.9-5.0  

2.4.4. Monitoring 

2.5 Project Evaluation 

2.5.1. Source Energy Savings 

Requirement: Final production home designs must provide targeted whole house source energy 

efficiency savings based on BA performance analysis procedures and prior stage energy 
performance measurements. 

Conclusion:   Fail; 

• 

• 

• 

• 
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• 

• 

2.5.2. Prescriptive-based Code Approval  

Requirement: Must meet prescriptive or performance safety, health and building code requirements for 
new homes. 

Conclusion:   Pass 

2.5.3. Quality Control Requirements 

Requirement: Must define critical design details, construction practices, training, quality assurance, and 

quality control practices required to successfully implement new systems with production 
builders and contractors. 

Conclusion:   Pass 

2.5.4. Neutral Cost Target 

Requirement: The incremental annual cost of energy improvements, when financed as part of a 30 year 

mortgage, should be less than or equal to the annual reduction in utility bill costs relative to 
the BA Benchmark. 

Conclusion:   Pass 

2.5.5. Quality Control Integration 

Requirement: Health, Safety, Durability, Comfort, and Energy related QA, QC, training, and 

commissioning requirements should be integrated within construction documents, 
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contracts and BA team scopes of work. 

Conclusion:   Pass 

2.5.6. Gaps Analysis 

Requirement: Should include prototype house gaps analysis, lessons learned, and evaluation of major 
technical and market barriers to achieving the targeted performance level. 

Conclusion:   Pass 

• 

• 

• 

• 
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2.6 Conclusions/Remarks 
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2.7 Appendices 

2.7.1. Drawings and Specifications 

2.7.2. Mechanical System Design 

2.7.3. Example Site Visit Report 

2.7.4. Complete SK Set 

2.7.5. Project Guidance Memoranda 

2.7.6. Observations from In-Process Air Barrier 
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Drawings and Specifications
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Mechanical System Design
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Rhvac - Residential & Light Commercial HVAC Loads Elite Software Development, Inc.
Building Science Corporation MA Bedford Farmhouse Room By Room
Westford, MA  01886 Page 1
  
  

Project Report
  

General Project Information
Project Title: MA Bedford Farmhouse Room By Room
Designed By: Philip Kerrigan
Project Date: 04/2008
Client Name: MA Bedford HfH
Company Name: Building Science Corporation
Company Representative: Philip Kerrigan Jr
Company Address: 70 Main Street
Company City: Westford, MA  01886
Company Phone: (978) 589-5100
Company Fax: (978) 589-5103
Company E-Mail Address: phil@buildingscience.com
Company Website: www.buildingscience.com
  
  
  

Design Data
Reference City: Bedford, Massachusetts
Daily Temperature Range: Medium
Latitude: 41 Degrees
Elevation: 133 ft.
Altitude Factor: 0.995
Elevation Sensible Adj. Factor: 1.000
Elevation Total Adj. Factor: 1.000
Elevation Heating Adj. Factor: 1.000
Elevation Heating Adj. Factor: 1.000
  
  
  

Outdoor Outdoor Indoor Indoor Grains
Dry Bulb Wet Bulb Rel.Hum Dry Bulb Difference

Winter: 3 0 30 72 30
Summer: 91 72 50 75 23
  
  
  

Check Figures
Total Building Supply CFM: 535 CFM Per Square ft.: 0.164
Square ft. of Room Area: 3,257 Square ft. Per Ton: 2,337
Volume (ft³) of Cond. Space: 30,380 Air Turnover Rate (per hour): 1.1
  

Building Loads
Total Heating Required With Outside Air: 29,415 Btuh 29.415 MBH
Total Sensible Gain: 12,544 Btuh 85 %
Total Latent Gain: 2,163 Btuh 15 %
Total Cooling Required With Outside Air: 14,708 Btuh 1.23 Tons (Based On Sensible + Latent)

1.39 Tons (Based On 75% Sensible Capacity)
  
  
  
  

Notes
Calculations are based on 8th edition of ACCA Manual J.
All computed results are estimates as building use and weather may vary.
Be sure to select a unit that meets both sensible and latent loads.

C:\ ...\MA Bedford Farmhouse Room by Room.rhv Thursday, April 17, 2008, 4:51 PM
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Rhvac - Residential & Light Commercial HVAC Loads Elite Software Development, Inc.
Building Science Corporation MA Bedford Farmhouse Room By Room
Westford, MA  01886 Page 2
  

Miscellaneous Report
  

System 1 Heating System
Input Data

Outdoor
Dry Bulb

Outdoor
Wet Bulb

Indoor
Rel.Hum

Indoor
Dry Bulb

Grains
Difference

Winter: 3 0 30 72 29.84
Summer: 91 72 50 75 22.98
  

Duct Sizing Inputs
Main Trunk Runouts

Calculate: Yes Yes
Use Schedule: Yes Yes
Roughness Factor: 0.00300 0.01000
Pressure Drop: 0.1000 in.wg./100 ft. 0.1000 in.wg./100 ft.
Minimum Velocity: 500 ft./min 450 ft./min
Maximum Velocity: 750 ft./min 500 ft./min
Minimum Height: 0 in. 0 in.
Maximum Height: 0 in. 0 in.
  

Outside Air Data
Winter Summer

Infiltration: 0.100 AC/hr 0.100 AC/hr
Above Grade Volume: Cu.ft. Cu.ft.X    23,976 X    23,976

2,398 Cu.ft./hr 2,398 Cu.ft./hr
X  0.0167 X  0.0167

Total Building Infiltration: 40 CFM 40 CFM
Total Building Ventilation: 48 CFM 48 CFM
  
  
  

   ---System 1---
Infiltration & Ventilation Sensible Gain Multiplier: 17.52  =  (1.10 X 0.995 X 16.00 Summer Temp. Difference)
Infiltration & Ventilation Latent Gain Multiplier: 15.55  =  (0.68 X 0.995 X 22.98 Grains Difference)
Infiltration & Ventilation Sensible Loss Multiplier: 75.54  =  (1.10 X 0.995 X 69.00 Winter Temp. Difference)

C:\ ...\MA Bedford Farmhouse Room by Room.rhv Thursday, April 17, 2008, 4:51 PM
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Rhvac - Residential & Light Commercial HVAC Loads Elite Software Development, Inc.
Building Science Corporation MA Bedford Farmhouse Room By Room
Westford, MA  01886 Page 3
  

Load Preview Report
  

Scope
Has
AED

Net
Ton

Rec
Ton

ft.²
/Ton Area

Sen
Gain

Lat
Gain

Net
Gain

Sen
Loss

Sys
Htg

CFM

Sys
Clg

CFM

Sys
Act

CFM

Duct
Size

Building 1.23 1.39 2,337 3,257 12,544 2,163 14,708 29,415 337 535 535  

 System 1 No 1.23 1.39 2,337 3,257 12,544 2,163 14,708 29,415 337 535 535 9x13

  Ventilation 837 743 1,581 3,611

  Zone 1 3,257 11,707 1,420 13,127 25,804 337 535 535 9x13

   1-Basement 1 694 119 18 137 3,473 45 5 5 1-4

   2-Basement 2 370 83 12 95 2,257 29 4 4 1-4

   3-Living Room 228 1,184 51 1,235 2,269 30 54 54 1-5

   4-Dining Room 236 410 32 442 1,401 18 19 19 1-4

   5-Hallway 1 100 518 28 546 957 12 24 24 1-4

   6-Powder 32 165 13 178 446 6 8 8 1-4

   7-Kitchen 149 2,023 452 2,475 1,184 15 92 92 1-6

   8-Stairs 1 46 24 6 30 110 1 1 1 1-4

   9-Laundry 22 677 15 692 295 4 31 31 1-4

   10-Bedroom 1 188 1,219 438 1,657 2,022 26 56 56 1-5

   11-Bed 1 Closet 42 88 22 110 429 6 4 4 1-4

   12-Bath 1 83 355 32 387 796 10 16 16 1-4

   13-Bedroom 2 235 1,733 64 1,797 2,981 39 79 79 1-6

   14-Bed 2 Closet 32 144 22 166 475 6 7 7 1-4

   15-Hallway 2 135 367 20 387 658 9 17 17 1-4

   16-Bath 2 73 465 28 493 1,016 13 21 21 1-4

   17-Bedroom 3 230 879 44 923 1,950 25 40 40 1-4

   18-Storage 1 245 765 62 827 1,682 22 35 35 1-4

   19-Storage 2 117 488 61 549 1,403 18 22 22 1-4
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Rhvac - Residential & Light Commercial HVAC Loads Elite Software Development, Inc.
Building Science Corporation MA Bedford Farmhouse Room By Room
Westford, MA  01886 Page 4
  

Total Building Summary Loads
  

Component
Description

Area
Quan

Sen
Loss

Lat
Gain

Sen
Gain

Total
Gain

Wood LoE: Glazing-MA Bedford Replacement/New 
Windows

Wood Double Glazed
Spectrally Selective LoE2 Glass, outdoor insect screen 

with 100% coverage, light color drapes with medium 
weave with 50% coverage, u-value 0.35, SHGC 0.37

295.4 7,137 0 4,027 4,027

Thermatru R-7: Door-MA Bedford Farmhouse Renovation 40.2 388 0 152 152
15B0-10sf-6: Wall-Basement, , R-10 board insulation to 

floor, no interior finish, 6' floor depth
1129.8 4,191 0 163 163

R-13 2x4 + R-20: Wall-Frame, , MA Bedford Farmhouse 
Existing Wall

True 2x4 16"o.c.  (R-14) Cellulose
2" Foil Faced Polyisocyanurate (R-20) Sheathing

2798.9 7,532 0 1,419 1,419

R-21 + R-20 Rigid: Roof/Ceiling-Roof Deck (roofing, 
wood, insulation) or SIP Panels Supported on 
Beams, Custom, MA Bedford Farmhouse Renovated 
Roof

2x4 Existing Rafters + R-21 Spray Foam
2 Layers of 1.5" Foil Faced Polyisocyanurate R-20 

1233.8 2,146 0 2,207 2,207

21B-20: Floor-Basement, Concrete slab, any thickness, 2 
or more feet below grade, R-3 or higher insulation 
installed below floor, any floor cover, shortest side of 
floor slab is 20' wide

1063.7 1,394 0 0 0

  

Subtotals for structure: 22,788 0 7,968 7,968
People: 4 800 920 1,720
Equipment: 0 1,800 1,800
Lighting: 0 0 0
Ductwork: 0 0 0 0
Infiltration: Winter CFM: 40, Summer CFM: 40 3,016 620 701 1,321
Ventilation: Winter CFM: 48, Summer CFM: 48 3,611 743 837 1,581
AED Excursion: 0 0 318 318
  

Total Building Load Totals: 29,415 2,163 12,544 14,708
  
  
  

Check Figures
Total Building Supply CFM: 535 CFM Per Square ft.: 0.164
Square ft. of Room Area: 3,257 Square ft. Per Ton: 2,337
Volume (ft³) of Cond. Space: 30,380 Air Turnover Rate (per hour): 1.1
  

Building Loads
Total Heating Required With Outside Air: 29,415 Btuh 29.415 MBH
Total Sensible Gain: 12,544 Btuh 85 %
Total Latent Gain: 2,163 Btuh 15 %
Total Cooling Required With Outside Air: 14,708 Btuh 1.23 Tons (Based On Sensible + Latent)

1.39 Tons (Based On 75% Sensible Capacity)
  

Notes
Calculations are based on 8th edition of ACCA Manual J.
All computed results are estimates as building use and weather may vary.
Be sure to select a unit that meets both sensible and latent loads.
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Building Pie Chart

Building
Loss

29,415
Btuh

Floor 5%
Roof 7%

Wall 40%

Glass 24%

Door 1%

Infiltration 10%

Ventilation 12%

Building
Gain

14,708
Btuh

Roof 15%

Wall 11%

Glass 27%

Door 1%

People 12%

Equipment 12%

Infiltration 9%

Ventilation 11%
AED Excursion 2%
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MA Bedford Farmhouse: Bedford, MA

Duct Layout
Orientation of Front of House W

RHVAC program output
Heating Load (kBtu/h) 29.4 BSC BSC Air BSC Air
Sensible Cooling Load (kBtu/h) 12.5 Spec Spec Velocity Spec Transfer
Latent Cooling Load (kBtu/h) 2.2 Propos Propos FPM Flow per Free
Total Cooling Load (kBtu/h) 14.7 Qty Dia Average Register Area

(in) (ft/min) (CFM) (in
2
)

Room Air Flow (cfm)

1 Basement 1 5 1 4 57 5

2 Basement 2 20 1 4 229 20

3 Living Room 54 1 5 396 54

4 Dining Room 19 1 4 218 19

5 Hallway 1 24 1 4 275 24

6 Powder 8 1 4 92 8

7 Kitchen 92 1 6 469 92

8 Stairs 1 1 1 4 11 1

9 Laundry 31 1 4 355 31

10 Bedroom 1 56 1 5 411 56 25

11 Bed 1 Closet 4 1 4 46 4

12 Bath 1 16 1 4 183 16

13 Bedroom 2 79 1 6 402 79 30

14 Bed 2 Closet 7 1 4 80 7

15 Hallway 2 17 1 4 195 17

16 Bath 2 21 1 4 241 21

17 Bedroom 3 40 1 4 458 40 6

18 Storage 1 35 1 4 401 35

19 Storage 2 22 1 4 252 22

Totals: 551

Front Supply 366

Rear Supply 185

Main System Duct and Grille Sizing

Width Height

Main Supply Trunk 14.40 12 14x12 Main Trunk
Front Supply Trunk 10.54 10 11x10 Front Trunk
Rear Supply Trunk 6.66 8 7x8 Rear Trunk
Return Trunk 13.09 12 13x12 Return Trunk
Return Grille 17.14 18 17x18 Return Grille
Condensing Unit Size 1.5 Ton Condenser
Airhandler Size 1.5 Ton Airhandler
Return Airflow at (400 cfm/ton) 600

Return Grille Design velocity (FPM) 350

Return Grille free area (%) 80%

Supply Trunk Design velocity (FPM) 500

Return Trunk Design velocity (FPM) 550

Duct Chart Building Science Corporation 4/17/2008
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Ken
Sticky Note
return trunk needs to be wider and short to allow room for supply risers and intake/exhaust



Appendix D.2.7.3
Example Site Visit Report
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Memo of Record 
 

From: Ken Neuhauser, Building Science 
Corporation 

Date: October 30, 2008 

To: Betsy Pettit, Building Science 
Corporation 

Re: Bedford Farmhouse Renovation  
Site Visit Report 

Betsy- 

 
Here's a couple of things I want to bring to your attention regarding the Bedford farmhouse: 

1. The addition at the back is about 20" narrower than we have in our plans.   I believe we 
can still accommodate a 3-0 door into the barrier free bedroom by adjusting the laundry 
closet depth (with the water heater above, we only need enough space behind the 
machines for the dryer exhaust) and having the door be closer to the North wall.   As long 
as the homeowners don't have a sleigh bed in that bedroom, there should still be room to 
get around to both sides of the bed with at least 2'-8" clear to each side of the bed.   I'm 
going to redraw the plan presently.  

2. The Bedroom 1 bath is framed at 8'-0" x 10'-7" inside the framing.  This is as we have it 
drawn.  However, this leaves the closet at only 38" wide.  At this width the closet door 
will need to open into the bathroom.  We have room to widen the closet 8" and still 
keep the 3-0 bathroom door 6'-8" from the North wall (to accommodate the bed).  

3. The opening between the main house and the back addition does not have a header.  It 
should. The opening is 35" clear between two studs that do not support anything (see 
attached photos "opening to addition").  There is 41" between posts that appear to be 
doing work so I think it would be possible to support a header at the opening and still 
have 36" clear into the back addition.  

4. Jim indicated that he intends to drop a ceiling over the kitchen to about 8' to give room 
for plumbing.  This could probably also accommodate the duct to the upstairs bath and 
eliminate the need for a plumbing and HVAC chase that we had right next to the rear/side 
entry. 

5. The framing above the dining room is running East-West and the ceiling is already 
opened up.  It looks like it would be able to accommodate the duct to Bedroom 3 
(Southwest).  However, there is a 6x6 beam in the ceiling between dining room and 
living room that would preclude a duct running to Bedroom 2 (Southeast) in the joist 
space.  I think we should simply take the Bedroom 2 duct up through the chase in the 
closet (where we plan to run the furnace vent and intake) and then have a wall register 
into Bedroom 2.  I ran this by Phil and he informed me that Armin would prefer we use 
wall registers instead of floor registers where feasible.   

6. We did not previously detail the air barrier at roof-wall intersections (e.g. addition roof 
meeting wall, kitchen bump-up meeting wall).   I have a plan for this.  In most cases it 
will be similar to the air barrier transition.  Where we have roof rake returns over the 
wall(ref. photo "Wall_roof at addition_3" attached), I'll have to think of something.  

7. Shawsheen was installing the roof rake extension framing on the main roof.  The way 
they installed the framing (e.g. not exactly like the drawing) will require a different air 
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barrier transition than I had drawn.  Jim and I discuss how the air barrier transition would 
be achieved.   I will draw it.  

Field notes also attached.  

  
-Ken 

Field Notes 
 

Organizations/Personnel on site: 

 Shawsheen – Senior construction crew (~10), Rick (project manager),  

 Whole Foods volunteers (~10) 

 Habitat – Jim Comeau,  

Principal activities ongoing: 

Shawsheen – eave extension framing, roof rake construction on main 
house, framing openings in 1st floor South wall of main house 

 Volunteers – splitting wood, covering lumber with plastic 

 Habitat – volunteer coordination 

Decisions/agreements with construction crew: 

1. capillary break membrane to be affixed directly to bottom of sill 
(new or existing) and will be on top of grout 

2. where metal shims are used, a slip sheet of metal flashing will be 
used above the shim to protect the capillary break membrane. 

3. rake and eave will use 1x12 soffit board.  This shortens the overhang 
“by an inch or so”.   

Questions to resolve/items to confirm:  

1. Air barrier at main roof rake.  Actual construction differs from detail.  
An alternate solution discussed with Jim Comeau 

2. Air barrier at addition eave 
3. Air barrier at addition gable 
4. Air barrier at roof wall intersections especially with rake of addition 

roof returning over the wall of the main house. 

Actionable requests: none 

Observations: 

1. Opening to addition lacks a header.  Existing vertical framing 35” 
apart with the vertical bearing members spaced wider at 41” apart. 

2. Width of addition inside framing 14’-1 ½”.  This is 1’-8 ½” 
narrower than shown on our plans.   

3. Bath 1 is 8’-0” deep inside framing 
4. Closet 1 is 38 ½” wide inside framing.  This is ~1’-8” narrower than 

shown on our plans 
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5. Opening between kitchen and side entry already has 6x6 beam where 
our drawing calls for a header 

6. Jim Comeau plans to drop a ceiling over the kitchen to ~8’.  Ceiling 
in adjacent dining room is ~8’-9”. 

7. Framing above dining room runs East-West and appears able to 
accommodate a duct between joists to Bedroom 3. 

8. A beam (~6x6) is in the ceiling between Living Room and Dining 
room.  This appears to preclude running a duct in the joist space to 
Bedroom 2. 

 
Figure 1: Opening to addition_1.JPG 
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Figure 2: Opening to addition_2.JPG 
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Figure 3: Opening to addition_3.JPG 
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Figure 4: Wall_roof at addition_3 
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Appendix D.2.7.4
Complete SK Set
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Appendix D.2.7.5
Project Guidance Memoranda
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Project Memorandum 
 

From: Ken Neuhauser, Building Science 
Corporation 

Date:         February 04, 2009 

To: 

 

Jim Comeau, Habitat for Humanity 
of Greater Lowell 

Re: 

Cc: Betsy Pettit, Building Science 
Corporation 

 

Bedford Farmhouse Renovation –  
1) Kitchen entry deck support 
2) Roof-wall water management 
3) Air barrier implementation 
4) HVAC design implementation 
5) Siding at windows 
6) Radon vent routing 

 

 

Dear Jim Comeau:    

This is to follow up on discussions we had on site Monday, February 2 and address some of your 
questions raised since then.  If you have any questions, you can reach me as per the contact 
information below. 

 

Thank you, 

 
 

Ken Neuhauser 

ken@buildingscience.com 

617 800 2633 x5279 
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Kitchen Entry Deck Support 

The deck ledger is not to provide structural support for deck.  Footings, as constructed for the side 
entry of the Westford project, are needed to support the deck.  We will provide a sketch of 
approximate footing location and deck framing.   

Water Management at Roof-Wall Connections 

On Monday, I noted that some of the water management details at roof-wall connections had not 
been properly implemented. 

Roof Running Parallel to Wall 
This occurs at the front entry, where the one-story addition meets the two story section and for a 
small portion where the rake of the roof over the kitchen returns over the rear wall of the house.   

 
Figure 1 - Roof over front entry 

A kick-out flashing is needed where the wall terminates in the field of the wall.   

At the roof over the front entry, the drainage plane is not transferred to the roof.  Where the ice 
and water membrane is currently installed, it could direct water into the wall assembly.  To 
remedy this condition, membrane should be installed over the vertical leg of the step flashing, 
adhered to the wood blocking and continue up the foil facing.  The top edge of the membrane is 
then taped.   

Where the top of the roof terminates over the field of the wall, as at the rake return of the roof 
over the kitchen, there should be a saddle flashing.   

Shed Roof Running Perpendicular to the Wall 
This occurs over the kitchen and where the roof of the first story addition returns over the South 
wall of the two story section.  Ideally the drainage plane and air barrier of the wall (face of foam) 
would be transitioned directly from the face of the foam to the roof.  The shed roof over the 
kitchen as well as the wall over the one story addition was shingled and flashed back to the wood 
wall sheathing as per conventional practice.  This is not a conventional practice structure.  The fix 
for the shed roof connection (not ideal, but acceptable) is the following: 

1) Install a metal flashing flush with the foil facing and over the current wall-roof flashing.  
The metal flashing must extend past the rake edge that terminates in the field of the wall. 

MEMBRANE

KICK OUT 
FLASHING 

NEEDED HERE 

TAPE
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2) Apply membrane from face of foam over the metal flashing.   

3) Tape top edge of membrane.  

Where the new roof piece over the kitchen entry connects to the wall we have the opportunity to 
transition the drainage plane and air barrier from the face of the foam to the roof deck. 

Air Barrier Implementation  

In general, it appears that the air barrier concept has not caught on with the crews.  There are 
several places with large gaps between sheets of foam.  The foam corners are very loose with no 
membrane applied.  In some cases, furring would need to be removed to apply membrane over 
the corners.   

 
Figure 2 - Gaps in Foam Sheathing 
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Figure 3 - Foam Sheathing Corner 

 

The front gable wall does appear to be handled very well in terms of the air barrier.  In this area, 
there are two layers of foam sheathing, the second layer was notched into the rake framing, and 
the rake soffit panel was removed to allow sealing of the foam sheathing to the framing and roof 
deck.  The roof eaves have a good system where the wall sheathing foam extends up past the wall 
and is notched into the roof framing.  At these locations, spray foam applied from the interior will 
connect the wall air barrier to the roof.   

Other roof wall connections, such as that shown in Figure 4, show a lapse in the air barrier 
continuity.  The air barrier foam sheathing should be air sealed to the underside of the roof 
sheathing where possible.  Where this is not possible, the air barrier foam sheathing should be 
sealed to roof framing and these framing members then sealed to the roof sheathing.   
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Figure 4 - Wall to Roof  Connection 

HVAC Design Implementation 

The Shawsheen HVAC faculty mentioned that somebody in his shop is doing the load and sizing 
calculations.  We have already done these and designed the system accordingly.  If the 
Shawsheen folks want to build the system differently than we have designed it, then we should 
have a conversation to resolve any discrepancies.   

Siding at Windows  

It was demonstrated on Monday that siding would tend to bow out if inserted into the siding 
channels of the windows.  You and I had previously discussed that, although the siding channel 
are designed to work with vinyl siding in conventional installations, the siding channel of these 
windows is not made in a way that is compatible with the use of furring strips such as we have on 
this project.  We maintain that there needs to be some other means to close the siding around the 
windows.   

Radon Vent Routing 

You had expressed concern about how the plumber is routing the radon vent citing several 90 
degree bends and horizontal runs.  The Plumber must run the pipe in accordance with the 
Environmental Protection Agency guide titled "Building Radon Out" available at 
http://www.epa.gov/radon/rrnc/index.html or ASTM 1465 "Standard Practice for Radon Control 
Options for the Design and Construction of New Low-Rise Residential Buildings".  While the 
EPA guide recommends that the vent run be as straight and direct as possible, I do not find any 
prohibition of bends or horizontal runs.  Specifically, the guide recommends the following: 

 45 degree fittings to reduce friction  

 horizontal sections sloped back to drain 1/8" per foot 

BA-0911: Prototpye House Evaluations—Habitat for Humanity of Greater Lowell, Farmhouse Renovation



 
6 of 6 Building Science Corporation 30 Forest Street, Somerville, MA 02143 P:  978.589.5100  F:  978. 589.5103 www.buildingscience.com 

 insulate the pipe through unheated areas (e.g. if you had a vented attic space which we 
don't at the farmhouse but will in the new construction houses) 

 label the pipe at minimum 1) where it exists the slab, 2) where it is visible in closets, 3) 
where it runs through attics 

 1/4 inch mesh screen on pipe discharge 
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Project Memorandum 
 

From: Ken Neuhauser – Building Science 
Corporation 

Date: February 11, 2009 

To: 

 

Jim Comeau – Habitat for Humanity 
of Greater Lowell 

Re: Bedford Farmhouse Renovation –  
1) Sequence for implementation 

of roof-wall details (SKs 07-
10) 

2) Non-bearing beam penetration 
above kitchen entry 

3) Water management at ends of 
roof over front entry 

Cc: Betsy Pettit, Peter Baker, Kohta 
Ueno – Building Science 
Corporation 

 

 

 

Dear Jim Comeau:    

This is to follow up on discussions we had on site today regarding additional guidance on 
implementation of the roof-wall connection details we reviewed.  The memo also provides 
guidance to address other specific water management and air barrier details.  If you have any 
questions, please do not hesitate to contact me as per the contact information below or on my cell 
phone (978 793 3999).  

 

Thank you, 

 
 

Ken Neuhauser 

ken@buildingscience.com 

617 800 2633 x5279 
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Sequence for Implementation of Roof-Wall Connections 

In going over the roof-wall connection details at the Farmhouse site today, we agreed that I would 
write down and send you the implementation sequence we discussed.  Below is the 
implementation sequence addressing drainage and air barrier for each of the 4 roof-wall 
connection details we reviewed today.  I guess it goes without saying that these descriptions are 
intended to supplement - not replace – the information in the drawings. 

SK-07 Roof-Wall Connection at the Addition Roof 
When the addition roof was finished, the foam sheathing of the adjoining wall was not in place 
and as a result, the step flashing was not installed at the proper location.  The remediation shown 
in SK-07 can be implemented following these steps (note that this work should be coordinated 
with the work described for SK-10 Roof-Wall Connection for New Roof over Kitchen Entry 
below): 

1. Remove step flashing and roofing shingles within about 1 foot of the wall to expose the 
roof ice and water membrane.  As you observed, shingles will be removed to the location 
of the new valley where the kitchen entry roof is framed over the addition roof. 

2. Re-install insulating foam sheathing on the wall above the roof deck.   

 Insulation should be tight to the roof deck 

 Blocking for metal flashing can be installed where the wall has 2 layers of foam 
sheathing.  Blocking should not be installed where there is only a single 2” layer 
of foam sheathing. 

3. Seal the foam sheathing with sheathing tape and canned foam.  Apply canned foam in 
gaps big enough to accommodate the canned foam applicator nozzle. 

The remaining steps can be implemented after the roof over the kitchen entry is framed and 
sheathed: 

4. Install ice and water membrane to face of foam min. 18” above roof deck and lapping 
onto roof ice and water membrane.  Membrane should be adhered to the face of the foam 
and to the roof ice and water membrane as well. 

5. Tape top edge of ice and water membrane to face of foam. 

6. Install metal flashing / step flashing and roof shingles. 

7. Install membrane flashing over top edge of metal flashing / step flashing (min. 2” 
overlap). 

8. Tape top edge of membrane flashing to ice and water membrane on wall foam. 

Rake to Wall Detail at Kitchen Roof 
This water management and air barrier fix should be implemented before the Roof-Wall 
Connection at Kitchen roof described below. 

There should be a membrane flashing or metal corner flashing at the vertical inside corner where 
the rake meets the face of the foam (Figure 1 below).  This is to be installed after the gaps around 
the rake penetration are foamed in.  Cut the rake drip edge at the face of the foam sheathing to let 
in this inside corner flashing.  Tape the side edges of the inside corner flashing.  As usual, the top 
edge of this flashing that extends up the face of the foam should be taped.   
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Figure 1 - Kitchen Roof Rake at Adjoining Wall 

 

SK-08 Roof-Wall Connection at Kitchen Roof 
Like the addition roof, this roof was finished before the insulating sheathing was installed.  This 
is another area where the drainage plane and air barrier should be fixed before the siding is 
installed.  The remediation shown in SK-08 can be implemented following these steps: 

1. Remove a section of foam sheathing above the roof-wall intersection 

 Make straight cuts for easier re-install later 

 Stagger cuts in successive layers 

2. Remove metal flashing and roofing shingles within about 1 foot of the wall to expose the 
roof ice and water membrane.   

3. Re-install insulating foam sheathing on the wall above the roof deck.   

 Insulation should be tight to the roof deck 

 Install blocking for metal flashing at base of outer layer of foam. 

4. Seal the foam sheathing with sheathing tape and canned foam.  Apply canned foam in 
gaps big enough to accommodate the canned foam applicator nozzle. 

5. Install ice and water membrane to face of foam min. 18” above roof and lapping onto the 
ice and water membrane of the roof.  Membrane should be adhered to the face of the 
foam and turn to adhere over the roof ice and water membrane as well.  Note that 
membrane will turn the corner where the wall passes an outside corner.  A piece of 
flexible membrane (e.g. flexwrap) should be installed to cover the base of the corner 
before the ice and water membrane is installed. 

6. Tape top edge of ice and water membrane to face of foam. 

7. Install metal flashing / step flashing and roof shingles.  Metal flashing must extend past 
edge of roof at each side. 
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8. Install membrane flashing over top edge of metal flashing / step flashing (min. 2” 
overlap).   

9. Tape top edge of membrane flashing to ice and water membrane on wall foam. 

SK-09 Roof-Wall Connection at Front Entry 
Note that the water management described below for Water Management at Ends of Roof over 
Front Entry should be implemented before this remediation.   

SK-09 depicts a fix to the water management at the roof over the front entry that was also 
described in a Project Memorandum of February 4th.  It can be implemented following these 
steps: 

1. Add kick-out flashing where roof terminates in field of wall.  Kick-out must direct water 
out and away from the vinyl wall cladding. 

2. Add metal flashing above shingles where roof extends past the Northeast corner of the 
building. 

3. Remove furring strips above the entry roof. 

4. Fill gaps between wood blocking and foam sheathing with canned foam to flush with 
foam sheathing. 

5. Install membrane flashing over top edge of metal flashing / step flashing (min. 2” 
overlap).  Adhere to face of foam sheathing, blocking and metal flashing. 

6. Tape top edge of membrane flashing to face of insulating sheathing. 

SK-10 Roof-Wall Connection for New Roof over Kitchen Entry 
This is an area where Shawsheen’s crews got ahead of the plans.  Unfortunately, some of the 
Shawsheen work will need to be removed in order for the drainage plane and air barrier of the 
wall to be restored: 

1. Remove rafter ledger that is installed directly against wood sheathing. 

2. Re-install insulating foam sheathing on the wall.   

3. Seal the foam sheathing with sheathing tape and canned foam.  Apply canned foam in 
gaps big enough to accommodate the canned foam applicator nozzle. 

4. Restore drainage and air barrier around the penetration of the gable side beam: 

a. Foam in around penetration of beam to full depth of foam sheathing with canned 
foam. 

b. (after canned foam cures) Apply membrane flashing at the vertical inside corner 
where the beam meets the face of the foam.  Extend the flashing membrane past 
the top of the beam.  Cut a slit into the flashing to allow one leg to fold over the 
top of the beam and the other to continue up the wall. 

c. Tape the side edges of the inside corner flashing. 

d. Apply saddle flashing over top of beam.  This can be a piece of membrane 
flashing that is cut ~2” wider than the beam.  It is adhered to the wall and top of 
the beam.  The corners are allowed to drape down at either side of the beam. 

e. Tape the top edge of saddle flashing. 

The above should restore the air barrier and drainage plane of the wall system for the wall above 
the kitchen entry.  After this is completed, the roof and porch ceiling ledgers can be installed: 
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5. Install roof rafter ledger and porch ceiling joist ledger as described in SK-10. 

This roof can then be framed and sheathed after which the water management implementation 
continues: 

6. Install ice and water membrane on roof.  At top of roof, turn membrane up wall to 
minimum 18” above roof deck. 

7. Tape top edge of ice and water membrane to face of foam. 

8. Install metal flashing / step flashing and roof shingles.  Metal flashing must extend past 
rake edge of roof. 

9. Install membrane flashing over top edge of metal flashing / step flashing (min. 2” 
overlap).   

10. Tape top edge of membrane flashing to ice and water membrane on wall foam. 

 

Water Management at Ends of Roof over Front Entry 

Where the ends of the roof over the front entry meet the wall, water management implementation 
will require particular attention.   

Front Entry Roof at Northeast Corner 
Where the bottom of the porch roof meets the wall at the corner (Figure 2 below), it can be 
flashed similar to the rake of the kitchen roof: 

1. Foam in the gaps between the fascia return and the foam sheathing. 

2. Install a membrane flashing or metal corner flashing at the vertical inside corner where 
the rake meets the face of the foam.  Cut the rake drip edge at the face of the foam 
sheathing to let in this inside corner flashing.   

3. Tape the top edge of this flashing that extends up the face of the foam as well as the side 
edges of the membrane. 

 

 
Figure 2 - Front entry porch roof at corner 
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Front Entry Roof Meeting Front Wall 
Where the bottom of the roof over the front entry meets the front wall in the field of the wall 
(Figure 3 below), the existing wood work presents a challenge to implementation of the water 
management and siding.  To address these challenges I offer the following (note that this interface 
is to be sheltered by a kick-out flashing): 

1. Leave roof sheathing and fascia intact but cut away the drip edge and crown moulding 
beneath the drip edge at a point that is even with the face of the vinyl siding to be 
installed later. 

2. Remove the drip edge and crown moulding to the wall side of the cut.  

3. Paint the cut end of the crown moulding with wood primer or sealer. 

4. Foam in the gap between the fascia board and the foam sheathing with canned foam to 
flush with the foam sheathing.   

5. Install a membrane flashing or metal corner flashing at the vertical inside corner where 
the fascia board meets the face of the foam.   

6. Tape the side edges of the inside corner flashing. 

 
Figure 3 – Roof over front entry at front wall 

 

 

 
6 of 6 Building Science Corporation 30 Forest Street, Somerville, MA 02143 P:  978.589.5100  F:  978. 589.5103 www.buildingscience.com 

BA-0911: Prototpye House Evaluations—Habitat for Humanity of Greater Lowell, Farmhouse Renovation



  

Building Science Corporation 30 Forest Street, Somerville, MA 02474 P:  978.589.5100  F:  978. 589.5103 www.buildingscience.com 

Project Memorandum 
 

From: Ken Neuhauser – Building Science 
Corporation 

Date: February 20, 2009 

To: Jim Comeau – Habitat for Humanity 
of Greater Lowell 

Re: Bedford Farmhouse Renovation –  
Entry roof return at NE corner of 
building 

 
Cc: Betsty Pettit – Building Science 

Corporation 
 

 

 

Dear Jim Comeau: 

In our phone conversation of last Thursday, you had expressed concern about the resolution of the 
front corner where the front entry porch roof returns over the corner.  You suggested cutting the 
roof return off so that the corner piece could be continuous at the corner.  Since you have agreed 
to hold off on cutting the roof until we have had a chance to look at the situation, I have designed 
a solution for this front corner that I believe addresses how the trim is supported and the drainage 
plane maintained.  Below is a step-by-step description of this proposed solution.   

I look forward to discussing this with you when we meet at the site on Tuesday.  If you have any 
questions before then, please do not hesitate to contact me as per the contact information below or 
on my cell phone (978 793 3999).  

 

Thank you, 

 

BA-0911: Prototpye House Evaluations—Habitat for Humanity of Greater Lowell, Farmhouse Renovation



 
2 of 13 Building Science Corporation 30 Forest Street, Somerville, MA 02474  P: 978.589.5100  F: 978. 589.5103  www.buildingscience.com 

Previous Existing Conditions 

As shown in the image below, the earlier cladding of the building included wide corner boards 
(I’m guessing around 8-9”).  It is also apparent that the front entry roof did return over the corner 
board.  We will use cues from the earlier configuration to guide historically appropriate exterior 
trim. 

 

 
Figure 1 - Earlier trim details revealed during demolition 
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Step 0 – Current, in-process, condition 

 
 

 Foam held back to flush with front wall wood sheathing below roof soffit 

 Wood trim below support beam left in place 
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Step 1 – Install membrane at corner below roof 

 

 Carefully remove trim moulding below roof support beam.  If pieces can be 
removed intact, save for later use. 

 Install self-adhered membrane from face of foam sheathing, over exposed 
edges and adhere to wood sheathing of Front wall. 

 

Remove molding, 
save for later use if 
possible 

Self-adhered 
membrane
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Step 2 – Install 4” insulating foam sheathing below roof 

 
 

 
 Install (2) 2” layers of insulating sheathing to front wall below entry roof.  

Use XPS foam as spacer as needed over wood trim below support beam. 
 Foam sheathing is notched around roof support beam enclosure.   
 Foam stops 1” shy of flush with inside face of support beam in order to 

accommodate installation of exterior jamb extension for front door. 
 Canned foam applied at junction of foam sheathing to existing wood trim 

helps to hold foam sheathing in place. 

(2) 2” layers foil-
faced insulating 
sheathing 
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Step 3 – Install membrane over edge of foam, prepare for 

flashing return-wall connection 

 

 
 Install self-adhered membrane over edges of new foam sheathing pieces.  

Adhere to face of new foam pieces, across edges, and to membrane of 
earlier step. 

 Cut rake/return drip edge to accommodate corner trim. 
 Infill roof fascia return. 
 Install wide furring strip on front face to provide nailing for corner trim and 

wood trim below support beam.  Notch furring strip around support beam 
enclosure. 

Wide furring strip, 
notched around 
roof support beam 

Self-adhered 
membrane 

Cut rake drip edge to 
clear face of corner trim 

Infill roof fascia 
return  
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Step 4 – Install inside corner flashing at fascia return-wall 

 
 Install self-adhered membrane over insulating sheathing and turn onto 

fascia return.  Trim unsupported lower tab. 
 Install metal inside corner flashing over self-adhered membrane and tight 

to roof sheathing. 
 Apply sheathing tape over top edge of metal flashing and self-adhered 

membrane. 
 

 

Metal inside corner 
flashing 

Self-adhered 
membrane 

Sheathing tape 
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Step 5 – Install metal flashing at roof 

 
 

 Install metal flashing at roof-wall interface 
 Metal flashing at roof return must extend past edge of rake drip edge. 
 Remove furring strips extending over step flashing to allow installation of 

flashing membrane over step flashing. 
 

 

Step flashing folded 
around corner 

Metal flashing 

Remove furring strips Extend metal 
flashing beyond 
drip edge 
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Step 6 – Install membrane over top of metal roof flashing 

 
 Install membrane flashing over top edge of metal step flashing with min. 2” 

overlap. 
 Apply sheathing tape over top edge of flashing membrane. 

 

 

Membrane flashing 

Sheathing tape 

BA-0911: Prototpye House Evaluations—Habitat for Humanity of Greater Lowell, Farmhouse Renovation



 
10 of 13 Building Science Corporation 30 Forest Street, Somerville, MA 02474  P: 978.589.5100  F: 978. 589.5103  www.buildingscience.com 

Step 7 – Install membrane at corner above roof, install furring to 

support corner trim and siding 

 
 Install self-adhered membrane over corner of insulating sheathing above 

roof. 
 Re-install furring strips removed previously. 
 Install wide furring strips on side wall and front wall.  Furring strips to be 

wide enough to support both 7 ¼” corner trim and siding. 
 

 

Wide furring 
strips 

Self-adhered 
membrane
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Step 8 – Install spacers to support corner trim 

 

 Tack or tape spacers at corner to support corner trim.  Spacers to be same 
thickness as furring strips. 

 

 

XPS foam spacers 

XPS foam 
spacer 
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Step 9 – Install corner trim 

 
 Install cellular PVC corner trim boards.  Trim boards nominal 5/4” x 8” 

(CertainTeed part number 11060820005 or equal).  Siding channel to be 
field routed. 

 Corner trim to extend 7 ¼” to each side. 
 Notch side wall corner board around metal roof flashing. 
 Corner trim to front side below roof to fill from corner to face of roof 

support beam enclosure. 
 

 

 

PVC trim boards 
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Step 10 – Install siding, install wood trim at front entry 

 
 Vinyl siding installed with ends inserted into routed channel of corner 

boards. 
 Trim moulding covers joint between corner boards and existing wood trim. 
 Existing wood moulding trim used beneath and at sides of support beam 

enclosure if existing trim is salvageable. 
 

 

 

Wood trim board 
beneath roof support 
beam enclosure 

Vinyl siding 

Trim moulding 
between corner board 
and existing wood trim Front door jamb 

extension extends 
to this corner 
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Appendix D.2.7.6
Observations from In-Process Air Barrier
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Project Memorandum 
 

From: Ken Neuhauser – Building Science 
Corporation 

Date: May5th, 2009 

To: Betsy Pettit, Joe Lstiburek, Kohta 
Ueno 

Re: Bedford Farmhouse Renovation –  
1) Blower door assisted air 

barrier quality control and 
remediation 

2) Duct blaster assisted duct 
sealing quality control and 
remediation 

Cc: Cathy Gates, Katie Gunsch, 
Honorata Wytrykowska 

 

 

 

Dear Betsy, Joe, Kohta: 

This is to convey some of my observations from field operations at the Bedford Farmhouse site 
conducted Thursday, April 30th.  These field operations include 1) blower door assisted air barrier 
remediation, and 2) duct blaster assisted duct sealing remediation.  BSC personnel Katie Gunsch, 
Cathy Gates and Honorata Wytrykowska assisted me in setting up equipment, operating 
equipment, and explaining the procedures.  Volunteers from Cisco conducted the air sealing and 
duct sealing.   

I envision that the report below will comprise a portion of our Building America quality control 
reporting.   

 

Thank you, 

 
Ken Neuhauser 

ken@buildingscience.com 

617 800 2633 x5279 
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Summary 

Blower door and duct blaster equipment assisted in locating air leaks and in making air leaks 
recognizable.  Little change was observed in the air leakage measurement (rough CFM50 for 
house and CFM25 for duct system) as a result of the air sealing and duct sealing work.  
Observations of air flow (haptic observations) suggest that the sill air barrier design is effective 
where properly executed and that gaps in the insulated sheathing may provide air flow pathways.  
Overall, air leakage observations were consistent with areas of concern noted during construction. 

Background 

The insulation system we had designed for the Bedford Farmhouse retrofit included a mix of 
dense-packed or damp-spray cellulose and closed cell spray foam.  The close cell spray foam was 
indicated at roof-wall areas to provide air barrier transition.   

Jim Comeau obtained a price quote from Anderson Insulation for the insulation work.  The price 
was well in excess of what had been budgeted.  Jim asked us to consider ways that the farmhouse 
might still meet its performance goals but save money on the insulation. 

One area we considered is the roof eaves.  Upon visual inspection, these appear to be well sealed 
with foam sheathing extending between rafter framing to the roof sheathing and canned foam 
applied around the perimeter of the foam sheathing (refer to Figure 1and Figure 2 below).   

 
Figure 1 - air sealing at addition roof eave 
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Figure 2 - air sealing at existing roof eave 

Despite the presence of copious canned foam at the eaves I was concerned that there might still 
be detrimental air leakage at these locations.  I suggested that we use blower door fans to 
depressurize the building in order to be able to better assess (qualitatively) the air sealing at the 
eaves and in order to guide further air sealing at these location.  Jim Comeau expressed interest in 
this operation as a means to provide assurance that spray foam at the eaves could safely be 
omitted.  He further asked if we could bring duct blaster equipment to the site to assess the duct 
work and guide duct sealing. 

The field operations involving blower door and duct blaster equipment would constitute Quality 
Control measures for both the building air barrier and the duct sealing.  Although Habitat 
volunteers would conduct the air sealing and duct sealing work, the operation was projected to 
impact the builders understanding of air barrier and duct sealing performance and to demonstrate 
the application of instrumented quality control measures.  Through these field operations BSC 
personnel without prior field experience would be exposed to field testing procedures and 
building forensic techniques.  It was projected that the building depressurization would also yield 
an assessment, if only qualitative, of the retrofit air barrier system performance. 

Building Set-Up 

Building Depressurization for Air Barrier QC 
The building was in a condition where the basement was very much open to the exterior and the 
first floor was open to the basement.  It was decided to separate the basement from the rest of the 
building rather than attempt to separate the basement from the exterior.  Not only was this more 
practical, but also the basement did not represent an opportunity for quality control of the air 
barrier system as the air barrier system for the basement (closed cell spray foam from sill to new 
concrete slab) had not yet been implemented.  Further, the basement air barrier system is one 
whose performance would be reasonably assured upon visually verifiable implementation.   

The major connection between the basement and the rest of the building was a floor opening for 
the basement stairs.  Other large connections were noted at plumbing penetrations.  Openings in 
the floor assembly containing ductwork also represented holes to the basement.  Systemic 
connections between the basement and the first floor include the sometimes-open joint between 
floor sheathing and the sill beam as well as the leakiness of the floor system itself.  The stair 
opening was closed with a large piece of extruded polystyrene cut to fit in the opening, supported 
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by a blower door frame, and taped to adjacent framing.  Rags and foil-faced fiberglass insulation 
were used to increase the air flow constriction at major plumbing penetrations.  Other connections 
between the basement and the rest of the builder were left as they were.   

 

 
Figure 3 - XPS blocking at stair opening 

Note: Blocking at stair opening shown before application of tape and before installation of a 
second blower door frame used to prevent the foam board from being lifted out of place. 

 

    
 Figure 4 - hole at tub trap Figure 5 - plumbing and ductwork holes 

Blower door equipment was installed in a first floor window in order to allow the front door (the 
only operational door on the first floor) to be used for access to the building.  Initially one blower 
door fan was installed to depressurize the building.  This was found to not provide a strong 
enough signal in locating air leakage.  A second blower door fan was installed in a second floor 
window.   
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 Figure 6 - blower door installation Figure 7 - blower door from exterior 

 Note sheltering of outdoor reference tap. 

 

Duct Pressurization and Depressurization for Duct Sealing QC 
Volunteers assisted by applying duct mask to duct boots.  In addition to the duct boots and 
transfer ducts, duct mask was applied to the outside termination of the outdoor air intake duct.  
The duct blaster fan was connected to the duct system at the air handler cabinet.   

 
Figure 8 - duct blaster installation at air handler in basement 
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Observations 

Building Air Barrier 
It was expected that air leakage sites would be rendered obvious by building depressurization.  In 
some cases, air leakage was easily identified and located.  Initially a single blower door fan was 
used to depressurize the building to approximately -20 Pa with respect to (WRT) the exterior.   

The first air sealing task of the volunteers was to seal any leakage felt or observable (by use of a 
smoke stick or movement of dust particles) at the main roof eaves.  Volunteers Nitash and Sri 
accepted this task.  Use of the blower door did not appear to offer a clear signal of air leakage at 
the eave due to the front door being frequently opened and consistently left open during this part 
of the operation.  Nonetheless, the volunteers proceeded to apply canned foam to all joints of 
types where observations suggested the possibility of air leakage. 

 

 
Figure 9 - additional air sealing at existing roof eaves 

 

Later in the day, a second blower door fan was added to provide greater depressurization.  Upon 
the suggestion of the builder, the front door was deadbolted closed from the interior.  This 
allowed for a steady ~50 Pa depressurization relative to the exterior.  This depressurization 
provided a clearer signal of air leakage locations.  A second pair of volunteers conducted air 
sealing with the guidance of this depressurization.  The following areas represent where air 
leakage was noted or where the depressurization allowed assessment of air barrier performance.   

Narrow rafter bay at addition roof – Air leakage was observed at a narrow rafter bay located 
where the addition roof extends just past the Southwest corner of the existing two story structure.  
It is conceivable that the rafter bay is not sealed at the eave and/or that it is connected to the rake 
extension which is outside of the plane of the air barrier system.  Images of this location during 
construction show that the wall air barrier was not transitioned to the roof deck along the rake.  
Also, the roof rake had been installed at this location prior to installation of the insulating 
sheathing.  The rake trim, therefore, interrupts the air barrier where it meets the wall of the 
existing structure.  Carpentry students working in this area were instructed to use canned foam to 
connect the air barrier of the foil facing to roof deck, framing and trim.  It is possible that the 
implementation was not robust. 
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Tight spacing of framing in this location did not allow access with canned foam in order to seal 
this bay.   

 
Figure 10 – observation of air flow at narrow rafter bay at addition roof rake 

 

 
Figure 11 - addition roof rake during construction prior to air sealing remediation 

 

Roof eaves at addition – Generally, the eaves appeared well sealed (see Figure 1 above).  Some 
leaks were observed and sealed.   
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Roof eaves at existing roof – with the greater depressurization, no air leakage was observed at a 
sample of locations along the existing roof eaves.   

West facing roof rake – significant air leakage was felt at the top of the West-facing gable wall of 
the existing structure.  In a quick pass over suspected trouble spots, air leakage was not felt at the 
top of the East-facing gable.  Different construction suggests an explanation for this difference in 
observed air barrier performance.  The East gable has two layers of foam with the second layer 
notched to fit around rake extension framing and then foamed to framing and roof deck.  On the 
West gable, there is a single layer of foam.  This single layer of foam is butted against ledger of 
rake extension framing with a less-than-convincing attempt to seal the edge of the foam sheathing 
to the rake extension framing.  

 
Figure 12 - insulating sheathing at West gable 

 

Building Sill – Significant design effort was devoted to air barrier transition at the building sill.  
In general, the designed appeared to be implemented successfully.  At some locations, it was clear 
that one particular brand of membrane used in the design failed to adhere to the substrate.  At a 
location on the Northeast corner, repair of the lower sheathing was carried out without using a 
new piece of the Straight Flash VF which had been adhered to the sheathing.   
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Figure 13 - sill to wall air barrier transition 

 

 
Figure 14 - sill to wall air barrier transition from below 
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Figure 15 - flashing membrane did not adhere to the StraightFlash VF transition membrane 

Note, the builder has indicated that the membrane shown in this photo was subsequently replaced 
with membrane that proved to have better adhesion to the substrates. 

 

 
Figure 16 - transition membrane at Northeast corner failed to re-adhere after replacement of 

sheathing board 

 

With the building depressurized to approximately 50 Pa WRT the exterior, I examined significant 
portions of the sill that were accessible.  This examination gave particular attention to areas that 
were known to have had problems with the sill-to-wall air barrier transition.  At some locations, 
notably at the Northeast corner, I felt some air movement above the joint between the sheathing 
board and the built up sill.  Particles of saw dust and cobweb were also observed to be moving on 
top of the built-up sill.  The signal was not clear because of the much greater air flow emanating 
from the gap between the floor sheathing and the built up sill.  To reinforce the air barrier 
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performance, I applied canned urethane foam along lengths of sill where I suspected air leakage 
at the sheathing-to-sill joint.   

 
Figure 17 - air movement observed at sill 

 

Front door – portions of the wall to one side of the front door lack wood sheathing.  Air barrier 
transition where the insulating sheathing terminates adjacent to the door opening has been left off 
to allow for adjustment of the opening upon installation of the replacement door.  The side of the 
door near the Northeast corner of the building also lacks insulating sheathing.  The sill-to-wall air 
barrier design could not be implemented at this location due to the presence of a concrete stoop 
that remains in place.  (see Figure 16 above)  Clearly discernable air leakage in the wall around 
the existing door, particularly at the building sill, support the decision to use closed cell foam 
insulation in wall cavities at this location.   

Sheathing near inside corner – air leakage was observed at a gap between wood sheathing 
boards near an inside corner at the Southwest corner of the existing 2 story structure.  The 
location shown in Figure 18 below is also below the addition roof rake depicted in Figure 11 
above.  As seen in Figure 11, the there are gaps between the foam sheathing boards in the field of 
the wall.  There were also gaps between insulating sheathing boards at the inside corner.  The 
outside corner nearby was lacking the required strip of membrane at the time of the photo.  The 
builder had assured that gaps larger than a finger width would be foamed and that membrane 
would be applied at each corner before the installation of siding.  BSC obtained visual 
confirmation of this on some but not all areas of the building enclosure.   

From the observation of air flow at a gap between wood sheathing boards, I derive the suggestion 
(but not a conclusion) that air flow networks within the double foam layer allow air to flow 
within the exterior insulation assembly to points where these air flow networks connect with gaps 
between the wood sheathing boards.   
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Figure 18 - air flow observed between sheathing boards near inside corner 

 

 

Duct Sealing 
Prior observations of the ductwork installation noted what appears, visually, to be reasonably 
thorough duct sealing.  At the request of the builder, the duct system was tested at its rough stage 
to establish whether performance targets were obtainable.  The builder also requested that duct 
blaster equipment be used to help volunteers locate and seal duct leaks.   

 

 
Figure 19 - duct work as observed at earlier site visit 

After an initial baseline depressurization test of the duct system, volunteers spent a considerable 
amount of time locating and applying mastic to duct leaks.  During this operation, the duct system 
was pressurized.   
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Figure 20 - Habitat volunteers and a BSC staffer locating duct leaks 

 
Figure 21 - Habitat volunteers locating and sealing duct leaks 

 

After the volunteers had completed this work in the basement, first floor, second floor and attic, a 
second test of the duct system was conducted.  Puzzlingly, the additional duct sealing work 
resulted in a decrease in measured duct leakage of only about 5%.  No registers were found to be 
un-masked during this follow-up test.  The total duct leakage measured at 25 Pa seems large 
relative to the system capacity and nominal air flow.  However, conferring with other BSC staff 
suggests that such total duct leakage is within the realm of expected performance for Building 
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America projects of this size.  The total duct leakage at 25 Pa is less that 10% of the conditioned 
floor area. 

 

 

 
Figure 22 - duct leakage test results after duct sealing 
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