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An up-to-date assessment of the Weatherization Assistance Program (WAP) is being 
performed by the US. Department of Energy WAP Division and the Oak Ridge National 
Laboratory. Five studies form the evaluation. Major goals of the Fuel-Oil Study are to estimate 
the fuel oil saved by the WAP in the Northeast during the 1990 and 1991 program years, identify 
and quantify non-energy impacts of the WAP, assess the cost effectiveness of the WAP within this 
submarket, and assess factors which may cause savings and cost effectiveness to vary. 

The study will only analyze single-family houses in the nine states in the Northeast census 
region and will be carried out over two heating seasons (1990 and 1991 WAP program years). A 
split-winter, pre- and post-weatherization experimental design with a control group will be used. 
Houses will be monitored over one winter. Energy conservation measures will be installed in the 
weatherized houses in January of each winter by the local WAP subgrantee. One hundred twenty 
five weatherized houses and 75 control houses will be monitored over the 1990-1991 winter; a 
differcnt set of 200 houses will be monitored over the 1991-1992 winter. The houses will be 
evenly distributed among 25 subgrantees. 

Space-heating fuel-oil consumption, indoor temperature, and outdoor temperature data 
will be collected for all houses. Fuel-oil delivery data will be collected for each house monitored 
over the 1990-1991 winter for at least a year before weatherization. The delivery data will bc 
analyzed to determine if the accuracy of the study can be improved by collecting fuel-oil delivery 
data on  a larger sample of houses over the 1991-1992 winter. 

Detailed survey information will be obtained on all the houses. This information includes 
descriptivc details of the house and its mechanical systems, details on household size and othcr 
demographics, and occupant answers to questions regarding comfort, safety, and operation of their 
space-heating system and house. Information will be collected from the subgrantecs on the 
measures installed in each weatherized house and their casts, the administration and program 
support costs for the subgrantee, and details on the overall program approach of the subgrantee. 
Information on state costs and program approaches will be collected from the grantees. In 
addition to this survey information, air leakage and space-heating systcm stealdy-state cfficiency 
will be measured before and after weatherization in all houses. A safety inspection of  the space- 
and water-heating systems will also be performed following weatherization in all houscs. 

Normalized annual space-heating fuel-oil consumptions needed to calculate savings will be 
estimated from the pre- and post-weatherization submetered data using a house energy 
consumption model. Program-induced improvements in the affordability of housing and, space- 
heating, together with improvements in safety and comfort, will be assessed. The cost 
effectiveness of weatherization measures alone will be examined using appropriate economic 
indicators. Factors affecting fuel-oil savings and cost effectiveness will be assessed. 
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Recognizing the need for an up-to-date assessment of the weatherization Assistance 

Program (WAP), the US. Department of Energy (DOE) WAP Division requested Oak Ridge 

National Laboratory (ORNL) to help design and conduct a national WAP evaluation. Five 

separate studies are part of the overall evaluation. Major goals of the Fuel-Oil Study are to: 

0 provide a region-wide estimate of the fuel oil saved by the WAF’ in the Northeast 
during the 1990 and 1991 program years; 

a identify and quantify (to the extent possible) non-energy impacts of the WAP such 
as housing and energy affordability, safety, and comfort; 

0 assess the cost elfectiveness of the WAP within this submarket using a variety of 
economic indicators; and 

a assess factors which may cause fuel-oil consumption, savings, and cost effectiveness 
to vary. 

These major goals cover the most significant issues and also focus on producing useful and 

practical information for program planning, implementation, and management that can be 

obtained for reasonable costs. The Fuel-Oil Study, as well as the other studies, will provide 

essential inputs to  the process of planning future roles for the WAP network in brokering, 

demonstrating, evaluating, and accelerating the market penetration of energy-cfficicnt, cost- 

effective building technologies. 

The Fuel-Oil Study is being carried out by ORNL at the request of the DOE WAP 

Division. The DOE WAP Division will monitor the study and provide needed management 

support. Two working groups organized by the DOE WAP Division (a methodology group and a 

planning and implementation group) will provide DOE input on technical issues, project focus, 

and application of results in support of the study. ORNL will manage the study by conducting or 

coordinating all study activities. ORNL will perform all data analyses and prepare a final report 

documenting the project and its results. The various State offices administering the WAP at the 

slate level will enlist the cooperation of the subgrantees and provide program information. The 

subgrantees will weatherize the houses following their standard procedure. They will also assist in 
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house selection and instrumentation installation, provide information on the cncrgy conscrvation 

mcasures (ECMs) installed and their cost, and provide information on their WAP approach and 

costs. Synertech Systems Corporation will assume the major role in irnplementing field related 

activities, in close cooperation with the above organizations. These activities will include 

instrumentation installation, maintenance, and removal, and data collection. 

The Fuel-Oil Study will analyze single-family houses only and will cover the nine states in  

the Northeast census region (almost half of the single-family houses in the U.S. heated by fuel oil 

with occupants whose income is less than 125% of the poverty level are located in these nine 

states). ‘l’he houses must meet six additional criteria to be eligible for the study. A split-winter, 

pre- and post-weatherization expcrirnental design with a control group will be used. Submetered 

fuel oil consumption will be monitored in all the study houses. Each house will be monitored 

over just one winter, with half the study houses being rnonitorcd over the 1990-1991 winter and 

the remaining half ovcr the 1991-1992 winter. Weatherized houscs will receive ECMs installed by 

the local WAP subgrantee. Inclusion of a control group allows estimation of energy consumption 

changes that would have occurred in the absence of the program. 

In the split-winter design, houses arc monitored over just one winter. ECMs will bc 

installed in the weatherized houses during the middle of the winter (January). The split-winter 

design was chosen instead of a full winter of pre- and post-weatherization monitoring for thc 

Pollowing reasons: 

houses sewing as controls will be weatherized within a time frame agreeable to thc 
states and subgrantees; 

B, the reduced number of houses to be monitored each winter per subgrantee makes 
it easier to identify the requircd number of houses for the study from current 
eligibility lists and reduces the time needed to install instrumentation; 

0 reuse of instrumentation over the 1991- I992 winter reduces instrumentation costs 
and allows indoor temperature to be monitored in all the houses; 

B, attrition will be reduced, which is particularly important because rcnters will be 
included in the sample; arid 
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0 the design can be easily modified for the 1991-1992 winter to accommodate a 
change in goals or to account for any unforeseen deficiencies which may arise 
during the 1990-1991 winter. 

Disadvantages of the split-winter design include uncertainty associated with fuel-oil savings 

measured from shorter-term, split-winter testing and the need for subgrantees to weatherize all 

scheduled homes in a relatively short period in January. Previous studies performed with pre- and 

post-weatherization data collected over just half the winter have been successfully performed. 

Discussions with state WAP directors and subgrantee personnel havc indicated that the 

subgrantees can weatherize houses in January sufficient for the study and that weatherization 

performed in the winter is quite similar to that performcd during the summer. 

A sample of 400 houses will be monitored over the two winters of the study. One 

hundred twenty five weatherized houses and 75 control houses will be monitored over the 19cK)- 

1991 winter; a differerit set of 2W houses will be monitored over the W91-1992 winter. The 

houses will be evenly distributed among 25 subgrantees. The number of participating subgrantces 

in the nine states is as follows: Maine (2), NCW Hampshire (2), Vermont (2), Massachusetts (4), 

hode Island (23, Connecticut (21, New York (5),  Pennsylvania (4), and New Jersey (2). Based 

upon 19!90-1991 winter results, a decision will be made between monitoring periods to use the 

same subgrantees or a different set of subgrantees over thc 1991-1992 winter to improve the 

accuracy of the study. Based on this sample size, the identilied distribution, and use of the same 

25 subgrantees both winters, the estimated savings should be within about 30% of the actual 

savings, at a 90% confidence level. 

The following data will be monitored continuously (one-hour averages) in all the houses 

using a data logger: space-heating fuel-oil consumption, indoor tempcrature, and outdoor 

temperature. These data will be retrieved aver telephone lines. Fuel-oil delivery data will also be 

collected for each house monitored over the 1990-1991 winter for at least a year before 

weatherization. 

Detailed survey information will be obtained on all the houses. This information includes 

descriptive details of the house and its mechanical systems; details on household size and other 

demographics; and occupant answers to questions regarding comfort, safety, and operation of their 
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space-heating system and house. Information will be collected from the subgrantees on the 

measures installed in cach wcatherized house and their costs, the administration and program 

support costs for the subgrantee, and details on the overall program approach of the subgrantee. 

Information on state costs and program approaches will be collected from the grantees. In 

addition to this survey information, several measurements will be made on the houses. Air 

leakage and space-heating system steady-state efficiency will be measured before and after 

weatherization. A safety inspection of thc space- and water-heating systems will also be 

pcrformed following weatherization. 

Normalized annual space-heating fuel-oil consumptions used to calculate savings will be 

estimatcd from the pre- and post-weatherization submetered data using a house energy 

consumption model. The model assunies that space-heating fuel-oil consumption i s  linearly 

related to the temperature difference between the inside and outside of the house. Linear 

regression techniques will be used io estimate model parameters for the pre- and post- 

weatherization periods for each house. Pre- and post-weatherization normalized annual space- 

heating fuel-oil consumptions will be calculated using the estimated model parameters found for 

each house, average outdoor temperatures from National Climatic Data Center Typical 

Meteorological Year weather tapes for each house location, and either the average pre- and post- 

weatherization indoor temperatures or a 68°F indoor tempcrature (savings bascd on a constant 

68°F indoor temperature will be used in assessing factors that effect savings to eliminate this 

known source of variation). The normalized annual fuel-oil savings of each weatherizcd house 

will be adjusted using the average normalized annual savings of the control houses to account for 

non-program induced factors affecting space-heating fuel-oil consumption. Average regional fuel- 

oil savings from the WAP applied to houses heated by fuel oil will be determined using the 

normalized only (gross) and adjusted (net) fuel-oil savings estimated for each house (based on 

actuaI pre- and post-weatherimtion indoor temperatures). 

The fuel-oil deliveiy data will be analyzed before the 1991-1992 winter to determine if the 

accuracy of the study can be improved by collecting fuel-oil delivery data on a larger sarnple of 

houses over the 1991-1992 winter. The analysis to be performed on the fuel-oil delivery data 

iricludes verihing their accuracy and reliability, that their correlation to weather data is 

acceptable, and that their estimate of pre-weatherization consumption compares favorably to 
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estimates made using submetered data. Pre-weatherization space-heating fuel-oil consumption for 

houses with sufficient and reliable delivery data will be determined using a degree-day approach 

such as the Princeton Scorekeeping Method (PRISM) and compared with the consumptions 

estimated from submetered data to determine the degree of agreement. 

An assessment of program-induced improvements in the affordability of housing and 

space-heating will be conducted by combining fuel expenditure data with information on 

household income and rent or mortgage payments. Improvements in safety will be evaluated by 

determining the incidence of unsafe conditions with the space- and water-heating systems and 

remedial actions taken, or recommended, during weatherization. Program impacts on comfort will 

be assessed using monitored indoor temperatures, information on the number of rooms heated, 

and measured airtightness of the houses. 

The cost effectiveness of the weatherization measures alone will be examined using 

indicators such as simple payback period, benefit-to-cost ratio, net present value, and cost of 

conserved energy. The identified indicators will be calculated using standard formulas, measured 

fuel-oil savings, known fuel prices, and the direct labor and material costs of the ECMs. Key 

assumptions made in the formulas include the expected lifetimes of the house and ECMs, a 

discount rate that reflects the time value of money, and estimated fuel-price escalation rates. 

Because of the uncertainty in these key assumptions, sensitivity analyses will be used to estimate a 

range of cost erfectiveness under varying conditions. The cost effectiveness of the WAP will be 

determined by expanding the previous analysis to include other program benefits and costs. A 
societal perspective, which estimates societal benefits achieved per public dollar spent, will be 

emphasized. Non-energy impacts that can be estimated in monetary terms will be incorporated 

into this latter cost-effectiveness analysis. 

Individual factors that may explain variations in fuel-oil savings and cost effectiveness will 

be examined by comparing group averages using appropriate statistical methods. Factors that will 

be examined include pre-weatherization fuel-oil consumption, climate, house characteristics, 

household demographics, packages of ECMs installed, service delivery procedures, and methods of 

client selection. These factors will also be used with multivariate statistical models to estimate the 

independent influence of single variables, controlling for the influence of other factors. 

... 
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Recognizing the need for an up-to-date assessment of the Weatherization Assistance 

Program (WAP), the US. Department of Encrgy (DOE) WA? Division requested Oak Ridgc 

National Laboratory (ORNL) to help design and conduct a national WAP evaluation. Five 

separate studies are part of the overall evaluation (Bescherr and Brown 1991). Three of these will 

address principal submarkets: 

Q 

0 high-density multifamily study, and 

single-family study (which also addresses small multifamily buildings), 

Q fuel-oil study. 

The major goals of the Fuel-Oil Study are to: 

Q estimate fuel-oil savings due to the program in single-family houses heated by fuel 
oil (which is not part of the primary data analyses in the single-family study), 

8 assess non-energy impacts (e.g., energy affordability, safety, and comfort), 

0 

a 

assess program cost effectiveness, and 

analyze factors which may cause savings and cost effectiveness to vary. 

These major goals cover the most significant issues and also focus on producing uscful and 

practical information for program planning, implementation, and management that can be 

obtained for reasonablc costs. For example, information from the evaluation will be useful for 

identifying how to best allocate WAP rcsources, the market segments (such as high energy users) 

that future program efforts should target under specific circumstances, the service delivery 

procedures that are most effective for particular building types, the packages of measures that are 

shown to provide the most benefit, and the level of energy savings that can he expected per 

public dollar spent. 



2 

The Fuel-Oil Study, as well as the sther studies, will provide essential inputs to the 

process of planning future roles for the WAP network in brokering, demonstrating, evaluating, 

and accelerating the market penetration of energy-efficient, cost-effective building technologies. 

The Fuel-Oil Study will analyze single-family houses only and will cover the nine states in 

the Northeast census region. This study will be carried out over two heating seasons (1990 and 

1991 WAP program years) and will involve submetered field measurements of space-heating fucl- 

oil consumption in approximately 408 houses. The cooperation of the various statc offices in 

charge of administering the WAY is essential to the execution and success of this projcct, as is the 

cooperation of thc randomly selected subgrantees. 

Two working groups were organized by DOE to review the evaluation and provide 

reconmendations for improvcment. Comments received from these groups were considered 

together with other project constraints in the development of this plan. 
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2 EVALUATIONGOALS 

There are four main goals of the Fuel-Oil Study. The primary goal is to provide a region- 

wide estimate of the fuel oil saved by the WAP in thc Northeast during the 1 9 0  and 1991 

program years (a program year runs from April to March). This estimate will focus on fuel oil 

used for space heating. Space cooling is not prominent in this region and will not be addressed. 

The second goal is to identify and quantify (to the extent possible) non-energy impacts of 

the WAP. This analysis will focus on program-induced improvements in the affordability of 

housing due to reduced household energy costs; reductions in the number of unsafe space- and 

water-heating systems due to remedial actions taken or recommended during weatherization; and 

improvements in thc comfort of houses due to reduced draftincss, increased indoor temperature, 

and increased amount of heated living space. The occupants’ perccption of comfort 

irnprovcments will also be studied. 

The third goal is to  assess the cost effectiveness of the WAP within this submarket using 

indicators such as simple payback period, benefit-to-cost ratio, cost of conserved cncrgy, and nct 

present value. A range of inputs to the analysis about future fucl prices, lifetimes of energy 

conservation measurcs (ECMs), and discount rates will be used to dcvelop results cncompassing 

the perspectives of most use and intercst. 

The final goal is to assess factors which may cause fuel-oil consumption, savings, and cost 

erfectiveness to vary. This assessment will provide insights about groups of measures that are 

effective in reducing fuel-oil consumption, service delivery procedures that lead to enhanced cost 

effectiveness, and market segments that future program efforts should consider targeting. Factors 

of interest include climate, dwelling unit characteristics prior to weatherization, packages of 

ECMs, audit procedures, and other service delivery differenccs. 

Some of the major evaluation questions to be addressed by the study to meet the above 

goals follow. This list is meant to be illustrative and not exhaustive. 



1. What is the pre-weatherization space-heating fuel-oil consumption of the control and 
weatherized homes normalized to typical weather conditions and actual indoor 
temperatures? Normalized to a typical (68°F) indoor temperature? 

2. What is the changc in space-heating fuel-oil consumption of the control houses 
nornialized to typical weather conditions and actual indoor temperatures, and expressed as 
energy savings per year and as a percentage of pre-weatherization consumption? 
Normalized to a typical (68°F) indoor temperature? Averaged across the region? 

3. What is the change in space-heating fuel-oil consumption of the weatherized houses 
normalized to typical weather conditions arid actual indoor temperatures, unadjusted and 
adjusted by the control house savings, expressed as energy savings per year and as a 
percentage of pre-weatherization consumption? Normalized to a typical (68°F) indoor 
temperature? Averaged across the region? 

22 NON-ENERGY EMPACIS 

22.1 Housing Mordabifity 

1. What percent of household income is spent for energy consumption? How does this value 
change following Weatherization? 

2. What percent of household income is spent for housing (rent or mortgage payment plus 
energy utilities)? How does this value change following weatherization? 

3. Do occupants perceive an improvement in the affordability of housing due to receiving 
assistance from the WAP? 

22.2 Space-Heating System Safely and Efficiency 

1. Following weatherization, how many of the space-heating systems arc identified as having 
the following safety problems: cracked heat-exchanger, excessive carbon monoxide (CO) 
in the flue gases (incomplete combustion), smoke in the flue gases (incomplete 
combustion), CO in the air surrounding the system, CO in the distribution air (forced-air 
system), insufficient draft, damaged flue/chimney, improperly installed flue/chimney, oil 
leak, improperly set safety switches, improperly set pressure switches (boiler systems), and 
missing or dirty filters? 
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2. 

3. 

4. 

5. 

6. 

2 2 3  

1. 

2. 

3. 

4. 

5. 

5. 

How many space-heating systems having the types of safety problems identified above 
prior to weatherization were corrected during Weatherization or as the result of a 
recommendation at the time of weatherization? 

Wow many of the control houses have these safety problems? 

Is there a significant difference in the level of incidence of these problems between the 
weatherized and control houses? 

What is the pre-weatherization steady-state efficiency of the space-heating systems? What 
is the change in steady-state efficiency of the space-heating systems following 
weatherization? Does space-heating system work affect changes in steady-s tate efficiency? 

What is the average steady-state efficiency of the space-heating systems in the control 
houscs? HOW does that compare to the weatherized houses? 

House Air Leakage 

What is the pre-weatherization air leakage of the control and treatment group homes? 
How do they compare? 

What is the change in air leakage of the weatherized and control houses following 
weatherization? How do the changes compare? 

Do occupants perceive a reduction in the drartiness of their house following 
weatherization? 

What is the average expenditure for airtightening (air-leakage reduction) work? 

Assuming that all air-leakage reduction is due to airtightening work (reductions achieved 
indirectly from other measures are credited to the airtightening work), what is the 
estimated cost effectiveness of this work? 

Does the use of a blower door for training, locating leakage sites, determining when to 
stop airtightening work, and/or €or inspection affect the achieved reductions, expenditurcs, 
and estimated cost effectiveness? 

22.4 Indoor Temperature and Living Space 

1. What is the pre-weatherization housc indoor temperature? What is the time-of-day 
indoor temperature profile before weatherization? 

2. What is the change in house indoor temperature and profile following weatherization? 
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3. Do occupants perceive an improvement in comfort following weatherization? 

4. What change in the numbcr of rooms heated occurs following weatherization? 

1. What is the: average expenditure for space-heating system ECMs installed under the W,Q 
and other programs? 

2. What is the average cast effectiveness of the installed ECMs, cxpressed as a simple 
payback period, benefit-to. cost ratia, ne1 present valuc, and cost of conserved energy? 

3. What is the program support and administration cost of conducting the W h p ?  

4. In monetary terms, what benefits othcr than fuel-oil savings result from the WAY? 

5. What is thc average cost effectiveness of the WBP, including all costs and benefits? 

1.  What service delivery features, house characteristics, occupant characteristics, and 
packages of ECMs create differences in group savings or correlate with fuel-oil savings 
and cost effectiveness? 

1. What are the general characteristics of the houses studied (geographic areas, coristruction 
types, wail and floor areas, insulation levels, space-heating system Characteristics, glass 
area, house age, etc.)? 

2. What are the general characteristics of the occupants (number, age, income levels, 
ownership status, etc.)? 

3. Were the weatherized and control groups cquivalemt relative to dwelling unit and 
occupant characteristics? If they have different characteristics, how docs this affect the 
estimates of fuel-oil savings and cost effectiveness? 
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3. EVALUATION DESIGN 

A split-winter, pre- and post-weatherization experimental design with a control group will 

be used (see Fig. 3.1). Submetered fuel-oil consumption will be monitored in all the study houses. 

Each house will be monitored over just one winter, with half the study houses being monitored 

over the 1990-1991 winter and the remaining half over the 1991-1992 winter. 

Group 1 1990- 199 1 Winter 

Weatherized group pre W post 
(125 houses) t __I__._. .-$ - - - .{ 

Control group Pre post w 
(75 houses) 1 __+ ... ... .... .{ 

Groutr2 I 1 1991-1992 Winter 

Note: W = Weatherization 

Fig. 3.1. Split-winter experimental design. 

Weatherized houses will receive ECMs installed by the local WAP subgrantee. Pre- and 

post-Weatherization testing allows individual house space-heating fuel-oil savings to be determined 

because the houses serve as their own reference. Individual house savings are then averaged to 

dctermine group savings. Inclusion of a control group allows estimation of energy consumption 

changes that would have occurred in the absence of the program. For instance, it controls for 

factors such as differing ground temperatures betwcen the pre and post periods and trends in the 

price of fuel oil. Savings for weatherized houses can be adjusted by the savings for the control 

group to account for these factors. 



8 

In the split-winter design, houses art: monitored over just one winter. ECMs will he 

installed in the weatherized houses during the middle of the winter (January). The split-winter 

design was chosen instead of a full winter of pre- and post-weatherization monitoring for the 

following reasons: 

@ Houses sewing as controls will be weatherized within a time frame agreeable to 
the states and subgrantees. 

d Instead of monitoring all study houses over two winters as needed under a full 
winter of pre- and post-weatherization monitoring, the split-winter design allows 
half the houses to be monitored one winter and the remaining half the second 
winter. 'I'he reduced numbcr of houses to be monitored each winter makes i t  
easier to identi& the required number of houses for the study from current 
eligibility lists and reduces the time needed to install instrumentation. 
Additionally, reuse of instrumentation for the 1991-1992 winter reduces 
instrumentation costs and allows indoor temperature to be monitored in all the 
houses. 

@ Attrition will be reduced, which i s  particularly important because renters will be 
included in the sample. 

@ The design can bc easily modified for the 1991-1992 winter to accommodate a 
change in goals or to account for any uiiforeseen deficiencies which may arise 
during thc 1990-1991 winter. 

Disadvantages o f  the split-winter design include uncertainty associated with fuel-oil savings 

measured from shorter-term, split-winter testing and thc need to weatherize all scheduled homes 

in a relatively short period in January. Previous studies performed with pre- and post- 

weatherization data collected over just hall the winter (McCold et  al. 1988, Terms et  al. 1991) 

have been successfully performed. Discussions with state WAP directors and suhgrantee 

personnel have indicated that subgrantees can weatherize houses in January sufficient for the 

study and that weatherization performed in the winter is quite similar to that performed during 

the summer. 

A sample of 400 houses will be monitored over the two winters of the study and will be 

drawn from the population of houses meeting the eligibility requirements listed in Sect. 3.3. 
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Available resources limited the total number of houses to 400- The houses will be divided into 

250 weatherized houses and 158 control houses. Over the 1990-1991 winter, 125 weatherized 

houses and 75 control houscs will be monitored and distributed evenly among 25 subgrantees. 

Over the 191-1992 winter, the remaining 125 weatherized houses and 75 control will be 

monitored and again evenly distributed among 25 subgrantees. 

Three sampling options exist. Under the first option, houses will be drawn from the same 

25 subgrantees for both the 190-1991 and 191-1992 winters. The second option will use a 

different set of 25 subgrantees over the 1991-1992 winter. in  the third option, houses will be 

samplcd from half the original 25 subgrantees and for 10-15 new subgrantecs. At a 90% 

confidence level and assuming a 20% attrition rate, the estimated savings of thc installed ECMs 

should be within 32% of the actual savings if the first option is chcsen, within 26% if the second 

option is chosen, and between 26% and 32% if the Lhird option is chosen (set: Appendix A). A 
specific option has not been selected at this time because of uncertainty in the error estimates 

and uncertainty regarding costs associated with acquainting additional subgrantees with the study, 

providing training to them about Lhe instrumentation, and acquiring subgrantce related 

information. A final decision will be made hefore the 191-1992 winter based upon an analysis of 

the 199Q-1991 wintcr’s data. 

For the 1990-1991 winter, a clustered sampling procedure will be used: 25 subgrantces 

will first be selected using the states as a stratification variable; eight individual houses per 

subgrantee will then be selected. The selection of houses will proceed in two steps: 

1. A total of 25 subgrantees will be selected from the nine northeast statcs and distributcd as 
follows: Maine (21, New Hampshire (2), Vermont (2), Massachusetts (41, Rhode Island 
(2), Connecticut (21, New York (51, Pennsylvania (4), and New Jersey (2). At least two 
subgrantees will be chosen from each state to ensure a representative sample. 
Subgrantces from each state that weatherize a significant numbcr of single-family houses 
heated by fuel oil (typically greater than 15 such houses per year) will be identified. 
Sampling is limited to these subgrantees to ensure that eight houses eligible for the study 
can be identified from the subgrantee if selected. The sample of subgrantees for each 
state will be drawn randomly with probabilities proportional to the number of single-family 
houses heated by fuel oil and weatherized by the subgrantee. 

2. For each subgrantee selected, houses currently on the waiting list and/or selected for 
weatherization that meet the eligibility requirements listed in Sect. 3.3 will be identified. 
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A random sample of eight of these houses will then be chosen. Their eligibility for the 
study will be verified through a house visit and using the form provided in Appendix B. 
The household's consent (and building owner's if the household is a renter) will also be 
obtained. If these requirements cannot 1pc met, a replacement house will be selected. If 
eight eligible houses are not currently available, then additional outreach will have to be 
performed to obtain the necessary number of houses. 

The eight houses selected from each subgrantee will be randomly divided into a 

weatherization and control group during the pre-weatherization period. These assignmcmts will be 

made as late as possible to minimize the effect of attrition on creating unequal groups. 

To thank those households participating in the study €or any inconveniences they may 

endure and €or scrvices to be provided during the study, the following monetary payments will be 

made to the occupants the winter their house is monitored: a $75 service payment to each 

participating household in January, and an additional $75 payment to each control house in May. 

If necessary, these payments can be used as an incentive to obtain the participation of the 

households. 

Houses included in the study will be limited to those with the following characteristics: 

1. Occupants must be eligible for the WAP administered in their State €or the 1990 or 1991 
program years. 

2. Houses must be single-family buildings but not mobile homes, mobile homes with room 
additions, or other similar housing assembled on-site from factory built modules. A single- 
family building is defined in the Residential Energy Consumption Survey (RECS) (Energy 
Information Administration 1989): 

"[A] single-family housing unit [is] a structure that provides living space €or one 
household or family. The structure may be detached, attached on one side 
(semidetached), or attached on two sides. Attached houses are considered single- 
family houses as long as the house itself is not divided into more than one housing 
unit and has an independent outside entrance. A single-family house is contained 
within walls that go from the basement (or the ground floor, if there is no 
basement) to thc roof. (A mobile home with one o r  more rooms added is 
classified as a single-family home.)" 



11 

Although a mobile home with one or more rooms added is classified as a single-family 
house in RECS, such a house will not bc considered for this study. Energy savings and 
weatherization techniques for mobile homes are being examined by other DOE sponsored 
studies and, thus, are not included in this study. In interpreting the RECS definition, row 
houses and side-by-side duplexes (twins) are single-family houses, whereas over-and-under 
duplexes are small multifamily buildings (see definition below). 

Small multifamily buildings are also defined by RECS: 

"[A] housc or building with two to four housing units [is] a structure that is divided 
into living quarters for two, three, or four families or households. This category 
also includes houses originally intended €or occupancy by one family (or for some 
other use) that have since been converted to separate dwellings for two to  four 
families. Typical arrangements in thcse types of living quarters are separate 
apartments downstairs and upstairs, or one apartment on each of  three or four 
floors." 

Energy savings of single-family and small multifamily buildings heated by fuel oil will not 
bc assessed using primary data in the Single-Family Study (Berry et al. 1991). Small 
multifamily buildings are not currently included in the Fuel-Oil Study to simplify the 
design and its implementation, a simplification especially needed to allow monitoring to 
start during the 1990-1991 winter. The 1987 RECS data (Energy Information 
Administration 1989) indicate that there are almost three times as many single-family 
households heated by oil with occupants whose income level is less than 129% of the 
poverty level as small multifamily households. 

High-density multiCamily buildings (five or more units per building) heated by fuel oil will 
be assessed under the High-Density Multifamily Study (Beschen and Brown, 1991). 

3. Primary space-heating systems must use fuel oil. Single-family houses primarily heated by 
other common fuels such as gas and electricity will be assessed in the Single-Family Study 
(Berry et al. 1991). 

4. Houses must be located in the nine states in the northeast census region (Maine, New 
Hampshire, Vermont, Massachusetts, Rhodc Island, Connecticut, New York, Pennsylvania, 
and New Jersey). The 2987 RECS data (Energy Information Administration 1989) 
indicated that almost half of the single-family houses heated by fuel oil with occupants 
whose income is less than 125% of the poverty level are located in these ninc states. 
About 70% of all households that use fuel oil as their main heating fuel arc located in 
these states; about 40% of the households in these states heat with fuel oil (households in 
these statistics include all income levels and building typcs). 

5. Secondary space-heating systems (such as wood stoves, fireplaces, or portable space 
heaters) must not be used to substantially heat a house (use of supplemental space- 
heating systems one day per week or in the bathroom is acceptable). Energy consumption 
of secondary space-heating systems cannot easily be monitored. 
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6. Occupants niust intend to remain at home for the entire winter monitoring period (no 
lengthy vacations away from home). Houses whose occupants move during the study will 
likely be dropped from the analysis. 

7. Occupants must have a working telephone line in the house. Data collected by the data 
logger installed in each house will be collected over thc telephone. 

Fuel-oil delivery data will be collected from dealers serving the houses monitored over the 

1 winter. These data will he analyzed to vcrify thcir accuracy and reliability, that their 

correlation to weather data is acceptable, and that their estimate of pre-weatherization 

consumption compares favorably to estimates made using the submetered data. Depending on 

available funding and the results of this supplemental analysis performed using the fuel-oil 

delivery data collected over the 1990-1991 winter, fuel-oil delivery data will be collected on a 

larger sample of houscs over the 1991-1992 winter to improve the overall study accuracy. 
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4. DATA PARAMETEiRS AND ?NS?'RUMENTATION 

The data to bc collected €or this study can be divided into two types: time-sequential data 

and survey data. The time-sequential data are recorded on an hourly basis: space-heating system 

fuel-oil consumption, indoor temperature, and outdoor temperature. The survey data are 

essentially point-in-time measurements and will include descriptive information and cvahations of 

the building shell and mechanical systems of the house, information on occupant characteristics 

and their responses to weatherization, cost information, and other information characterizing the 

states and subgrantees. 

A model R-2400 data logger made by Telog Instruments, Inc. (Appendix C) will be used 

to measure and record the time-sequential data at each house. Units used for this study will have 

four channels (two temperature, one pulse/event, and one analog voltage) and no display. The 

unit measures 8-in x 10-in x 5-in and is programmable. Internal batteries, capable of powering thc 

unit €or about 3 months, will be used as a back-up power supply to externally-provided power. 

Cnmmunications with the unit will be established using an internal modem. Data will be retrieved 

over telephone lines using the internal modem and software developed by Telog Instruments, Inc. 

The unit measures temperature and analog voltage (which will monitor space-heating system run- 

time) once a second. For a user-programmed interval, the unit stores an average result over the 

interval in solid state memory. The unit also records the time (day, hour, minute, and second) 

that an event (contact closure and/or open) occurs by continuously monitoring the event channel. 

The event channel will not be used in this study. 

This data logger was selected after researching many options, testing three promising units, 

and consulting with other monitoring experts regarding available options. Previous experience 

with a single-channel recorder made by Telog Instruments, Inc. has shown this type of unit to bc 

reliable and sufficiently accurate. Other large users of this equipment have indicated to us that 

the equipment works well. 
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4-1.1 Space-Heatin 

The enerjy delivered to the oil-fired spaceheating system will be calculated from a 

measuremerii of the run-time of the oil burner. The hourly iun-time will be multiplied by the 

rated flow of the nozzle on the burner and by the higher heating value of fuel oil (approximately 

140,000 Beu/gal) to arrive at the Btu input into the burner each hour. This i s  not the energy 

delivered into the house, hut that delivered to the burner. "The heating value of thc fuel oil will 

also be assumed to remain constant unless detailed data as to its actual value are available. An 
on-site cali'oration of the oil bUrnei flow rate will not be performed unless it i s  deemed that this 

will significantly increase overall experirneiltal accuracy. The rated flow rate of the nozzle will be 

documented at the time instnrmentatiom is installed and removed. 

The run-time of the oil brxner will be measured using the 'Tclog K-2400 data logger's 

analog voltage channel and a low-voltage (contact closure) relay placed ~ X ~ Q S S  the pump motor of 

the oil burner. The relay will close when power is supplied to the pump (delivering oil to the 

burner) and will open when power to the pump is interrupted. The data l~ggei- will supply the 

relay with a voltage source of approximately 8 volts which will be read as 5.12 volts by the data 

channel (its maximum or "pegged" range) when thc system is on, and 0.00 volts when off. By 

recording the average voltage over a set time period, the run-time of the oil buriicr will be 

calculated by dividing the average voltage by 5.12 volts (i.e. 5.12 volts = 100% on time, 3.1 volts 

= 60.54% on time, ctc.). Because the data logger will be programmed to record an average 

hourly voltage, approximately two nonths of voltage data can be retained in the unit. 

This approach measures burner run-timc rather than the time the thermostat is calling for 

heat. Thus, it is applicable to most fuel-oil space-heating systems likely to bc encountered in this 

study, especially hydronic systems, in which the thermostat controls a pump circulating heated 

water through the house rather than delivery of fuel to the burner. The actual amount of fuel 

delivered to the oil burner is accurately estimatcd so long as the oil pump maintains a delivery 

pressure to the nozzle which maintains a steady flow equal to the rated nozzle flow. The low 

voltage relay i s  attractive €or safety and liability reasons. 



4.12 Indoor Temperature Measurements 

The indoor temperature of each house wil be monitored at the thermostat using an 

integrated-circuit temperaturc sensor and the Telog R-2400 data logger. Hn houses where the 

thermostat location is "unusual" and non-representative of the interior temperature, a more 

appropriate location will be identified. The temperature at the thermostat was chosen because 

the thermostat operates the space-heating system in response to this temperature and because this 

temperature is often representative of the house temperature. The sensor will be installed to 

minimize its exposure to  radiant energy from the sun, exterior walls and windows, lamps, and 

other significant radiators. The sensor will also not be exposed to heat or cold sources such as 

vents or appliances in the surrounding area. The data logger will be programmed to record an 

average hourly temperature. Under this configuration, approximately two months of temperature 

data can be retained in the unit. 

4.1.3 Outdoor Temperature NeasureDnents 

The outdoor temperature at each house will be monitored using an integrated-circuit 

temperature sensor and the Telog R-2400 data logger. The temperature sensor w.11 be located 

where it is unaffected by k a t  sources or sinks in the surrounding area and where the ambient air 

is well mixed with the surrounding air. A sensor location on the north side of thc house and 

below roof level will be preferred. The data logger will be programmed to record an average 

hourly temperature. Undcr this configuration, approximately two months of temperature data can 

be retained in the unit. 

For use in analysis with the fuel-oil delivery data, average daily outdoor temperature data 

compiled by the National Climatic Data Center (NCDC) will be collected for the same time 

periods covered by the delivery data. 

4.1.4 Billing and Delivery Data 

Electric billing and fuel-oil delivery data will be collected for each house for at least a year 

before and a year after weatherization. Using the fuel-release form on file far each client with 
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the subgrantee, these data will be collected directly from the electric utilities and fuel distributors. 

Fuel-oil prices will also be collected from the contacted f~eA distributors. 

Detailed survey information will be obtained on all the houses participating in the study. 

‘llmis survey information includes descriptive details of the house and its mechanical systems; 

details on household size and composition; an  occupant answers to questions regarding comfort 

and safety, their operation of the space-heating system, and their house. ‘This inforination will be 

primarily collected after weatherization, although some information will be collected during the 

pre -weatherization period. 

In addition to this detailed siimcy inforination, several other nneasurcments will be made 

on the houses. Air leakage will be measured using a blower door both before and after 

weatherization. Thc steady-statc cfficieiicy and smoke reading of the space-heating system will be 

measured before and after weatherization. A safety inspection of the space- and water-heating 

systems will also be performed following weatherization. 

Information will be collected from the seibgsantees on the measures installed in each 

weatherized housc and their costs, administration and program support costs for the sulbgranlee, 

and details on the overall program approach of th:: subgrantee. Information on state costs and 

program approaches will be collected from the grantees. 

Information summarizing the physical characteristics of the house and i ts space-heating, 

space-cooling, and water-heating systems will be collected in all houses at the end of thc post- 

weatherization period using the survey provided in Appendix D. Information on the floor area, 

volume, number of rooms, and number of heated rooms will also be collected at the beginning of 

the pre-weatherization period in all houses using the form provided in Appsndk E. 
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A comprehensive occupant questionnaire Will be conducted at fhc end of the 

post-weatherization per id .  Subjects to be ~~c~~~~~ are ownexship status (renter or a ~ n e r ) ,  

length of residence, house age, heating fuels, demoprap ics, the amount of canditiuned space, 

thermostat management> fuel assistance, and occupant pcrceptions of impacts on health, safety, 

comfort, and affordability. A majority of the questions in the questionnaire (Appendix F) have 

been reprinted verbatim from the 1990 RECS. This will make it possible to  compare resulks from 

this study with data collected from the nationwide ECS. A similar questionnaire will be used in 

the Single-Family Study to facilitate comparisons and gcneralizations across studies. All questions 

that are not drawn from RECS will be pretested. Approval horn the Office of lkganagemcnt and 

Budget will be obtained for the qucstionnaire. 

Air-Pcakage tests will be performed in a11 the houses ushg calibrated Infiltec, blower doors 

(Appendix C). Each weatherized house will be tested before and after weatherization in order 

that the total air-leakage change cause by the ~~~~~~~~ w ~ a ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~  1p1cmxes can bc 

determined. Control houses will also be tested during the pse- and po~~l-weccatheriza~igsn pcriods. 

Data to be collected include blower-door sir flow rates at differcnt pressure diffcrcnces between 

the inside and outside of the house, indoor and rmtdooa temperature Juring the test, and local 

shielding class. 

The air-leakage tests will bc pcrformtzd following the procedure provided in Appendix G. 

The procedure minimizes errors from procedural differences between technicians. It also 

minimizes gauge-induced errors due to calibration and hysteresis. The procedure is sufficiently 

rigorous to ensure comparability of individual house measurements made under this study and the 

Single-Family Study even after considering that 

4 tests will be performed by different personnel in the Fuel-Oil Study, 

8 tests will be performed by different organizations with, perhaps, different brands of 
blower doors bctween the Fuel-Oil and Single-Family Studies, and 
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houses will be located in a wide varicty of locations, elevations, and terrains, and 
will likely have air leakages that vary greatly. 

This procedure was adapted from a procedure developed for the Bonneville Power 

Administration to evaluate air-leakage characteristics of over 500 Northwest houses (Ecotopc 

1989). Bonncville’s procedure has been extensively field tested and proven capable of producing 

high quality results - i.e., collecting data with minimal random errors that can be extrapolated to 

the required conditions for standard analysis with the Lawrence Berkeley Laboratory (LBL) 

Infiltration Model (Sherman and Modera 1984). 

To Eurther minimize errors? the same blower door will be used to make the pre- and post- 

weatherization measurements in each house. 

Only tests in which the house volume is depressurized will be performed. Both 

depressurized and pressurized tests (averaged to obtain a composite result) are specified in ASTM 

Standard E779-87 for measuring air leakage (ASTh4 1987) to reduce the effect of random errors 

in individual data sets and thereby increase the accuracy of estimating the air leakage. This 

approach was selected based on a study performed by LBL (Sherman e t  al. 1984). LBL 

determined that systematic errors between pressurized and depressurized tests did not occur, but 

significant random errors in individual tests could be Compensated for by combining the results 

from both tests. Results from the Bonneville project (upon which the test procedure in Appendix 

G is based) indicated that the pressurization test did not improve the accuracy of the air-leakage 

measurement or reduce its standard error. Based on these latter results and because of the 

increased cost to perform a pressurized test (especially to seal all vent areas), pressurized tests will 

not be performed. 

For this test, the house will be measured in its normal leakage condition. Under this 

condition, only those openings in the envelope that can naturally be sealed (such as windows, 

external doors, tireplace dampers) are closed for the test rather than sealing all possible openings 

in the envelope (such as vents, animal gates, and window air conditioners). Reasons for this 

choice are: 
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Q to represent the "as found" condition of the house desired for the evaluation, 

9 to test the house in the condition requiring the least modification by testing 
personnel to limit the time required fur setup of the house, and 

* to reduce the number of special leakagc areas sealed for the pre-weatherization 
%est that must be replicated for the post-weatherization test to  ensure comparable 
results. 

4.24 Space- and Water-Heating System Measurements and Inspection 

The steady-state efficiency of the space-heating system will be measured in all houses 

during the pre- and post-weatherization periods. Thcse measurements will be made with a Lynn 

I3 ana1yzer (Appendix C) following the procedure in Appendix 11. In addition, a 

smoke test will be conducted when the efficiency is measured. 

A safety inspection of the space- and water-heating systems will be performed at the end 

of the post-weatherization period in all houses. The inspection will include examination for 

cracked heat-exchanger, excessive carbon monoxide (CO) in the flue gases (incomplete 

combustion), CO in the air surrounding the system, CO in the distribution air ( f o r c e d 4  systcm), 

insufficient draft, damaged or improperly installed fluc/chimney, oil leak, inpropcrly set safety 

switches, improperly set pressure switches (boiler systems), and missing or dirty filters. If an 

unszfe condition b found, it will be brought to the attention of the subgrantee and grantee arid 

resolved either through the WAP or this study. The inspection will be performed using a Lynn 

Products Model 7400 Carbon Monoxide Analyzer and 46Q Draft Gauge, and following the 

procedure in Appendix I. 

4.25 Subgrantee Information 

Information on service delivery procedures (audit type, use of contractor or in-house 

crews, use of blower doors, inspection procedures, ctc.), thc dates the houses were weatherized, 

measures installed and their costs, the average administration and program support (non-labor and 

nonmaterial) costs per housing unit for the subgrantee, and household income will be collected 

from the weatherized houses using the survey presented in Appendix J. Household income will 
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also be collected from the control houses (survey provided in Appendix J). ‘Ihe number of single- 

family houses heated by fuel oil and weatherized in each program year will be obtained. The 

number that received work improving the safety of the space- or water-heating systems will also 

be obtained. 

4-26 Grantee Information 

Information on program costs for the grantees will be eollected from DOE so that the 

cost of State-level activities such as administration, training, technical assistance, and education 

can be incorporated into the cost-effectiveness analysis. Grantees will provide estimates of the 

number of single-family houses heated by fuel oil that were weatherized in each of the study 

program years. 
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5. DATAANALYSES 

5.1 SPA@E-EI[IEATING Fu_ELOIL SAVINGS 

5.1.1 Submetered Data Analysis 

Space-heating fuel-oil savings will be defined in two ways: 

1. the annual savings normalized to an average weather year for the house location, and 

2. the annual savings normalized to an average weather year for the house location and a 
constant 68°F indoor temperature. 

The former definition of the savings will be used in rcporting the savings achieved by thc WAP 

and determining cost effectiveness. This savings is based on the actual average prc- and post- 

weatherization indoor temperatures maintained in each house. The latter dcfinition of the savings 

will be used in analyses to assess factors which may cause savings and cost effectiveness to vary. 

This latter savings is based on a constant 68°F indoor temperature before and after 

weatherization. A change in indoor temperature is an important factor that causes performance 

to vary. By accounting for a change in indoor temperature in dcfining the savings, the effect of 

other factors can be better determined. 

Normalized annual spacc-heating fuel-oil consumptions used to calculate savings Tor both 

the weatherized and control kouscs will be estimated from the pre- and post-weatherization data 

using a house energy consumption model and regression analysis to account for the following 

factors: 

a time periods over which the data will be collected will not cover the entire winter 
periods, 

8 pre- and post-weatherization outdoor temperatures will be different and not equal 
to the average annual weather conditions desired for normalization, and 

0 indoor temperatures maintained in each house over the two periods will not be 
equal to the standard temperature desired for normalization. 
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The house energy consumption model assumes that space-heating fuel-oil consumption is 

linearly related to the temperature difference between the inside and outside of the house: 

EC = A + (B * DT) , (Eq. 5-1) 

where 

EC = energy consumption of the space-heating system, 

DT = indoor minus outdoor temperature difference, 

A = intercept coefficient (determined by regression), and 

B = slope coefficient (determined by regression). 

Linear regression techniques will be used to estimate the parameters, A and B, for the 

pre- and post-weatherization pcriods for each house (weatherized and control) using the pre- and 

post-weatherization data, respectively. Weekly fuel-oil consumptions and weekly average 

temperature differences (average difference between hourly indoor and outdoor tcrnperatures for 

the week) will be used for the primary analysis (the analysis could be performed using daily rather 

than weekly values if needed). 

Pre- and post-weatherization normalized annual space-heating fuel-oil colasumptiom will 

be calculated using the estimated pre- and post-weatherization regression values for A and B 

found for each house, average outdoor temperatures from NCDC Typical Meteorological Year 

(TMY) weather tapes for each house location, and either the average pre- and post- 

weatherization indoor temperatures for each respective house. or a 68°F indoor temperature. 

Weekly average temperature differences will be calculated using the TMY outdoor tenipcrature 

data and the appropriate indoor temperature. Because positive temperature differences will result 

even during the summer months whea no space-heating is needed, only temperature differences 

from selected months (perhaps September through May) will be used. Each average weekly 

temperature difference will then be used with values of A and 8 for each house to estimate a 

wcekly space-heating fuel-oil consumption. The weekly values will be sumrncd to obtain an 

estimate of the normalized annual space-heating fuel-oil consumption of each house. Normalized 
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annual fuel-oil savings will be found by subtracting the post-weatherization ~ ~ s ~ ~ ~ ~ ~ ~ n  from the 

pre-weatherization c ~ ~ ~ ~ ~ ~ t ~ ~ ~ .  

The normalized annwaii fuel-oil savings of each weatherized house will be adjusted using 

the average normalized annual savings of the control houses to acmunt €or non-program induced 

factors affecting space-heating fuel-oil consumption. A procedure followed by other researchers 

(Fels 1986) will be used to make this adjustment. First, an adjustment factor will be calculated by 

dividing the average post-weatherization space-heating fuel-oil consumption of the control houses 

by their average pre-weatherization consumption. ?be adjusted savings of each weatherized 

house will be calculated by multiplying thc prc-weatherization space-heating fuel-oil consuniption 

by this factor and subtracting the post-weatherization consumption from this quantity. 

Average regional fuel-oil savings from the applied io houses heat& by fuel oil will 

be determined using the norrna91zeci only (gross) and adjustcc (;let) fuel-oil savings cstirnatcd €or 

each house (based on actual pre- and post-weatherization indoor "imperatures) and the statistical 

equations presented in Appendix A. These eyuailons r q u i r e  an accurate knowledge of the total 

number of houses heated by fuel oil and weatherized during thc program yeas by the subgrantees 

used in the study and by afi nine states. The: uncertamty of the average calculated in this manner 

can be large because of the possibility of moraitoring all large or small subgrantees and thc 

uncertainty in knowing the number of single-family houses heated by fucl oil weatherized by each 

state. An alternative method of calculating the averagc savings for the nine states may, thus, be 

dcveloped. The avcrage savings calculated by this alternativt metbod will btd less sensitive BO the 

number of houses heated by fuel oil and weatf~erked by the subgrantecs and states and may have 

less uncertainty, although it may not be as stntksticallj. rigurous. 
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‘T’hc design of the Fuel-OiP Study was based on estimating space-heating fuel-oil savings 

using submetered data because fuel-oil delivery data were hclieved to be too unavailable and 

iinecliable for a general analysis. A fuel-oil delivery data analysis, if fcasible, has the potential to 

provide a low-cost expansion lo the study, to improve the accuracy of savings predictions, to 

broaden the study to iiiclude other areas of the country, and to d ~ ~ l o p  B methodology for use by 

others in conducting similar studies. ‘The analysis will also help provide a better basis for 

integrating the rcsnvlts from the Fucl-Oil and Single-Family Studies. 

l’he level of usefulness of delivery data will be assessed hy examining thc fuel-oil delivery 

data collected for the 200 study houses from thc 1990-1991 year. This assessment will indicatc the 

potential bencfits of using a supplcmcntal sample of homes during the 1991-1992 winter by 

collecting dclivcrgi data €or them. Tta: a d y s i s  will also idenaily any bias that may be introduced 

from such an approach. The atmlysis will be pcrformed bcfrre the 1996-1992 winter in order to 

determine if the cxperimmbal plan should be modifmi. 

Pre-weatherization spacehat ing ftiel-oil consumption for houses with sufficicni arid 

reliable delivery data will be dctcrmined using a degree-day approach such as the Princetori 

Scorekeeping Pvletliod (PRISM) (Fds 1986) and c o n p i i d  with thc consumption estimatcd from 

submctered data to determine the degree of agreement. PKISM will use delivery data and 

average daily outdoor temperatures from the representative NCDC weather station from before 

weatherization to determirie a pre-weathcrizatim index or ~OI-ISWII~~~OJI. Fuel-oil savings cannot 

be estinmted or compared at this time because the degree-day approaches require additional post- 

WcathcrLation delivery and weather data for ssich an amalysis. 

An assessmcnt of program-imduced impiovcricnts in the arfordability of housing through 

redenccd energy expenditurcs will be conducted by combining fuel expenditure data with 

information on housekn~sld income. Fuel expenditures will be determined using the estimated fucl- 

oil consumptions and savings, electric billing data, and ka~own fuel prices The impact of  thc 



WAP on the percent of household incomes nt OD housing emts will be evaluated using 

information on rent and mortgage payments. The occupants’ p ~ ~ c p t i ~ n  of thc cffmt of 

weatherization on affordabiiity of space-heating bilk will also be evaluated. 

Improvements in safety will bc svaluated by determining the incidence of unsafe 

conditions with the spacc- and watcr-beating systems and remedial sctioas taken, or 

recommended, during weatherization, Conditions in weatherized houses wiil be compared with 

those in control houses. Occupants’ perception of the effect of weatherization on the safety of 

their house will also be evaluated. Because houses with safety problems were sometimes excluded 

from the study’s sample, the safety analysis will be enhanced by examining information on all 

houses heated by fuel oil and weatherized by the subgrantees during each program year. 

Program impacts ora comfort will be assessed using monitored indoor temperatures, 

information on the number of rooms hcaited, and measured air leakage of the holsses., The indoor 

temperaturc data will be analyzed to detctmime changes in ateage hoarse indocx- temperatures 

and to develop time-of-day profiles h e h e  and after weatherization. %&e change in the number 

of raorns heated before and after weatherization will e analyzed bo determine if larger areas of 

the house were heated and, thus, used fok~wing ~ ~ ~ ~ t ~ ~ r ~ ~ ~ ~ i ~ ~ ~ ,  ’The occup?nts’ perception of 

the effect of weatherization on the indcwr temperature of‘ their houses will abo be evaluated. 

The change in airtightness oE the houses will be analyzed using indicators such as air flow 

rate at SO Pa pressure difference (house ~ e ~ ~ ~ ~ ~ ~ ~ i ~ ~ d ~  acrriss the building she14 (chn,50), effective 

leakage area (ELA), and average seasonal air exchange rate (cfmnatUra,). A ~ a ~ y s ~ s  may also bc 

performed using these indicators normalized to the: total exposed surface area of thc house or 

house volume. These indicators will Re calculated from the data collected from the air-leakage 

tests. The airtightness of the houses before and after weatherization will be compared. 

Comparisons will also be madc between weatherized and control houses. The occupants’s 

perception of the effect of weatherization on the draftiness 0f their houses will be examined. 

Relationships between ECMs and air-leakage measurements will be investigated bo determine the 

effect of packages of ECMs, the way in which they are installexl, or the type of structure on which 

they were installed. 
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An air-leakage test consists of a series of air flow measurements (Q) made at pressure 

differences between the inside and outside of the kicuse (dP). These data follow the power law 

form 

Q = C(CIP)~ (Eq. 5-2) 

where C and M are constants. Because ln(Q) vs In(dP) is a linear relation, these values will be 

regressed by the mcthod of weightcd least squares to determine the best values of C and N. 

Values of Q can then he estimated for selected values of dP. The cfm50 value will be  calculated 

using Eq. 5-2 and 50 Pa as the value of dP. 

The EEA i s  a recognized rating of the. airtightness of the house. The ELA will be 

calculated using the following equation ( A S H W  1.989): 

EEA = C, Q, [p/2(dP,)]o.s/Cn (Eq. 5-3) 

where 

ELA = effective leakage area, in? 

dP, = reference pressure difference = 0.016 inches of water 

Qr = predicted air flow rate at dP,, cfm 

CD = discharge coefficient = 9 

P = air density, lbm/ft3 

CfJ = unit conversion factor equal to 0.186. 

The predicted air flow rate (Q,) will be estimated using @. 5-2 and 4 Pa (0.016 inches of water). 

The average seasonal air exchange rate will be calculated using the Lawrence Berkeley 

Laboratory infiltration model (ASHRAE 1989): 

Cfmnaiunl - - (ELA) [(A)(dT) +- (B)?]o.5 (Eq. 5-4) 
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Cfmniatural = average seasonal air exchange rate, cfm 

ELA = effective leakage area calculated from Eq. 5-3, in.2 

A = stack coefficient (ASHRAE 1989), (cfm)2(in.)"(" F)-' 

dT = average seasonal indoor-outdoor temperature difference, O F  

B = wind coefficient (ASHRAE 1989), (~frn)~(in.)"(mph)-' 

V = average seasonal wind speed, mph. 

5.3 COST-E.;,EFlECTlLVIENESS ANALYSIS 

The cost effectiveness of the weatherization measures alone will be examined using 

indicators such as simple payback period, benefit-to-cost ratio, net present value, and cost of 

conserved energy. ' f i e  identified indicators will be calculated using standard formulas, measured 

fucl-oil savings, known fuel prices, and the direct labor and material costs of the ECMs. Key 

assumptions madc in the formulas include the expected lifetime of the house and ECMs, a 

discount rate that reflects the time value of money, and estimated fuel-pricc escalation rates. 

Because of the uncertainty in these key assumptions, sensitivity analyses will be uscd to estimate a 

range of cost effectiveness under varying conditions. 

The mst effectiveness of the WAP will be determined by expanding the previous analysis 

to include sthea program benefits and costs. A societal perspective, which estimates societal 

benefits achieved per public dollar spent, will be emphasized. Non-energy impacts that can be 

estimated in monetary terms will be incorporated into the cost-effectiveness analysis. Major 

benefits other than measured fuel-oil savings that may be included are: 

9 reducing national energy consumption; 

9 allowing low-income families to use a larger portion of their incomes for essential 
non-energy expenditures such as food, shelter, clothing, and medical care; 

al improving thermal comfort and promoting healthier home environments, especially 
for elderly and handicapped individuals who often have special health needs; 



28 

9 stimulating local economies by providing jobs and commerce in weatherization 
materials ( i c 7  indirect economic benefits); and 

e maintaining or enhancing property values of dwelling units. 

Thc indirect economic benefits will be estimated by applying an input/output method simiPar to 

the one being developed by Barry Commoner for New York State’s WAP. Subgrantec and 

grantee costs associated with conducting the WAF will also be incorporated into the analysis. 

The cost effectiveness of airtightening work will be estimated if specific costs for this work 

can be obtained. Thc fuel-oil savings of this work will be estimated using the measured 

reductions in air leakage, assunling that all of this reduction is due to the airtightening work (a 

conservative approach because reduction achieved indirectly from other measures will be credited 

to the airtightening work), and using equations as presented by Schlegel (1990). 

5.4 ANALYSIS OF FACTORS INFLUENCING SAVINGS AND COST EIFEKXIVEmS 

Individual factors that may explain variations in fuel-oil savings and cost effectiveness will 

be examined by comparing group averages using appropriate statistical methods. Explanatory 

factors that will be examined include: 

e pre-weatherization fuel-oil consumption, air leakage, and space-heating system 
efficiency; 

e climate (heating degree days); 

e house characteristics; 

e household demographics; 

e packages of ECMs installed (for example, inclusion of space-heating system 
measures, wall insulation, or client education); 

e service delivery procedures (such as type of audit, use of contractors or in-house 
crews, and type of client education program); 

e methods oE client selection: and 
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0 measures of technical sophistication in audit procedures and weatherization (use of 
blower doors and infrared scanners). 

These factors will also be used with multivariate statistical models to estimate the independent 

influence of single variables, controlling for the influence of other factors. 

The effect of different uses of a blower door (for training, locating leakage sites, or with a 

procedure to determine when to stop work) on the achieved air-leakage reductions and estimated 

cost effectiveness will be examined using methods similar to those discussed above. 

5.5 MJSCELLANEOUS ANALYSES 

The general statistics about the characteristics of the houses studied (construction typcs, 

wall and floor areas, insulation levels, house age, etc.) and about the characteristics of the 

occupants will be summarized (averages and means, histograms, plots, etc.) Characteristics for the 

weatherized houses will be compared to those for the control houses to determine if any 

differences between groups existed. 

Prc-weatherization steady-state efficiencies for the weatherized and control houses will be 

compared. Changes in efficiency due to weatherization will be determined. The effect of 

different space-heating system ECMs on these changes will be investigated by determining group 

averages or  through a multivariate analysis. 
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6. PROJECT IMPUEMENTATION 

6.1 PROJECT RESFONSIBILWIES 

The WAP Evaluation Project is being carried out by ORNL at the request of the DOE 

WAP Division. Darrell Beschen is the DOE Project Manager. Marilyn Brown is the Project 

Manager at QRNL The Fuel-Oil Study is headed by Mark Ternes of ORNL. Bill Levins will 

work with Mark Ternes in implementing the work. Bill Mixon, manager of ORNL’s &sting 

Buildings Research Program, will provide advice and oversight to the Fuel-Oil Study. 

The DOE WAP Division, administrators of the WAP nationally, will closely monitor the 

study, discuss and approve major decisions, enlist the cooperation of the states and subgrantees, 

assist in the dissemination of information and progress, and provide other management support as 

nceded. ‘fiis program will provide direct funding to support ORNL tasks. 

Two working groups organized by the DOE WAP Division (a methodology group and a 

planning and implementation group) will provide DOE input on technical issues, project focus, 

and application of results in support of the study. They will also play a key role in the technology 

transfer process by helping guide the development of the evaluation and making the study results 

available to others. 

ORNL will manage the study by conducting or coordinating all study activities. 

Specifically, ORNL will develop the experimental plan, develop instrumentation approaches, 

select subgrantees and houses, provide instrumentation, maintain a data base of all collected 

information, perlorm data analyses, and prepare a final report documenting thc project and its 

results. ORNL will fund Synertech Systems Corporation (Synertech) and subgrantees to perform 

all tasks identified below except those to be funded by the State offices. 

The various State offices,administcring the WAP at the state level will provide comments 

on the study design and implementation, enlist the cooperation of the subgrantccs and assist in 

their selection! provide program information as needed (on subgrantee and grantee characteristics, 
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WAP approaches, costs, etc.), and help manage the study at the state level. These offices will 

fund subgrantees to weatherize the study houses following their standard procedure. 

'The subgrantees will assist in house selection, assist in instrumentation installation and 

maintenance, provide infomation on the ECMs installed and their cost, provide information on 

their WAP approach and costs, and administer the monetary payments to the participating 

households. The subgrantees will also weatherize the houses following thcir standard procedures 

during the time periods identified in this plan. 

Synertech will assumc the major role in implementing Geld related activities, in close 

cooperation with the subgrantees, State offices, DOE, and OWNL. Tliese activities will include 

installing the supplied instrumentation; training subgrantees sufficiently to assist in 

instrumentation installation and maintenance; solving instrumentation problems that may arise; 

collecting space-heating, indoor temperature, and outdoor temperature data; collecting detailed 

survey data on the houses and space-hcating systems; administering the occupant survey; 

measuring pre- and post-weatherization air leakages and space-heating system steady-state 

efficiencies; performing safety inspections of the space- and watcr-heating systems; and removing 

ins trunienta tion. 

Project tasks and schedule through July 1991 are presented below. Similar tasks and 

relativc schedule will be needed for the 1991-1992 winter of monitoring, but the study may be 

altered based on knowledge gained from the 1!ZM-lW1 winter's monitoring and decisions 

regarding the study design €or the 1991-1992 winter. 

1. Develop Experimental Plan - The experimental plan is a detailed description of the 
project design documenting project goals and research questions, test design arid 
implementation, instrumentation hardware and installation, data parameters and collection 
methods, data analyses, participant roles, and project tasks and schedule. Due to the time 
constraints of the project, this plan will be developed concurrently with the 
iniplementation of the study and not finalized until November 1990. 

2. Select Subgrantees and Houses - ORNL, with help and information supplied by the Slates 
and subgrantees, will select the sample o€ subgrantees and houses for the study in 
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3. 

September and October 1990. These samples will be selected € o ~ ~ ~ ~ ~ g  the procedures 
and criteria spcci5ed in Sect. 3.2. 
needed to make selectkms. ~ u ~ g r ~ ~ t ~ ~ ~  will identify ~~~~~ eligible and selected for the 
WAP, verify eligibility for the study, and obtain homeowner a n s e n t  to participate in the 
study. "he sizes of the samples will be based an a statisticat  ana^^^^ performed by ORNL 
(see Appendix A). 

e States will provide  at^^^^ on subgrantees 

Install and Maintain Instrumentation ~ Synertixh, with assistancr: from the subgrantees, 
will start installing the instrumentation in C k t o k r  1990. ~ ~ t r ~ ~ ~ ~ ~ a ~ ~ ~ n  will be provided 
by ORNL; specialty installation hardware will be provided by Synertech. At the time of 
installation, the firing rate of the space-heating sys tm will be obtained. Synertech will 
train subgrantees to  assist in installing and maintaining the instrumentation. The 
subgrantees will assist Synertech in rectifying instrumentation problems (usualily by 
surveying a situation and installing minor replacement items) as they occur during the data 
collection perio . Synertah will address all major i n s ~ r ~ ~ e ~ t a t ~ o ~  problems. 

4. Collect Pre-Weatherization ~ n f ~ ~ ~ a ~ ~ ~ K ~  - Synertech will measure the air leakage and 
steady-state efficiency of the space-heating system of all the houses at the time 
instrumentation is installed. In addition, some data will be collected from the occupants 
during a short interview. These data will be ~~~~~~~~~~ tca 
base. 

Nk and maintained in a data 

5. Collect Field Data. - Synerkech will colicct ~ ~ ~ ~ ~ ~ ~ ~ e - t ~ ~ ~ $ ~ ~ f ~ ~  data from the house 
instrumentation from October 1 ~~~~~~~ June 1W% using ORNL supplied software. 
Synertech will assure that error1 ata are received from each house. Synertech will 
forward these data to BRNL on a p e r b  ic basis, perhaps weekly. 8RNb will maintain a 
data base of the d i e t e d  data. 

6. Weatherize Hohl~es - Subgrantees will aezi8serize houses as ~~~~~i~~~~~ by 0 
their standard procedures in January 1591. It is ~ ~ ~ ~ ~ ~ ~ t ~ ~ t  that &I weatherization work to 
be performed on each house (including work funded from different sources and space- 

day pcinid to maxslrimize the 
sesable data collected. Thus, tB<~uses ~ h d d  be au 

contractors identified in November and Decembe 
was started and ~~~~~~~~~~ must be dwu ented fC?S each ht?a%se by the ~~~~~~~~~~~ and 
forwarded to ORWL or Synertmh. Subgrantees will a h  administer thc monetary 
payments to alii participating households at this time. 

Dates when WeatheriLatiora work 

7. Collect State a d  Subgrantee Information - Subgrantee characteristics, weatherization 
approaches, deiivery ptcmdurcs, ECMi iastalled and t ir costs, administration costs, and 
other related Iriiurmafion will be cdei tcd by ORNL from the S ~ e s  and ~~~~~~~m~~~~ in 
February 1991. OWNI. will add these data to thcir data base of collcctcd information. 
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9. Remove Instrumentation - Synertech will remove instrumentation from the houses and 
forward it to ORNL in May and June 1991. This task will be coordinated with Task 8 to 
increase efficiency. 

10. Weatherize Control Houses - Subgrantees will weatherize control houses (houses not 
weathcrized under Task 6) following their standard procedures starting May 1991 after 
instrumentation has been removed, Subgrantees will also administer the  additional 
monetary payments to the control houses at this time. 

11. Perforrn Interim Analysis - ORNL will perform a limited analysis of the field data to 
estimate annual fuel-oil consumption and savings by July 1991. The results will be. used to 
confirm the accuracy of the study and to guide planning for the 1991-1992 winter. Also, 
compariso~~s between fuel-oil delivery data estimates and those made with the monitored 
house data will be made. Decisions regarding the applicability of fuel-oil delivery data to 
the study and use of the same or a ncw set of subgrantees the 1981-1992 winter will be 
made at this time. Plans and schedules for the 1991-1992 winter of monitoring will also be 
developed at this time. 
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7. KEY0uIyX)MEs 

One report will be produced, describing the results of the overall study. It will address the 

study's four goals. The report will present an estimate of the fuel oil saved by the WAP in the 

Northeast during program years 1991 and 1992. Based on the proposed sample size, the 

estimated savings should be within about 30% of the actual savings, at a 90% confidence level. 

An analysis of non-energy impacts will be presented that focuses on housing affordability, 

safety, and comfort. The assessment of program-induced improvements in the affordability of 

housing will be conducted by combining the fuel-oil cost data with information on household 

income and housing expenditures. Impacts on safety will be evaluated by analyzing the incidence 

of unsafe conditions with the space- and water-heating systems and remedial actions taken or 

recommended during weatherization. Safety conditions in weatherized houses will be compared 

with those in control houses. Monitored indoor temperatures will provide a mcans of assessing 

program impacts on comfort and will enable an assessment of any "take-back" effects. These 

indoor temperature data will be very important to the interpretation of the estimated region-wide 

fuel-oil savings and in identifying the full range of program benefits. Air-leakage test results will 

help to assess the program's ability to improve the airtightness of houses. Impacts on air leakage 

will be quantified by comparing air-leakage measurements made using a blower door before and 

after weatherization and in weatherized vs. control houses. Relationships between ECMs and air- 

leakage measurements will be investigated to determine the effect of packages of ECMs, the way 

in which they are installed, or the type of structurc on which they were installed. 

Cost effectiveness will be reported using indicators such as simple payback period, benefit- 

to-cost ratio, cost of conserved energy, and net present value. A sensitivity analysis of key 

assumptions (future fuel prices, lifetimes of the ECMs, and discount rates) will be performed. 

The report will discuss factors which cause fuel-oil savings and cost effectiveness to vary. 

To the extent that savings and benefit-to-cost ratios vary in systematic ways, insights concerning 

how to best allocate WAP resources may result, so that program managers can make effective 

decisions. Such information can be used to identify the market segments that future program 

efforts should target. 
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To estimate fuel-oil savings due to weatherization performed under the WAY, the Fuel- 

Oil Study requires a representative sample of houses located in nine northeast states that are 

heated by fuel oil and weatherized by the WAP. A representative comparison group of non- 

weatherized houses must also be selected. 

Because of the difficulty and expense of involving largc numbers of subgrantees in the 

study and in monitoring individual houses, a clustcr sampling technique is the most practical 

approach. A two-stage cluster sample, in which subgrantees are selected in the first stage and the 

houses are selected in the second stage, will be employed. The experimental design for the study 

involves split-winter testing over two winters (1990-1991 and 1991-1992)3 monitoring 125 

weatherized houses and 75 control houses distributed evenly among 25 subgrantces during the 

1990-1992 winter, and monitoring a different set of 125 weatherized houses and 75 control houses 

distributed among 25 subgrantees over the 1992-1992 winter. To ensure a representative sample, 

stratification by state will be employed. 

Based on the analysis that follows, the accuracy of the study is maximized within the given 

constraints if the 25 subgrantees are distributed each winter as follows: Maine (2), New 

Hampshire (2), Vermont (Z), Massachusetts (4), Rhode Island (21, Connecticut (2), New York 

(5),  Pennsylvania (4), and New Jersey (2). At a 90% confidence level, the estimated savings from 

weatherization should be within 26-32% of the actual savings depending on which of the following 

options is employed. Thc first option draws thc sample of houses from the same 25 subgrantees 

over the 1990-1991 and 1991-1992 winters, with a 32% relative error. The second option uses 

two different sets of 25 subgrantees, with a 26% relative error. In the third option, houses for 

the 1991-1992 winter would be sampled from half the original 25 subgrantees and from 10-15 new 

subgrantees. 

The statistical analyses developed for the first and second options are included at the end 

of this Appendix (Alternative Ia and Ha, respectively). A discussion of the subgrantee 
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distrihution selection and the estimated study accumcy ~ollows in Sect. A2 using the developed 

analyses. 

The analyses were pcrforrned assuming a 20% attriiiori rate and using assumptions for the 

following variables: thc variability, S,,, in thc percentage of fuel -oil savings among low-income 

houses weatberizcd "withid' a single subgrantee; the variability, Ss(Bl, in the two year sum of thc 

percent fuel-oil saving!, %etweeli" sirbgsantees of a given state; arid the variability, Sts(n), in the 

single year sum of the percent fuel-oil savings "bc;iiYeen" subgrantees of a given state. 

The variability among houses weatherized by the same subgrantee was assumed to be 

about 1.0 times the mean fuel-oil savings foi weatherized iiouses. This assumption was based on 

two previous studies, both performed using siuhmetered data and one also iising iridosr 

temperature data (McCold et  al. 1988, Ternes ct  al. 1991). This assumption is consistent with the 

Single-Family Study, where this variability was estimated to be 1.5 times the mean energy savings 

for analyses using billing data (Berry et ai. 191). The assumption for the Fuel-Oil Study may 

actually be high because, ia the two previous studies, a significant portion of the variability was 

due to targeting expenditures at houses within the sample that could most benefit from 

weatherization which will not be as prevalent in this study. 

Assumptions about the variability between subgrantees in a given state were developed in 

several steps. First, the number of houses heated by fuel oil and weatherized each year by each 

subgrantec using DOE WAP funds was estimated using information provided by each state 

(houses are not typically categorized by type of space-heating system at the state lcvel). The next 

step was to assume the following distribution of mean savings among subgrantees in each state: a 

third of the subgrantees would save 19%, a third would save 15%, and a third would save 11%. 

The final step was to apply this distribution of mean savings randomly to the distribution of 

houses heated by fuel oil and weathcrized by cach subgrantee to calculate Ss(B) for each state 

using Eq. 1 from Alternative Ia and to calculate Sts(5) using Eq. 1 from Alternative IIa. Based on  

this procedure, the standard deviations estimated for the states were between 3 and 40% for Ss(*) 

and between 1 and 20% for Sb(5). 
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The distribution of subgrantees among states was optimized manually using these 

assumptions together with Eq. 2 from both alternatives, and considering the uncertainty associated 

with the variables used in the equations. For the chosen distribution, the calculation of the 

accuracy of the study is shown in Tables A1 and A2 
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New Hampshire 

Ncw Jerscv 

New York 

Vermont 

Term in [ ] 

--- 

I- 

’Calculations performed using the analysis presented as Alternative Ia. 

bCaIculated using: 
u 

m* = 4 (125 houses monitored each winter. Assuming 20% attrition leaves 100 houses for 
25 subgrantecs, or 4 houses per subgrantee.) 

S,, = 1.0 Y = 1.0 (0.15) = 0.15, where Y = 8.15 (average expected savings of 15%) 

Equation 2: 

B = [(zaiz)/M ... ] (sum of the terms in [ 

using: M.,, = 2M*,. = 2 (14,544) = 29,088 
Z a n  = 1.645 (90% confidence level) 

B = [( 1.645)/29,088] (723,253)O.’ 

B = 0.0481 

Then: B/Y = 0.0481/0.15 = 32% 
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Table A2 Calculation of the study's accuracy assuming use 
of a new set of subgrantees over the 1991-1992 winter 

/I State 

11 Connecticut 

11 Massachusetts 

11 Maine 

New H a m d i r e  

New Jersey 

New York 

Pennsylvania 

Rhode Island 

Vermont 

Total 

Sum of Sum of 
N, M,=MtE. (MtBc)2 Sts(B) 

15 470 16,382 2.0449 

24 I 3,694 I 775,268 I 18.7387 

11 I 1.619 I 272.499 I 10.0037 

6 499 

22 583 

74 2,390 

44 4,9 17 

6 179 

5 1 93 

M, = 14,544 

45,391 6.5984 

20,589 2.4879 

116,874 3.8359 

868,097 12.3753 

5,843 1.8264 

8,517 2.8231 

"Calculations performed using the analysis presented as Alternative IIa. 

bCalcuIated using: 
m* = 4 (125 houses monitored each winter. Assuming 20% attrition leaves 100 houses for 
25 subgrantees, or 4 houses per subgrantee.) 

S,, = 1.0 Y = 1.0 (0.15) = 0.15, where Y = 0.15 (average expected savings of 15%) 

Equation 2 

B = [(za,.J/M,,,] (sum of the terms in [ I)'.' 

using: M.,. = 2M,, = 2 (14,544) = 29,088 
zaR = 1.645 (90% confidence level) 

B = [( 1.645)/29,088] (459,623)'.' 

B = 0.0383 

Then: B/Y = 0.0383/0.15 = 26% 
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Alternative Ia 

A NATIONAL TWO-STAGE CLUSTER SAMPLING PLAN FOR THE 
F W L  OIL STUDY 

OUTLINE OF PROPOSAL 

I. INTRODUCTION, SETTING, POPULATION, OBJECTIVES, NOTATION 

We can describe the population in terms of levels. 

Level 1. Fuel Oil WAP Northeast Population 

Let M... = the number of home units weatherized in the Northeast by WAP in 1991 
and 1992. 

Level 2. States 

There are nine states in the Northeast which contain the population of home units for 
the Fuel Oil Study. They are: 

1. Maine 4. Massachusetts 7. NewYork 
2. New Hampshire 5. Rhode Island 8. Pennsylvania 
3. Vermont 6. Connecticut 9. New Jersey 

Let A{, .. = the number of home units in the s lh state where 
s =1,2,3 )...) 9. 

Thus M 1.. = the number of home units in the 1'' state. 
M2.. = the number of home units in the 2& state. 

M9.. = the number of home units in the 91h state. 

Note: M . . . = = M 1 . . + M 2 . .  + +M+ 

Level 3. CAPS 

Each state consists of CAPS which coordinate the WAP for the home units in that 
S t a t e .  

Let Msc.  = the number of home units in the c'* CAP for the sfh  state 
where c = 1,2, . 1 , N,. 

Note: N .  = N + N 2  + . . . + N 9  is the total numbcr of CAPS. 

Level 4. Stratification of Each CAP Into Years 

Each C M  is partitioned into a stratum (1) of home units weatherized in the 1'' year 
and a stratum (2) of home units weatherized in the 2& year by WAP. 



, -. 
'. 
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Let YScti = the percent energy savings for the if* home unit in the t fh  year in the c‘* CAP 
of the slh state. 

Then we have the following (unknown) totals and means: 

Kc, 
Y,,, . = r; ysai = the total percent energy savings for the home units wearherid by WAP in 

Y,, .. = Y,, 1. + Y,  *. = the total percent energy saving for the home units weatherized by WAP in 

the t fh  year in the c‘* CAP of the dh state. 

both years in the c fh  CAP ofthe sfh state. 

i=l 

N, 
Y, ... = ;C: Y,,.. = the total percent energy savings for the home units weaflmb,ed by WAF in 

both years in the dh state. c =I 

= Y, ... 
y , = - -  -the average (mean) percent energy savings per home unit in the dh state 

M s  .. over both years. 
9 

s=l 
Y.... = C Y, ... = the total percent energy savings for the M... home units weatherized by 

WAP in both years in the Northeast WAP. 
Finally, 

= Y .... 
M ... 

y = - -  -the average (mean) percent energy savings per home unit for WAP over 

both years. 

The primary objective is to estimate ? based on a sample of home units weatherized by WAP 
over both years. 

11. STRATIFIED TWO-STAGE CLUSTER (STRATiFIED) SAMPLING PLAN 

Step 1. As we saw earlier, there are 9 strata as given below. b w e r  case rm and n refer to 
sample sizes. 

STATES 

n,CAPS n2CAPS nB3APS n,CAPS n,CAPS 

ml..Home rnz..Home m3..Home m,..IIame mj.. Home 
unils UnitS units 

Step 2. 

I 

n.  

m ... 

I 

Stage 1. Within stratum “‘s ” and independently of the other strata, select a simple random 
sample of ns caps. We will have 

CAP, 1, cAp,2, * . - , cmsc * . . * CAP,, 



4% 

Note here that c = 1,2, . . , n, . We do this 9 independent times. 'fie total number 
of CAPS selccred is 

Stage 2 For the c'ls selected CAP from stratum s in Stage 1, select a simple raidsm sample 
of ,vsc 1 home units weatherized by WAP in the first year anad independently select a 
simple m d s m  sample of msc2 heme units wearherized by WM in the second year. 

We will have 

S .  

"r 

c y 1  

9 

S;.l 

ms.. = C m,. = the total nkarnlxr of liome wits wea:hcrizeb by WAP in 
both years selected fmm state s . 

m = m, . =the total number of sample home unks aveatherized by 
WAP in both years. 

111. ESTIMATION OF THE TOTALS AND F" 
1. We have the following sample statistics for h e  c f h  selected CAP from stratum (state) s . 

1.1 ysc - sampie mean percent energy savings for home units weatherized by 
WAP in 13' year. 

s: - sampiie variance for the percent energy savings for home units 
weatherized by WAP in 1'' year, 

Y,, 1. = Msc ,ySc = an estimate of the totd percent energy savings for home 
units weatherized by WA4Q in the 1" year for the clh 

selected CAP from stratum s . 
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1.2 ySc 2 - sample mean percent energy savings for home un3.s weatherized by 
WAP in zd year. 

s i 2  - sample variance for the percent energy savings for home units 
weatherized by WAP in 2& year. 

1 

GCz. = M s c ~ s c z  = an estimate of the total percent energy savings for home 
units weatherized by WAP in the 2& year for the crh 
selected CAP from stratum s . 

and 

Note that S& and S22  are "popularion variances" for the strata in the crh CAP and 
and $ 2 2  are the corresponding "sample variances" as defined above. 

3. An estimator of Y,..., the total percent energy savings for the home units weatherized by 
WAP in both years in the slh state is 

1 N, "r 1 

K . . . =  - c &..  (See  Cochran, page 303, (1 1-21).) n, c=i 

with sampling variance 

N, 

- Y, ... 
and Y, = - 

N, - 1 NS 

c (Y,,.. - U,y 
c =1 

where S 4 B )  = 

and the estimated sampling variance 
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4. An esfimmator of Y ...., tine total percent energy savings for the M... home wits weatherized by 
WA? in both years, i s  

9 -  
Y... = c y,... 

s.;l 

with sampling variance 
9 

and estimated sampling variance 
9 

S = l  
vir( X...) = c v&(K ...) . 

5. Finally, art estimator of F, the average percent energy savings per hame unit weatherized by 
WAP during the two-year period, i s  

1 Y... 
y -  II 

M ... 
with sampling varimce 

arnd estimated sampling variance 
- L  1 , . -  

Var(Y) = vQr( Y...) 
M 2  

_I 

(From 3, we can produce an estimate of ys .) 

IV. SAMPLE SIZES 

The desire is tc determine n . the totd nrzmsiaber of CATS to be. selected for the sample and tn ... the 
total number of home units weatherized by WAP in both years to $e selected at the second stage 

so that ? is within B of with probability 1 - a Assuming that ? is normally distributed, we 
have 
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Thus 

For all  CAPS, assume Mscl = Msc2 = Ms: and S21 =SsC2 2 = S; = Sg,. Also for all CAPS, let 

m,, = mSc2 be the same value m* . Thus the above equation becomes 
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Alternative IIa 

A NATIONAL TWO-STAGE CLUSTER SAMPLMG PLAN FOR 
THE FUEL OIL STUDY 

OUTLINE OF PROPOSAL 

I. INTRODWCT'ION, SETTING, POPULATION, OBECrTIVES, NOTATION 

We can describe the population in terms of levels. 

Level 1. Fuel Oil WAP Northeast Population Over Two Winters 

Let M... =the number of home units using fuel oil weatherized in the Northeast by 
WAP in 1991 and 1992. 

Level 2. Years 

Some home units in the population will be weatherized in 1991 and the remaining 
population units will be weatherized in 1992. To distinguish between years, let 

Ml. .  =the number of home units using fuel oil weatherized in the 
Northeast by WAP in year f ,  where t = 1 for 1991 and c = 2 for 
1992. 

Note: M... = M + MZ.. where 

M ].. =the number of home units weatherized in 1991 for t=l ,  and 
M2.. = the number of home units weatherized in 1992 for r=2. 

Level 3. States 

For each winter, there will be nine states in the Northeast which will contain the 
population of home units for the Fuel Oil Study. They arc: 

1. Maine 4. Massachusetts 7. New York 
2. New Hampshire 5. Rhode Island 8. Pennsylvania 
3. Vermont 6. ConnecLicut 9. New Jersey 

Let M,, . = the number of home units in the s '* state (where 
s = 1,2,3, ..., 9) ofthe i f h  winter. 

Thus Mt = the number of home units in the 1" state of the tlh winter. 

M,9.  = the number of home units in the g f k  state of the r I h  winter. 

Note: M,..=M,I.+M,z. + * . -  +M,g.. 
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Level 4. CAPS 

For each winter, each state consists of CAPS which coordinate the WAP for thc 
home units in that state. 

Jiet M,,, = the number of home units in the c fh CAP for the sfh  state 
for the t f h  winter where c = 1, 2, . . . , NLr . 

An overview of the four levels i s  given in Figure 1. 

, ; i  
, , I 

1 ,  

, 1 1  
I 

1 

I 
1 
I 

e I e 

, 

- - - - _  - - _ _  - _  - _  - _  
- - - - _ _  - - _  

I I I 1 

.. , , 

, , . . .. 

Figure 1. 
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nrl CAPS n,,CAPS nI3CAPs n14CAPS 

n+l.Home m,z.Hanc n43.Hane mt4.110me 
UNU Units units Units 

We continue with the following notation. Within winter r , let 

nrs CAPS ni6CAPS n17CAPS nlBCAPS n19 CAPS nl. 

m,S.Horne n~,~Horne m17.Mane mlgHome n~,~.Horne q.. 
Units Units units UNU Units 

Yaci = the percent energy savings for the ifh home unit 
in the c " CAP of the S" state for winter t . 

Then we have the following (unknown) totals and means: 

4 J c  

Yt,. = C YBCi = the total percent energy savings for the home units in the C" CAP of the sth 
state for winter t . i =1 

Nu 

E -1 
Y, .. = c Y,, . = the total percent energy savings for the home units in the s'* state for winter 

- Yu.. P;p=-- - the average percent energy savings per home unit in the 8'' state for winter 
t .  

9 

s=l 
Y, ... = C Y, .. = the total percent energy savings for the MI .. home units in the Northeast 

WAP for winter t . 
Y, ... 
MI .. 

F t = - -  - the average percent energy savings per home unit for WAP during winter t . 

Y .... = Y1 ... + Y2 ... = the total percent energy saving for the M... home units in the Northeast 

Finally, 
WAP over both winters. 

- Y .... 
A4 .... 

Y=-- -the average percent energy savings per home unit for WAP for the two 
winters. 

The primary objective is to estimate ?based on a sample. 

11. STRATIFIED TWO-STAGE CLUSTER SAMPLZNG PLAN 

Step 1. As we saw earlier, there are 9 strata (states) for each winter as given below. Lower case 
rn and n refer to sample sizes. 

Step 2. 

Stage 1. For winter t and within stratum 'Is " and independently of the other strata (thcre are 
eighteen strata altogether over the two winters), select a simple random sample of n,, 
CAPS. We will have 
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Note here that c = 1. 2, . . . , n,. We do this 18 independent times. The totid 
number of CAPS selected for the two winters is 

m ._ = p3 3. n 2. 

Stagc 2. For the sth winter anand for the cth selected cw fmm stra rn &s in Stage 1, select a 
sirnple random sample of m, home units, We will have 

Note: 
mtJc = the total number of home units selected fmm the cth 

saanplc CAP from stratum s for winter t .  

nu 

C =I 

9 

m,. = Z: mRsc = the total number of home units selected from stare s for 
winter t . 

m, .. = Z: m, . = tile total number of sample bomc units for winter r . 
S = l  

m ... = m 1 .. -i- m 2.. = the total number of samplc home units over the two winters. 

111. ESTIMATION OF T I E  TOTALS AND p. 
I .  wc have tile following sample statistics for h e  c l h  selected CAP from stratum rs 

-. 

y,, -- sample mean percent energy savings for home units. 

s:, - sample variance for the percent encrgy savings for home units. 

KSc.  =M,,yf i ,  = an estimate of the total pcrccnt energy savings for home 
units for the cth selected CAP from stratum i s .  

and 
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Note that S2c is a “population variance” for the cth CAP and s& is the corresponding 
“sample variance” as defined above. 

2. An estimator of Yls.. is 

with sampling variance 

Nu 

- Y,.. 

N, - 1 Nts 

c (Ym. - u , ) 2  

where ~,2,, = and Yu=- c=l 

and the estimated sampling variance 

“U a “u A 

c=I 
c y,c. 

c=l - c (Y*c. - F&)2 

where s t r ( ~ )  2 = and Yu=- . 
n, - 1  nu 

3. An estimator of Yi ... is 
1 9 -  
& ... = c KS 

s-1 

with sampling variance - ‘ 9  
vur(x ...) = c Var(Y,..) 

S =1 

and estimated sampling variance 
1 9 A -  v&(& ...) = c Var(Y,..) , 

s=1 

4. ~nestimatorof Fl is 
... &-- 

M‘ .. 
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and estimated sampling variance 

1 * -  - 
Var(K)  = - p a r  (K ...) , 

Mt .. 
5.  An esiimatoa of Y.... is 

Y... = Y] ... 4- u,... 

Var (K) = Var (Y,...) + Var (Y2 ...) 

arid estimated sampling variance 

1 Y... 
y-z 

M... 

with sampling variance 

2 1  
Var(Y) = ----Var(Y ...) 

M 2. 

and estimated sampling variance 

1 A *  

V i r p j  = -Var(Y...) 
M.2 

IV. SAMPLESIZES 

The desire is to deteminc n the total number of CAPS to be selected for the sample over the tWQ 

winters aid rn the total number of homc units to be selectcd at the second stage for the tWQ 

winters so that F is within B of F with probability 1 -acr. ~ssrirning that F is normally 
distributed, we have 
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Thus 

(M ...) B = 2 I a r=- var(Y ...) 
2 

t A 

=> (M ...) B = 2 ad E Var (& ..) - 
2 I S  

=> (M ...) B = 

- - 

Assuming al l  SZc = S & ) ,  and mtsc = m* the same, the equation becomes 
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APPENDM; B. HOUSE SCREENING CHECKLIST 

The house screening checklist will be used by the subgrantees to verify that the houses 
meet the eligibility requirements €or the study listed in Sect. 3.3. In some cases, the occupants 
will sign the checklist to verify their agreement to participate in the study. 





Name: Phone number: 

Address: 

Is the household eligible for the Weatherization 
Assistance Program as administered by your organization? 

Is the home a single-family house but not a mobile home 
or similar rnanufxhured building (refer to attached description)? 

Is fuel oil used as the primary energy source to heat 
the house? 

Is there an operating telephone located in the house? 

Do the occupants have any plans to move or be away from the 
house for an extended time period between October 1990 and 
May 1991 (absences of 1-2 weeks are acceptable)? 

Is a secondary fuel (such as wood) or heating system (such 
as portable kerosene or electric heaters) used more than 
one day per week to heat areas other than the bathrooms? 

If questions needing a "yes" answer are answered yes and the "no" questions are answered no, the 
house is eligible for the study. 

Agency: 

Completed by: Date: 



For the Fuel-Oil Study, houses must be single-family buildings but not mobile homes or 

other similar housing assembled on-site from factory built modules. Single-family buildings are 

defined as follows: 

"A siriglc-family housing unit is a structure that provides living space for one household or 

family. 'I'hc structure may be detached, attached on one side (semidetached), or attached 

on two sides. Attached houses arc cotisidcred single-family houses as long as the house 

itself is  not divided into more than onc housing unit and has an independent outside 

entrance. A single-family house is contained within walk that go from the basement (or 

the ground f l o ~ r ,  if there is no basemcnt) to the roof." 

In adherence to this definition, row houses and side-by-side duplexes (twins) a re  single- 

famiPy houses, whereas over-and-under duplexes are multifamily (see definition below). Although 

a mobile home with one or more rooms added is often classified as a single-family house, it will 

not be considered single-family for this study. 

Small multifamily buildings are defined as follows: 

"A house or building with two to four housing units is a structure that is divided into living 

quarters for two, three, or four families or households. This category also includes houses 

originally intended for occupancy by one family (or for some other use) that have since 

been converted to separate dwellings for two to four families. Typical arrangements in 

these types of living quarters are separate apartments downstairs and upstairs, or one 

apartment on each of three or four floors." 
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APPENDIX C. INSTRUMENTATION LITERATURE 

Literature on the Telog model R-2400 data logger, Tnfiltec blower door, and Lynn model 

650B analyzer are enclosed. 
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R-2400 
Automated Data Acquisition 
and Communications System 

Introducing I 

The R-2400 Series 

b.. 

Recorders fron 
Telog instruments - 
a data acquisition system with flexibility 
and power that is unprecedented in its price 
range. 

Automation, Flexibility 
and Simpiicity 
The R-2400 Series Recorders can process a 
variety of analog inputs: voltage, current loop, 
ambient temperature, events and pulses, RTDs, 
thermocouples, scalar wind direction, 
potentiometers, and pressure strain gages. Under 
your programming control, the R-2400 Series 
Recoder will automatically perform any neces- 
sary signal conditioning, convert the conditioned 
signal into digital form, process and store the data, and 
transfer historical data to your computer. You have 
many options in the placement and interrogation of 
your recorders, as well as the collection and presentation 
of the recorded data. 

The rugged, rainproof R-2400 Series Recorder is bat- 
tery-operated and will faithfully carry out your pro- 
gram commands for months at a time. The samples 
collected are stored in memory and the historical data 
can be transferred to your computer in variety of ways: 
via modem over common voice-grade telephone lines, 
through a Local Area Network (TeLAN), or by manual 
collection on site with the Telog Data Transfer Unit. 

Comprehensive Support Software 
Telog Instruments helps you harness the power of com- 
puter technology without needing extensive program- 

Feafures 
Stores up to 12,800 data values in 

each recorder unii 
Automated daia collection 

9 Built-in modem 
Local area network capabilities 
Can monitor a variety of analog 

User programmable 
0 Interfaces with !BM-compatible 

inputs 

Dersonal comouters 
Easy-to-use menu-driven software ming experience. The R-2400 Software Support pack- 

age uses pulldown menus (with on-line help) that make 
it easy to design data collection schedules, communi- with on-line help 

* Report-ready hard copies cate with recorders, analyze data and generate reports 
- all with just the press of a few buttons. 
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Each recorder works independently in the field but their activities are directed by Telog R-2400 Support Software. All you 
do is choose the most convenient of three ways to accomplish the task: modem, local area network or direct field data 
collection. Whatever your choice, data collection is efficient and accurate. From the R-2400 Series Recorder to your com- 
puter, there is no chance for transmission errors; all communications with recorders use an error detection and retrmsmis- 
sion algorithm to ensure error-free data transfer. 

The R-2400 Series Recorder uses low cost common voice- 
grade telephone lines for automatic data transmission. No 
special leased line is required. The 300-baud modem makes 
possible two-way communications between you and your 
recorder in the field, eliminating the need to visit installa- 
tion sites. From your office computer, you can check on the 
current real-time readings and update the recorder. In the 
field, the recorder can be programmed to call your office 
computer automatically - at scheduled times, preset alarm 
conditions, two hours after an AC power failure or when 
their memory is 80% full. 

Local Area ~ e ~ ~ ~ r ~  (TehAN) 
TeLAN is the solution to plant applications that demand the 
flexibility of a modem but find the installation of telephone 
lines impractical or expensive. With TeL4N, you can corn- 
municate from a central computer with up to 16 recorders 
(64 channels) as far as 2500 feet away. Only common 
industrial wire and the TeLAN interface are needed for 
connection. To the computer, communications with re- 
corders on TeLAN is similar to direct communications 
with recorders with built-in modems. 

Data Transfer Unit (DTU) 
The DTU is a light and compact device that can collect 
stored historical data directly from recorders in the field. 
Data collection is simple - connect the DTU to your R- 
2400 Series Recorder, press the DTU's only button, and 
any stored data will be copied. A DTU can copy data from 
up to seven R-2400 Series Recorders at a time. Only a 
direct command from your computer can clear historical 
data from the recorders. When you return to your office, 
the data can be transferred from the DTU to your computer 
for storage and analyses. 

W \ 
/ \ 
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computer m m u  into your report, 

R-24061 Support Software 
The R-2400 Support Software helps you coordinate the ac- 
tivities of your recorders with user-friendly pull-down 
menus. As you design your data collection schedule for 
each recorder, you are prompted at every step of the way 
with your options, and at any point, context-sensitive help 
screens are available to discuss a particular menu. 

Your recorder samples its analog inputs once every second 
and summarizes the data according to a schedule you have 
programmed. The recorder can calculate any combination 
of the minimum, maximum or average of data sampled 
over a time interval as short as 15 seconds or as long as 12 
hours. You can also choose a combination of call-in in- 
structions to be followed by your recorders in the fields. 
The R-2400 Support Software will tailor the recorder 
functions according to your application needs. 

\ n 

/ These are some of the characteristics of the R-2400 Sup- 
port Software. Once installed and programmed, it per- 
forms without assistance. It can answer incoming calls 
from your field recorders, determine the nature of the calls, 
record any problems in a message log, collect the data 
according to schedule, automatically append the collected 
data to a particular channel's data set and download any 
new instructions to the recorders before ending each com- 
munication session. The autonomous performance of the 
R-2400 Support Software allows you to concentrate on the 
design of your test and the analyses of your data. 

Data Reduction and Analysis 
Once transferred to the computer from the R-2400 Recorder, 
your data can be examined graphically, numerically, or ex- 
ported to a spreadsheet program. 

Graphic Sispla y 
The graphic display function of your data by the R-2400 
Support Software is a sophisticated update of a chart recorder 
function. The graph expansion capability helps you in data 
analysis and interpretation. You can also have individual 
values of the graph displayed digitally with their correspond- 
ing date and time of occurrence. When you are satisfied with 
the graphic display you can send i t  to the printer for a report- 
ready hard copy. 

Numerical Display 
You can also easily obtain a screen copy or report-ready hard 
copy of your data. The data are shown alongside their corre- 
sponding date and time of occurrence. The numerical data 
can be compressed or a portion of the data can be selectively 
printed for your summary report. 

Description: l a l o g ' .  2400 serl 

COmmUniC.tiOn acCet&m acthod: 

I of calls: 215 

Export to Spreadsheet 
A simple command on the R-2400 Support Software will 
converr any data set into a file compatible with Lotus 1-2-3 or 
similar spreadsheet programs. You can elect to export it  to the 
spreadsheet at anytime. 

Flexible, powerful, easy-to-use and affordable 
The R-2400. 



w-2403 Single-channel recorder 
Four-channel recorder 

UT' (factory configured) 
Analog Voltage (full scale) 

Current Loop (full scale) 

Event Recording 

Potentiometric 

Pressure Strain Gage 
4-wire bridge (sensitivity in mv/v) 

Pulse 

Yernpeerature 
Ambient (semiconductor sensor) 

RTD (1 00 or 200 ohm platinum) 

Thermocouple 

Wind Direction (scalar averaging) 

Accuracy 
Resolution 
Sample Rate 
Memory 

1 OOfrrv, 200mv, 500mv, 
l v ,  2v, 5v, 1 ov, 20v 

1 ma, Sma, 20ma, 5Oma 

Records mo/day/yr and 
hr:min:sec of event for 
pulse width > 10 msec. 
2 sec between pulses 

Resistance range of 1 OK 
to SOOK ohms 

1, 1.7, 2, 2.5,3,4,5,6, 
7, 7.5, 8, 9, 10, 15, 20 

Records up to 1000 
counts per interval; 
pulse width > 10 rnsec, 
2 sec between pulses 

-40 to 70 C or 

-200 to 400 C or 
-40 10 102 C 

-200 to EO0 C 
Type K -270 to 1372 C 
Type E 
Type J 
Type 'r 

0 to 360 or 0 to 540 deg 
0 to 1 v or 0 to 5v input 

-210 to 1000 C 
-1 12 to 760 C 
-23 to 400 c 

+/- 0.2% of full scaie 
0.1% of full scale 
1 sample /sec /channel 
16K bytes for 
12,720 data values 

Intervai Length 
Stored Data 

15 sec to 12 hr 
Any combination of min, max or avg 
per interval for each channel, 
10-digit accumulator for tolalization 
per channel 

High and /or low for each channel 
Calendar Time moldayiyr hr:min:sec 
Alarm Thresh~ld 

Local RS-232C serial port for local 
communications with DTU or 
computer at 300.1200 or 9600 baud 

Telephone . FCC Approved 300-baud Bell 103 
auto-dial modern (user selectable 
auta-answer) supports pulse or tone 
dialing 
Optically isolated (3 wire) network TeLAN 

Enclosure NEMA 3R rainproof, standard 

Size 
Weight 8 lb (NEMA 3R) 

(NEMA 4X waterproof. optional) 
8" x E" x 4" (NEMA 3R) 

Operating Conditions -25 to 60 C ,  0 to 100% RH 
(non-condensing) 

POWE 
Battery 
Operating Life 

External DC 
External ac 

2 lithium 3 . 5 ~  cells. 1.8 a-hr 
3-4 months at 25 C or above 
(channel dependent) 
11 to 28 vdc @ 40 ma 
120 vac @ 20 ma 

UTER REOhRI 
Computer lSM/XT/AT/PS2 or compatible with 

51 2K bytes of RAM 
(hard disk recommended) 
I5M Color Graphics Adapter, EGA, 
VGA, or Hercules card 
1 parallel port (for printer) 
1 RS-232C serial port 

modem (internal or external) 

Graphics 

Interface Ports 

Modern 1 300-baud Hayes compatible 

Lorus 1-2-3 1s the lradcmark of h i u i  Dcvclopmcnl Coip. md IBM PCIXTIATPSZ arc ihc 
trademarks of lnlcrnational Busincss Machines. 

Specifications subject to change without notice. 

R ESE NTATl V E  : Instruments, Ins. 
P.O. Bax 240 

West Henrietta, NY 14586 

Phane: (71 6)-359-1110 
Fax: (71 6)-359-9401 

12Jl989 
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Light Easy a Accurate. 

Lightweight and portable, ?he INFILTEC islower 
door will fit into any car and can be moved, installed 
and operated by one person. Setrip is simple and 
takes less than ten minixes. All the operator needs is 
standard household current and an open door. 
(There’s no need to rerncjve existing doors) 

Simple single-gauge readings of air flow and pres- 
sure differential provide a quick and precise assess- 
ment. 

The INFKTEC Blower Door. 
Light. . . Easy. .  . Accurate. 
Meets ASTM Standards. Free Recalibration If 
Needed. 30 Day Money-back Guarantee. 90 Day 
Warranty. 

Easy to operate from installation to assessment, IN- 
FILTEC saves time 2nd labor. Portable and strong, the 
INFIl.TEC door module’s rugged sleel frame expands 
to c,ligli?ly smaller than the door frame. An inflatable 
tube fitted around t t x  edge of the frame forms the air- 
tight seal. The calibrated fan module simply snaps 
into place. 

Accurate and detailed dais read-out is available with 
your choice of several optional pocket compiiters 
which are programmed Io report everything from the 
effects of iernperature, pressure, computation of the 
leakage area. and air changes-per-hour, to exac?ing 
amoi.int and time of payback once the determined 
leakage is s?opped. 

Wisconsin Energy Conservation Corporation 
1045 East Dayton Slreet 
Madison, Wisconsin 53703 
1-608-256-1 620 
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LEV EL------- .... 
I" 

:13TOR SPEED CONTROL.. . . .  . S O L I 0  ST 
PRESSURE GAUGE.. .O- .5"  H20, 0-125 Pa  
A I R  FLOW RATE GAUGE . . . . . . .  0-4750 CFM 
OIMENSIOFIS..  . . ............ . 1 5 " ~ 7 " x 3 "  

............... 

( -f?5 WEIGHT 13 l b s  ( 5 . 9  k q )  

O R I F I C E  PRESSURE TAP------- 

P O J T S I D E  PRESSURE TAP 7 

/- PROTECTIVE SCREEN 

SPEED RANGE SWITCH 
LATCH S T R l  KE S 
O R I F I C E  PRESSURE TAP 
A t  POVER (FROM CONTROL MODULE) 
P O S I T I O N I N G  STOPS 

( A L S O  ON BOTTOM) 

FAN HOUSING 
EGG CRPTE A I R  S T R A I G H l E N l N G  PANEL 
REMOVAB E O R I F I C E  INSERT DISC 

(USED TO MEASURE LOU A I R  FLOWS) 
21" A I R  .YLET/METERING ORIFICE 

(USED L'THOUT I )R lF ICE D I S C  FOR 

MOTOa 3 /4HP.  AC 

POWER 110 VAC, 60 H z ,  10 Amps ( o p t i o n a l  220 VAC. SOHz)  
FAN CAPACITY 4250 CFM a t  . 2 "  H20 

--DOOR JAMB ............................................ 
-FRAME (STEEL CHANNEL) ..... 
-COATED NYLON COVER ........................... 

HEIGHT ADJUSIMENT .....78.. 
WIDM 
OTHER HEIGHTS AND WIDTHS ................ OPTIONI IL  

DIMENSIONS..  ..................... .28. 5 " ~ 4 1 . 5 " ~ 3 "  

WEIGHT ............................ 22 l b s  (10 k g )  

(19a to 2 2 4  m) DIMENSIONS ............. 2 4 ~ 2 2 . 5 ~ 1 0  inches ( 6 1 ~ 5 7 . 2 ~ 2 6 . 6  cm) 

...... ,28,8 t o  360+ ( 7 1  to g1 cm) WEIGHT .................................... 39 l b s  (17.7 kg)  

- A I R  PUMP 
-YALVE TO I N F L A T E  S E A L I N G  TUBE 
-FRAME HINGES (LOCKING) 

-OUTSIDE PRESSURE TAP 
.--LATCH FOR FAN 
--RETAININt S P L I N E  FOR COVER 

-RUSRER SEAL FOR FAN 
-KNOBS TO ADJUST S I Z E  

I N F L A T A B L E  TUBE 
(SEALS FRAME TO JAMS) 

-FRAME CHANNEL 
-SPRING-LOADED EXPANSION BAR 

-CORNER SEALS 
--COATED NYLON COVER 

_I 
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AIR INFILTRATION MEASUREMENT AND CONTROL TECHNOLOGY 
0 P.O. Box 1533 0 P.O. Box 1125 

Falls Church, Virginia 22041 Wa nesboro, Virginia 22980 
703-820-7696 7Ol-949-7933 

n 
INFILTEC -4 

INF ILTEC Model R-1 Blower Door 

A i r  leakage r e d u c t i o n  has been shown t o  be t h e  h i g h e s t  p r i o r i t y  energy 
conserva t i on  measure f o r  sma l l  b u i l d i n g s .  The Model R-I blower door i s  a 
p r o f e s s i o n a l  t o o l  f o r  s o l v i n g  t h i s  problem, Th is  power fu l  c a l i b r a t e d  fan 
i s  t e m p o r a r i l y  mounted i n  t h e  door o f  a b u i l d i n g  t o  measure t h e  b u i l d i n g  
a i r t i g h t n e s s  and t o  d e t e c t  t h e  l o c a t i o n  o f  leaks. B u i l d e r s  can use t h e  R-1 
b lower door t o  c e r t i f y  t h e  a i r t i g h t n e s s  of  t h e i r  energy e f f i c i e n t  
b u i l d i n g s .  
e f f e c t i v e n e s s  o f  t h e i r  a i r t i g h t n e s s  r e t r o f i t  work, 
t h e  R-1 t o  q u a n t i f y  t h e  h e a t  l o s s  due t o  a i r  i n f i l t r a t i o n .  
b lower door has many advanced fea tu res :  

Wea the r i t e rs  can use t h e  R-1 t o  d e t e c t  l e a k s  and measure t h e  

The INFILTEC 
Energy A u d i t o r s  can use 

* ULTRA LIGHT WEIGHT - One person can move and i n s t a l l  t h e  R-1 because --- 
it has a l i g h t w e i g h t  modular design. It can be t r a n s p o r t e d  i n  any car. 

* -- LOW COST - The advanced des ign  o f  t h e  R-1 has brought  i t s  p r i c e  
down t o  $3250, and a i r  leakage computers aye a v a i l a b l e  for $500 o r  less.  

* --- SIMPLE TO USE - The R-1 a i r  f l o w  measurement i s  read  d i r e c t l y  f rom a 
s i n g l e  gauge. No graphs, fo rmulas  o r  computers a r e  necessary. 

* QUICK - The R-1 can be i n s t a l l e d  i n  a door i n  l e s s  than 3 minutes. 

* CALIBRATED - The R-1 has t h e  accuracy and p r e c i s i o n  t o  meet a l l  
p resent  o r  proposed a i r  leakage measurement standards. 
is  a v a i l a b l e  a t  our Waynesboro, VA f a c t o r y .  

Free r e c a l i b r a t i o n  

* PROFESSIONAL - The R-1 i s  rugged enough t o  w i t h s t a n d  f i e l d  use and i t  
has a p r o f e s s i o n a l  h i g h  t e c h  appearance. 

* _L-- SAFE TO USE - The R-1 a u t o m a t i c a l l y  p revents  h i g h  pressure  t h a t  c o u l d  

* ADVANCED TECHNOLOGY - U.S Paten t  4,420,969 and Canadian p a t e n t  

cause b u i  l d i n g  damage. 

1,178,826 cover  some o f  t h e  R-1 i nnova t ions .  Other  p a t e n t s  a r e  pending. 

* GUARANTEED - INFILTEC o f f e r s  a f u l l  r e f u n d  i f  t h e  purchaser i s  n o t  
s a t i s f i e d  w i t h  t h e  R-1 w i t h i n  30 days o f  purchase. There i s  a 90 day 
war ran ty  a g a i n s t  de fec ts .  

system opera t i on ,  measurement procedures, and e v a l u a t i o n  of  r e s u l t s .  
8 DOCUMENTED - The R-1 i n c l u d e s  an o p e r a t o r ’ s  manual t h a t  descr ibes  

* COMPUTER (OPTIONAL) - INFILTEC o f f e r s  seve ra l  p o r t a b l e  computers t h a t  
a r e  programmed t o  compute leakage areas, a i r  change ra tes ,  c o s t  of 
i n f i l t r a t i o n .  and r e t r o f i t  payback per iods .  These computers i n c l u d e  
c a s s e t t e  i n t e r f a c e s  and p r i n t e r s  o r  p l o t t e r .  Custom so f tware  i s  a v a i l a b l e .  

Your R-1 can u s u a l l y  be sh ipped w i t h i n  two weeks o f  your  order. 
Please c o n t a c t  us  f o r  c u r r e n t  a v a i l a b i l i t y  i n fo rma t ion .  
spec i f ied ,  s h i p p i n g  i s  FOB Waynesboro, VA, v i a  UPS. For  f u r t h e r  
i n f o r m a t i o n ,  p lease  c o n t a c t  o u r  F a l l s  Church o f f i c e .  

Unless o the rw ise  

A DIVISION OF: SA ENTERPRISES, INC.-’ 
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M ODEL M O O /  
C 

Digital 
ombustion 
Analyzer 

6500- 

DIGITAL DISPLAY: Far Continuous Temperature or Oxygen Readings. 

Performs Cornbus t ion  Ef f i c iency  T e s t s  quickly and reliabiy. 

Simple to operate and rugged, the LYNN 
Model 6500 and $500-6 are completely port- 
able digital instruments. Available in both 
Line Voltage and Battery Powered models. 
The LYNN 6500 and 6500-8 are highly accur- 
ate instruments allowing technicians to fine 
tune burners quickly from the veryfirst readings 
saving countless dollars by avoiding repeat 
calls. 

SELF-CONTAINED IN A CARRYING 
CASE WITH COMPLETE ACCESSORIES. 

Continuous TEMPERATURE or OXYGEN readings whi le YOU tune the burner. 

0 Temperature - displays ne t  stack temperature - Saves time. 

a Simplifies smoke, carbon monoxide and draft measurements - Single stack probe for ALL tests. 

- .- 0 Fast and easy t o  operate. 

0 Slashes per call costs. 

0 Accurate and reliable sensor 

0 Solid state circuitry. 

0 Rugged construction. 

0 Optional draft gauge. 

0 Optional C.O. tester 

SMALLER and LIGHTER CARRYING CASE 
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ximum Conveslience and 

ACCESSORY KIT includes a l l  replacement 
filters, smoke paperdiscs, charts. and ex t ra  
items needed for many months of in-field 
testing. Included with even/ Model 6500 
and 6500-8 instrument a t  no extra cost. 

The Lynn Model 6500 & 65W-B Digital 
Display Combustion Analyzer is a natural 
partner for today's more highly specialized 
energy technician. With more work to do 
and less time to do it, the continuous 
temperature or oxygen readings and the 
instrument's fast overall response make it 
.possible to do a superior job in much 
less time. Thus your  company saves on 
technician time while the heating system 
owner saves energy. 

This instiirment really makes the job 
easy. First of all, it displays correct net 
temperature readings during the tests. 
Then a simple twist of a knob is all you 
do to calibrate the oxygen system to 
precise accuracy. Slip the probe in the 
stack and you're ready to tune the 
burner. 

Remember, not only does the' Model 
6560 8 6500-8 track the burner-tuning 
process with its continuous temperature 
and oxygen percenpage! dials, but draft 
and smoke measurements are also made 
using the same stack probe! Leave it to 
Lynn Products Company to think ahead 
and keep things simple. 
So request a demonstration. The first 

8 6500-B digital 
displays at work, you'll know why you 
should have one at your side. and on your 
side. 
Call us; we're as near as your phone. 

n 
MODEL $1 00/61608: Measures oxygen, Stack Temperature 

and smoke on an analog panel meter. 

iby 

MODEL. 6400: Measures oxygen, Net stack temperature, 
smoke and computes combustion efficiency 
for five (5) fuels. (#2, 4, 6 oil, natural gas 
& propane on a digital panel meter. 

POWER: OPERATING RANGES: 

ci50*: 1 1 Ov; 60 cycles. 3Amp fuse. 6ft. OXYGEN: Q,O% to 25% with , ,1 per- 
cent intervals. 

Net stack (and am- 
bient) temDerature ranqe: 190' to 999' 

of power cord. 
65003: Rechargeable nickle cadmium TEMPERATURE: 

batteries. 
DIM ENS IONS: 
Instrcrrnent: 

with 1 ' iniervals. 

Self-contained instrument in carrying 
case: 18" wide x 8" deep x 1 2a' high. 

0 Pi1 Q N s: 
L y n n  Carbon Monoxida Tester: (pimred) 
A must  for testing gas fired equipment. This Lynn tester is an excellent indicator of 
incomplete combustion. Carbon Monoxide (CO) should never exceed 400 ppm 
(parts per million) and this tool wi l l  fulfill your needs. 
Lynn Draft Testes: 
Draft measurements are an  essential part of combustion testing as draft determines 
the rate at which combustion gases pass through the furnace or boiler. The Lynn 
Draft Tester is a sirnpie, accurate, low-cost tool used to perform these measurements. 

Contact us for mare information: 
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APPENDIX D. HOUSE CHARAmsTIcs  SURVEY 

Information on the physical Characteristics of the house and its mechanical systems (space- 

heating, space-cooling, and water-heating) will be collected using this survey instrument developed 

€or the study. 
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Door type 

Hollow core wood door 

Solid core wood door 

Insulated metal door 

Version: April 12, 1991 

Number without storm door Number with storm door 

Auditor: 
Date: 

EZJELOIL STUDY HOUSE CHARACXERISTICS SURVFY 

IDENTIF'ICATION 

House ID: Subgrantee name: 

Occupant name: Phone number: 

Occupant address: 

GEBERAL 

Type: ____ SFD - single-family dctached MFS - small (2-4 units) multifamily 
SFA - single-family attached MFL - large (>4 units) multifamily 

MH - manufactured or 
mobile homc 

A single-family housing unit is a structure that provides living space for one household or family. 'he  struclure may be detached, 
attached on one side, or attached on two sides. Attached houses are considered single-family houses as long as the house itself is not 
divided into more than one housing unit and has an independent outside entrance. A single-family house is contained within walls that 
go from the basement (or ground floor, if there is no basement) to the rtmf. A mobile home with one or more rooms added is a 
single-family home. Row houses and side-by-side duplexes (twins) are typically single-family houses. 

A small multifamily house or building is a structure that is divided into living quarters for two, three, or four fmnilies or households. 
'his categoly also includes houses originally intended for occupancy by one family (or for some other use) that have since been 
converted to separate dwellings for two to four families. Typical arrangements in these types of living quartcrs are separate apartments 
downstairs and upstairs, or one apartment on each of three or four floors. Over-and-under duplexes are typically in this category. 

A mobile or manufactured home is a structure that has all the facilities of a dwelling unit but is built on a movable chassis. It may be 
placed on a permanent or temporary foundation and may contain one room or more. If rooms are added to the structure, it is 
considered a single-family home. 

Are the following systems shared with other housing units: space-heating sys tern ( Y N  
space-cooling system ( Y N )  
water-heating system (YlN) 

If SFA, number of attached housing units: (NA, 1, 2, ...) (typically 2 or less) 

EXTERNALDOORS 



House IT): 

.......... 

w 

M 

X 

N 

Floor 

Basement 

First floor 

. 
wood 

metal 

other 

none 

Second floor 
I 1 Ail other floors 

1 Total 

Window 
glazing type 

SP 1 singis: pane 

I 

Intentionally In ten tionally 
heatcd area air-conditioned area Volume 

(fez> Ut') (ft31 

An intentionally heated (air conditioned) space is one with equipment and/or distribution outlets designed to maintain a desired 
temperature in the space. An unintentionally heated (air conditioned) space is one that is heated (cooled) primarily from equipment 
jacket and/or distribution losses (there is little control over the resulting temperature). A space is not heated (air conditioned) if there 
is no source of heating (cooling) to alter the natural temperature of the space. For example, a basement healed primarily from 
equipment jacket and/or distribution system losscs is not considered to be an intentionally heated space. A window air conditioner 
cools only the room the unit is installed in, not adjacent rooms. If a space was designed to be intentionally heated (cooled) but is 
maintained by the occupant in an unheated (uncooled) conditioin (by closing registers and doors, foe example), the space should still be 
considered a heated (coolcd) space with one exception: an unfinished basement or other unfinished room with a distribution system 
that is alvvays shut off should be considered unintentionally hcated (cooled). 

klocir heights used to calculate volume arc floor to floor except for the top floor, which is floor to ceiling. 

Number of intentionally hcated stories: _ _ _  (1, 1.5, 2, 2.5, 3 ,  3.5, 4 or more) 
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r 

EXiS 

BC 

BF 

EB 

RB 

BRW 

RWB 

V 

X 

House ID: 

F 

FINISHED ATTIC AREAS 

floored 

Area 

(ft") 

Collar beam 

Kneewall 

Roof rafter 

Existing 
insula tion 

Depth 
(inches) 

UNFINISHED ATTIC AREAS 

Attic 

tY pe 
Floor area 

(ft") 

Existing 
insula tion 

Depth 

Finished attic areas are defined in the figures on the following page. 

Areas pertain to attic areas adjacent to intentionally heated or air-conditioned spaces. For example, the area above an unconditioned 
garage should not be included. 

.ing insulation type 

blown cellulose 

blown fiberglass 

fiberglass batt 

rigid board or foam 

blown rock wool 

rock wool batt 

vermiculite 

other I 

I U I unfloored 

1 C I cathedral 

I L I flat roof 

Are attic vents present: (Y,N) 
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\ I I 

Kn A 
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WO 

AL 

House TD: 

wood or 
masonite 

aluminum, steel 
or vinyl 

Shared walls found in duplexes and row houses are not exterior walls. 

The type of load bearing structure is the wall type. The type of facing on the wall is the exterior type. 

BC 

BF 

FB 

RB 

BRW 

RWB 

blown 
cellulose 

blown 
fiberglass 

fiberglass 
batt 

rigid board 
or foam 

blown 
rock wool 

rock wool 
batt 

ST I stucco 

N 

1 1 brick or stone 1 
asphalt shingle 

none 

WS I wood shingle 

RA I rolled asphalt I I X I other 

other *I 
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House ID: 

Existing wall 
irrsulation 

Thickness 

--i- 
t .............. t --_-. 

I 

Ceiling area - For slab-on-grade, the area of the intentionaljy conditioned slab floor. 
Perimeter length - Do not include perimeter borderjng another foundation space. 
Percent exposed - Foi basements and crawlspaces, the percent of band joist length that is exposed to the outside and not insulated. 
Total wall height - Height of basement or craw!spaw wall; an estimated average if the height is not uniform. 

~oundatiorn space status 1 

... 

Existing wall insulation type 

Fuel: (NC-natural gas, P-propane, 0-oil, K-keroscne, E-electricity, W-wood, S-solar, X-other, 
N-None) 

Type: (SA-stand alone system, T-tankless [integrated with space-heating system], X.other, N-None) 
Is an external blanket insulation used? 
Location: (NII - non-heated space, IH - intentionally heated space, UH - unintentionally heated 

space) 

(Y,N,NA) 



85 

NH 

IH 

UH 

House ID: 

non-heated space 

intentionally heated space 

unintentionally heated space 

APPLIANCES 

CAC 

CHP 

Appliance I Fuel I Quantity I Location 

central air 
conditioner 

central heal 

Cooking range 

Stove top 

Detached oven 

Microwave oven E 

Refrigera tor E 

Dishwasher E 

Deep freezer I 
Clothes washer I E I I 
Clothes dryer 

Whole house fan E 

Attic ventilation fan E 

Well pump E 

Water bed heater E 

Other: 

~ 

w 

Fuel 

natural gas 

propane 

oil 

kerosene 

electricity 

wood 

I c I coal 

1 X I other I 

AIR CONDITIONERS 

-1 
conditioner 

evaporative 
cooler 

other L 
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SPACE-HFAIXNG SYSTEMS 
House ID: 

PRIMARY OIL-FIRED SYSTEM 

Actual installed nozzle size (value and units) I 

AUXILIARY 
SYSTEMS 

Type (see 

The primary oil-fired system is the system metered under the study. 

DIS"TTaPRIJ"17TON SYSTEM 

Inca tion 

Intentionally heated area 

Unintentionally heated area 

Un-heated area 

Is any part of tbc 
distribution system 

present in this location? 

If present, is the 
distribution 

system insulated? If present, is the structural 
integrity sound? 

Does the distribution system include a return system? (Y,N,NA) 
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7 

8 

9 

10 

11 

12 

13 

I Fuel 

room heater 

forced air wall furnace 

gravity wall furnace 

forced air floor furnace 

gravity floor furnace 

vaporizing pot heater (oil and kerosene) 

portable kerosene 

Location 

14 

15 

NH I non-heated space 

wall 

floor 

IH I intentionally heated space 

19 

20 

UH I unintentionallv heated mace 

portable (cord-connected) 

window heat pump - 

I SPACE-HEATING SYSTEM TYPES 

1 

2 

3 

4 

5 

6 

21 

22 

23 

24 

Central systems 

forced air furnace 

gravity furnace 

steam boiler 

hot water boiler with radiatorslconvectors 

hot water boiler for slab heating 

heat pump 

Other 

wood or coal stove 

fireplace 

stove top or oven 

other 

In-soace heaters 

16 I baseboard 

17 I ceiling radiant (imbedded cable) 

18 I wall or floor radiant (imbedded cable) 1 





Information on the floor area, volume, number of rooms, and number of heated rooms 

will be collected at the beginning of the pre-weatherization period using this form. 
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Version: February 6, 1991 Auditor: 
Date: 

WIEGOIL STUDY PRE-WiXERIZATION DATA COLLECTION FORM 

IDENTlFICATON 

House LD.: Subgrantee name: 

Occupant name: Phone number: 

Occupant Address: 

SPACE-HEATING SYSTEM NOZZLE SIZE (value and units, likely CPH) 

HOUSE FLOOR A m  

excluding basement: square feet 

basement only: square feet 

HOUSE VOLUME 

excluding basement: cubic feet 

basement only: cubic feet 

ROOMS 

How many of each of the following rooms does this house have? 

Number 
Bedrooms' 
Full bathrooms2 
Half bathrooms3 
All other rooms4 

How many rooms are currently being heated? 

_ _ ~ ~  

'For one-bedroom efficiency or studio apartment, record "0 bedrooms" and correct number of bathrooms. 

2FuII bathroom is defined as having a sink with running water and flush toilet 

'Half bathroom is defined as having a toilet 3 bathtub 

bathtub or shower. 

shower. 

4Do not count laundry rooms, foyers, or unfinished storage space. Only count porches if they are enclosed and used 
year-round. 





93 

APPENDIX E OCCUPANT QUESTIONNAIRES 

Information will be collected from the occupants of the houses using these questionnaires. 

Separate questionnaires were developed for the weatherized and control houses becausc of slight 

wording differences that were required. 
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WINTERVIEWER XNSTRUCTIONS: 

Complete Questions A l ,  A2, and A4 using data fiom the information sheet before starting 
the interview. 

version 18W 
5/1 OD 1 

Interviewer 

Date of Interview 

Time Started 

FUEL-OIL STUDY OCCUPANT QUESTIONNAIRE 
WEATHERIZED HOME 

A. Identification 

A 1 Household Identifier 

A2. Name of WAP Applicant 

SCREENER: 

ASK TO SPEAK TO THE APPLICANT NAMED IN QUESTION A2. 1F AVAILABLE, READ THE 
FOLLOWING AND GO TO QUESTION A3. 

Your home was weatherized as a participant in the Weatherization Assistance 
Program. As a follow up to that we would like to conduct an interview to learn 
more about how that weatherization may have affected your energy use and ask 
your opinions regarding the value of weatherization. 

IF THE APPLICANT NAMED IN QUESTION A2 IS NOT AVAILABLE, READ THE FOLLOWING 
AND THEN ASK QUESTION 1: 

Your home was weatherized as a participant in the Weatherization Assistance 
Program. As a follow up to that we would like to conduct an interview to learn 
more about how that weatherization may have affected your energy use and ask 
your opinions regarding the value of weatherization. 



1. I'd like to speak to a person over eighteen years of age who is knowledgeable about 
paying the energy bills. Is that person available? (IN ORDER TO QUAa,TFnr, THE 
RESPONDENT DOES NOT HAVE TO PAY THE CHECK. AS X,ONG AS 'ME 
RESPONDENT IS Kh!OWLEDGEABlE ABOUT THE ENEKGY USE AND/OR BKLS, HE 
OR SHE QUALIFIES.) 

1. YES, THE PERSON YOU ARE SPEAKING 
TO IS THE RESPONDENT. . . . . . . . . . . . . . . . 

2. YES, RESPONDENT IS ANOTI-FX PERSON. . , 

3 .  NO, RESPONDENT IS NOT AVAILABLE. . . . . 

CONTINUE WITH QUESTION 
A3. 

ONCE A RESPONDENT IS 
PRESEN,  RE'ilJKN TO THE 
JNTRODUCTION ANB 

RESPONDENT IS OVER 18 AND 
IS KNOWLEDGEABLE ABOUT 
PAYING TEE ENERGY BILLS. 
IF THE RESPONDENT 
QUALIFIES, CONTINJE WITH 
QUESTION A3. 

CONFIRM T w r  *rm 

(NAMES: .> 
1K)ENTIT"Y' NAMES OF 
SEVERAL PEOPLE WHO 
MIGHT BE SUIT.$BIB 
RESPONDENTS. INFORM THE 
CURRENT RESPONDENT THAT 
WE WILL CONDUCT THE 
INTERVIEW QVER THE 
'IELEPI-IONE AT A LATER 
DATE. LEAVE A COPY OF 
THE EXHIBITS AT 'rHE HOUSE. 
DO NOT PROCEED WITH THE 
INTERVIEW. 

IF RESPONDENT NiEDS INFO: The survey is a part of the Weatherization Assistance 
Program. The survey is required of every participant in the Fuel Oil Study. 

NT IS HESITANT: Your answers to these questions will provide valuable 
ion to the Department of Energy. The interview will take approximately 30 

A3. Name of respondent -....__._...I._ 

Relation to WAP applicant I.__._..x 

[ ] RESPONDENT IS SAME AS WAP taPPLlCANT 

A4. Dates of WAF weatherization work ..................... ~ 
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A5. I want to c o n f m  that the weatherization work done by the Weatherization Assistance 
kogram took place on (READ DATES FROM QUESTION A4). (RECORD DATES 
BELOW IF RESPONDENT GIVES DLFFERENT DATES.) 

DATES 

[ ] RESPONDENT CONFIRMS THAT WEATHERIZATION TOOK PLACE ON 
THE SAME DATES AS QUESTION A4. 

[ 3 DON'T REMEMBER 

INTERVIEWER INSTRUCTIONS: 

If respondent has trouble remembering the dates in Questions A6, A7, and A8, probe for: 

Season 
* Major life event 

Major news story or political event happening at that time 

[Then, ask for year (and month) again. 

A6. 

A7. 

In what year was this home built? Just your estimate.* 

[ ] Before 1900 
[ ]  1900-1909 
[ I  1910-1919 
[ ] 1920-1929 
[ I  1930-1939 

] 1940-1949 
] 1950-1959 
] 1960- 1969 
] 1970-1979 
] 1980-1984 

In what year did your family move into this home?* 

[ ] Before 1900 
[ I  1900-1909 
[ I  1910-1919 
[ ] 1920-1929 
[ I  1930-1939 

IF "1989" OR LATER ON QI 
In which month did you IA8. 

[ ] January 
[ ] February 
[ ] Mach 
[ 1 April 

[ I  1985 
[ J 1986 
[ I  1987 
[ I  1988 
[ I  1989 
[ I1990 

: I  
: I  

: I  

I1 : I  

1940-1949 [ ]  1985 
1950- 1959 [ I  1986 
1960- 1969 [ ]  1987 
1970- 1979 [ I  1988 
1980- 1984 [ 1 1989 

[ I  1990 

ESTION A7, ASK: 
nove in?* 

1 May [ 3 September 
] June [ ] October 
I July [ 3 November 
] August [ 3 December 
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B. Major Heating Fuel 

Next, I will ask some questions about the fuels you ured to heat your- home last 
winter before and after weatherization on (READ DATES FROM QUESTION A4). 
Throughout the survey, when I ask ahoiit last winter bejore weatherization, I mean 
October-, November, and December of 1990. When 1 ask about last winter aper 
weatherization, I mean February, March, and April of1 991. 

If two or Inore heating fuels are used, the main heating fuel is the one that provides 
most of the heat for the home. The inah  heating fuel may not necessarily be the one 

ng system. 

(HAND RESPONDENT EXHIBIT BOOKLET) 

I3 I .  Please look at Exhibit I3 1. What was the one main heating fuel used for 
hearing your home last winter before weatherization?" 

B1 232 
Main Fuel (Mark dl other 

f2kb&m!Y..Qne~ fuels that ap~lv)  
Gas from underground pipes 
serving the neighborhood. . . . . . . . . . .  [ I [ I  
Bottled gas (LPG or Propane). . . . . . . .  [ ] [ I  
Fuel oil. [ ] [ I  
Kerosene or coal oil. [ I  [ I  
Electricity. . . . . . . . . . . . . . . . . . . . .  [ I  [ I  
Coal or coke. [ I  [ I  
Wood. [ I  [ I  
Solar collectors. [ I  [ I  
Other (specify) [ I  [ I  
NO FUELS USED. . . . . . . . . . . . . . .  [ I  [ I  
DON'T KNOW. [ I  [ I  

. . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

B2. Please look at Exhibit B l  again. You mentioned that your main heating fuel 
used last winter before weatherization was (FUEL FROM QUESTION Sl). What 
other fuels were used to heat your home last winter before weatherization -- 
including those used to provide heat just occasionally? Don't forget to include fuels 
that ran portable heaters if you used them. (MARK ALL THAT APPLY IN COLUMN 
B2. JF NONE, MARK "NO FUELS USED")" 

IF ADDITIONAL, FUELS ARE IDENTIFIED FROM QUES'I?ON B2, ASK: 

[ ] All or almost all (95% or more) 
[ ] About three-fourths (67-94%) 
[ ] Closer to half (66% or less) 
[ 3 DON'T KNOWIWEMEMBER 



Now, I will ask similar questions ahout the fuels you used last winfer after 
weatherization. 

IB6. Going back to your main heating fuel used last winter after weatherization -- 
(FUEL FROM QUESTION B4) -- did this fuel provide all or almost all of the heat for 
your home, about three-fourths, or closer to half of the heat for your home?* 

B4. Please look at Exhibit €31 again. What was the one main heating fuel used for 
heating your home last winter after weatherization?" 

B4 B5 
Main Fuel (Mark all other 

mark onlv one1 fuels that app la 
Gas from underground pipes 
serving the neighborhood. .......... [ ] 11 
Bottled gas (LPG or Propane). . . . . . . .  [ ] 11 
Fuel oil. [ I  [ I  
Kerosene or coal oil. . . . . . . . . . . . . . .  [ 3 [ I  
Electricity. .................... [ 3 [ I  
Coal or coke. [ 1 11 
w o o d . . . . . . . . . . . . . . . . . . . . . . . .  [ I  [ I  
Solar collectors. . . . . . . . . . . . . . . . . .  [ ] 

...................... 

. . . . . . . . . . . . . . . . . . .  

Other (specify) [ I  
NO FUELS USED. . . . . . . . . . . . . . .  f 1 

. . . . . . . . . . . . . . . .  DON'T KNOW. 7 5  

B5. Please look at Exhibit B1 again. You mentioned that your main heating fuel 
used last winter after weatherization, was (FUEL FROM QuESTION B4). What 
other fuels were used to heat your home last winter after weatherization -- 
including those used to provide heat just occasionally? Don't forget to include fuels 
that ran portable heaters if you used them. (MARK ALL THAT APPLY IN COLUMN 
B5. IF NONE, MARK "NO RJELS USED")" 
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B7a. Please look at Exhibit B4. Last winter before the weatherization work was done, 
did you use any of the following to help heat your home? (CHECK AS MANY AS 
WERE USED.) 

(B7b) 
BEFORE AFTER 

[ ] WoQd/CQal Stove. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
[ ] Fireplace. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
[ ] Cooking stove/range/oven. . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
[ ] Non-portable room heater burning gas, oil, or kerosene. . . . . .  [ I  
[ ] Portable kerosene heater. 1 1  
[ ] Non-portable electric heater. 1 1  
[ ] Electric portable heater (cord-connected). 1 1  

1 0 t h  (specify): .................... e . .  [ I  
[ ]NONE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  

. . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

B7b. Please Z Q O ~  at Exhibit €33 again. Last winter after the weatherization work was 
done, did you use any of the following to help heat your home? (CHECK AS 
MANY AS WERE USED IN COLUMN B7b.j 

--I- 

I N ‘r EM V IE W E R I N S T R U C ‘T I 0 N S : 

Confirm that responses to B7a do not contradict responses to I3 1 and B2. Confinn that 
responses to B7b do not contradict responses to B4 and B5. Probe the respondent if the 
restwnses contradict. 

ASK QUESTION 8 8  ONLY FOR EACH IN QIJESTION EU USED BOTH 
BEFORE AND AF”1’EK WEATHERIZATION: 

to Exhibit B8. Please tell me how often you used the following to 
help heat you  home last winter after the weatherization work was done, as 
compared to last winter before the weatherization work was done. Did you use 
it less, about the same, or more after weatherization as conipaed to before 
weatherization? (CIKCLE ONE MJMBEK IN EACH LINE ASKED.) 

Used Less 
After 

1. Woodcoal stove 1 
2. Fireplace 1 
3. Cooking stove/range/oven 1 
4. Non-portable room heater 1 

5. Portable kerosene heater 1 
6. Non-portable electric heater 1 
7. Electric portable heater 1 

8. Other ..................... 1 1  

burning gas, oil, or kerosene 

(cord-connec ted) 

Used About 
The Same 

2 
2 
2 
2 

2 
2 
2 

2 

Used More 
_.I- After 
3 
3 
3 
3 

3 
3 
3 

3 
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C. Demographics 

Now I have some questions about the people who live here and about your housing 
costs. 

C 1 . Please tell me how many people living in your home last winter before 
weatherization were . I . (READ EACH ITEM). 

Under the age of 5 

Between 5 and 17 years old 

Between 18 and 64 years old 

65 years old or older 

TALLY -- so that is (READ NUMBER) in total? 
ENTER CORRECT TOTAL HERE 

C2. You have told me that there were (READ TOTAL. NUMBER FROM QUESTION Cl)  
people living in your home last winter before weatherization. How many people 
were living in your home last winter after weatherization? 

NUMBER OF RESIDENTS 

[ 3 SAME NUMBER AFTER WEATHERIZATION AS BEFORE 
WATIJERIZATION 

C3. Were any of the people living in your home last winter before weatherization 
handicapped? By handicapped, I mean a permanent condition. I do not mean a 
temporary condition, such as a short-term illness. (EYEGLASSES ARE NOT 
CONSIDERED A HANDICAP). (IF YES, ASK HOW MAW.)  

NUMBER HANDICAPPED 
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C4. Do you or members of your household own your borne, or rent?* 

[ ] Own (buying) 
[ ] Rent 
[ 1 Occupied without payment of rent (SKIP TO SECTION D) 

FROM QUESTION C4, IF HOUSEHOLD OWNS OR PAYS RENT, ASK: 
35. Please tell me which category best describes the monthly rent or mortgage 

payment the household pays for your home. Is it .. .? Stop me when I reach the 
category. (RZAD CATEGORIES.) 

less than $200 per month 
$201 - 300 per month 
$301 - 400 per month 
$401 - 500 per month 
$501 - 600 per rriotntli 

$701 - 800 per month 
$801 - 900 per month 

$601 - 700 per 111011th 

[ ] more than $900 per month 
[ ] OWNED, MORTGAGE P A D  OW 
[ ] DON’T KNOW 

(SKU? TO SECTION D) 

76. Does this payment include: (READ ITEMS AND PROBE FOR “YES” OR “NO”.) 

Yes No DON’T 
KNOW 

. . . . . . . . . . . . . . .  . . . .  1. fuel oil. , , [ I  [ I  11 
2” elec taicity. 11 El 1 1  
3. natural gas. [ I  [ I  1 1  
4. property tax. [ I  [ I  11 
5. insurance (house or renter’s). . . . . .  [ ] [ I  [ I  
6. water. , [ I  [ I  [ I  
7. garbage. [ I  1 1  [ I  
8. 0 t h  (specify). .............. -__- [ 1 [ I  [ I  

. . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  



103 

D. Conditioned Living Space 

My next question is about the number of dflerent types of rooms in your home. 
Remember that when I ask aboiit last winter b@ore weatherization, I meun October, 
November, and December of 1990. When I ask about last winter after 
weatherization, I meun February, March, and April of 1991. Weatherization work 
was done to your home on (READ DATES FROM QUESTION A4). 

INTERVIEWER INSTRUCT IONS: 

For one-bedroom efficiency or studio apartment, record "0 bedrooms" and number of 
bathrooms and other rooms. 

Full Bathroom -- sink with running water and flush toilet and bathtub or shower. 

[E-lalf Bathroom -- toilet or bathtub or shower 

D1. 

D2. 

D2a. 

D2b. 

How many of each of the following rooms does this home have? (ASK EACH ITEM 
AND RECORD N W E R  FOR EACH.)" 

I D1 - D2A - D2B 

Number last winter last winter 
Total Number heated Number heated 

befoE weatherization after weatherization 

Bedrooms?. . . . . . . . . . . . . .  
. . . . . . . . . .  Full bathrooms?. - 

Half bathrooms?. . . . . . . . . .  
All other rooms:. . . . . . . . . . .  

(Do not count laundry rooms, foyers 
or unfinished storage space. 
Only count porches if they arc 
enclosed and used year-round) 

(FOR EACH TYPE OF ROOM THE RESPONDENT HAS IN THJ3 HOME, ASK 
D2A, THEN D2B. A HEATED ROOM IS ONE THAT IS WARM ENOUGH TO 
BE USED.) 

Of the (READ NUMBER OF ROOMS AND TYPE OF ROOM), how many were heated 
last winter before weatherization (RECORD ABOVE ON COLUMN D2A.) 

And how many (READ TYPE OF ROOM) were heated last winter after 
weatherization? (RECORD ABOVE ON COLUMN D2B.) 
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E. Thermostat Management 

I would now like to ask you some questions about rhe temperature at which you 
kept your home. 

INTERVIEWER INSTRUCTIONS: 

Remember, we are ineercsted in the respondent’s perceptions. Ask the respondent for 
their opinion; avoid cliecking the themostat for the actual settings, 

If respondent keeps different sections of the home at different temperatures, we want to 
know the temperature in the part of the house where the people are. If, for example, the 
heat i s  hirned off upstairs during the day because the family is downstairs, we want the 
downstairs temperature. 

We would like io h o w  the actual temperature of the home. If the respondent doesn’t 
know the temperature, but does know the thermostat setting, record the thermostat 
setting. Otherwise. urobe for best estimate. 

E 1 a. Last winter before weatherization, did you keep your home at the same 
temperature at all times of the day, or did you change the temperatme? 

[ ] Kept home at same temperature (ASK QUES’I’ION ElB) 
[ ] Changed the temperature (GO TO QUESTION E1C) 

IF E F T  HOME A?’ SAME TEMFTRAWFE ON QUESTION ElA, ASK: 

Degrees Fahrenheit : 
[ ] IEAT TURNED OW 

I (GO TO QUESTION E2A) 

IF CHANGED THE TEMPERATURE ON QUESTION ElA, ASK: 

Degrees Fahrenheit: . .. . .... 
[ ] HEAT TURNED OFF 

Eld.  Before weatherization, at what temperature did you usually keep your home 
during the day when no one was at home?* 

Degrees Fahrenheit: 
[ ] HEAT TURNED OFF 

Ele. Before weatherization, at what temperature did you usually keep your home 
during sleeping hours? * 

Degrees Fahrenheit: ...-...... 

[ ] =AT TURNED OFF 
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‘E2c. After weatherization, at what temperature did you usually keep your home during 
the day when someone was at home?* 

(ASK EVERYONE:) 

E2a. Last winter after weatherization, did you keep your home at the same 
temperature at all times of the day, or did you change the temperature? 

[ ] Kept home at same temperature (ASK QUESTION E2B) 
[ 1 Changed the temperature (GO TO QUESTION E2C) 

IF KEPT HOME AT SAME TEMPERATURE ON QUESTION E2A, ASK: 
1E2b. After weatherization, at what temperature did YOU usually keep your home? 

Degrees Fahrenheit: 
[ ] ELEAT TURNED OFF 

I (GO TO SECTION F) 

E2d. After weatherization, at what temperature did you usually keep your home during 
the day when no one was at home?* 

Degrees Fahrenheit: 
[ ] WEAT TURNED 6FF 

E2e. After weatherization, at what temperature did YOU usually keep your home 
during sleeping hours? * 

Degrees Fahrenheit: 
[ ] HEAT TURNED OFF 
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E‘. Events Affecting Energy Use 

The next questions are about events which may have afSected your energy use last 
winter. (REMIND RESPONDENT IF NECESSARY): Remember that when I ask about 
last winter hefore weatherization, I mean October, November, and December of 
1990. When I ask about last wiater after weatherization, I mean February, March, 
and April of 1991. Weatherizazion work was done to your home 011 (READ DATES 
FROM QUESTiOw A4). 

F1 a. Last winter be re your home was weatherized, was there ever a time when you 
wanted to use your fuel-oil heating system, but could not, for one or more of the 
following reasons? 

Yes NQ 
Your heating system was broken? . . . . . . . . [ 3 [ I  

You rail out of fuel oil?. . . . . . . . . . . . . . . [ I  1 1  

The utility company discontinued. . . . . . . . [ I  11 
your electric service? 

E “YES” TO taNY PART OF QUESTION FIA, ASK: 

times were there? 

Flc. Altogether, how many hours or days were you without heat? 

Total hours without heat: 

OR 

Total days without heat: ... 
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F2a. Last winter after your home was weatherized was there ever a time when you 
wanted to use your fuel-oil heating system, but could not, for one or more of the 
following reasons? 

Yes No 
Your heating system was broken? . . . . . . . . [ I  

You ran out of fuel oil?. . . . . . . . . . . . . . . [ 1 

[ I  

[ I  

The utility company discontinued. . . . . . . . [ I  [ I  
your electric service? 

IF “YES” TO ANY PART OF QUESTION F2A, ASK: 
F2b. Thinking about these times that you went without heat, last winter after 

weatherization, how many warate times were there? 

Total times: 

F2c. Altogether, how many hours or days were you without heat? 

Total hours without heat: 

OR 

Total days without heat: 
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F3. Except for the weatherization of your home on (READ DATES FKOM 
QUESTION A4), was any home repair or major house renovation that would affect 
energy use done on your home by yourself or other organization between 
November 1990 and April 1991? 

[ 1 Yes 
[ 1 No 
[ ] DON'T KNOW 

(GO TO QUESTION F6) 
(GO rKl QUESTION F6) 

IF YES ON QUESTION F3, ASK: 
the home repair or renovation. (RECORD VERBATIM BELOW.) 

MONTH 

(1) .................... ............. 

................._._I .................... 

FS. In which month was the work done? (KECORD TJNDEW COLUMN FOR MONTH 
ABOVE.) 



Now I’m going to ask you to describe tlre number of people in your home during 
the I990 Thanksgiving holiday period and the C h r i s m  holiday period compared 
to the rest of the winter. By number of people in your hone 1 am referring to 
overnight visiting not visiting for meals or parties. 

F6. Please look at Exhibit F6, First, how did the number of people in your home 
during the 1990 Thanksgiving holiday and weekend compare to other parts of the 
winter? (PROBE IF NEEDED: By number of people in your home I am referring to 
overnight visiting no€ visiting for meals or parties.) 

[ ] Fewer people than other parts of the winter 
[ ] A b u t  the same number of people as other parts of the winter 
[ ] More people than other parts of the winter 
[ ] DON’T KNOWDON’T REMEMBER 

F7. Please look at Exhibit F6 again. And how did the number of people in your home 
during the 1990 Christmas holiday through New Year’s compare to the other parts 
of the winter? (PROBE IF NEEDED: By number of people in your home I am 
referring to overnight visiting not visiting for meals or parties.) 

[ ] Fewer people than other parts of the winter 
[ ] About the same number of people as other parts of the winter 
[ ] More people than other parts of the winter 
[ ] DON’T KNOW/DQN’T REMEMBER 
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G. Impacts on Health, S feb y , C o 111 fs r t , A f fo I- da b i 1 it y 

M y  next questions ask for your opinion about how weatherization afiecied the 
health, safety, comfort, and value of your home. 

G l a .  Please look at Scale G1. Using a scale of 1 to 7, where 1 is too cold, 4 is 
comfortable, and 7 is too hot, how would you rate the temperature in your home 
last winter before weatherization? 

BEFQRE 
1 2 3 4 5 6 4 8 

too cold cormfomble too hot DON'T 
EMEMRER 

Heating system problem 
Landlord controls the temperature 
DiPfcrence of opinion in household 
Fuel shortage 
High cost of fuel 
Construction problem, such as broken windows, or hales in walls 
Other (please spcifyL....-.....-- ..... 

G IC.  Using the same scale (REPEAT SCALE IF NECESSARY) how would you rate the 
temperature in your home last winter after weatherization? 

AFTE3 

too cold comfortable too hot DON'T 
1 2 3 4 5 6 7 8 

REMEMBER 

IF 1-3 OR 5-7 ON QUESTION GIC, ASK: 

] Heating system problem 
] 12andlord controls the temperature 
] Difference of opinion in household 
] Fuel shortage 
] High cost of fuel 
] Construction problem such as broken windows, or holes in walls 
] Other @lease specify) . . . . -.. .. .I___ 

[ ] NOT SURE 
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G 2 .  Please look at Scale G2. Using a scale of 1 to 7, where 1 is very drafty, 4 is 
somewhat drafty, and 7 is not at aU drafty, how would you rate the draftiness of 
your home last winter before weatherization? 

BEFORE 
1 2 3 4 5 6 7 8 

very drafty somewhat drafty notatall DON’T 
drafty REMEMBER 

Using the same scale (REPEAT SCALE IF NECESSARY), how would you rate the 
draftiness in your home last winter after weatherization? 

AFIER 
1 2 3 4 5 6 7 8 

very drafty somewhat drafty not a t d l  DON’T 

G3. Please look at Scale G3, Using a scale of 1 to 7, where 1 is very poor, 4 is 
acceptable, and 7 is very healthy, how would you rate the health of househald 
members last winter before weatherization? By health I mean illnesses such as 
colds, flus, allergies, frequent headaches, frequent nausea, or arthritis. 

drafty REMEMBER 

BEFOFE 
1 2 3 4 5 6 7 8 

very poor acceptable very healthy DON’T 
REMEMBER 

Using the same scale (REPEAT SCALE IS NECESSARY), how would you rate the 
health of household members last winter after weatherization? 

AFTER 
1 2 3 4 5 6 7 8 

very poor acceptable veryhedthy DON’T 
REMEMBER 

G4. Please look at Scale G4. Using a scale of 1 to 7, where 1 is very unsafe, 4 is 
acceptable, and 7 is very safe, how would you rate the safety of your home last 
winter before weatherization? By safety, I mean absence of hazards. Some 
examples of hazards in the home are faulty electrical, heating, or plumbing systems; 
combustible materials or other fue hazards; unstable porches or broken doors; or 
the absence of safety precautions such as bolt locks or smoke detectors. 

BEFORE 
- 1  2 3 4 5 6 7 8 

very unsafe acceptable verysafe DON’T 
REMEMBER 

Using the same scale (REPEAT SCALE IF NECESSARY), how would you rate the 
safety of your home last winter after weatherization? 

AJTER 
1 2 3 4 5 6 7 8 

very unsafe acceptable very safe DON’T 
REbEMBER 
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GS.  Please look at Scale G5. Using a scale of 1 to 7, where 1 is very expensive, 4 is 
acceptable, and 7 is very hexpensive, how would you rate the cost of your heating 
bills last winter before weatherization? 

BEFORE 
1 2 3 4 5 6 7 8 

very expensive acceptable very DON'T 
- inexpensive REMEMBER 

Using the same scale (REPEAT SCALE TI; NECESSARY), how would you rate the 
cost of your heating bills last winter after weatherization? 

AFTER 
1 2 3 4 5 6 7 8 

very expensive acceptable vefY DON'T 
- inexpensive REMEMBER 

G4. Please look at Scale G6. Using a scale of 1 to 7, where 1 is very much lower, 4 is 
about the same, and 7 is very much higher, how would you rate the property value 
of your home after weatherization as compared to before weatherization? By 
property value, T mean the dollar value of the home if sold. 

1 2 3 4 5 6 7 8 
very much about the same very much DON'T 
lower higher REMEMBER 

END 
On behalf 011 the U.S. Department of Energy, I would like to thank you for your time and 
patience today. The information that you have shared with us will be helpful in our study. 

"These items are modified versions of questions taken from the 1990 Residential Energy 
Consumption Suwey (RECS) conducted by the Energy Information Administration. 

INTERVIEWER INSTRUCTIONS: 1 
I Check to make sure each question has been answered and that verbatim responses are clear I and lepible. 
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version 18C 
5/10/9 1 

Interviewer 

Date of Interview 

Time Started 

FUEL-OIL STUDY OCCUPANT QUESTIONNAIRE 
CONTROL HOME 

A. Identification 

INTERVIEWER INSTRUCTIONS: 

Complete Questions A1 and A2 using data from the information sheet before starting the 
interview. 

AI .  Household Identifier 

A2. Name of WAP Applicant 

SCREENER: 

ASK TO SPEAK TO THE APPLICANT NAMED IN QUESTION A2. IF AVAILABLE, READ THE 
FOLLOWING AND GO TO QUESTJON A3. 

Your home will be weatherized soon as a participant in the Weatherization 
Assistance Program. We would like to conduct an interview to learn more about 
your energy use. 

IF THE APPLICANT NAMED IN QUESTION A2 IS NOT AVAILABLE, READ THE. FOLLOWING 
AND THEN ASK QUESTION 1: 

Your home will be weatherized soon as a participant in the Weatherization 
Assistance Program. We would like to conduct an interview to learn more about 
your energy use. 
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1. I’d like to speak to a person over eighteen years of age who is knowledgeable about 
paying the energy bills. Is that person available? (LN OKDER TO QUALIFY, THE 
RESPBNDENT DOES NOT HAVE TO PAY ‘PHIE CI.IECK. AS LONG AS 
RESPONDENT IS KNOWLEDGEABLE A4ROIJT THE ENERGY IJSE AND/OR BLLS ~ HE 
OR SHE QUALIFIES.) 

1. YES, TAHE PERSON YOU ARE SPEAKING 
TO IS TEE RESPONDENT. . . . . . . . . . . . . . . . CONTINUE \WTH QUESTION 

A3. 

2. YES, RESPONDENT IS ANOTHER PERSON.. . ONCE A RESPONDENT IS 
PIESENT, R E W  TO THE 
TNTRODUCTJON AND 
COhlFRM THAT TEE 
RESPONDENT IS OVER 18 AND 
IS KNOWLEWEAl3I.E ABOUT 
PAYING THE ENERGY BILLS. 
E THE RESPONDENT 
QUALIFIES, CONTINE WITH 
QUESTION A3. 

3. NO, RESPOhQENT IS NOT AVAILABLE. . . . . . (NAMES: --) 
IDENTIFY NAMES OF 
SEVERAL PEOPLE, WHO 
MIGHT BE SUITABLE 
msmmmm. INFORM THE 
CURRENT RESPONDENT m r  

INTERVIEW OVER rm 
WE WILL CONDUCT WE 

TELEPHONE AT A LATER 
DATE. LEAVE A COPY OF 
‘ITE EXHIBITS AT THE HOUSE. 
DO NOT PROCEED WITH THE 
INTERVIEW. 

INTERVIEWER INSTRUCTIONS: 

IF RESPONDENT NEEDS LNFO: The survey is a past of the Weatherization Assistance 
Program. The survey is required of every participant in the Fuel Oil Study. 

IF RESPOh9ENT IS HESITANT: Your answers to these questions will provide valuable 
information to the Department of Energy. The interview will take approximately 30 
minutes. 

A3. Name of respondent s_ 

Relation to WAP contact ^.__I._____ 

[ ] RESPONDENT IS S A M E  AS WAP CONTACT 
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A3a. Has any weatherization work been done to your home by the Weatherization 
Assistance program before April 1991? 

[ ] No (GO TO QUESTION A4) 
[ 1 Yes (PROBE AND INSPECT HOME, IFWEATHEREED BY WAF', SWITCH TO 

WEATHERIZED HOME QUESTIONNAIRE.) 
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If respondent has trouble remembering the b t e s  in Questions A4, A5, and A6, probe for: 

Season 
Major life event 
Major news story or political event happening at that time 

A4. In what year was this home built? Just your estimate.* 

[ ] Before 1900 [ 3 1940- 1949 
[ 3 1900-1909 [ I  1950-1959 
[ 3 1910-1919 [ 3 1960- 1969 
[ 3 1920-1929 [ I  1970-1979 
[ I  1930-1939 [ I  1980-1984 

A5. In what year did your family move into this home?* 

[ 3 Before 1900 
[ I  1900-1909 
[ I  1910-1919 
[ I  1920-1929 
[ I  1930-1939 

1940- 1 949 
1950-1959 
1950-1969 
1970-1979 
1984)- 1984 

[ I  1985 
[ I  1986 
[ I  1987 
[I 1988 
[I 1989 
[ 3 1990 

[ I  1985 
[ I  1986 
[ I  1987 
[ I  1988 
[ I  1989 
[ I  1990 

___. 
IF "1989" OK LATER ON QLESTION A5, ASK: 

F I n  which month did you move in?" 

[ 3 January 
[ 3 February 
[ 3 March 
[ 1 April 

[ 1 May 

[ 1 July 
[ 3 August 

[ 3 June 
[ 3 September 
[ 3 October 
[ 3 hiovember 
[ 3 December 
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'B3. Going back to your main heating fuel used last winter before January 1991 -- 
(FUEI, FROM QUESTION B 1) -- did this fuel provide all or almost all of the heat for 
your home, about three-fourths, or closer to half of the heat for your home?* 

B. Major Heating Fuel 

Next, I will ask some questions about the fuels you used to heat your home last 
winter before January 1991 and afrer January 1991. Throughout the survey, when 
I ask about last winter before January 1991, I mean October, November, and 
December of 1990. When I ask abour last winter afier January 1991, I mean 
February, March, and April of 1991. We are asking about these rime frames 
because other houses being studied were weatherized in January 1991. 

INTERVIEWER INSTRU CTIO NS: 

If two or more heating fuels are used, the main heating fuel is the one that provides 
most of the heat for the home. The main heating fuel may not necessarily be the one 
used for the central heating svstem. 

(HAND RESPONDENT EXHIBIT BOOKLET) 

B 1, Please look at Exhibit B 1. What was the one main heating fuel used for 
heating YOU home last winter before January 1991?* 

B1 B2 
Main Fuel (Mark all other 

(Mark onlv one) fuels that auplA 
Gas from underground pipes . . . . . . . . . .  serving the neighborhood. [ I  c1 
Bottled gas (LPG or Propane). ....... [ 1 [ I  
Fuel oil. [ I  [ I  
Kerosene or coal oil. [ I  [ I  
Electricity. [ ] [ I  
Coal or coke, f ] [ I  
w o o d . . . . . . . . . . . . . . . . . . . . . . . .  [ I  [ I  
Solar collectors. [ 3 I 1  
0 ther ( spec i fy )  [ I  [ I  
NO FUELS USED. r i  [ I  
DON'T KNOW. [ ] [ I  

...................... 
. . . . . . . . . . . . . .  .................... . . . . . . . . . . . . . . . . . . .  

................. 
. . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  

B2. Please look at Exhibit B1 again. You mentioned that your main heating fuel 
used last winter before January 199 1 was (FUEL FROM QUESTION B 1). What 
other fuels were used to heat your home last winter before January 1991 -- 
including those used to provide heat just occasionally? Don't forget to include fuels 
that ran portable heaters if you used them. (MARK ALL THAT APPLY IN COLUMN 
B2. IF NONE, MARK "NO FUELS USED)" 
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Now, I will ask similar qmta’ons aboub the fuels you used last winrer afber January 
1991. 

B 4 .  Please look at Exhibit €31 again. What was the one main heating fuel used for 
heating your home last winter after January 1991?* 

B4 B5 
Main Fuel (Mark all other 

[Mark only one) fuels that apply) 
Gas from underground pipes 
serving the neighborbod. . . . . . . . . . .  [ I  [ I  
Bottled gas (LPG or Propane). [ 3 [ I  
Fuel oil. [ I  [ I  
Kerosene or coal oil. [ I  [ I  
Electricity [ I  [ I  
Coal or coke. [ I  [ I  
Wood. [ I  [ I  
Solar collectors. [ 3 [ I  
Other (specify) - [ I  [ I  
NO FUELS USED.. [ I  [ I  
DON’T KNOW. [ I  [ I  

. . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

€35. Please look at Exhibit €31 again. You mentioned that your main heating fuel 
used last winter after January 1991, was (FLJEL. FROM QUESTION B4). What 
other fuels were used to k a t  your home last wintcr after January 1991 -- including 
those used to provide heat just occasionally? Don’t forget to include fuels that ran 
portable heaters if you used them. (NARK ALL THAT APPLY IN COZXMN B5. IF 
NONE, MARK “NO FUELS USED”)” 

[ 3 All or almost all (95% or more) 

[ ] Closer to half (66% a less) 
[ 3 DON’T KXTOW/REMEMBER 

[ ] About thrw-fourths (67-94%) 
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*B8. Please turn to Exhibit B8. Please tell me how often you used the following to 
help heat your home last winter after January 199 1 as compared to last winter 
before January 1991. Did you use it less, about the same, or more after 
January 1991 as compared to before January 1991? (CIRCLE ONENUMBERIN 
EACH LINE ASKED.) 

B7a. Please look at Exhibit B7. Last winter before January 1991, did you use any of 
the following to help heat your home? (CHECK AS MANY AS W E E  USED.) 

(B7a) (B7b) 
BEFORE i3EEB 

[ ] Wood/coal stove. [ I  
[ 3 Fireplace. [ I  
[ 3 Cooking stove/range/oven. C l  
[ ] Non-portable room heater burning gas, oil, or kerosene. . . . . .  [ 3 
[ J Portable kerosene heater. [ I  
[ 3 Non-portable electric heater [ I  
[ 1 Electric portable heater (cord-connected). [ I  
[ 3 Other (specify): * . a  [ I  
[ ] N O  NE....................................... [ I  

............................... 
.................................... . . . . . . . . . . . . . . . . . . . . . . . . .  

.......................... 
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  

B7b. Please look at Exhibit €37 again. Last winter after January 1991, did you use any 
of the following to help heat your home? (CHECK AS M A N Y  AS WERE USED IN 
COLUMN B7b.) 

INTERVIEWER INSTRUCTIONS: 

Confirm that responses to B7a do not contradict responses to B 1 and B2. Confm that 
responses to B7b do not contradict responses to B4 and B5. Probe the respondent if the 
responses contradict. 

1. 
2. 
3. 
4. 

5. 
6. 
7. 

8. 

Used Less 
After 

1 Wood/coal stove 
Fireplace 1 
Cooking s tove/range/oven 1 
Non-portable room heater 1 
burning gas, oil, or kerosene 

Portable kerosene heater 1 
Non-portable electric heater 1 
Electric portable heater 1 
(cord-connected) 

Other ( 1 1  

Used About 
The Same 

2 
2 
2 
2 

2 
2 
2 

2 

Used More 
- After 

3 
3 
3 
3 

3 
3 
3 

3 
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C. Demographics 

Now I have some quesrions &OM the people who live here and about your homing 
costs. 

C 1 Please tell me how many people living in your home last winter before 
January 1991 were . . . (READ EACH ITEM). 

Under the age of 5 

Between 5 and 17 years old 

- 
-... . .. . 

Between 18 and 64 years old 

65 years old or older 

TALLY -- so that is (READ NUMBER) in total? -. .. ___. 
ENTER CORRECT TOTAL HERE 

C2. You have told me that there were (READ TOTAL NUMBER FROM QUESTION Cl )  
people living in your home last winter before January 1991. How many people 
were living in your home last winter after January 1991? 

NUMBER OF RESIDENTS 

[ ] SAME NUMBER AFTER JANUARY 1991 AS BEFORE JANUARY 1991 

C3. Were any of the people living in your home last winter before January 1991 
handicapped? By handicapped, I mean a permanent condition. I do not mean a 
temporay condition, such as a short-term illness. (EYEGLASSES ARE NOT 
CONSIDERED A HANDICAP). (IF YES, ASK HOW MANY.)  

____I_ 

NUMBER HANDICAPPED 
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C4. Do you or members of your household own your home, or rent?* 

[ J Own (buying) 
r 1 Rent 
[ j Occupied without payment of rent (SKIP TO SECTION D) 

FROM QUESTION C4, IF HOUSEHOLD OWNS OR PAYS RIENT, ASK: 
C5. Please tell me which category best descriks the monthly rent or mortgage 

payment the household pays for your home. Is i t .  . .? Stop me when I reach the 
category. (Em CATEGORIES.) 

less than $200 per month 
$201 - 300 per month 
$301 - 400 per month 
$401 - 500 per month 
$501 - 600 per month 
$601 - 700 per month 
$701 - 800 per month 
$801 - 900 per month 
more than $900 Der month 
OWNED, M O R ~ G A G E  PAID OFF (SKIP TO SECTION D) 
DON’T KNOW 

Yes No DON’T 
KNOW . . . . . . . . . . . . . . . . . . . .  [ I  [ I  [ I  

2. electricity. [ I  [ I  [ I  
3. natural gas. .  11 [ I  11 

11 [ I  [ I  
5.  insurance (house or renter’s). [ I  [ I  

[ J  [ I  
7. garbage. [ I  El [ I  

--. [ I  f l  [ I  

1. fuel oil.. 
. . . . . . . . . . . . . . . . . .  

. . . . . . .  . . . . . . .  .:. 
. . . . . . . . . . . . . . . .  4. property tax. .  

[ J 
6.  water. [ ]  

8. other (specify): 

. . . . .  
..................... .................... 

I 
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D. Conditioned Living Space 

M y  next question is about the number of di8eerenr types of room in your home. 
Remember that when I ask about last winter before Janiury 1991, I mean October, 
November, and December of 1990. When I ask about last winXer afrer January 
1991, I mean February, March, and April of 1991. 

1 INTERVIEWER INSTRUCTIONS: 

For one-bedroom efficiency or studio apartment, record "0 bedrooms" and number of 
bathrooms and other rooms. 

Full Bathroom -- sink with running water and flush toilet and bathtub or shower. 

D1. 

D2. 

D2a. 

D2b. 

How many of each of the following rooms does this home have? (ASK EACH ITEM 
AND RECORD N'UMBER FOR EACH.)* 

D1 - D2A 
Total Number h d  Number heated 
_. 

Number last winter last winter 
before January 1991 after January 1991 

Bedrooms?. . . . . . . . . . . . . .  ....... 

Full bathrooms?. . . . . . . . . . .  ._.. __ 

. . . . . . . . .  Half bathrooms?. -I__ 

All other rooms:. . . . . . . . . . .  
(Do not count laundry rooms, foyers 
or unfinished storage space. 
Only count porches if they are 
enclosed and used year-round) 

FOR EACH TYPE OF ROOM THE RESPONDENT HAS IN THE HOME., ASK 
D2A, THEN D2B. A HEATED ROOM IS Oh% THAT IS WARii  ENOUGH TO 
BE USED.) 

Of the (READ NUMBER OF ROOMS AND TYPE OF ROOM), how many were heated 
last winter before January 1991 (RECORD ABOVE ON COLL?rfiT D2A.) 

And how many (READ TYPE OF ROOM) were heated last winter after 
January 1991? (ECORD ABOVE ON COLUMN D2B.) 
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E. Thermostat Management 

* INTERVIEWER INSTRUCTIONS: 

Remember, we are interested in the respondent’s perceptions. Ask the respondent for 
their opinion; avoid checking the thermostat for the actual settings. 

If respondent keeps different sections of the home at different temperatures, we want to 
know the temperature in the part of the house where the people are. If, for example, the 
heat is turned off upstairs during the day because the family is downstairs, we want the 
downstairs temperature. 

We would like to know the actual temperature of the home. If the respondent doesn’t 
know the temperature, but does know the thermostat setting, record the thermostat 
setting. Otherwise, probe for best estimate. 

Ela. Last winter before January 1991, did you keep your home at the same 
temperature at all times of the day, or did you change the temperature? 

[ ] Kept home at same temperature (ASK QUESTION E1B) 
[ ] Changed the temperature (GO TO QUIESTION ElC) 

IF KEPT HOME AT SAME TEMPERATURE ON QUESTION ElA, ASK: 
Elb .  Before January 1991, at what temperature did you usually keep your home? 

Degrees Fahrenheit: 
[ 3 WEATTURNED OFF 

I (GO TO QuESTION E2A) 

IF CHANGED THE TEMPERATURE ON QUESTION ElA, ASK: 
Elc. Before January 1991, at what temperature did you usually keep your home 

during the day when someone was at home?* 

Degrees Fahrenheit: 
[ 3 HEAT TURNED OFF 

Eld. Before January 1991, at what temperature did you usually keep your home 
during the day when no one was at home?* 

Degrees Fahrenheit: I [IHEATTURNEDOFF 

Ele. Before January 1991, at what temperature did you usually keep your home 
during sleeping hours?* 

Degrees Fahrenheit: 
[ ] HEAT TURNED OFF 
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(ASK EVERYONE:) 

E2a. Last winter after January 1991, did you keep your home at the same 
temperanire at all times of the day, or did you change the temperature? 

[ ] Kept home at same temperawe (ASK QUESTION E2B) 
[ 3 Changed the temperature (GO TO QUESmON E2C) 

IF KEPT HOME AT SAhE TEMPERATURE ON QUESTION E2A, ASK: 
E2b. After January 1991, at what temperature did you usually keep you  home? 

Degrees Fahrenheit: 
[ ] E A T  TURNED OFF 

IF CHANGED TWE TEMPERATURE ON QUESTION E2A, ASK: 
rE2c. After January 1991, at what temperatme did you usually keep your home during 

I the day wheh someone was a i  home?* 

Degrees Fahenheit: 
I [ 3 HEAT TURNED OFF' 

E2d. After January 1991, at what temperature did you usually keep your home during 
the day when no one was at home?* 

Degrees Fahhrenheit: 
[ 3 HEAT TUFWED OFF 

E2e. After January 199 1 ,  at what temperature did you usually keep your home 
during slecpin 

Degrees Fahrenheit: 
[ 3 E A T  TURhrED OFF 
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F. Events Affecting Energy Use 

The ne.xt questions are about events which may have afected your energy use last 
winter. (REMIND RESPONDENT IF NECESSARY): Remember that when 1 ask about 
last winter before January 1991, I mean October, November, and December of 
1990. When I ask about last winter after January 1991, I mean February, March, 
and April of 1991. 

Fla. Last winter before January 1991, was there ever a rime when you wanted to use 
your fuel-oil heating system, but could not, for one or more of the following 
reasons? 

Yes No 
Your heating system was broken?. . . . . . . . [ ] [ I  

You ran out of fuel oil?. . . . . . . . . . . . . . . [ ] [ I  

The utility company discontinued. . . . . . . . [ ] 11 
your electric service? 

IF “YES” TO ANY PART OF QUESTION FlA, ASK: 
F 1 b. Thinking about these times that your went without heat, last winter before January 

1991, how many seuarate times were there? 

Total times : 

Flc. Altogether, how many hours or days were you without heat? 

Total hours without heat: 

OR 

Total days without heat: 



F2a. Last winter after January 1991, was there ever a time when you wanted to use your 
fuel-oil heating system, but could not, for one or more of the following reasons? 

Yes No 
Your heating system was broken?. . . . . . . .  [ ] [ I  

. . . . . . . . . . . . . .  You ran out of fuel oil?. [ ] [ I  

The utility company discontinued. . . . . . . .  [ I  [ I  
your electric service? 

IF “YES” TO ANY PART OF QUESTION F2A, ASK: 
F2b. Thinlcing about these times that your went without heat, last winter after January 

1991, how many semratG times were there? 

Totaltimes: ~ 

F2c. Altogether, how many hours or days were you without hear? 

Total hours without heat: _ _ _  ..... 

QR 

I Tom1 days without heat: 
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F3. Was any home repair or major house renovation that would affect energy use done 
on your home by yourself or other organization between November 1990 and April 
1991? 

[ 1 Yes 
I 1  No 
[ ] DON’T KNOW 

(GO TO QuESTION F6) 
(GO TO QuESTION F6) 

IF YES ON QUESTION F3, ASK: 
F4. Please describe the home repair or renovation. (RECORD VERBATIM BELOW.) 

F5. In which month was the work done? (RECORD UNDER COLUMN FOR MONTH 
ABOVE.) 
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Now I’m going to ask you to describe the number of people in your home during 
the I990 Thanksgiving holiday period and the Clvistmas holiday period compared 
to the rest of the winter. By number of people in your home I am referring to 
overnight visiting not visiting for  meals or parties. 

F6. Please look at Exhibit F6. First, how did the number of people in your home 
during the 1990 Thanksgiving holiday and weekend compare to other parts of the 
winter’, (PROBE IF NEEDED: By number of people in your home I am refening to 
overnight visiting not visiting for meals or parties.) 

[ ] Fewer people than other parts of the winter 
[ ] About the same number of people as other parts of the winter 
[ 3 More people than other parts of the winter 
[ ] DON’T KNOW/DON’T REMEMBER 

F7. Please look at Exhibit F6 again. And how did the number of people in your home 
during the 1990 Christmas holiday through New Year’s compare to the other parts 
of the winter? (PROBE IF NEEDED: By number of people in your home 1 am 
refemng to overnight visiting not visiting for meals or parties.) 

[ ] Fewer people than orher parts of the winter 
[ 3 About the same number of people as other parts of the winter 
[ 3 More people than other parts of the winter 
[ ] DON’T KNOW/DON’T REMEMBER 
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G.  Impacts on Health, Safety, Comfort, Affordability 

My next questions ask for your opinion about the health, safety, comfort, and value 
of your home. 

Gla. Please look at Scale G1. Using a scale of 1 to 7, where 1 is too cold, 4 is 
comfortable, and 7 is too hot, how would you rate the temperature in your home 
last winter before January 1991? 

BEFORE 
1 2 3 4 5 6 7 8 

too cold comfortable too hot DON'T 
REMEMBER 

IF 1-3 OR 5-7 ON QUESTION GlA, ASK: 
>1 b. Why couldn't you keep your home the temperature you preferred last winter 

before January 1991? (DO NOT READ ANSWER CATEGORIES.) (CHECK ALL 
THAT APPLY .)* 

] Heating system problem 
J Landlord controls the temperature 
3 Difference of opinion in household 
] Fuel shortage 
]I High cost of fuel 
] Construction problem, such as broken windows, or holes in walls 
] Other (please specify) 

Slc. 

[ 3 NOT SURE 

Using the same scale (REPEAT SCALE IF NECESSARY) how would you rate the 
temperature in your home last winter after January 1991? 

AJ3ER 
1 2 3 4 5 6 7 8 

too cold comfortable too hot DON'T 
REMEMBER 

APPLY .) * 
[ ] Heating system problem 
[ ] Landlord controls the temperature 
[ J Difference of opinion in household 
[ 1 Fuel shortage 
[ ] High cost of fuel 
[ J Construction problem such as broken windows, or holes in walls 
[ ] Other @lease specify) 

[ ] NOT SURE 

IF 1-3 OR 5-7 ON QUESTION GlC, ASK: 
Gld.  Why couldn't you keep your home the temperature you preferred last winter after 

January 1991? (DO NOT READ ANSWER CATEGORIES.) (CHECK ALL THAT 
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G2. Please look at Scale G2. Using a scale of 1 to 7, where 1 is very drafty, 4 is 
somewhat drafty, and 7 is not at all drafty, how would you rate the draftiness of 
your home last winter before January 1991? 

BEFORE 
1 2 3 4 5 6 7 8 

very drafty somewhat drafty notat all ]DON’T 
drafty REMEMBER 

Using the same scale (REPEAT SCALE IF NECESSARY), how would you rate the 
draftiness in your home last winter after January 1991? 

AFTER 
1 2 3 4 5 6 7 8 

very drafty somewhat drafty not at all DON’T 
drafty REMEMBER 

G 3 .  Please look at Scale G3. Using a scale of 1 to 7, where 1 is very poor, 4 is 
acceptable, and 7 is very healthy, how would you rate the health of household 
members last winter before January 1991? By health I mean illnesses such as 
colds, flus, allergies, frequent headaches, frequent nausea, or arthritis. 

BEFORE 
1 2 3 4 5 6 7 8 

very poor acceptable very healthy DON’T 
REhEMBER 

Using the same scale (REPEAT SCALE IS NECESSARY), how would you rate the 
health of household members last winter after January 1991? 

AFTER 
1 2 3 4 5 6 7 8 

very poor acceptable very healthy DON’T 
REMEMBER 

G4.  Please look at Scale G4. Using a scale of 1 to 7, where 1 is very unsafe, 4 is 
acceptable, and 7 is very safe, how would you rate the safety of your home last 
winter before January 1991? By safety, I mean absence of hazards. Some 
examples of hazards in the home are faulty electrical, heating, or plumbing systems; 
combustible materials or other fire hazards; unstable porches or broken doors; or 
the absence of safety precautions such as bolt locks or smoke detectors. 

BEFORE 
1 2 3 4 5 6 7 8 

very unsafe acceptable very safe DON’T 
REMEMBER 

Using the same scale (REPEAT SCALE IF NECESSARY), how would you rate the 
safety of your home last winter after January 1991? 

AFTER 
1 2 3 4 5 6 7 8 

very unsafe acceptable very safe DONT 
REMEMBER 
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Check to make sure each question has been answered and that verbatim responses are clear 
and legible. - 

G5. Please look at Scale G5. Using a scale of 1 to 7, where 1 is very expensive, 4 is 
acceptable, and 7 is very hexpensive, how would you rate the cost of your heating 
bills last winter before January 1991? 

BEFORE 
1 2 3 4 5 6 7 8 

very expensive acceptable ve?-Y DON'T 
fgexpensive REMEMBER 

Using the same scale (REPEAT SCALE: IF h'ECESSARY), how would you rate the 
cost of your heating bills last winter after January 1991? 

AFTER 
1 2 3 4 5 6 7 8 

very expensive acceptable very DON'T 
- inexpensive REMEMBER 

Please look at Scale G6. Using a scale of 1 to 7, where 1 is very much lower, 4 is 
about the same, and 7 is very much higher, how would you rate the property value 
of your home after January 1991 as compared to before January 1991? By 
property value, I mean the dollar value of the home if sold. 

1 2 3 4 5 6 7 8 

G6.  

very much about the same verymuch DON'T 
lower higher REMEMBER 

END 
On behalf on the U.S. Department of Energy, I would like to thank you for your time and 
patience roclay. The information that you have shared with us will be helpful in our study. 

*These items are m W i e d  versions of questions taken from the 1990 Residential Energy 
Consumption Survey (RECS) conducted by the Energy Information Admhistration. 

NTERVIEWER INSTRUCT10 NS: I 
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APPENDIX G. AIR-LEAKAGE MEASUREMENT "I' PROCEDURE 

Air-leakage measurements will be made in all the houses before and after weatherization 

following this procedure. 
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Version: April 26, 1991 
AIR-LEAKAGE MEASUREMENT TEST PROCEDURE 

The objectives of this procedure are to 

1. provide the necessary measurements to calculate, for single-family houses, thc air flow rate 
with the house depressurized 50Pa below ambient, the equivalent or effective leakage 
area', and air exchange ratc' (if the number of conditioned stories is known); 

2. examine the airtightness of the house as constructed, including all intentional and non- 
intentional openings in the envelope; and 

3. ensure comparability of measurements performed by different contractors using different 
brands of blower doors. 

Although this procedure does not fully comply with ASTh4 Standard E779-872 cspccially 
regarding pressurized measurements, it generally follows the principles contained in the standard. 

PRE-TEST PROCEDURE 

House Preparation 

The house should be prepared for measurement as follows: 

1. Close all fireplace and wood stove dampers, glass doors, and other flue openings. Havc 
occupant extinguish all fires. Remove ashes or place wet cloths or newspapers over cold 
ashes. 

2. Turn off exhaust fans, dryers, space-heating systems, water-heating systems, and gas-stoves. 

3. Close all windows and exterior doors, including doors to garages and other such buffer 
spaces that are not heated. A heated space is defined to be a space with permanent 
space-heating equipment and/or distribution outlets designed to maintain a desired 
temperature in the space. A space (such as a basement) that is heated primarily from 
equipment jacket and/or distribution losses (there is little control over the resulting 
temperature) is not a heated space. 

'Handbook of Fundamentals, American Society of Heating, Refrigerating, and Air 
Conditioning Engineers, 1989. 

*Standard Test Method for Determinin? Air Leakage Rate by Fan Pressurization, The 
American Society for Testing and Materials, 1987. 
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4. Open all interior doors (except for closets) so that all interior heated space is  connected, 
including heated basements (if only portions of the basement are heated, open all doors 
necessary to connect these heated basement areas with other heated areas). If a space 
was designed to  be a heated space but is maintaine by the occupant in an unheated 
condition, the space should still be considered a heated space with one exception: an 
unfinished bascment or other unfinished room with a distribution system that is always 
closed off should not be considered a heated space. 

5.  Record on the Blower-Door Test Data Sheet the exclusionhnclusion of buffer spaces, 
zoned rooms, and basenients in order that the post-weatherization test can be performed 
on the same heated space of the house. 

All equipment should be kept at as close to 70°F as possible while in transit and brought 
into the 1101~s~ immediately upon arrival. Equipment should be set-up as specified below. 

Deploy a thermometer outside away from the door in a shaded area, and one inside in the 
same room as the blower door. 

Zero the gauge to be used to measure air flow through the fan after removing all hoses 
from the gauge so that both pressure taps are exposed to room air. 

Install the fan on an exterior door for depressurizing the house. The chosen door must be 
free of wind interference and obstructions for at least 4 ft upstream of the fan. Install the 
hose measuring the outside pressure out of line of the blower-door fan. Multiple outside 
hoses or pressure equalizing boxes must not be used. Set up the gauges inside the house 
and out of the direct flow of air through the blower-door fan (if a hose is used to measure 
the inside pressure, ensure that it is  out of the direct flow of air as well). Check all hose 
fittings for tightness and trim or tighten as necessary. Connect all hoses. Check for leaks 
around the fan and door. 

The gauge used to measure pressure differencc across the house envelope is zerocd to 
remove the natural pressure difference that may exist between the inside and outside of 
the house due to thermal or wind effects. Cover the fan opening (using the "showcr cap" 
provided by the manufacturer, plugging or taping all holes with the orifice plate on, or 
some other equivalent technique). Zero the gauge. Remove the fan opening cover. Re- 
zero the gauge in this manner each time a new run is started. 

Briefly walk through the house while maintaining a negative pressure difference across the 
house of 20-40 Pa to check for previously undetected operable openings in the envelope 
(Le. open windows, attic hatches, dampers) and other signilicant sources of air leakage. 
Identify on the Blower-Door Test Data Sheet any unusual sources of air leakage. Also, 
look for indications of weak areas (ceilings, windows) that could be damaged with 
increased negative pressures. 

Fstablish a negative pressure difference across the house of 50 Pa for 15 seconds. Do not 
pressurize the house after this step. 
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TESTPROCEDURE. 

Starting the Test 

1. Record the identification number of the blower door so that the same door can be used 
for future tests. 

2. Record the indoor and outdoor temperatures. 

3. Record the average wind speed, maximum wind gust, and location of the wind 
measurement (so that same spot can be used €or future tests). The measuring device 
should be deployed three to five building heights away from buildings and other major 
obstructions and be faced into the wind. Average wind speed should generally not exceed 
10 mph; greater speeds and gusty wind conditions can cause difficulty in obtaining quality 
air-leakage measurements. 

4. Record the local shielding class. 

Pressure Station Measurements 

A test entails making measurements at all pressure stations identified on the Blower-Door 
Test Data Sheet unless the maximum pressure generated by the fan is insufficient. In this case, 
make measurements at as many of the assigned pressure stations as possible. Make measurements 
starting at the lowest pressure station and proceeding in ascending order. 

For blower doors with orifice plates, at least one (and possibly two) changes in orifice 
plates should be expected during any particular test. The number and size of orifice plates used 
must be recorded with each pressure station. 

1. The initial orifice plate should be the smallest allowed by the blower-door manufacturer. 
Using this plate, attempt to make a measurement at the first pressure station. If this is 
not possible, move to the next larger orifice until the measurement can be made. 

As measurements are made at higher pressure stations, change to the next largest orifice 
plate only when it is no longer possible to reach 5 Pa above the desired pressure station. 

2. 

Gauge Reading Procedures 

1. To make a measurement at each pressure station, first raise the house to about 5 Pa 
above thc desired pressure. Then slowlv reduce the pressure until the desired pressure is 
reached. If the pressure is undershot, raise the pressure again to 5 Pa over the desired 
pressure and repeat the process. 

2. Tap the gauges continuously while adjusting the pressure down to the desired station as 
the stored spring energy will cause the gauge needles to jump slightly. 
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3. Set the gauge needle on the indicated pressure stations, within +/- 2 Pa. 

4. Wait 30 seconds for the blower-door readings to stabilize. Record the actual house 
pressure reading, the fan pressure or  flow rate reading, and the orifice configuration on 
the Blower-Door Test Data Sheet. When lining the gauge needle up with the marks on 
the gauge, read the gauge from directly in front to avoid parallax. Always take readings 
off of the gauge with the lowest range possible. For example, when measuring a flow 
pressure of less than 125 Pa, read from a gauge with a range of 0-125 Pa rather than froin 
one with a range of 0-750 Pa. Note the reason €or any alternate pressure station readings. 

Input the data collected at eight of the nine pressure stations into the blower-door 
computer: do not use the 10 Pa data if a 60 Pa reading was made. The test must be repeated if 
the percent crror in the flow data at each pressure station is more than 5%, the correlation 
coefficient is less than 0.99, or  the flow exponent (n) is less than 0.5 or  greater than 1.0. These 
numbers appear on the blower-door tape. Before redoing a test, examine all hoses and fittings 
for leakage and carefully re-zero the gauges as these could be the cause of excessive error. 

1. Record the indoor temperature. 

2. Rcturn ventilation controls, vents, and thermostats to their original settings. Make sure all 
space- and water-heating systems are operating correctly. Make sure all pilot lights are lit. 
Close interior doors to  restore the house to it’s original state. 

3. The printout from each test must be included with the Blower-Door Test Data Sheet. 

4. Extreme care must be taken in recording all data points as tests with unacceptable levels 
of accuracy must be repeated. 
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Version: April 26, 1991 Technician: 
Date: 

BLOWER-DOOR TEST DATA SHEET: l[NFILTEG BLOWFB DOOR 

House ID. Subgrantee name: 
Occupant name: Phone number: 
Occupant address: 

Procedures to prepare house for test: Basement door (closed or open) 

Unusual sources of leakage: 

Test equipment identification number: 

Pressure station 

Goal 

(Pa) (inches 
of water) Actual ,m 

0.10 

40 I 0.16 I 

Notes: 

Orifice 

Local shielding classes 

No obstructions or local shielding 

Light local shielding; few obstruc- 
tions, a few trees, or small shed 

3 

- 
4 

Moderate local shielding; some 
obstructions within two house 
heights, thick hedge, solid fence, or 
one neighboring house 

Heavy shielding; obstructions around 
most of perimeter, building or trees 
within 30 ft  in most directions; 
typical suburban shielding 

5 Very heavy shielding; large obstruc- 
tions surrounding perimeter within 
two house heights; typical downtown 
shielding 
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APPENDDL H. 

SPACE-HEATING SYSTEM STEADYSTATE! EFFLCIENCY 

MEASUREMENTPROCEDURE 

The steady-state efficiency of the space-heating system will be measured in all houses 

before and after wea therizdtion following this procedure. 
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Version: April 11, 1991 
SPACX-EXEATING S Y m M  STEADYSTATE EFFicDENCY 

MEASUREMENT PROCEDURE 

The objectives of this procedure are to 

1. provide the necessary measurements to calculate the steady-state efficiency of residential 
space-heating systems fueled by natural gas or fuel oil; and 

2. ensure comparability of measurements performed by different con tractors using different 
brands of combustion efficiency test equipment. 

This procedure assumes that the combustion efficiency test equipment has been calibrated 
following the manufacturer’s recommendations. The procedure also assumes the use of electronic 
test equipment (the procedure should be followed with modifications made as nccessary if other 
typcs of equipment are used). 

SET-UP PROCEDURE 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

When testing units in confined spaces, ensure there is adequate ventilation to exhaust any 
carbon monoxide or other toxic gases. 

Set up the test equipment according to thc manufacturer’s instructions. Be sure all 
connections are tight. The equipment should be placed indoors for at least fifteen 
minutes to reach room temperature. If applicable, aspirate room air through the 
equipment for at least five minutes. 

If applicable, calibrate the equipment to 20.9% oxygen in a well ventilated area. 

Identify a location in the system’s flue sufficiently large to insert the test probe. The 
location must be located upstream of any dampers or other sources of  air entcring the 
flue. If needed, a 5/16 hole should be drilled into the flue pipe as close to the breech as 
possible, leaving enough clearance for the probe assembly handle. 

Install the probe into the flue pipe’s test location following the manufacturer’s 
instructions. Make sure all tubing and wiring are free of kinks and away from hot areas of 
the heating system. 

Turn on the heating system and allow the system to operate for at least five minutes. 

Record the type of test to be performed. 

Record the identification number of the test equipment so that the same equipment can 
be used for future tests. 
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Record the following measurements on the Steady-State Efficiency Data Shect when the 
oxygen and temperature measurements do not fluctuate over a one-minute interval (when the 
temperature measuremernt docs not change more than SOF): 

1. Measure the percent oxygen in the flue gas following the manufacturer’s instructions. 

2. Measure the room and flue gas ternpcratures (or net stack temperature) following the 
manufacturer’s instructions. 

3. For heating systems using fuel oil, measure the smoke number following the 
manufacturer’s instructions. When using smoke paper to make the measurements, 
comparisons to charts (scales) must be made in daylight or incandescent light (never 
fluorescent light). Two pieces of unused smoke paper must bc placed behind the test 
paper to make a comparison because of the transparency of the smoke paper. 

1. Turn off the heating system and allow metal parts to cool before removing test equipmcnt. 

2. If a hole was drilled into the flue pipe, seal the hole using plugs approved for this 
purpose. 

3. Using charts provided with the test equipment, record the unadjusted steady-state 
efficiency of the system (disregarding any adjustments for smoke numbers) and, for fuel-oil 
systems, the adjusted efficiency. 

4. Note the condition of the battery in battery-operated test equipment. If the voltage is  
low, be sure to charge the battery according to manufacturer’s instructions. 
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Test equipment identification number 

Percent oxygen reading 

Net stack temperature, or 

Version: April 11, 1991 

% 

"F 

Technician: 
Date: 

Smoke number 

Adjusted steady-state efficiency 

FUEL-OIL STUDY STEADYSTATE EFlFIcIENcy DATA SHEJ3T 

% 

House I.D.: Subgrantee name: 

Occupant name: Phone number: 

Occupant Address: 

Type of test: Pre-weatherization Post-weatherization 

Room temperature 

Hue gas temperature 

Unadjusted steady-state ef'ficiency 

Notes: 
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APPENDIX L 

OIL-FDRED SPACE- AND WA'IER-HEATJNG SYSTEM INSPECTION PROCEDURE 

The safety and integrity of the space- and water-heating systems of all the houses will be 

evaluated during the post-weatherization period using this procedure. 
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Version: April 26, 1991 
OIL-FlRED SPACE- AND WATER-HEATING SYSTEM INSPECTION PROCEDURE 

The objectives of this procedure are to 

1. provide the necessary measurements and evaluations to assess the safety and integrity of 
oil-fired space-heating systems, and 

2. provide the necessary measurements and evaluations to assess the safety and integrity of 
oil-fired domes tic wa ter-hea ting sys tems. 

The procedure is limited to an inspection of the space- and water-heating systcms. It does 
not address other safety or health issues related to the house such as radon levels, structural 
integrity, code violations, unsanitary conditions, and moisture problems. 

The procedure is intended to be a data collection instrument only, with the intcnt being 
that an overall assessment of thcse systems will not be made until sometime after the information 
has been collected in the field. Some guidelines are provided in the procedure to help rnakc 
immediate interpretations of the collccted data. Guidelines regarding repairs or remedies are 
beyond the scope of this procedure. Unsafe conditions found while following this procedure 
should be forwarded immediately to the occupants and proper organization or authority. 

The proccdure was writtcn assuming two separate oil-fired systcms. If the domcstic water- 
hcating system uses another fuel or is an integral part of the space-heating system (tanklcss), then 
some parts of the procedure will not apply. In developing the procedure, the term furnace strictly 
re€ers to space-heating systems that heat and distribute air, and the term boiler refers to hydronic 
systems. A Fuel-Oil System Inspection Form is included as part of this procedure to record all 
observations and measured data. This form parallels the procedure with the exception of heat 
exchanger information which is grouped together on the form. 

GENERAL SPACE-HEATING SYSTEM INSPECTION 

Any cracks in the heat exchanger of an oil-fired forced-air or gravity furnacc prescnts a 
dangerous situation as flue gasses can enter the hot-air supply system and be distributed 
throughout the house. Both visual and metered inspections of the heat exchanger will be 
performed, even though it is often difficult to spot cracks visually. 

1. Identify the system type. 
2. 
3. 
4. 
5. 

6. 

Check the on\off operation of the thermostat. 
Determine if the space-heating systcm has its own emergency electrical cutoff switch. 
Determine if all 117 VAC wiring is secure. 
For a furnace, identify the fan on/off temperature settings. For a boiler, identicy the 
operating setpoint temperature (hot water systems) or operating pressure (steam systems). 
Determine if a high limit switch is present and identify its setting (their functionality will 
not be tested under this procedure). 



150 

7. 

8. 
9. 

Note the presence of any combustible materials, including urethane (flexible foam) pipe 
insulation, immediately adjacent to thc flue pipe or too close to  the heating system. 
Note the presence of any asbestos insulation on the system. 
For a forced-air or gravity furnace, visually inspect the heat exchanger for cracks with thc 
furnace off. Use a strong light and mirror to see as much of the heat cxchanger as 
possible. Pay special attention to  all gaskets and joints between sections, and areas that 
could be damagcd by a leaking humidifier. 
While performing the draft or carbon monoxide measurements that follow, or in 
coordination with an efficiency measurement, measure the oxygen levels in the flue with 
the burner running just before and after the distribution blowcr turns on. A change of 
1% (e.g., from 8% to 9%) may indicate a cracked heat exchanger. (Usually, the oxygen 
levels will stabilize within 30-60 secands after the system is turned on  and before the 
distribution blower turns on.) 

10. 

GENERAL DOMESTTC WATER-HEATING SYSTEM INSPECTION 

1. 
2. 

3. 
4. 

Identify the system and fuel type. 
If fossil-fuel-fired, note the presence of any combustible materials, including urethane 
(flexible foam) insulation, immediately adjacent to the flue pipe or too closc to the system. 
Note the presence of a pressure relief valve on the system. 
Note the hot water setpoint temperature. 

LEAKING FUEL SOURCES 

Even m a l l  lcaks in fuel-oil lines are relatively easy to detect. The inspection for fuel-oil leaks 
will be accomplished visually and by noting any fuel-oil odors in the vicinity of the supply lines. 
Leaks in outdoor tank$ can be difficult to detect, especially if the tank is buried. Therefore, only 
visual and odor detection methods will be used for above-ground tanks; underground tanks will 
not be evaluated. Propane or natural gas is often used for domestic watcr heating in a dwelling 
heated by fuel oil. Under this procedure, an inspection for combustible gas from such a water- 
heating system will be performed hascd on smell; use of a combustible gas analyzer would be an 
improvement to the procedure if available. 

1. Visually inspect the fuel-oil supply line from the space-heating system to the supply tank. 
Note if there are any leaks as indicated by the presence of fuel on the floor or supply 
lines, or strong fuel-oil odors in the vicinity of the lines. 
Visually inspect the fuel-oil supply line (if present) from the water-heating system to the 
supply tank. Note if there are any leaks as indicated by the presence of fuel on the floor 
or supply lines, or  strong fuel-oil odors in the vicinity of the lines. If the system is heated 
by gas rather than fuel oil, a leak may be indicated if there are any gas odors in the 
vicinity of the system or gas lines. 
Visually inspect the above ground supply tank (if prescnt). Note if there are any leaks as 
indicated by the presence fuel oil on the ground or lines, abnormal corrosion, or strong 
fuel odors in the vicinity of the tank. 
Visually inspect the fuel-oil supply line from the supply tank to determine if a filter and 
shutoff valve are present. 

2. 

3. 

4. 
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SPACE-HEATING DISTRIBUTION SYSTEM 

1. 
2. 

3. 
4. 

Check the operation of the circulating fan or pump of non-gravity systems. 
For a forced-air or gravity furnace, check the condition of air filters and the exiting 
temperature of the supply air. 
For a boiler, check the operation of any zone valves and inspect the piping for leaks. 
Check for the presence of any asbestos insulation on the distribution system. 

FUJI5 AND CWlMNEy INSPECXION (SPACE- AND WA'IER-HEATING SYSTEMS) 

1. Visually check the chimney from the ground outside the structure to ascertain overall 
soundness. If there is an indication of a serious problem, take a closer view from the roof 
if practical. 
Determine if the chimney extends above the roof at least 2 ft and that there is 10 ft of 
horizontal clearance around the top of the chimney. 
Inspect the chimney and flue pipes from inside the house. Note any obvious holes, leaks, 
and untight connections in either system. 
Remove the flue pipe if practical and inspect the chimney using a flashlight and mirror. 
Note any dcbris or deposits of more than 1/4 inch thick on the inside of the chimney. 
Note the presence or absence of a flue liner. 
For space-heating systems only, check For the existence and correct function (damper 
swings, has a counterweight, and opens when the system is firing) of the barometric 
damper. 

2. 

3. 

4. 

5. 

SPACE- AND WATER-HEATING SYSTEM DRAFIS 

Both the time necessary to establish a proper draft and the steady-state draft are 
important quantities. There usually is no problem if a draft is established within 30 seconds; the 
system should be examined if a draft takes between 30 and 180 seconds to be established; a 
problem likely exists if a draft takes longer than 180 seconds to bccome established. An 
acceptable steady-state draft depends upon the outside air temperature. In all cases, however, any 
spillage (backdrafting) from the flue to the room containing the system is  unacceptable once the 
draft has been established. The following table may bc used as a guide: 

In addition, if the room where the systems are localed is maintained at a pressure 5 Pa less than 
ambient, backdrafting is a potential problem. 

1. Turn off the space- and water-heating systems for at least 20 minutes. 



2. 

3.  
4. 

5. 

6. 

7. 
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Turn on all exhaust fans in the house (except whole house ventilation fans), including the 
clothes dryer if one is present. Close all interior doors arid the door to the room 
containing the systems. 
Measure the outdoor temperature. 
Measure the draft of the systems between the breech and barometric damper with the 
distribution fan and systems off. 
Turn on the space-heating system. Measure the time required for backdrafting to stop 
(for a draft to become established). Measure the draft of the system at the following 
intervals from the time the system was turned on: 30 seconds, 1 minute, 2 minutes, and 3 
minutes. Use a smoke pencil to detect airflow. 
With the spaceheating system operating, measure the pressure difference between the 
room containing the systems and the outside. If the basernent is depressurized more than 
0.02 inches water ( 5  Pa> relative to thc outside, than make a second rneasurcrneast with 
the space-heating system off. 
Turn the space-hcating system off and the water-heating system on. Repeat steps 4 and 5 
for the water-heating system. 

CARBON MONO 

Carbon monoxide (CO) is extremely dangerous since it is both odorless and colorless as 
well as being toxic. However, if emanating from an oil burner, CO will often be accompanicd by 
other combustion gases and fuels which do emit odors. CO readings should be made with an 
appropriate meter following the manufacturer's instructions. Readings will be recorded in parts 
per million (ppm) and only after they have become reasonably stable. 

Any levels of CO in the household proper above 40 ppm warrants a closer inspection of the 
space-heating system. A level of CO greater than 1 0  ppm in the flue gas signals that the oil 
burner should be inspected (higher CO levels may occur in gas-fired systems). High smoke 
numbers measured during an efficiency test will likely accompany high CQ readings in oil-burning 
sys terns. 

1. Turn the carbon monoxide monitoring instrument on and allow it  to warm up for one 
minute. Carefully obtain a "zero" instrument reading outside the house away from any 
combustion sources (running automobile engines, lawn mowers, etc.) The meter will 
usually not read zero, so note the reading. 
After turning on the space- and water-heating systems, measure the CO in both flue gases 
before the barometric damper (this step can be coordinated with an efficiency test if one 
is to be performed). 
Measure the CO in the room containing the space-heating system within 5 feet of the 
sys tem. 
Measure the CO in the kitchen and living room (the living room is defined to be the main 
living area of the house, usually characterized by the room with a television in it). Note if 
a gas stove top, gas oven, or fossil-fueled space heater were operating during the tests. 
Note any flue-gas odors in the house (also determine if the occupants have noticed any 
odors in the house when the system is operating). 
For a forced-air or gravity furnace, measure the CO in the register with the shortest 
ducting from the space-heating system. 

2. 

3. 

4. 

5. 
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Version: April 26, 1991 Inspector: 
Date: 

FUELOIL SIZTDY SYSTEM S A F E 3  INSPECIIT)N FORM 

IDENTIFICATION 

House ID: Subgrantee name: 

Occupant name: Phone number: 

Occupant address: 

GENERAL SPACE-HEATING SYSTEM INSPECTION 

Type (FAF-central forced-air furnace, GF-central gravity 
furnace, SB-steam boiler, HWBR-hot water boiler with radiators 
or convectors, HWBS-hot water boiler for slab beating) 

Thermostat on/off operating (Y,N) 

Electrical cutoff switch present (Y,N) 

Wiring secure (Y,N) 

Furnace fan on/of€ temperature switches present (Y,N,NA) 

If yes: Upper setting F Lower setting "F 

Boiler operating temperature (OF or NA) 

High limit switch settings (none, O F ,  psi) 

Combustible materials near flue 

Type (SA-stand alone, 'T-tanklcss) 

Fuel (NG-natural gas, P-propane, 0-oil, E-electricity) 
1 
~ 

Cxmbustible materials near flue (Y,N,NA) 

Pressure relief valve present (Y,N) 

~ setting for electrically heated systems) 
Temperature setting ( O F  or NA) (record highest "F 
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House ID: 

Is a filter and shutoff valve present in the supply line leading from the storage tank? (Y,N) 

II 
b 

Boilers 

Zone valves operating (Y,N,NA) 

Is asbestos insulation present on the distribution system? (Y,N) 



House ID: 
FLUE AND CHIMNEY INSPECXION 

Space-heating Water-heating 
system system 

Structurally sound (Y,N,NA) 

Chimney extends > 2 Et above roof (Y,N,NA) 

Clearance at chimney top > 10 ft (Y,N,NA) I 
11 Leaks exist (Y,N,NA) I I 

SPACE- AND WAl”3R-HEATING SYsLlEM DRAFTS 
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Ambient 

Space-heating system flue gas PP" 

Water-heating system flue gas 

Five feet from sgace-heating system 

Kitchen 

Living room 1'P" 

Register (ppm or NA) P P  

Were the following operating during the test: 

Gas stove top (Y,N) 

COMMENTS 
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APPENQIX J. 

RfELOlL S"DY WEATHERlZATlON INFORMATION SURVEYS 

Information on the weatherizations performed in each oE the weatherized houses 

(installation dates, ECMs installed, costs, etc.) and program and administration costs for each 

subgrantees will be collected using the first survey provided in this appendix. Thc second survey 

will be used to collect a more limited amount of information on the control houses. 
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Version 3 
212 1/9 1 

Form completed by: 
Date: 

FUEL-OIL STUDY MATHEIUZATION INFORMATION SURVEY 

A. IDENTIFICATION 

A l .  WouseIdentXkr: (To be completed by ORNL) 

A2. Subgrantee Name: 

A3. Occupant Name: 

A4. Occupant Phone Number: 

AS. Occupant Address: 
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B. GENERAL INFORMATION 

B I. What was the household’s income on the application form at the t h e  when its 
eligibility was verified for the sewices it received in the 19 

B2. weatherization work was performed primarily in this house in January 1991. What 
were the exact start and stop dates for this work (rnanth, day, and year)? (Dates for 
weatherization work performed at other times will be identified in Section G.) 

Weatherization work started on _---I-- 

Weatherization work was coinpleted on __....... ~ 

B3. What electric utility conipany serviced this household and what was the household’s 
utility account number? 

Electric utility: 

Account number: _. . . .. _.. . 
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C. WEATHERIZATION MEASURES INSTALLED 

Please check any of the measures listed that were installed in this dwelling during the time 
period identified in Question B2. (Nleasures installed at other times will be identified in 
Section G.) Indicate whether they were installed by in-house crew or contractor. If 
measures that are not listed were installed, please describe them in the appropriate “Other” 
category . 

Installed by: 
In-house Contractor 

crew 
C1. Insulation 

Attic Insulation (installed for the first time). . . . . . . . .  [ I  11 
Attic Insulation (added to existing insulation). ...... [ ] [ I  
*Wall Insulation (normal technique). ............ [ I [ I  
*Wall Insulation (high-density technique). . . . . . . . . .  [ I  [ I  
Floor Insulation. .......................... [ ] [ I  
Rim or Band Joist Insulation. . . . . . . . . . . . . . . . . .  ] I 1  
Other Envelope Insulation. . . . . . . . . . . . . . . . . . . .  [ I [ I  
(Specify: -- 

*The ‘‘nom1 technique” €or installing wall insulation is characterized by blowing 
cellulose or fiberglass insulation into exterior wall cavitites to average densities using a 
two-hole, gravity-blow installation method. The “high-density technique” is 
characterized by blowing cellulose insulation into exterior wall cavities to high densities 
using a one-hole, tube-fill installation method. Under the “high-density technique,” 
special attention is focused on sealing air leakage sites while insulating the walls; air 
bypasses are identified during the installation process and sealed by plugging the air- 
leakage pathways with cellulose. 

C2. Air Leakage Control 
General Caulking and Weatherstripping. . . . . . . . . . .  [ ] [ I  

Air sealing, emphasizing by-passes with blower. . . . .  [ ] [ I  

Air sealing, emphasizing by-passes without 1 1  [ I  

Distribution System. ....................... [ ] [ I  
Other Infiltration Reduction. . . . . . . . . . . . . . . . . . .  [ I  [ I  
(Specify: 

(door and window) 

door testing) 

blower door testing) 
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Instalied by: 
In-house Contractor 

crew 
C3. Water Heating System 

Water Heater Tank Insulation. . . . . . . . . . . . . . . . . .  [ I  [ I  
Entire Water Heating System Kcplacement. . . . . . . . .  [ I  [ I  
Pipe Insulation. . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  [ I  
Low Flow Shower Heads. . . . . . . . . . . . . . . . . . . .  [ I  11 
Temperature Reduction. . . . . . . . . . . . . . . . . . . . . .  [ 3 [ I  
Other Water Heater Measures. . . . . . . . . . . . . . . . . .  [ 3 [ I  
(Specify: 

C4. Stt-ucturd Reyaks (full or partial) 
Attic Ventilation. . . . . . . . . .  , . . . . . . . . . . . . . . . .  [ ] 
Roof. " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
Doors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
Replacement of doors. . . . . . . . . . . . . . . . . . . . . . .  [ I  
WindowslGlazing, . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
Replacement of windows. . . . . . . . . . . . . . . . . . . . .  [ ] 
w d l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
Floor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
Other Structural Repairs. . . . . . . . . . . . . . . . . . . . .  [ 3 
(Specify: ............ . 

C5. Windows and Doors 
Storm Windows (Mow many? . ---) . . . . . . . . .  11 
S tom Doors. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 3 
Window Films or Shades. . . . . . . . . . . . . . . . . . . .  [ I  
Other Window or Door Treatments. . . . . . . . . . . . . .  11 
(Specify: ..... 
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Installed by: 
In-house Contractor 

crew 
Cci. Space Heating System 

Clean and Tune-up. ........................ [ ] [ I  
Entire Heating System Replacement. ............. [ J [ I  
Set-back Thermostat. ....................... [ I  11 
Heating System Component Retrofits. . . . . . . . . . . .  [ I El 
(Specify: ) 

Safety Problem Fixed. ...................... [ J [ I  
(Specify: ) 

Repairs ................................. [ I  [ I  

Other Heating System Modifications. . . . . . . . . . . . .  [ 1 11 
(Specify: _-I_ 

(Specify: 

C7. Space Cooling System 
Tune-up. ............................... [ ] 
(e.g., cleaning, controls adjustment, filter replaced) 
Entire Air-conditioning System Replacement. ...... [ I  
Fans Installed or Replaced. . . . . . . . . . . . . . . . . . . .  [ 1 
Set-back Thermostat. ........................ [ ] 
Other Cooling System Modifications. . . . . . . . . . . . .  [ ] 
(Specify: 

11 

C8. Other Health and Safety Repairs or Improvements 
Smoke Detectors. ......................... [ ] 
Radon Testing. ........................... [ ] 
Carbon Monoxide Testing. . . . . . . . . . . . . . . . . . . .  I 1  
Other .................................. [ ]  
(Specify: 
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Qualitv Control 
D3. Please indicate the type of quality control inspection 3hk h o u s  received following the 

work performed during the time period identified in Question B2. (CHECK ALL THAT 
APPLY) 

[ ] A visual quality control inspection after weatherization for envelope measures 
[ ] A quality control inspection after weatherization for envelope measures that used 

[ 1 A quality control inspection after weatherization for envelope measures that used 

[ ] A visual quality control inspection after weatherization for heating system 

[ 3 A quality control inspection after weatherization for heating system measures that 

[ 1 Other quality control procedures. (Specify: 

blower door testing as a diagnostic tool 

infrared scanning as a diagnostic tool 

measures 

used diagnostic tools such as combustion efficiency testing 

t E- 

time period identified in Question B2. (CHECK ALL TWAT APPLY) 
D4. Please check the types of client ducation that were provided to $his house during the 

[ 3 Literature was mailed or left with client 
[ ] In-person client education was provided 
[ J Other (Specify: 



E. COSTS: MATERIALS, L A B 0  , INSTAlLATION OVERHEAD AND 
PROGRAM MAN 

This page aid Figure 1 on the following page provide background infomation €or 
:ompleting questions Ell to E4 on pages 10 ta 12. The total cost of a p r o m  can be 
jivided into iristallatis casts and program managerncnt costs (Fig. 1). Total 
installation cos& include the costs of materials, direct labor and overhead expenses that are 
jirectly relaten. to the installation process, such as the costs of vehicles, travel, equipment, 
iiiswance, field supervision, a d  training. When contractors deliver services, these 
installation overhead expenses are included, along with a profit, in the charges made for a 
job. When agency crews do the work, some of the installation overhead expenses may not 
be tracked directly on a pcr-house basis. As a result, there are separate questions fur crew 
vs. contractor installation costs. 

If a job is crew-based, supply the materials costs (Question El) ,  calculate the dkect 
labor costs (Question Ea), and estimate the average per-house cost of installation-related 
wediead expenses (Question E2). To arrive at the overhead expense estimate, for 
:xample, your agency’s costs for vehicles, equipment, liability ins nce, training, travel 
time, field supervision and any other installation-related expenses in the 1990 program year 
CpY) should be s u m 4  and then divided by the number of homes weatherized in the 1990 
program year, If a job is contractor-based, supply the materials costs (Question El)  and 
the total installed costs (Question E3). If both crews and contractors worked on a house, 
Eomplete all three questions (Questions El ,  E2, and E3). In completing Questions E l ,  E2, 
and E3, costs should be for measures installed in this dwelling during the time period 
identifkd in Question B2. (Costs for weatherization work performed at other times will be 
identified in Section 6.) 

In addition, both crew-bas& and contractor-based programs should estimate an 
average program Inanagement cost per house weatherized. The program management cost 
should be calculated by subtracting the total installation costs (labor + materials + 
installation-related overhead) for all houses weatherized in PY 1990 from the total agency 
budget (in PY 1990). The total program management cost should then be divided by the 
number of houses weatherized (in PY 1990) to produce an average per-house program 
management cost (Question E4). 

best judgement in estimating the average installation-related overhead and the average 
program management expenses. 

We realize that different agencies track costs in different ways. Please just use your 
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Figure 1. Program Cost Categories 

Total Rogram Cost 

r 
Installation 

costs 

......... 

*,,,,. 

-- Direct Labor 

-- Direct Miikrials 

\ -- Vehicles 

Program Management 

costs 

....................................................................................... 
2 

.%...-.-..,..-..................A ............................................................................... A . ~  ................. \..j...\% ...................... 
1 1 
I 

-- Travel Time 

-- Equipment 

-- Field Supervision 

-- Insurance 

-- Training 

-- Contractor Profit I .... ........-. ...... -..- ........ .... .................. 

-- Intake and Eligibility 

-- Audits and Assessment 

-- Final Inspections 

-- Contractor or Management 

-- Program Administration 

-- Program Evaluation 

........................................................................................................ J 
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QUESTION Ell: BREAKDOWN OF MATERIALS COS'I'S 

In the chart M o w  please fill in the crew-based and/or contractor-based materials cost of the 
measures that were installed in this dwelling during the i5rne period identifid in Question 
B2. l2.Q- . Do include costs 
covered by all sources of funding (Le., PVE, LII1EAB, or utilities). If you cannot provide 
the costs by measure, just enter the 'J'OT' materials costs in the $OX at the betorn. 

I n s u I at i 8 n 

Crew-Based Contrador-Based 
Mate riais Materials 

Costs costs 

attic 

wall $ $ 

other $ $ 

Air Leakage Control $ $ 

Water Heating System Measures $ $ 

Structural Repairs 

Windows and Doors $ $ 

Space Heating System 

retrofit 

replacement 

Space Cooling System 

retrofit $ $ 

replacement $ $ 

Other 

Crew- Based Contractor-Based 
Total Materials Total Materials 

Costs costs 
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QUESTION E2: CREW-BASED INSTALLATION COSTS 

Directions: Please fill in the number of crew hours for !his hous  from information in your 
files for work performed during the time period iden tificd in Question B2. 
Please fill in your best estimate of the average hourly rate for your crew and 
multiply this by the number of hours to produce an estimate of the direct labor 
costs. Estimate the average installation-related overhead by following the 
directions in the box at the beginning of Section E (page 8). 

Installation L 
-- Direct Labor 

-- Direct Materials 

3 b  

3 c ?  
A 3  4-6 
8 
-2 
3 
3 

! $  
-- Vehicles 

-- Travel T i  

-- Equipment 

-- Field Supervision 

-- Insurance 

-- Training 

D- X =- 
Number of crew hours Average hourly rate 

>= L 
Average per house 
installation-related 

overhead 

QUESTION E3: CONTRACTOR-BASED INSTALLATION COSTS 

Directions: Please frll in the total installation costs billed by contractors for fiis housg for 
work performed during the time period identified in Question B2. This should 
include all the cost categories listed above (include the materials costs reported 
on page 10 in this total, as well as labor costs and installation-related overhead) 
plus the contractor’s profit. 

Total Installed Cost $ 
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QUESTHQN E4: AVERAGE PROGRAM MANAGEMENT COSTS 

Total Program Costs for PY 1990 $ 

- Total Installation Costs* for All 
Mouses Weatherized in PY 1 L 

-- Intake md Eligibility 

-- Audits and Assessment 

-- Final Inspections 

-- Contractor or Crew Management 

-_ R o g m  Administration 

-- Program Evaluation 

Average per house** $-- 
progm management cost 
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F. FUNDING SOURCES 

F1. What percentage of the funds spent on this house as identified in Section E were funds 
from DOE’S WAP? 

F2. If funds from non-DOE sources were used, were they all used according to DOE 
guidelines? 

F3. Some program management costs (such as client intake and eligibility checks, or office 
space and expenses) may be absorbed by other programs or agencies (e.g., LMEAP, 
Councils on Aging). What percentage of ysw program management costs would you 
estimate are absorbed by other programs or agencies? 
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G. OTHER WEATHERIZATION MEASURES INSTALLE AND THEIR 
COSTS 

G1. Space-heating system measures may have k e n  installed in this dwelling at a different 
time period than that identified in Question B2 (at the time houses were selectd for 
the study, for example). If so, check any of the measures that were installed. 
Indicate whether they were installed by in-house clrew or contractor. 

Installed by: 
In-house Contractor 

crew 

. . . . . . . . . . . . . . . . . . . . . . . .  Clean and Tune-up. [ I  [ I  
Entire Heating System Replacement* e [ I  11 
Set-back Thermostat. [ I  1 1  
Repairs [ I  [ I  
(Specify: -. ........ -2 

Heating System Component Retrofits, , [ I  [ I  
(Specify: 1 

. . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . .  . . .  

. . . . . . . . . . . . . . . . . . . . . .  Safety Roblem Fixed [ I  [ I  
(Specify: -_ .......... _? ) 

Other Heating System Modifications, [ I  1 1  
(Specify: .. ~ -____.I 

.. . . . . . . . . . .  

G2. What were the costs of the measures identified in Question G1 (refer to Section E for 
directions)? 

Material costs: 
crew-basedl con trac tor-ha.d 

retrofit !§ !$ 

replacemn t $ $ 
Total $ I_. $ ..- 

Crew-bawl installation costs: 

.- I.___ X = $  _I 

Number of crew hours Averagehourly rate ~ i n x t  labor costs 

Contractor-bad installation costs: 

Total installation cost: $-- 
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G3. What percent of the funds identified in Question G2 were funds from DOE’S WAP? 

G4. In Question G2 if funds from non-DOE sources were used, were they all used 
according to DOE guidelines? 

G5. What were the exact installation dates (month, day, and year) for the measures 
identified in Question Gl? 

Installation started on 

Installation completed on 

G6. Were any measures other than those identified in Questions C1- C8 and G1 installed 
in this dwelling? If so, please describe the measures installed, their costs, the 
percentage of funds from DOE’S WAP, whether the funds were used according to 
DOE guidelines, and when the installations were performed. 
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Version: March 20, 1991 Form Completed by: 
Date: 

FCTEGOIL STUDY CONTROL HOUSE INFORMATION SURVEY 

IDENTIFICATION 

House identifier: (To b e  completed by ORNL) 

Subgrantee name: 

Occupant name: 

Occupant phone number: 

Occupant address: 

GENERAL INFOFMATION 

What was the household’s income on the application form at the time when its eligibility was 
verified €or the weatherization services it will receive in May or June 1991? 

What electric utility company serviced this household and what was the household’s utility account 
number? 

Electric utility: 

Account number: 

The control houses will not be weatherized by your agency until May or June 1991. Nevertheless, 
your agency may have already installed some measures in this dwelling for various rcasons (€or 
safety reasons at the time houses were selected for the study, for example). If any mcasurcs wcrc 
installed, please describe them and identify when the installations were performed. 
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