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AIkSTRACT

An up-to-date assessment of the Weatherization Assistance Program (WAP) is being
performed by the U.S. 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 vat3,.

The study will only analyze single-family houses i_ 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
different 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 be
analyz,_d 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 ali 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
space-heating system and house. Information will be collected from the subgrantees on the
measures installed in each weatherized 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, air leakage and space..heating system steady-state efficiency
will be measured before and after weatherization in ali houses. A safety inspection of the space-
and water-heating systems will also be performed following weatherization in ali houses.

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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EXECUTIVE SUMMARY

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

Program (WAP), the U.S. Department of Energy (DOE) WAP Division "equested 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:

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

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

• assess the cost effectiveness of the WAP within this submarket using a variety of
economic indicators; and

• 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, evalualing, and accelerating the market penetration of energy-efficient, 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 t_rovide 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 ali study activities. ORNL will perform ali data analyses and prepare a final report

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

state 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 energy c(msepeation

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

costs. Synertech Systems Corporation will assume the major role in implementing field _:elated

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

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

The Fuel-Oil Study will analyze single-family houses only and will cover the nir_e states ira

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). The houses must meet six additional criteria to be' eligible for the study. A split-winter,

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

fuel-oil consumption will be monitored in ali the study houses. Each house will bc monttored

over just one winter, with half the study houses being monitored over the 1990-1991 winl.ct"and

the remaining half over the 1991-1_)2 winter. Weatherized houses will receive ECMs in_talled by

the local WAP subgrantce. 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 are monitored over just one winter. ECMs will be

installed in the weatherized houses during thc middle of the winter (January). The sr)lit-winter

design was chosen instead of a full wi.nterof pre- and post-weatherization monitor iag for the

following reason,;:

• houses serving as controls will be weatherized within a time frame ag,'eeablc, tr:,tb.e
states and subgrantees;

, i

• the reduced number of houses to be monitored each winter per subgra,_tcc, makes _
it easier to identify the required number of houses R)r the study from c_rrcnt
eligibility lists and reduces the time needed to install instrumentation; -=

-,-,* t_cj costs• reuse of instrumentation over the 1991-1992 winter reduces instrume ,,:,.i.' _,
and allows indoor temperature to be monitored in ali the houses;

• attrition will be reduced, which is particularly important because renters ,iii b':
included in the sample; and .
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• 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 tbr subgrantees to weatherize all

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

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

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

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

performed in the winter is quite similar tothat performed 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 1990-

1991 winter; a different set of 200 houses wili bemonitored over the 1991-1.992winter. The

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

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

Rhode Island (2), Connecticut (2), New York (5), Pennsylvania (4), and New Jersey (2): Based

upon 1990-1_1 winter results, a decision will be made between monitoring periods to use the

same subgrantees or a different set of subgrantees over the 199i-1992 winter to improve the

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

25 subgrantees bothwinters, 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 ali the houses

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

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

collected for each house monitored over the 1_)0-1_1 winter for at least a year before

weatherization.

!
:._ Detailed survey information will be obtained on ali 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 each weatherized house and their costs, the administration and program

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

Information on state costs and program approaches willbe 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 the space- and water-heating systems will also be

performed following weatherization.

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

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

consumption model. The model assumes that space-heating fuel-oil consumption is linearly

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

regression techniques will be used to 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 temperature (savings based on a constant

68°F indoor temperature will be used in assessing fact_:_rsthat effect savings to eliminate this

known source of variation). The normalized annual fuel-oil savings of each weatherized 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 consumplion. 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

actual pre- and post-weatherization indoor temperatures).

The fuel-oil delivery data will be analyzed before the 1991-1.992winter to determine ii' 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. The analysis to be perforrned on the fuel-oil delivery data

includes verifying their accuracy and reliability, that their correlation to weather data is

acceptable, and that their estimate of pre-weatherizaticm consumption compares favorably to

xii

£' 'IPIIPlPq II ,i, , , 11 ' +n IITI 'II ' +III+ ill



estimates made using submetered data. Pre-weatherization space-heating fuel-oil consumption tbr

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

fuel-oil savings, known fuel prices, and tile 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 effectiveness 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.

6o_
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EXPERIMENTAL PI.a_N },OR THE FUEI__OIL STUDY

1. INTRODUC'HON

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

Program (WAP), the U.S. 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 (Beschen and Brown 1991). Three of these will

address principal submarkets:

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

• high-density multifamJly study, and

o fuel-oil study.

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

• 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),

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

• assess program cost effectiveness, and

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

These major goals cove.r 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. For example, information from the evaluation will be useful for

identifying how to best allocate WAP resources, 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 theft are

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

public dollar spent.
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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-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 fuel-

oil consumption in approximately 400 houses. The cooperation of the various state oi?rices in

charge of administering the WAP is essential to the execution and success of this project, as is the

cooperation of the randomly selected subgrantees.

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

recommendations for improvement. Comments receiw;d from these groups were considered

together with other project constraints in the development of this plag:_
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2. EVALUATION GOALq
k

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 the Northeast during the 1990 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 the comfort of houses due to reduced draftiness, increased indoor temperature,

and increased amount of heated living space. The occupants' perception of comfort

improvements 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 energy, and net

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

conservation measures (ECMs), and discount rates will be used to develop results encompassing

the perspectives of most use and interest.

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

effectiveness 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 differences.

Some of the major evaluation questions to be addressed by the study to meet the abc:,ve

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



2.1 REGION,-WIDE SPACE-HEAlING FUEL-OIL SAVINGS

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

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

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

2.2 NON-ENERGY IMPACTS

2.2.1 ttousing Affordability

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

2. What percent of household income is spent tbr housing (rent or morlgage 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?

2.2.2 Space-Heating System Safety and Efficiency

1. Following weatherization, how many of the space-heating systems are 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? o
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2. 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?

3. How many of the control houses have thesesafety problems?

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

5. What is the pre-weatherization steady-state efficiency of the space-heating systems? What
is the change in steady-state efficienc,3, of the space-heating systems following
weatherization? Does space-heating system work affect changes in steady-state efficiency?

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

2.2.3 House Air Leakage

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

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

3. Do occupants perceive a reduction in the draftiness of their house following
weatherization?

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

5. Assuming that ali 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?

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

2.2.4 Indoor Temperature and Living Space

1. What is the pre-weatherization house 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 weatheriz_ltion?
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3. Di) occupants perceive an improvement in comfort f(.)llowing weatherization?

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

Z3 WEAqttERIZATION COST EFFECIIVENFNS

1. What is the average expenditure for space-heating system ECMs installed under the WAP
and other programs?

2. What is the average cost effectiveness of the installed ECM:, expressed as a simple
payback period, benefit-to-cost ratio, net present value, and cost of conserved energy?

3. What is theprogram support and administration cost of conducting the WAP?

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

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

2.4 FACTORS INFLUENCING FUEL-OIL SAVINGS AND COST EFFECFIVENESS

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?

2.5 MISCELLANEOUS

1. What are the general characteristics of the houses studied (geographic areas, constructi_n

types, wall 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 weathcrized and control groups equivalent relative to dwelling unit and

occupant characteristics? If they have different characteristics, how does this affect the
estimates of fuel-oil savings and cost effectiveness?
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3. EVALUATION DESIGN

3.1 EXPERIMENTAL DE.SIGN

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 ali 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 1991-1_)2 winter.

....

Group 1 1990-1991 Winter
,. , , ,,,, , ,,

Weatherized group pre W post
(125 houses) [ t- ......... -1

Control group pre post W
(75 houses) t _ I

Group 2 :1991-1992Winter

Weathedzed group pre W post
(125 houses) ).............. [............. -_-t

Control group pre post W
(75 houses) _-.................t............ t

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

determine 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 f()r

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

price of fuel oil. Savings tbr weatherized houscs can be adjusted by the savings tbr the control

• group to account for these factors.
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In the split-winter design, houses ark monitored over just one winter. ECMs will be

installed in the weatherized houses during the middle of the winter (January). The spl:it-winter

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

following reasons:

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

• Instead ot' monitoring ali 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. The reduced number of houses to be monitored each winter makes it
easier to idcntify the required number of houses for the study from current
eligibility lists and reduces the timeneeded to install instrumentation.
Additionally, reuse of instrumentation tbr the I991-1992 winter reduces
instrumentation costs and allows indoor temperature to be monitored in ali the
houses.

i

• Attrition will be reduced, which is particularly important because renters will be _
included in the sample.

• 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 19.90-1991winter.

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

measured from shorter-term, split-winter testing and the need to weatherize ali scheduled homes

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

weatherization data collected over just half the winter (McCold et al. 1988, Ternes ct al. 1991)

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

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 perlbrmed during

the summer.

3.2 SAMPLING PROCEDURE

A sample of 400 houscs will be monitored over the two)winters of the study and will bc

drawn from the populatic)n of houses meeting the eligibility requircmcnts listed in Sect. 3.3.
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Available resources limited the total number of houses to 4(X), The houses will be divided into

250 weatherized houses and 150 control houses. Over tlm 1990-1991 winter, 125 weatherizcd

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

Over the 1991-1992 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 1990-1991 and 1991-1992 winters. The second option will use a

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

sampled from halt"the original 25 subgrantees and for 10-15 new subgrantees. At a 90%

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

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

option is chosen, and between 26% and 32% if the third option is chosen (see 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 subgrantecs with the study,

providing training to them about the instrumentation, and acquiring subgrantee related

information. A final decision will be made before the 1991.-1992winter based upon an analysis of

the 1990-1991 winter's data.

For the lCY:)0-1991winter, a clustered sampling procedure will be used: 25 subgrantees

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 rlortheast states and distributed as
o follows: Maine (2), New Hampshire (2), Vermont (2), Massachusetts (4), Rhode Island

(2), Connecticut (2), New York (5), Pennsylvania (4), and New Jersey (2). At least two ,
subgrantees will be chosen from each state to ensure a representative sample.
Subgrantees from each state that weatherize a significant number of single-family houses
heated by fuel oil (typically greater than 15 such housesper year) will be identified.
Sampling is limited to these subgrantees to ensure that eight houses eligible tk_rthe 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 tk_r
- ,.,ect. 3.3 will be identified.weatherization that meet the eligibility requirements listed in q

_

,, r,
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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 be 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 sele,zted from each subgrantee will be randomly divided into a

weatherization and control group during the pre-weatherization period. These assignments will bc

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

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

endure and for services 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.

3.3 HOUSE ELIGIBILITY

Houses included in the study will be limited to those with ithe foUowing characteristics: -
=
_

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

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

"lA] single-family housing unit [is] a structure that provides living space for one
household or family. The structure may be detached, attached on one side
(semidetached), or attached on two sides. Attached houses are considered singlt;-
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 the roof. (A mobile home with one or more rooms added is
classified as a single-family home.)"

-

-

-- i ....
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Although a mobile home with one or more rooms t_,c.ldedis classified as a single-family
house in RECS, such a house will not be considered for this study, Energy savings and
weatherization techniques tbr mobile homes are being examined by other DOE spc)nsorcd
studies and, thus, are not included in this study. I;¢ interpreting the RECS definition, row
houses and side-by.side duplexes (twins) are sing!e,.f_rnilyhouse_;,whereas over-and-under
duplexes are small multifamily buildings (see definition below),

Small multifamily buildings are also defined by RECS:

"[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 ,3r i_.,ouseholds.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."

Energy savings of single-family and small multifamily buildings heated by fuel oil will not
be assessedusing 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 i989) indicate that there are almost three times as many single-family
households heated by oil with occupants whose income level is less than 125'%of the
poverty level as small multifamily households.

High-density multifamily 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 fuel:; 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 (M:;ine, New
Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut, New York, Pcnnsylwlnia,
and New Jersey). The 1987 RECS data (Energy Information Administration 1989)
indicated that ahnost 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 nine states.
About 70% of ali households that use fuel oil as their main heating fuel are located in
these states; about 40% of the households in these states heat with fuel oil (households in
these statistics include ali income levels and building types).

5. SecondaI3, space-heating systems (such as wood stoves, fircplaces, or portable spacc
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 consumpti_n
of secondary space-heating systems cannot easily be monitored.
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6. Occupants must intend to remain at home for ttie entire winter nlonitoring period 01o
lengthy vacations away from home). Houses whose occupants move during the study will
likely be droppcd from the analysis.

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

3.4 SUPPLEMENTAL DF_,SIGN

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

19_)-199l winter. These data will be analyzed to verify their accuracy and rcliability, 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 houses over the 1_1-1_)2 winter to improve the overall study accuracy.
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4. DATA PARAMETERS AND INS'I_UMENTATION

The data to be collected for thisstudy 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 evaluations ttf

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

and their responses to weatherization, cost information, and other information charactertz:ng'' the

states and subgrantees.

4.1 TIME-SEQUE_L MF_./_UREMENq'S

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

tct 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 the

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

Communications 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 temperatureand 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 a'vailableoptions. Previous experience

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

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

the equipment works weil.
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4.1.1 Space-Heating Fuel-Oil CkmSumption

The energy delivered to the oil-fired space.heating system will be calculated from a

measurement of the run.time of the oil burner, The hourly run-time will be multiplied by the

rated flow of the nozzle on the burner and by the higher heating wdue of fuel oil (appro×imatcly

140,(XXJBtu/gal) to arrive satthe Btu input into the burner each hour, T'his is not the energy

delivered into the house, but that delivered to the burner. The heating wflue of the fuel oil will

also be assumed to remain constant unless detailed data as to its actual value are awlilable. Ata

on-site calibration of the oil burner flow rate will not be performed unless it is deemed th_lt this

will significantly increase overall experimental accuracy. The rated flow r_lte of the nozzle will be

documented at the time instrumentation is installed and removed.

The run-time of the oil burner will be measured using the Telog R-2400 data logger's

analog voltage channel and a low-w_ltage (contact closure) relay placed across 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 logger will supply the

relay with a w)ltage source of approximately 8 vc31tswhic',awill be read as 5.12 volts by the data

channel (its maximum or "pegged" range) when the system is on, and 0,(X)w_lts when off. By

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

calculated by dividing the average w_Itage by 5.12 w)lts (i.e. 5.12 w_lts = 100% on time, 3.1 w_lts

= 60.54% on time, etc.). Because the data logger will bc programmed to record tan average

hourly volt_lge, approxim_,tely two months of voltage d,ita can be retained in the unit.

This approach rneasures burner run..time rather than the time the thermostat is c_fllingfor

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

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

water through the house rather than delivery of fucl to the burner. The actutd amount of fucl

delivered to the oil burner is accurately estimated 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 is attractive for s_f'cty and liability reasons.
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4.1.2 Indoor Temperature Measurements

The indoor temperature of eacli house will be monitored at the thermostat using an

integrated-circuit temperature sensor and the Telog R-2400 data logger. In 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 Measurements

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 will be located

where it is unaffected by heat 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 the house and

below roof level will be preferred. 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.

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

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

periods covered by thc delivery data.

4.1.4 Billing and Delivery Data

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

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

Fuel-oil prices will also be collected from the contacted fuel distributors.

4.2 :SURVEY INFORMATION AND MEASUREMENTS

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

.This survey information includes descriptive details of the house and its mechanical systems;

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

and safety, their operation of the -' '_,space-hea,..Jg system, and their house. This information will be

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

pre-weatherization period.

In addition to this detailed survey information, several other measurements will be made

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

weatherizatioa. The steady-state efficiency 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 subgrantees on the measures installed in each

weathcrized house and their costs, 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.

4.2.1 House Information

:

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

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

weatherization period using the survey provided in Appendix D. Information ()ta the tloor area,

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

the pre-weatherization period irl ali houses using the form provided in Appendix E.

_

=
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4.2.2 Occupant Questionnaire

A comprehensive occupant questionnaire will be conducted at tile end of the

post-weatherization period. Subjects to be included are ownership status (renter or owner),

length of residence, house age, heating fuels, demographics, the amount of conditioned space,

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

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

been reprinted verbatim from the 1.990RECS. This will make it possible to compare results from

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

the Single-Family Study to facilitate comparisons and generalizations across studies. Ali questions

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

Budget will be obtained for the questionnaire.

4.2.3 Air-Leakage Measurement

Air-leakage tests will be performed in ali the houses using calibrated Infiitec blower doors

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

that the total air-leakage change caused by the combined weatherization measures can be

determined. Control houses will also be tested during the pre- and post-weatherization periods.

Data to be collected include blower-door air flow rates at different pressure differences between

the inside and outside of the house, indoor and outdoor temperature during the test, and local

shielding class.

The air-leakage tests will be performed 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

• tests will be performed by different personnel in the Fuel-Oil Stucty,

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

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

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

1989). BonneviUe's procedure has been extensively field tested and prcwen 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 further 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 (ASTM 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 et al. 1984). I, BL

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 ali 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, fireplace dampers) are closed for the test rather than sealing ali possible openings

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

choice are:
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• to represent the "as found" condition of the house desired tbr' the ewduation,

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

• to reduce the number of special leakage areas sealed for the pre-weatherization
test that must be replicated tbr' tile post-weatherization test to ensure comparable
results.

4.2.4 Space- and Water-Heating System Measurements and Inspection

The steady-state efficiency of the space-heating system will be measured iri ali houses

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

model 6500B analyzer (Appendix C) following the procedure in Appendix H, 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 ali 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 (forced-air system),

insufficient draft, damaged or improperly installed flue/chimney, oil leak, impr,_perly set safety

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

unsafe condition is found, it will be brought to the attention of the subgrantee and gran:cc a

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

: Products Model 7400 Carbon Monoxide Analyzer and 460 Draft Gauge, and following the :_

procedure in Appendix I.

4.2.5 Subgrantee Information

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

crews, use of blower doors, inspection procedures, etc.), the dates the houses were wcathcrizcd,

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

non-material) costs per housing unit for the subgrantee, and household income will be collected

from the weatherized houses using the survey presented iraAppendix J. Household income will
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, also be collected from the control houses (survey provided in Appendix J). The 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.

4.2.6 Grantee Information

Information on program costs for the grantees will be collected 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. DATA ANALYSES

5.1 SPACE-HEATING FUEL-OIL SAVINGS

5.1.1 Submetcrcd 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 reporting the savings achieved by the WAP

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

weatherization indoor temperatures maintained in each house. The latter definition 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 defining the savings, the effect of

other factors can be better determined.

= Normalized annual space-heating fuel-oil consumptions used to calculate savings for both
=

the weatherized and control houses 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:

z

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

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

- s 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 l'uel-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 outdo)or temperature difference,

A intercept coeificient (determined by regression), and

" B= slope coefficient (determined by regression).

I_,inearregression techniques will be used to estimate the parameters, A and B, for tlie

pre, and post-weatherization periods 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 temperatures for

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

than weekly xSaluesif needed),

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

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

R)und t'or each house, average outdoor temperatures from NCDC 'Typical Meteorological Yenr

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

weatherization indoor temperatures R)r each respective house or a 68"F indoor temperature.

We,ekly average temperature differences will be calculated using the TMY outdoor temperature

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

even during the summer months when 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 w|lues of A and B for each house to estimate a

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

estimate of the normalized annual space-heating fuel-oil consumption of each house. Normalized

I
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annual fuel-oil savings will be found by subtracting the post.weatherization consumption from the

pre-weatherization consumption.

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

the average normalized annual savings of the control houses to account Ibr 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. The adjusted savings of each weatherized

house will be calculated by multiplying the pre-weatherization space-heating fuel-oil consumption

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

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 cm actual pre- and post-weatherization indoor temperatures) and the statistical

equations presented in Appendix A. These equations require an accurate knowledge of the total

number of houses heated by fuel oil and weatherized during the program year by the subgrantecs

used in the study and by all nine states. The uncertainty of the average calculated in this manner

can be large because of the possibility of monitoring ali large or small subgrantees and the

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

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

developed. The average, savings calculated by this alternative method will be less sensitive to the

number of houses heated by fuel oil and weatherized by the subgrantees and states and may have

less uncertainty, although it may not be as statistically rigorous.

In some of the study houses, hot water is heated by the space-heating system. In these

cases, the regression equation will be modified to account for water-heating fuel-oil consumption.

This consumption will be estimated from data taken during the warrner months when there is no

space heating. _,
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5.1.2 Fuel-Oil Delivery Data

The design of the Fuel-Oil Study was based on estimating spat',e-heatlng fuel-oil s_wings

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

unreliable for a general analysis. A fuel-oil delivery data analysis, if feasible, has the potential tc_

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

broaden the study to include other areas of the country, and to develop a methodology for use by

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

integrating the results from the Fuel-Oil and Single-Family Studies.

The level of usefulness of delivery data will be assessed by examining the fuel-oil delivery

data collected t'_r the 2(N)study houses from the 19_X)-l_)l year. This assessment will indic_lte the

potential benefits of using a supplemental sample, of houses during the 1991-1992 winter by

collecting delivery data for them. The analysis will also identify any bias that may be introduced

from such an approach. The analysis will be performed bcl'ore the i_)1-1992 winter in order tc_

determine if the experimental plan should be modified.

Pre-weatherization space-heating fuel-oil consumption for houses with sulTicient and

reliable delivery data will be determined using a degree-day approach such as the Princeton

Scorekecping Method (PP, ISM) (Fcls 1986) and compared with the consumption cstinlated from

submetered data to determine the degree of agreement. PRISM will use delivery data and

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

weatherization to determine a pre-weatherization index of consumption. Fuel-oil savings cannot

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

weatherization delivery and weather data for such an analysis.

5.2 NON-ENERGY IMPAC"I' ANALYSIS

An assessment of program-induced improvements in the atTordability of housing through

reduced energy expenditures will be conducted by combining fucl expenditure data with

information on household income. Fuel expenditures will be determined using the estimated l'ucl-

oil consumptions and savings, electric billing data, and known fuel prices. The inapact of the
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WAP on the percent of household income spent on housing costs will be evaluated using

intbrmation on rent and mortgage payments. The occupants' percc.ptkm of the effect of

weatherization on affordability of space-heating bills will also be evaluated.

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. Conditions in weatherized houses will 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 ali

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

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

information on the number of rooms heated, and measured air leakage of the houses, The indoor

temperature data will be analyzed to determine changes in average house indoor temperatures

and to develop time-of-day profiles before and after weatherization, qtle change in the number

of rooms heated before and after weatherization will be analyzed to determine if larger areas of

the house were heated and, thus, used following weatherization. The occupants' perception c_t'

the effect of weatherization on the indoor temperature of their houses will also be evaluated.
_

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

rate at 50 Pa pressure difference (house depressurized) across the building shell (cfm50), effective

leakage area (ELA), and average seasonal air exchange rate (cfm,,t,_ 0. Analysis may also be

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

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

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

Comparisons will also be made between weatherized and control houses, The occup_nts's

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

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 structure on which

_ they were installed.
_
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An air-leakage test comists of a series of air tlow measurements (O) made at pressure

differences between the inside and outside of the he,use'' (dP). These data lbllow the power law

tbrm

Q = C(dP) N (Eq, 5-2)

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

regressed by the nlethod of weighted least squares to determine the best values ot'C and N.

Values of Q can then be estimated for selected wducs cffdP, The cfmS() valile will be calculated

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

The ELA is a recognized rating of the airtightness of the house. The ELA will be

calculated using the lbllowing equation (ASItRAE 1989):

ELA = C6 Or [P/2(dPr)]°"S/CD (Eq. 5-3)
=

where

ELA = effective leakage area, in.2

dP_ = reference pressure difference = 0,016 inches of water

Q_ = predicted air flow rate at dP_,cfm _

C D = discharge coefficient = 1

p = air density, Ibm/ft3

C6 = unit conversion factor equal to 0,186.

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

E

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

Laboratory infiltration model (ASHRAE 1989): -

ct'm,,_t.,,j= (ELA)[(A)(dT) + (B)v2l°'s (Et I. 5-4)
-

=

--2_
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where

CfmnaturaI = ','erageseasonalairexchangerate,cfm

ELA = effcctlvcleakageareacalculatedfromEq,5-3,in,a

A = stack coefficient (ASHRAE 1989), (cfm)2(in.)4( ° F)"l

dT .- avcnige setlsonal Indoor-outdoor temperature difference, °F

B = wind coefficient (ASHRAE 1989), (cfm)2(ln,)'4(mph) "2

v = average seasonal wtnd speed, mph.

5.3 COST-EFFECTIVENESS ANALYSIS

The cost cffccttveness 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 calcul!lted using stand,ruralformul_ls, measured

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

assumptions made in the formulas include the expccted lifetime of the hc_use and ECMs, a

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

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

range of cost effectiveness 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, whicl, estimates societal

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

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

benefits other than measured fuel-oil savings that may bc ra::luded are:

• reducing national energy consumption;

• allowing low-income families tc) use a larger portion of their incomes for essential
non-energy expenditures such as food, Shelter, clothing, and medical care;

• improving thermal comfort anti promoting healthier home environments, espcci_llly
for elderly and handicapped individuals who often have special health needs;
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• stimulating local economies by providing jobs and comlnerce in weatherization
i 11 ,i _ gmaterials (l.e., indirect economic benefits); and

• mnintaining or enhancing property values of dwelling units,

The indirect economic benefits will bc estimated by applying an input/output method similar to

the one being developed by Barry Commoner for New York State's WAP. Subgrantee and

grantee costs associ_tted with conducting the WAP will also be incorpol'ated into the analysis.
,.

The cost effectiveness of airtightening work will be es__ttJmatec[if specific costs for this wc_rk

can be obtained. The fuel-oil savings of this work will be cAimated using the measured

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

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

to thc _tirtightening work), and using equaticms a,_presented by Schlegel (199(I).

5.4 ANALYSIS OF FACTORS INFLUENCING SAVINGS AND COST EFFECTIVENESS

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:

o pre-weatherization fuel-oil consumption, air leakage, and space-heating system =
effic:iency; =

• climate (heating degree days);

• house characteristics;

• household demographics;

• packages of ECMs in,stalled (t'or example, inclusion of space.heating system
measures, wall insulatlion, or client education);

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

• methods of client selection; and
_

-

_

_
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• 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 MISCELI,ANEOUS ANALYSES

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

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

c_ccupantswill 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.

Pre-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 IMPLEMENTATION

6.1 PROJECT RF_PONSIBILITIF_

The WAP Evaluation Project isbeing 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 ORNL. The Fuel-Oil Study is headed by Mark Ternes of ORNL. Bill l_vins will

work with Mark Ternes in implementing the work. Bill Mixon, manager of ORNL's Existing

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

The DOE WAP Divi,.i .:a, 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

needed. This 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
_j

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 ali study activities.

Specifically, ORN L will develop the experimental plan, develop instrumentation approaches,

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

information, perform data analyses, and prepare a final report documenting the project and its

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

ali taslcs identified below except those to be fundecl by the State offices.

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

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

' their selection, provide program information as needed (on subgrantee and grantee characteristics,

I
III
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WAP approaches, costs, etc.), and help manage the study at the state level. These oi'rices 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 information on the ECMs installed and their cost, provide informati(m on

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

households. The subgrantces will also wcathcrizc the houses lbllowing their standard procedures

during the time periods identified in this plan.

Synertech will assume the major role in implementing field related activities, in ch)sc

cooperation with the subgrantees, State offices, DOE, and ORNL. These 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, inctoor temperature, and outdoor temperature data; collecting detailed

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

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

efficicncies; pcrtk_rming safety inspections of the space- and water-heating systems; and removing

instrumentation.

6.2 PROJEC'F TASKS AND SCttEDULE

Projcct tasks and schedule through July 1991 arc presented below. Similar tasks and

relative schedule will be needed l'or the 1991-1_,_2 winter oi'monitoring, but the study may be

altered based on knowledge gained l'rom the 1990-1991 winter's monitoring and decisions

regarding the study design for the l(-.,u-)l-l_)2 winter.

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

2. Select Subgrantces and Houses - ORNl_,, with help and information supplied by the States

and subgrantecs, will select the sample of subgrantccs and houses t'or the study in
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September and October 1990. These samples will be selected following the procedures
and criteria specified in Sect. 3.2. The States will provide information on subgrantees
needed to make selections. Subgrantees will identify houses eligible and selected for the
WAP, verify eligibility for the study, and obtain homeowner consent to participate in the
study. The sizes of the samples will be based on a statistical analysis performed by ORNL
(see Appendix A).

3. Install and Maintain Instrumentation - Synertech, with assistance from the subgrantees,
will start installing the instrumentation in October 1990. Instrumentation 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 system will be obtained. Synertech will
train subgrantees to assist in installing and maintaining the instrumentation. The
subgrantees will assist Synertech in rectifying instrumentation problems (usually by
surveying a situation and installing minor replacement items) as they occur during the data
collection period. Synertech will address ali major instrumentation problems.

4. Collect Pre-Weatherization Information - Synertech will measure the air leakage and
steady-state efficiency of the space-heating system of ali 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 forwarded to ORNL and maintained in a data
base.

5. Collect Field Data -Synertech will collect telephone-transmitted data from the house
. instrumentation from October 1990 through June 1991 using ORNL supplied software.

Synertech will assure that errorless data are received from each house. Synertech will
forward these data to ORNL on a periodic basis, perhaps weekly. ORNl., will maintain a
data base of the collected data.

6. Weatherize Houses - Subgrantees will weatherize houses as identified by ORNL following
their standard procedures in January 1991. lt is important that al.._llweatherization work to
be performed on each house (including work funded from different sources and space-
heating system improvements) be completed within a five day period to maximize the
useable data collected. Thus, houses should be audited, materials purchased, and
contractors identified in November and December 1990. Dates when weatherization work
was started and completed must be documented for each house by the subgrantees and
forwarded to ORNL or Synertech. Subgrantees will also administer the monetary
payments to ali participating households at this time.

7. Collect State and Subgrantee Information - Subgrantee characteristics, weatherization
approaches, delivery procedures, ECMs installed and their costs, administration costs, and
other related information will be collected by ORNL from the States and subgrantecs in
February 1991. ORNL will add these data to their data base of collected information.

8. Collect Post-Weatherization Information - Synertech will measure the air leakage and
steady-state eft]ciency of the space-heating system of ali the houses in May and June 1991.
Synertech will also collect house and space-heating system information, administer an
occupant survey, and assess the safety of the space- and water-heating systems at this same
time. This information will be forwarded to ORNL and maintained in their data base.



34

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
weatherized 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. Perform 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 19':)1-1992winter. Also,
comparisons between fuel-oil delivery d_ta 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 new set of subgrantees the 1991-1992 winter will be
made at this time. Plans and schedules for the 1_)1-1992 winter of monitoring will also be
developed at this time.
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7. KEY OUTCOMES

One report will be produced, describing the results of the overall study, lt 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 means 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 structure 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 ca.':,be used to identify the market segments that future program

efforts should target.
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APPENDIX A. SAMPLING ANALYSIS

A.1 INTRODUC'rlON

To estimate fuel-oil savings due to weatherization performed under the WAP, the Fuel-

Oil Study requires a representative sample of hou,_eslocated 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 large numbers of subgrantees in the

study and in monitoring individual houses, a cluster 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), monitoring 125

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

1090-1992 winter, and monitoring a different set of 125 weatherized houses and 75 control houses

distributed among 25 subgrantees over the 1991-1992 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 (2), Massachusetts (4), Rhode Island (2), 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. The first option draws the sample of houses from the same 25 subgrantees

over the 1990-1091 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 IIa, respectively). A discussion of the subgrantee
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distribution selection and the estimated study accuracy follows in Sect. A.2 using the dcw_'lcq_ed

analyses.

A.2 DISCUSSION

The analyses were pertY_rmcd assuming a 20% attntlt n rate and using assumpticms fc_rthe

following wtriablcs: the variability, S(w), in the percentage of fuel-oil savings among low-income

houses weathcrizcd "within" a single subgrantce; the variability, S_0_), in the two year sum of the

percent fuel-oil savings "between" subgrantees of a given state; and the variability, S_._(I_), in the

single year sum of the percent fuel-oil savings "between" subgrantces c_fa given state.

The variability among houses weatherized by the same subgrantee was assumed tc_he

about 1.0 times the mean fuel-oil savings for weathcrizcd houses. This assumption was based on

two previous studies, both performed using submctered data and one also using indoor

temperature data (McCold ct al. 1988, Ternes et al. 1_1). Thi,; 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 ct al. 1_)1). Tlae assumption for the Fuel-Oil Study may

actually be high because, in 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 prewdent 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

subgrantee 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 level). The next

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

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

The final step was to apply this di,;tribution of mean savings randomly to the distribution of

houses heated by fuel oil and weatherized by each subgrantee to calculate S_(13) tbr each state --

using Eq. 1 from Alternative la and to calculate St_03) using Eq. I from Alternative lla, Based c)n

this procedure, the standard deviations estimated for the states were between 3 and 40% tk_rS,cl_l

and between 1 and 20% for St_(I_).
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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 A.1 and A.2
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Table ,A.I. CalcuLation of the study's accuracy assuming u_
of the same 25 subgrantet_ over Imth the 1_){b199i and I_)I-I_Y'2, winters"

Sum of Sumol, Termin [ ]# • e 2 'l

State Ns M ._=M., (M _) S.in)' n, in Eq, 2"
' '!! .... !': ! : : .'-_- ....... ,_'"_d % _.''_' _,.. ........... . '_ '. ::: .... ' ' '.'.=? ..

Cox_necticut 15 470 16,382 4,2898 2 2,854

Massachusetts 24 3,694 775,268 37,4774 4 219,880
, ........ _ , , ..... ,, i .....

Maine 11 1,619 272,4_) 20.(XI74 2 36,2752
, ,, , , ,, ,,, , tr .............. _ ..... ,, , , , , j_ ,,,,

New I-Iampshire 6 4_) 45,391 13.l9(x8 2 3,554
..... , ,, , ,,,, , , ,, .m ......

New Jersey 22 583 20,589 4.9758 2 7,706

New York 74 2,390 116,874 7.6718 5 77,659
...... ,,, ........ , ,..... , , ,i

Pcnnsylwmia 44 4,917 868,097 24.75(gi 4 374,534
, , , _ , ,

Rhode Island 6 179 5,843 3.6528 2 333
, ,,,, ,,, ,

Vcrmont 5 193 8,517 5.6462 2 457

Total M'.. = 14,544 723,253
........... ,

aCalculations performed using tlm analysis presented as Alternative la.

bCalculated using:
m' = 4 (125 houses monitored each winter. Assuming 20% attrition leaves IfR) t:ouses for
25 subgrantees, or 4 houses per subgrantee,)

_

SI,,,I = 1.()Y = 1.0 (0.15) = 0.15, where Y = 0.15 (average expected savings of 15%)

Equatioxt 2:
-

B = [(z,a)/M..] (sum of the terms in [ ])0.s
=

using: M... = 2M' = 2 (14,544) = 29,098
z,m = 1.645 (99% confidence level)

B = 1(1.645)/29,088J (723,25?,)°'s

B = 0.0481

Then: B/Y = (}.0481/(/.15= 32%
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' Table A.Z Calculation of the study's accurat_5, assuming use
of a new _t of subgran_ over the 1991-1092 wintera

..... . : .............. :.......... .......................................... f j .... , ,_, ,,,.,

Sum of Sum of Term in []
................St },a N, MI.o=M,.. 2 n, inEq,2°......... ,, , ..... ".I,,',,',, ' ,li ...... 'J t ..... ,,,.,, ,. ...... ,,:., .............. ,. , =, i " .f " , ,i1:- ',.,,

Conncctlcut 15 470 16,382 2,0449 2 2,039
' '................... i i,,, i i ,, _ ,. , i i, , i , i. , ,,: _.__ ._=_

Massachusetts 24 3,694 775,268 18,7387 4 135,607
, ,,,. t ,, ,,,,,,,, , i,,, ,

Maine 11 1,619 272,499 10,(X)37 2 26,368
, , ,i , , ,, , , , ......

New Hampshire 6 499 45,291 6.5984 2 2,510
..... , .............. _, , i,, , ,,,

New Jersey 22 583 20,589 2,4879 2 4,983
.... : :- . , ,,,, ,,,, , i , ,, , L _ ,, , ,,

NewYork , .74 2,3_._.,. 116,874 3.8359 ... 5 ...... 47,763

Pennsylvania 44 4,917 868,(g)7 12,3753 4 239,763
,,,t i , , , ,,,,,,, ,, , ,,., , , , - . ., , ,

Rhode Island 6 179 5,843 1.8264 2 253
,,,,, , ,,,, , _, _. ,, ,,,,

Vermont 5 1193 8,517 2.8231 2 337
- ,,,,,i ii,, i ,,

Total Mt.= 14,544 459,623
,, . , t.. , J ,, ,,,,,

aCalculations performed using the analysis presented as Alternative IIa.

bCalculated using'.
na' = 4 (125 houses monitored each winter. Assuming 20% attrition leaves 1(10houses for
25 subgrantees, or 4 houses per subgrantee.)

S(w) = 1.0 Y = 1.0 (0,15) = 0.15, where Y = 0.15 (average expected savings of 15%)

Equation 2:

B = [(z_a)/M..,](sum of the terms in [ ])0.5

using: M.. = 2Mt.. = 2 (14,544) = 29,088
z_a = 1,045 (90% confidence level)

B = 1(1.645)/29,088] (459,623)°'s

B = 0.0383

Then: B/Y = 0.0383/().15 = 26%
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Alternative la

A NATIONAL TWO.STAGE CLUSTER SAMPLING PLAN FOR THE
FUEL OIL STUDY,

OUTLINE OF PROPOSAL

I, INTRODUCTION, SETTING, POPULATION,OBJECTIVES, NOTATION

We can describe tile population in terms of levels,

l_e.vle[:l,, Fuel Otl WAP Northeast Population

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

_. __v_gL2.. States

There ar6 nine states tn the Northeast which contain the population of home units for'
the Fuel Oil Study, They are:

1, Maine 4, Massachusetts 7, New York

2, New Hampshire 5, Rhode Island 8, Pennsylvania
3, Vermont 6, Connecticut 9, New Jersey

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

Thus M l,, = the number of home units in the 1st state,
M 2,,= the number of'home units in the 2_ state,

t_

1
o

I
M 9,,= the number oi'home units irlthe 9lh state,

Note: M,,,=MI,,+M2, +'" +M9,,,

Lev___g!_3,CAPS

Each state consists of CAPS which coordinate the WAP for the home traits irl that
state.

Let M_c,= the number of home units in the ct/_CAP for the s°a state
where c = 1,2, ,,., N_,,

Note: N = N I + N2 + ' ' ' + N9 Is the total number of CAPS.

Level 4, Stratilication of Each CAP Into Years

Each CAP is partitioned into a stratum (1) of home units weatherized in the 1''1 year
and a stratum (2) of home units weathetized in the 2"d year by WAP.
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Let Msct = the num_r of home units weatl'mflze6 lJy WAP in year t
in the c th CAP of the s th state where t = 1 (1*l year) and
t = 2 (2"_ year),

Thus M,,cl = the number of home units weathertzed by WAP in the
1st year in the c °' CAP of tlm s °' state, and

Msc l = the number of home units weathertzed by WAP tn the

2_ year tn the c _hCAP of the s sh state,'

Note: Mst, =M,,,cI + Mst 2,

An overview of the four levels ts gtven in Figure 1,

s'rATI_
New Rhode Now Nt_w

Maine 1htmpshtm Vemlont ' Massachusetts Island Colmeotteut York Pennsylvania Jersey
1 2 3 4 5 6 7 8 9

N l CAPS N 2 CAIN . N3"CAPS N4 CAPS _N 5 CAPS N6 CAPS N 7 CAPS N_ CAPS N 9 CAPS N,

/I
/

,s

,, /

CAP41 CAP42 CAP43

O

7:_i ....

" ®., "" "-" CAP;]. .... "-"

" ltome Units ltorne Ullils

• (1't Year) (2nd Year)
•. C,_PaN,

"" . U 4c li U4c21
• ,.,•

" ", "_" U 4c 12 U 4c 22., ...1,

•.. _..

• ,.,,
•, ,.,, , o

=

%

a 4c li U 4c2i

", U 4c lM 4cI U 4c 2lVl_c?,

Figure 1,
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Let Ysai = the percent energy savings for the l_hhome unit in the tth year in the c th CAP
of the s th state,

"l'henwe have the following (unknown) totals and means:

Ysa, = Z Ysai = the total percent energy savings for the home untts weathertzed by WAP in
l,.,t the tth year in the c t/' CAP of the s th state.

Ysc,,= Yscl,+ Y_c2,=the total percent energy saving for the home units weathertzed by WAP in
both years tn the c th CAP of the sth state,

Na

Ys,,,= _ Ysc,,= the total percent energy savings for the home units weatherized by WAP tn
c--i botlt years in the sth state,

Y_4H

_, =-_,, the average (mean) percent energy savings per home unit iri the sth stateoverboth years,
9

Y ....= E Y_,,,,= the total percent energy savings for the M,,, home units weatherlzed by
s..l WAP in both years in the Northeast WAP,

Finally,
Y,I,,

ir = M.,---'_= the average (mean) percent energy savings per home unit for WAP over
both yeals.

The primary objective is to estimate 17based on a sample of home units weatherized by WAP
over both years.

II. STRATIFIED TWO-STAGE CLUSTER (STRATIFIED) SAMPLING PLAN

Step 1, As we saw earlier, there are 9 strata as given below, Lower case m and n refer to
sample sizes.

STATES

1 2 3 4 5 6 7 8 9

n I CAPS na CAPS n3CAPS n4 CAPS n_ CAPS n_ CAPS n7CAPS nn CAPS n 9CAPS n ,

: ml,, lltxne m2,, Home my, l[ome m4,, llome, ms,, }lone mtr, l lome tnT,.ilome ms,, l lone m9,, llomc m,,,
Units Units Units Units Units Units Units Units Units

Step 2.

Ytage 1, Within stratum "s" and independently of the other strata, select a simple random
sample of ns caps. We will have

CAPsl, CAPs2, '", CAP,rc, '", CAP,Tn,
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Note here that c = 1, 2, ..,, n_,. We do this 9 independent times. The total number
of CAPS selected is

n.=?ll +/12+ .... +n9.

Stage 2. For the C th selected CAP from stratum s in Stage 1, select a simple random sample
of msc l home units weatherized by WAP in the first year and independently select a
siml:',e random sample of rnsc2 home units weatherized by WAP in the second year.

We will have

t=l t=2

Use 11 Use 21

Use 12 Use 22

i •

Use I i Use 2i

• D

Use lm_c I Use 2mst 2

Note:

msc .= mst I + mst2 = the total number of home units weatherized by WAP in
both years selected from the C th sample CAP from state
S.

n z __

ms.. = E mst.= the total number of home units weatherized by WAP in
c=l both years selected from state s.

9

m... = E ms.. = the total number of sample home units weatherized by
s=l WAP in both years.

III. ESTIMATION OF THE TOTALS AND Y.

1, We have the following sample statistics for the ¢th selected CAP from stratum (state) s.

1.1 Y,_cI - sample mean percent energy savings for home units weatherized by
WAP in 1st year.

ss_] - sample varS_,ace for the percent energy savings for' home units
weatherized by WAP ira 1st year.

Y_,c1.= Msc lY-scI = an estimate of the total percent energy savings for home

units wcatherized by WAP in the 1st year for the c _h
selected CAP from stratum s. =-
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1.2 Y'sc2- sample mean percent energy savings for home units weatherized by
WAP in 2"d year,

ss_2 - sample variance for the percent energy savings for home units
weatherized by WAP in 2_ year.

^

Ysc2.= Msc2._c2 = an estimate of the total percent energy savings for home
units weatherized by WAP in the 2_ year for the c th
selected CAP from stratum s.

A ^ ac

2. Y_c..= Yset. + Ysc2,.

^ . $2
Var(Ysc..)=M21 (Msct-m,ct ) ss2___[_t+Ms22(Ms,:2-msr:z) so2

Mst I mst I Mst 2 mst 2

and

Vdr(_,c.,)=MsXcl( Mscl-msc' ) Ss_! +Ms2c2(Msc2-msc2) Ss22
Msc I msc| Msc 2 rnsc2

Note that $21 and Ss_2 are "population variances" for the strata in the c th CAP and Ss21
and ss22are 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 s th state is

^ Ns B, ac
Y,... = -- X; Y,c.. (See Cochran, page 303, (11.21).)

PIs c--.l

with sampling variance

Var (Ys"...)= Ns2( Ns - ns ,)_Ss2<B)+ .,sN '%ZVar(_c..)

lr,

x Ys)2c=l Ys ,,,

where S_B ) = Ns - 1 and Ys - Ns (Eq. 1)

and the estimated sampling variance

Ns )-n's ---+ " E Var(Ysc")
Var

rts c=l

X (Y,_,.- X Y_c,,
c=l " c=l

= where s_B) = ns - 1 and Ys - ns
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4. An estimator of Y ...., the total percent energy savings Ibr the M... home units weatherized by
WAP in both years, is

^ 9 ^

s=l

with s_lpling variance

Var(l<.,.)= E Var(_,,,)
s=l

and estimated sampling variance
^ 9 ^

Var(E,,,) = Y.Var(_...) ,
s=l

5. Finally, an estimator of Y, the average percent energy savings per home unit weatherized by
WAP during the two-year period, is ^

_, Y,,,,

'_r _

M,,,

with sampling variance

1 ^

Var(_ = _ Var(K..,)

andestimatedsamplingvariance

I

Var(_=_VSr(Y,...)

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

IV. SAMPLE SIZES

The desire is to determine n. the total number of CAPS to be selected for the sample and m... the

total number of home units weatherized by WAP in both years to be selected at the second stage

so that Y is within B of _ with probability 1- _ Assuming that Y is normally distributed, we
have

B = Z a _Var (_ = -- _Var(E,,,) __
M...

2
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Thus

(M,,,)B = Z eL
2

j ._> (M,,,)B = Z _ _,Var (Y_...)
T

=> (M,,,)Bz_ [rc?(N_-.. S._>+N,N, .r, Var(Y_c,,)]-f iv,) n, n,_=_

=>(M...)Bz_ (z[N:(N"-,,,Sa,>+N,", M,o S,_,= _ --- Z {M,_,( ,-msc,)_
T Ns ) n, n, c-.l Mscl rnscl

+M_:(M,o2-m,o2 S_2 :M,o._)_-:S=}]).

ForallCAPS. assumeM,cI=M_,c2=M,'_toldS,_l=8,22=S,_=8(2,,).AlsoforallCAPS. let
mst1= ro,c2be the same value m*. Thus the above equation becomes

- )_ 2N, N, M;'c-m*)S?,)](M...)B-z_ _[N:(N',,,S,_,_+_ _.(M;:)'(/v, n,c=I M;_ "m*''

J - 2N,s?,,>#, N,= Z a Z [N:(Ns ns Ss2(a)+ { (Mj*c)2_m* Z M;:}] (Eq.2)T Ns )%7-- ns m* _£1 =1 '= C
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Alternative IIa

A NATIONAL TWO-STAGE CLUSTER SAMPLING PLAN FOR
THE FUEL 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 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

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

Note: M,.,=MI.,+M2,. where

M 1,,= the number of home units weatherized in 1991 for t=l, and
M2,, = the number of home units weatherized in 1992 for t=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 are:

1. Maine 4. Massachusetts 7. New York

2. New Hampshire 5. Rhode Island 8. Pennsylvania
3. Vermont 6. Connecticut 9. New Jersey

Let Mrs. = the number of home units in the sth state (where
s = 1,2, 3, ..., 9) of the tth winter.

Thus M t1,= the number of home units in the I st state of me t th winter.

Mt9, = the number of home units in the 9 th state of the I th winter,

Note: Mt,, = Mt 1.+ Ms 2, 4.... + M_9,,
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For each winter, each state consists of CAPS which coordinate the WAP for the
home units in that state,

Let Mt.rc = the number of home units in the cth CAP tbr the s th state

for the t oa winter where c = 1, 2, .,,, Nts,

Note: Nt.=Ntl +Nt2+ ,,, +Nt9andN..=Nl.+N2,,

An overview of the four levels is given in Figure 1.

STATES IN WINTER t

New Rhode New New

Maine Hampshire Vermont Massachusetts Island Connecticut York Pennsylvania Jersey
1 2 3 4 5 6 7 8 9

Nii CAPS 2 CAPS ,. Nt_ CAPS Nt4 CAPS ,' Ni5 CAPS Ni6 CAPS Nn CAPS Niz CAPS ' NI9 CAPS N,,
I

Mt 1'Home 2. ltorne Mi3, llome | Mt4, Home' MIs, llome Mt6. llome MtT. Home M_n, ttome Mrg, llome Mt,,

Uniu,.. - Uniti Units [ Units Units Units Units Units Units

,/ I

I" •

,. / itfo

CAP, 41 CAPt 42

•O

!

"' _ " "-.. CAP,4c.

• Home Units

Ut4c 1

Ut_2

" - "". Ut 4ci

".,,. UI 4cMt4 c

Figure 1,
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We continue with the following notation. Within winter t, let

Yt,ci = the percent energy savings for the ith home unit
in the cthCAP of the sth state for winter t.

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

M_

Yuc. = Z Yuci = the total percent energy savings for the home units in the c th CAP of the sJh
_-t state for winter t.

NL,

Yt,.. = Z Yt_c.= the total percent energy savings for the home units in the sth state for winter
c=nl

t.

Irt' Mts'-"'_= the average percent energy savings per home unit in the s th state for wintert.

9

Yr...= I2 Yu.. = the total percent energy savings for the Mt,. home units in the Northeast
s-.i WAP for winter t.

_t = It.,, _ the average percent energy savings per home unit for WAP during winter t.
Mt,,

Y ....= Yr...+ Y2...= the total percent energy saving for the M... home units in the Northeast
WAP over both winters.

Finally,
R Y,,°,

lr = _ = the average p_rcent energy savings per home unit for WAP for the two
M .... winters.

The primary objective is to estimate Ir based on a sample,

II. STRATIFIED TWO-STAGE CLUSTER SAMPLING PLAN

Step 1. As we saw earlier, there are 9 strata (states) for each winter ,asgiven below. Lower case
m and n refer to sample sizes.

STATES IN WINTER t
1 2 3 4 5 6 7 8 9

1 !

'ntlC'_S nt2CAPS nt3C'lkl_ nt4CAPS ntsCAPS Int6CAPS nt7CAPS ntsCAPS ntgCAPS I hl'

mtl, Home mt2, Home m_3,Home mt4, Home rats,ltome ] mt6. ltome mt7. Home m_8,Home mrg. Home l mt"

Unit8 Units Units Units Units Units Units Units Units

,,,

Step 2.

Stage 1. For winter t and within stratum "s" and independently of the other strata (there are
eighteen strata altogether over' the two winters), select a simple random sample of nts
CAPS. We will have

CAPtsl. CAP_.2, '", CAPtsc, "', CAPtsn,,



56

Note here that c = 1, 2, ,.,, n_. We do this 18 independent times, The total
number of CAPS selected tbr' the two wtnters ts

PI,, =tll,+tl 2,

, =(nll+n_2+'" +nlg)+(n21+n22+"' +n29).

Stage 2, For the t th winter and for the cth selected CAP from stratum ts in Stage 1, select a
simple random sample of ml_c home units, We will have

Utsc l

Utsc 2
o

I

Utsci
I

o

Ulscmtlc

Note:

m_sc =the total number of home units selected from the c th
sample CAP from stratum s for winter t.

n,,
mu,= E mtse =the total number of home units selected from state s for'

c=_ winter t,
9

mt,, = Z mrs. = the total number of sample home units for winter t.

m ,,, = m 1,,+ m 2,,= the total number of sample home units over the two winters.

m

III, ESTIMATION OFTHE TOTALS AND F,

1. We have the following Sample statistics for the c _h selected CAP from stratum ts.

y-_._- sarnple mean percent energy savings lhr home units.

s_c - sample variance for the percent energy savings for home units.

Y_c, = MtscYtsc = an estinaate of the total percent energy savings for home
units for the C th selected CAP from stratum ts.

Var(Vsc )=M, 2['tsc_,Mt.,.c-m,.,,c ) S,._c
Mtse mtse

and
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A

Vdr(ytsc,) = M?sc( M,,c - mt_c . s_c
M,,c ) -'_c

Note that S2c is a "population variance" for the c th CAP and sL,_ Is the corresponding
"sample variance"' defined above,

2, An estimator of Yt,.. is

A

YI, Nta ",, .,,= _ Z _,,:. (See Cochran, page 303, (11,21),)
nta c'-'l

with sampling variance

" N_ _ _,2. Nn N. .

Var (Yt, ,.)= N,_( N,, nta ) S_,(a...._.._nu+ --ntJc=lXVar (Ytsc.)

N,

z(rta_.-_,)2 - r,,
where S_(B) = c=t and Y_ = -- (Eq, 1)

Nta - 1 Nt,

and the estimated sampling variance

,NI,- ni, ) NtaN,, .)s_B +__ z v&(Y_o,)
A

Var(rta,.)"= N_( N# cfu nta c-.,I

tltJ ^ 2- NIt ^

X;(Y.c,- Yta)2 X r_c,
c=l _ c=l

where s2(B) = nta - 1 and Y_- ht,

3. An estimator of Y,... is

^ 9 ^

_...=X_,..
s=l

with sampling variance
^ 9 ^

Var(Yt,.,) = Z Var(Yta,,)
_=1

and estimated sampling variance
^ 9 ^

Var (Yt...)= Z Var (rta,.) .
;=1

4. An estimator of F, is

Yr.,,

_'=Z/,.
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with sampling variance

Var(_) - Var(_,,,)
,i

and estimated sampling variance

Var(g)= _Var(_,,,)
Mt2,,

5, An estimator of Y ....is
A A

Y,,,,=_'t,,,+ Yr.,

with sampling variance
^ ^ ^

' Var(Y,,,)= Var(Y1,,,)+ Var(Y2,,,)

and estimated sampling variance

Vdr(Y,,,)= Vdr(Y_,,,)+Vdr(Y2,,,),
m

6. Finally, an estimator of Ir is
A

Y,,,,

e_,

with sampling variance
^

and estimated sampling variance

(_ 1 . "
Vdr = _ Var (Y,,,.)

IV, SAMPLE SIZES

The desire is to determine n., the total number of CAPS to be selected for the sample over the two

winters and m,,. the total number of home units to be selt,ctcd at the second stage for the two

winters so that Y is within B of Y with probability 1-a, Assuming that Y is nonnally
distributed, we have

Z It.

B Z_. Var(F) = -_,,,. ,,,)
2
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Thus

(M,,,)B = Z a
2

-')B Z.==> (M .... = Y.ZVar(Yts.,)
t,1

" 2" Nls - n, . S_(tl) NtaN, ,

=, (M...)o=Z} _LN,.,(. NT, ")'-_-,,'+--nt_c,,,tZVar(Yt,e,)]

•2; Nc_- nta\ St_(tj) Nt,_s. I _.¢:z( M_c tnt_c,_,SL,c
=> (M...)B=z,,_ ZZ[N:,t- --: +.---....t,,,,,o,---_z-_,-:=-}]

[ , 2 Nts .... : Mta_- mtse \ S_c 1rN2(Nta-n,,aS_ta(,) "-- N; ........'.... =....
=z_J _' ta_....N : --£,--+_ _ML,o_,......:. ........)----.1ts ta flu c=1 Mtse mtse

Assuming ali S_,:,= S _,,), and mta,_= m* the same, the equation becomes

(M,,,)B=Z ZZ[Nt?(Nta-nt') S'_(n)..... + Nu S?_v){ g|Mt?c_m, ZMtsc}] 'm*t s Na na nts c=t

Nts S_w)
=Za ZZ [N,_( NI.,.- ni, )_S_(n)+ _______ { M_c - m*M_, }] . (E,q.2)

-_ s N t_ tits flu ttf* c=l
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APPENDIX B. HOUSE SCREENING CHECKHST

The house screening checklist will be used by the subgrantces to yet'lip thtlt the hl_tlses
meet the eliglbtllty requirements tbr the study listed in Sect, 3,3, In some cases, the t_ccup_lnts
will sign the checklist to verity, their agreement to particlptlte irathe study,
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HOUSE SCREENING CHECKLIST: FUEI.,-OIL STUDY PARTICIPANTS

Name: Phone number:

Address:

Questions needing a "yes" answer Yes No

Is the householdeligible for the Weatherization
Assistance, Program as administered by your organization7

Is the home a single-family house but not a mobile home
or similar manufactured building (refer to attached description).

Is fuel oil used its 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 1_)0 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? ....

It' questions needing a "yes"answer are answered yes and the "no" questions are answered no, the
house is eligible for the study.

Is this house eligible fi)r the study?
Yes No

Agency:

._ornpletcd by: Date:
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SINGLE-FAMILY BUILDING DEFINITION

For tlm Fuel-Oil Study, houses nlust be single-family buildings but nc_tmtff)lle homes or

mlaer similar hcmstng assembled on-site from factory built modules, Single-fanaily buildings are

defined as follows:

"A single-family housing unit is a structure that provides living space for one taot4seholdor

family. The structure may he detached, attached on one side (scmidetaclmd), or attached

on two sides, Attached houses are considered single-family houses as long as the laouse

itself is not divided into more than one housing unit and has an independc.nt outside.

entrance. A single-family house is contained within walls that go from tlm basement (or

tlm ground l'lc_or,if there is no basernent) to tlm roof."

in adherence to this definition, row houses and side-by-side duplexes (twins) are single-

l'amily houses, whereas over-and-under duplc_'xesare multlfamily (sue definition below). Although

a mt_bile home with one or more rooms _lddt'_dis often classified as a single-fanaily house, it will

not be considered single-family for this study.

Small multtl'amily buildings are defined as follows:

"A house or building with two to t_ur housing units is a structure that is divided intc_living

quarters for two, three, or four l'_lmiliesor households. This category also includes houe_es

originally intended lhr occupancy by one family (or for some other use) that have since

been converted to separate dwellings for twoto 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' INS_I'RUMENTATION LITERATURE

Literature on the Telog model R-2400 data logger, Infiltec blower door, and Lynn model

6500B analyzer are enclosed.
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R-2400 ®

Automated Data Acquisitionand Communications System
._ _ I IIII [ I r _ II I

Introducing ...

The R-2400 Series Recorders from
Telog Instruments-
a data acquisition system with flexibility
and power that is unprecedented in its price
range.

Automation, Flexibility
and Simplicity
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 programrning control, the R-2400 Series
Recorder will automatically perfbrm any neces-
sary signal conditioning, convert the conditioned
signal into digital form, process and store the data, and

transfer historical data to 5'our computer. You have Featuresmany Options in the placement and interrogation of
your recorders, as well as the collection and presentation

of the recorded data. "Stores up to 12,800 data values in
The rugged, rainproof R-2400 Series Recorder is bat- eac,_ recorder unit
tery-operated and will faithfully carry out your pro- • Automated data collection
gram commands for months at a time. The samples
collected are stored in memory and the historical data • Built-in modem
can be transferred to your computer in variety of ways: • Local area network capabilities
via modem over common voice-grade telephone lines,
through a Local Area Network (TeLAN), or by manual " Can monitor a variety of analog
collection on site with the Telog Data Transfer Unit. inputs

Comprehensive Support Software • User programmable
Teloglnstrumentshelpsyouharnessthepowerofcom- "interfaces with IBM-compatible
puter technology without needing extensive program- personal computers
rning experience. The R-2400 Software Support pack- • Easy-to-use menu-driven softwareage uses pulldown menus (with on-line help) that make

it easy to design data collection schedules, communi- with on-line help
cate with recorders, analyze data and generate reports • Report-ready hard copies
- ali with just the press of a few buttons.

--=-- 2 ii ...... iii ii I I I I iiii iii , i lm
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R.2400 From the field ... to your
I I '"""' ' II JA IIIII I III II I I lllr i III I IIIII - I III J Irll IIII

Automatic, Fast and Reliable Data Transmission
Each recorder works independently in the field but their activities are directed by Telog R-2400 Support Software. Ali 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; ali communications with recorders use an error detection and retransrrfis-
sion algorilhm to ensure error-free data transfer,

Built-in Modem
The R-2400 Series Recorder uses low cost t.'onlnlon voico..

grade telephone lines for automatic data trarlsrnission. No _'-_-_,
special leased line is required, The 300-baud modern nlakes ..........................__ . _...j_-possi b le two-way conanaunic alions ber wee n youa nd your ' =..| ,,,, ,. ...

711recorder in the field, eliminating the need to visit installa.. I_ _'f! 'i't_lttu' I_,
tion sites, From your office computer, you can check on the

cunent real-time readings and update the recorder. In the [.] _[_::=('li _:::::_;::::_ ]]j_ "
field, the recorder can be programmed to call ,,,our office _ ..... --
computer automatically - at scheduled times, preset alarrn
conditions, two hours afler an AC power failure oi" when \L
their :nernory is 80% full.

L ocalAreaNetwork(TeLAN)., i-'-'-'_ I_7_]
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 TeLAN, you can com-

j" "N
municale frorn a central computer with up to 16 recorders >__.,._
(64 charmels) as far as 25(X) feel away. Only comrrlorl
industrial wire and the TeLAN interface are needed for

connection. To the computer, communications with re- '_ {-"-7._ l'_

corders on TeLAN is similar to direct conamunications ..__
with recorders with built-in modems.

7_

Data Transfer Unit (DTU)

The DTU is a light and compact device thai can collect .... _l_lgi 'i_"-' ">';, __/"._....___'i'. _]

stored historical data directly from recorders in the field ...........

Data collection is simple - connect the DTU to your R- 2._!_ '-_ "

2400 Series Recorder, press the DTU's only button, and I t..,=__41_|;'_a;'¢'__ _'|t'_ _ __Q.._

an)' stored data will be copied. A DTU can copy data from _,!_,,.,_::::::::.::::-::, b_f-
up to seven R-2400 Series Recorders at a lime. Only a ......
direct cornmand from your computer can clear historical
data from the recorders. When you return to your office, ._
the data can be transferred frorn ihe DTU to your computer
for storage and analyses.

i ...... ii ............. iii,,,, iii _

>
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®
computer ..: into your report.

I I I I II I I I I'1111 I II I III I I I __1

R-2400 SuppOrt Software Data Reduction and Analysis
The R-2400 Support Software helps you coordinate the ac- Once transferred to the computer from the R.2400 Recorder,
tivittes of ),our recorders with user-friendly pull-down your data can be examined graphically, numerically, oi' ex-
menus. As you design your data collection schedule for ported to a spreadsheet program.
each recorder, you are prompted at every step of the way
with ),our options, and ;it any point, context-sensitive help Graphic Display
screens are available to discuss a particular menu. The graphic display function of ),our data by the R-2400

Support Software is a sophisticated update Dfa chart recorder
Your recorder samples its analog inputs once every second function. The graph expansion capability helps you in data
and summarizes the data according to a schedule you have analysis and interpretation. You can also have individual

programmed. The recorder can calculate any combination values of the graph displayed digitally with their correspond-
of the minimum, maximum or average of data sampled ing date and time of occurrence. When you are satisfied with

ever a time interval as short as 15 seconds or as long as 12 the graphic display you can send it to the printer for a report-
hours. You can also choose a combination of call-in in- ready hard copy.

st-,ctionstobe foIlowedby yourrecordersinthefie]ds. - _j,,,! !J_l

"The R-24(X) Support Software will tailor the recorder .,/

functions according to )'our application needs, B.6 _,,/ ,,%_ *,,

N ,_,iI{ %'0

/ " /A 87Y11/I]7BZ/BB/B?

Numerical Display
You can also easily obtain a screen copy (,r report-ready hard

____ -- copyofyourdataoThe dataareshown alongsidetheircorre.

--- spending d_ ,e and time of occurrence. The numerical data

can be compressed or a portion of' the data can be selectively

)rinted for your summary report.

Output _,ecord for Recorder lD; 2 ",,_.+,_/-,.. "'* ,,_ _.'r,.,,4',. "",,'1:.,';,':';:,",., "_....
Dnlctiptionl Telog'l 2400 Ser_ ,,_,:;_lo, +.'"Q","t_t",_"' A.,_.. _.
,,mr,,,, Po,o. 240 £'_,.!;_";:,t. "'_., _"._ _,

Dedicated, Efficient and Friendly ,,.._..m.,,, ,::.:._,_?.,.z::.',:..... .,,,Co_JauntcatLo..¢c... method, "0_;]',_ _.'i)4_:_'fi']*:",,, ' .....;_._""

These are some of the characteristics of the R-2400 Sup- #.,:....,--., .,,,,v_-.,;,,+. +,,, ,,.... ',,.e.+"'*),'lp _ +_, * _ % **. *,'l, *J +,,.,, -.,.,+ .I,<.
41j//l+,ifl li +Il _ tit mlll_l l I_ 4_it l_/l I_+i+IIiii"

Progr&Mu_ed Clll-S=ck Znte+ '+.'",'!*:'._ .';'_._',_/ .,_,, ,,++, _. ", .,_port Software. Once installed and programmed, it per ..... ",,',,'.. -,- .......... ,.... ',+Progr,,_,_ed ¢_ll-_,et.rlt Inr" ,*,!.,",'t,I/.,,,?_' ,",_ ,;'{,_:,,,,,,',,,,_,,.',;',,, ,,,I
Alarm call blck Interval _+.;;,.;;,+_/;,,.,_//NN /'-_" _',_,,,'_"t._"w,,,forms without assistance, lt can answer incoming calls c._ _,.,,,.:,.oo.d.. ,,, ,:5;',,,w,,7,,,,,a.::: +',5' ,,.._'-.".,",,. :.,

,i+_'I_ '*I ,i, _ t' _i t, +,_. ,+,, - l,_ ,% +,+,#

from }'our field recorders, determine the nature of the calls, ,,.;:,.;?,,'.,,>, , ,,. ],a' ],'.', 4',,?..,, _+o_,=,_.+.,;au++ ol ,;t,:,,,;'://:,'/i_ ]:,._ ,','_ ,','_ ',_,':t_)_",+._+,.,
record any problems in a message log, collect the data
according to schedule, automatically append the collected Export to Spreadsheet

data to a particular channel's data set and download any A simple command on the R-2400 Support Software will
new instructions to the recorders before ending each com- convert an)' data set into a file compatible with Lotus 1-24 or
munication session. The autonomous performance of the similar spreadsheet programs. You can elect to export it to the
R-2400 Support Software allows you to concentrate on the spreadsheet at anytime.
design of your test and the analyses of your data.

Flexible, powetful, easy-to.use and affordable

The R-2400.
. i-- : - iPll ,i ii RI L III

--

= :
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R.2400 RecorderSummary Specifications
_l,lpr _ , IIII I II I I III II " -

MODELS PROGRAMMABLE PARAMETERS
R-2401 Single-channelrecorder Interval Length 15 SRCto 12hr
R-2404 Four-channel recorder Stored Data Any combination of rain, max or avg

per interval for each channel,
10-digit accumulator tor toializatlon
per channel

CHANNEL INPUT (factory configured) Calendar Time mo/day/yr hr:min:sec

Analog Voltage (full scale) 100my,200my, 500mv, Alarm Threshold High and/or low for eachchannel

lr, 2v,5v,lcr. 2oy COMMUNICA TIONS
Current Loop (full scale) 1rna,5ma, 20ma, 50ma Local RS-232C serial pod for local

communications with DTU or

Event Recording Records mo/day/yr and computer at 300, 1200or 9600 baud
ht:rain:sRcof event for Telephone FCC Approved 300.baud Bell 103
pulse width > 10 msec, auto-dial modem (userselectable
2 SRCbetween pulses auto-answer) supporls pulse or tone

dialing

Potentlometrlc Resistance range of 1OK TeLAN Optically Isolated (3 wire) network
to 500K ohms

ENVIRONMENTAL AND MECHANICAL
Pressure Strain Gage 1, 1.7, 2, 25, 3, 4, 5, 6, Enclosure NEMA 3R rainproof, standard

4-wire bridge (sensitivity in my/v) 7, 7.5, 8, 9, 10, 15, 20 (NEMA 4X waterproof,optional)
Size 8" x 8" x4" (NEMA 3R)

Pulse Records up to 1000
countsper inlerval; Weight 8 Ib (NEMA 3R)
pulsewidth > 10 msec, Operating Conditions -25 to 60 C, 0 to 100% RH
2 SRCbetween pulses (non-condensing)

Temperature
Ambient (semiconductor sensor) -40 to70c or POWER

.40 to 102 C Battery 2 lithium 3.5v cells, 1.8a-htRTD (100 or 200 ohm platinum) -200 to 400 C or
•200 lo 800 C Operating Ltfe 3-4 months at 25 C or above

Thermocouple Type K -270 to 1372 C (channel dependent)
Type E -210 to 1000C External DC 11 lo 28 vdc @ 40 ma
TypeJ -112to760C External AC 120 vac@ 20 ma
Type T -23 to 400 C COMPUTER REQUIREMENTS

Wind Direction (scalar averaging) 0 to 360 or 0 to 540 deg Computer IBM/XT/AT/PS2 or compatiblewith
0 to 1v or 0 io 5v input 5'12Kbytes of RAM

(hard disk recommended)

RECORDING Graphics IBM Color Graphics Adapter, EGA,VGA, or Hercules card
Accuracy +/- 02% of full scale Interface Ports 1 parallel pcr1(for printer)
Resolution 0.1% of full scale 1 RS-232C serial port
Sample Rate 1 sample/SRC/channel Modem 1 300-baud Hayes compatible

Memory 16K by,es for modem (internal or external)
12,720data values 1_,,_ 1.2.3 i_ lhr I_ademaff,,of l._)tu_Dcvcl(,pm_nt Corp _md IBM PC,fX'I/A1/I'S2 arc |he

Iradcmarl,,_,oi Inlcr'nt,litmal Bu_,ine_,,', Machines,

Specifications subject to change without notice,
" -- I I , Illl I I II I ,llIll .......

REPRESENTATIVE'. Telog Bnstruments, Inc.
P.O.Box240

West Henrietta,NY 14586

Phone'(716)-359-1110
Fax' (716)-359-9401

ii .. • " I III ..... ,1 I I - ........ _- "i_ ......

12J_989
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CONTROLS
i i i ii ii , iiii ii _

-- [ ____ II I I IIII II IIIIII

....-- INFILTECLEVEL

{11 I II I III I II IIII I .

_:" G

CARRYINGHANDLE----------_I__--_ "* --_

MOTORSPEEDCONTROL

AIR FLOW RATE GAUGE.......0-4750 CFM _ _'___ --SPEED RANGESWIICH
DIMENSIOrIS.................15"xi'x3" | _ _ _ LATCH STRIKES

WEIGHT...............]3 Ibs (5,9kg) _. _ ORIFIC_PRESSURETAP
.....AC POWER(FROMCONTROLMODULE)

ORIFICEPRESSU_,ETAP..... _ _-POSITIONING STOPS

OUTSIDEPRESSURETAP _ (ALSOON BOTTOM)
../AC POWER TO FAN

-,----*-_- FAN HOUSING

......... EGG CR_TEAIR STRAIGHIENINGPANEL

_ REMOVABE ORIFICE INSERTDISC °
(USEDIO MEASURELOW A}R FLOWS)

DOOR ----21" AIR ,%ETIMETZRINGORIFICE ---

(USEDW'THOUTORIFICEDISC FOR
_ HIGH AIR FLOWS)

tllL_! -- L

OOR J/kMB MOTOR............................................3/4HP,AC "

.......N.. i_._ (STEELCHARNEL) POWER,.,.,110VAC, 60 Hz, 10 Amps (optional220 VAC,50Hz) --ii,= _

'__"i OATED NYLONCOVER FAR CAPACITY...........................4250 CFM at ,2" H20

II ....78" '............HEIGHT ADJUSTMENT, to 88" (198to 224 cre)DIMENSIONS 24x22,Sx10inches (61x57,2x26,6cre) _

WIDTH ADJUSTMENT........28" to 36" (71 to 91 cre)WEIGIIT....................................39 Ibs (17,7kg) r

OTHERHEIGHTSAND WIDTHS................OPTIONAL

DIMENSIONS........................28,5"x41,5"x3"
WEIGHT..................,.........Z2 Ibs (10 kg)

TO INFLATESEALINGTUBE

-__-'_ _i'ii_1 HINGES (LOCKING) _

; _ _' jAMB

_L"le.._ ,4_,-_- :TAININGSPLINEFOR COV_,.v_I}r4_.__#._v.I_INFLATABL E TUBE)BSTO ADJUST SIZE "--}_-FPJkME CHANNEL -:--

, .... ._ LOADEDEXPANSIONBAR ._.______COATED_ NYLON COVER
i

CORNERSEALS
=

_

'
I
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AIR INFILTRATION MEASUREMENT AND CONTROL TECHNOLOGY
[] P,O, Box1533 [] P,O. Box1125

FailsChurch, Virginia 22041 Waynesboro,Vtrglnta22980
INFILTEC 7oa-a2o76o6 703-949-7933qll iiiii ii iiii iii Iii i ii iii iii i ii ii i ii i i ii1| ii iiii i i i i|ll iiiiii . _

INFILTEC Model R-I Blower Door

Air leakage reduction has been shown to be the highest priority energy
conservation measure for small buildings, The Model R-I blower door is a
professional tool for solving this problem, This powerful calibrated fan
is temporarily mounted in the door of a building to measure the building
airtightness and to detect the location of leaks. Builders can use the R-I
blower door to certify the airtightness of their energy efficient
buildings. Weatherizers can use the R-I to detect leaks and measure the
effectiveness of their airtightness retrofit work, Energy Auditors can use
the R-I to quantify the heat loss due to air infiltration. The INFILTEC
blower door has many advanced features:

* ULTRA LIGHT WEIGHT- One person can move and install the R-I because
it has a lightweight modular design, lt can be transported in any car,

* LOWCOST -. The advanced design of the R-I has brought its price
down to-$3_ and air leakage computers are available for $500 or less.

* SIMPLE TO USE - The R-I air flow measurement is read directly from a
single gauge, No graphs, formulas or computers are necessary,

* QUICK - The R-I can be installed in a door in "less than 3 minutes,

* CALIBRAT'ED- The R-I has the accuracy and precision to meet all
present or proposed air leakage measurement standards, Free recalibration
is available at our Waynesboro, VA factory.

* PROFESSIONAL- The R-I is rugged enough to withstand field use and it
has a professional high tech appearance.

* --__SAFETO USE - The R-I automatically prevents high pressure that could
cause building damage.

* ADVANCEDTECHNOLOGY- U.S Patent 4,420,969 and Canadian patent
1,178,826 cover some of the R-I innovations. Other patents are pending.

* GUARANTEED- INFILTEC offers a full refund if the purchaser is not
satisfied with the R-I within 30 days of purchase. There is a 90 day
warranty against defects.

* DOCUMENTED- The R-I includes an operator's manual that describes
system operation, measurement procedures, and evaluation of results.

* COMPUTER(OPTIONAL)- INFILTEC offers several portable computers that
are programmed to compute "leakage areas, air change rates, cost of
infiltration, and retrofit payback periods, These computers include
cassette interfaces and printers or plotter. Custom software is available.

Your R-I can usually be shipped within two weeks of your order.
Please contact us for current availability information. Unless otherwise
specified, shipping is FOB Waynesboro, VA, via UPS. For further
information, please contact our Falls Church office.



75

MODEL 6500/6500-B
Digital

Combustion

Analyzer

DIGITAL DISPLAY: For Continuous Temperature or Oxygen Readings.
-- ii ii lH, i

Performs Combustion Efficiency Tests quickiyandrellablyl ....... -
i1,1 iiii ii iiiii ii iii i i iii [ Iltl iii II .I IIIIIIII I I J I .' ='tiL I lIE" 7: : L : I'111 II I I : I III III "_ I I ._7 I

, Simple to operate and rugged, the LYNN
Model 6500 and 6500-B are completely port-
able digital instruments, Available In both
Line Voltage and Battery Powered models,

• TimeLYNN6500 arid 6500-B are highly accur-
_. _.

• ate instruments allowing technicians to fine
• tuneburnersquicklyfrom the veryfirst readings

:., saving countless dollars by avoiding repeat ,

_' L/_ calls,
L

SELF-CONTAINED IN A CARRYING

CASE WITH COMPLETE ACCESSORIES.

• Continuous TEMPERATURE or OXYGEN readings while you tune the burner.

Q Temperature - displays net stack temperature - Saves time,

• Simplifies smoke, carbon monoxide and draft measurements - Single stack probe for ALL tests,

• Fast and easy to operate.

• Slashes per call costs,, " ' .... _'_Y: '"', • Accurate and rellable sensor$

,'::,.:;_ ® Solid state circuitry,
, ,

,_. _"'.,_',':!:i:"": , !,!:,'_ Q Rugged construction.
' ,*;'_, '_t "

"_:i_'_' ,' ':" :;_ • Optional draft gauge,

• Optional C,O, tester

SMALLER and LIGHTER CARRYING CASE
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OTHER FEATURES:for MaximLm Conuenience and Relic bilitg

OTHER MODELS AVAILABLE ARE:

MODEL6100/6100B: Measures oxygen, SiaokTemperature
and smoke on an analog panel meter,

MODEL 6400: Measures oxygen, Net stack temperature,
smoke and computes combustion efficiency
for five (5)fuels, (#2, 4, 6 o11,natural gas
& propane on a digital panel meter,

ACCESSOIIY KIT includes ali replacement

filters, smoke paper discs, charts, and ex,tra SPEC IFICATIONS:items needed for many months of tri.field
testing, Included 'with every Model 6500

POWER: OPERATING RANGESI
and 65OO.B Instrurnent at no extra cost,

6500: 11Ov; 60 cycles, 3Amp fuse, 6ft, OXYGEN= 0,0% to 25% with 1/10 per.
of power cord, cent Intervals,

65OOBI Rechargeable ntckle cadmium TEMPERATURE: Net stack (end am-
The Lynn Model 6500 Et 6500.B Digital batteries, blent) temperature range', 1CO° to 9990
Display Combustion Analyzer Is a natural DIMENSIONS: with 1° Intervals,
partner for today's more highly specialized Instrument',
energy technician, With more work to do
and less time to do It, the continuous Self-contained Instrumerlt In carrying

case', 18" wide x 8" deep x 12" high,
temperature or oxygen readings and the
Instrument's fast overall response make it OPI"IONS:
possible to do a superior job in much Lynn Carbon Monoxide Tester; (pl_ured)

less time, Thus your company saves on A must for testing gas fired equipment, This Lynn tester Is an excellent Indicator of
technician time while the heating system Incomplete combustion, Carbon Monoxide (CO) should never exceed 400 ppm
owner saves energy, (parts per million) and this tool will fulfill your needs,

This Instrument really makes the job Lynn Draft "Fester',

easy, First of all, lt displays correct net Draft measurements are an essential part of cornbusiior= testing as draft determinestemperature readings during the tests,
Then a simple twist of a knob is ali you the rate at which combustion gases pass through the furnace or boiler, The t.ynn
do to calibrate the oxygen system to Draft Tester is a simple, aaourate, low-cost tool used to perform these measurernents,
precise accuracy, Slip the probe in the
stack and you're ready to tune the

bu,n,,r Contact us for more information:
Remember, not only does the' Model
6500 Et 6500-B track the burner-tuning
process with its continuous temperature
and oxygen percentage dials, but draft
and smoke measurements are also made
using the same stack probel Leave lt to
Lynn Products Company to think ahead
and keep things simple.
So request a demonstration, The first
time you see 6500 Et 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,

, ,

Printed In U,S,A.
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APPENDIX D. itOUSE CHARACTERISTICS SURVEY

Int'ornmtlcm on tlm physical characteristics ot' the house and Its Incchanlc_tl systems (splice-

heating, space.cooling, and water-heating) will bc collected using this survey Instrument developed

lhr thc study,

,t
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Version: April 12, l_)l Auditor:
D_tte:

' a'FU EL-.OI L STU Dh' H()USI., CtlARAL'I'EI_.ISTIC"S SURVEY

ID ENTI FI CATI ON

House ID: Subgrantee name:

Oct:upant n_nle: Phone t_umber:

Oecupunt address:

GI_NLRAL

Type: __ SFD - single-family detached MFS - small (2-4 units) mult{;'atnlly MH ,, manul'nc, tured or
SFA-slngle-l'amlly attuched MFL-large (>4 units)nlul_il'amlly mobile ht)mu

A slrlgle.l'amlly housha_ unit Is s_slru(2ltlre ltir.lt pmvlde:_ IMil/_ sl)SlCOlilr (111otioust,,hold or fumlly, 'l'he structure irmy I_e tlctnched,
nit,robed (_11one z_ide,or attached on two sides, t\ttactled Ilouscs ttre considered sh_glt,'-l'slmlly houses as hmg as the hcmsc itself is nol
divided IntO1more than one housing unit stud has sin Independent otllsltle entrance, A Single.family house Is t:ont/ih'md wlll_hl wnlls lh_lt
go I'rorll the b_tscment (or gmurld llc.×_r,If there ts no basemerit) to tl_e rcxff, A mc,q_lle home wllh one cii' more n×m'is lltldcd Is 11

shlgle.famlly home, Row houses nnd side.by.side duplexes (twins)are typlctllly slngle.fsmltly houses,

A small multlfamlly hcmso or bu.lldhag Is sl structure that Is dlvldc,'d lntc_ llvhag quarters li)r two, three, or four fanlllles or households.
'l'ht:; category _dso Includes houses t)rlglnnlly intended for occupsmcy by one fnmlly (ox' for some other use) lh(ii have since been

converlcd to separate dwt',llh'lgs for two to four l'umlllcs, Typl¢lll arr_mgoments In these types of living qunrters nrc sefmrnte afmrtmcnts
downstairs and upstairs, or tree apnrltnenl (in etmh c)f three or l'tmr fltx_rs, CWcr-smtl.urlder dul'_lexcs are typlcttlly In this ealegc_ry,

A mobile or nmnuftlctured home Is a structure thttt hus tIll the facilities of st dwelling unit but Is built cm a mcwuble clmssls, lt tony be
phlced nn Ii pernlllnenl cir temlx)rmy foundation anti nasty Collt_llq olle r()(1111(lr nlt}l'e, II' t'tx}ms are lldtled t() lhc slrtlcltire, II Is
ccmsltlercd s_slngle-larnlly home,

Arc the following systems shared with other housing units: space-heating system (Y,N)

space-tooling system , (Y,N)
water-heating system (Y,N)

I1'SFA, number of attached housing units: (NA, 1, 2, ,,,) (typically 2 or less)

I:'.;XTERNAL DOORS

._:._-,-_,,,-.--_ _.,.,.,-..,.,._- .......

Door type Number withcmt storm door Number with storm do¢_r

Hollow t:ore wocxt door

Solid core, wood door
i

Insulated metal dcx)r
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H()u,qeID:
WINDOWS

Window
glazing l;'ranlc Stern1 Al'cit Window Frtune Stl')l'lll

type type window (l't_) glazing type type wiml_w
i

SP I singlepane W I wood W lwt_od

DP I doublepane M .I mctul M I motel
,, , , ..... J " , ....... ,,,, ...... i .. - : ; _t,__! , ,

TP I triple pane V vinyl × I other

GB I glass block X__ I other N leone
"PE I temporary N I n_me

..................................... (cnrdboard,
plastic, etc,)

i

H.,OOR AREAS AND VOLUMF£S

_--"--'_''--'_._--"_ _,,,,,,,,,,,,_7, "::_" , ..... |l'r"_ ::::±.. _' _.,-.-..._- " _ " ,,_:= ±_Z " 7""1_ -, .......

I Intentionally Intentionally 'I

Total area I heated area air-condltioncd area I Volt.irnc
Floor (1'12) L. (('t_) (/'t2) ! (]'tS)

Basement

First floor

Second l]oor

Ali other tqoors

Total
__-_- I I

An tntentltmally hentcd (/fir conditioned) space ts one with e¢lulpment lind/or dlstrlbutlt)n oullets designt:/I to rnalnlllln ii desired

tenlpcrniure in the space, An untnlerlltonally heated (air conclltlcmed) space Is one thai Is heated (ctx)led) prhnarlly frorn cqulpnlent
jacket and/or distribution Ios.s0s (lhere Is little conlrol over the resulting temperature), A space is not healed (eh' conditioned) If there
is nii source cff healing (cot)ling) to alter the llnlUrlll temperature o1'the space, l;()rexarnple, ii hnsement lletlied prhrlilrlly frurn
equipment jncket lind/or dlstrlbullim system losses ts nt)l ctmsldered lo t. tin tnlenitonnlly hetlted splice, A whltluw air colldill_me.r
couls italy the r(x)m the unit ts Installed In, not lldjncenl rt_m_s, If ii spnce was designed Iii be lntenllontllly heated (ctx)led) but ts
maintained by the occupanl In tin unhealed (uncooled) condlllon (by cit)sing regislers lind dot)rs, for extlnlph:), lhc Sl-)llt!esh(mid slill t_c,
c(msidered II heated (ctx)ted) space wllh one exception: 1111unfinished htlsenlelll or i)lher Ullllnlshed roo111with ii disli'ihuliurl syslCnl

thai ts _s shut off sht)uld I_ ctmslclered unintentionally heated (ctx)led),

i"kx)r heights used li) calcuhlte ,,t_lumc tire ,Nour tu rider except fur the top lltx)r, which Is floor tr) c,clltng,

Number o[' intentionally heated stories: ....... (1, 1.5, 2, 2.5, 3, 3.5, 4 or more)
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HouseID:
A'FFICfi

FINISHED ATFIC AREAS UNFINISHED Aq"I'IC AREAS
,,,_,,,4_:: ,.,. -- .... ._-.i_,..m...._ _ .... __ k.,,_----._:,,, :: : , "'T,..""r"'____

Existing Existing
lnsulatl0n Insulation

Area Depth Attic I Floor area Depth

(1t2) Type (inches) .,type [ (t't_.) 'r'_.._.yfje(inches)
Collar beam

Kneewall

Roof rafter
-- _ l,, ,:_,, ,,,. - - ,' L .,..I _____, _: ,,;;,;,

I;lnlshcd attic areas are dcflricd In the ligurcs on the fc_llowingpage,

Areas pertain to attic areasadjacentto intentionally heatedor atr.condltlorledspaces, Iror cxanlplc, the area above an unconditioned
garageshould not be Included,

Existing insulation type Attic type

BC blown cellulose F floored

BF blown fiberglass U unfloored
,, , ,,,,,

FB fiberglass bait C cathedral

RB rigid board or fcmm flat roof

BRW blown rock wool

RWB rock wool batt

V vermiculite

X other

N none

Are attic:vents present: __. (Y,N)



Coilsr Bearne--- Knee WsH ---

r

Roof Rsfters '-

z

=

_

=

=

-- _l , r' libel "1_ lP ' IJ
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House ID:
EXTERIOR WALLS

, ,,,,, , f ,, ....... , , , ,

Existing
Insulated insulation

Wall Exterior Wall Gross wall area sheathing "_'---'_('-""' - '.......
exl)osure type type (ft2) (Y/N) FYPe_ 1 Depth (inches)

,, ,,,, , q , i ....,,,,, ....... i ', ,1 _" ' ' ,%' : , i , i' ,,, il, i,, , i ,,, ' , ,

........ I

- ,....... , .......... i .... , ,

Shared walls found in duplexes and row houses arc not exterior walls.

The type of load bearing structure is the wall type, '['he type of facing on the wall is the exterior type,

Wall exposure Exterior type Wall type Insulation type
, ............

O outside WO wood or PF platform BC blown
masonite frame cellulose

,, , ,,,

N non-conditioned AL aluminum, steel BF balloon BF blown
attic space or vinyl frame fiberglass

....

B buffered space ST stucco BL block FB fiberglass
(garage, etc.) batt

............

BR brick or stone ST stone or RB rigid board
masonry or foam

,,,

AS asphalt shingle X other BRW blown
rock wool

_

WS wood shingle RWB rock wool
batt

....

RA rolled asphalt X other

N other N none
- ,...........

_

N none
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House lD:

FOUNDATION SPACI?_S

Basement

Basement or crawl Perimeter Existing wall
or crawl 'space (band joist) Wall height insulation

space ceiling ' ' "- ....... ' " '
ceiling insulation Percent

Space area thickness I.cngth Percent Total above Thickness
Type status (t't2) (inches) (ft) exposed (ft) ground Type (inches)

, --,, _.,_ , ,,% , ,,, .,, , ,',', ,,

I

[;eilingare_ - For sl_lb-on-grade,the tlrea of the intentionallyconditionedslab ll{x]r.
Perimeter length - Do not include perimeter tx_rderinganother foundationspace.
Percent exposed - For basements and crawlspaees,the percent oi band joist lengththat is exposedlo the outside and not insulnted.
"I"omlwall height- Height of basement or crawlspacewall;an estimated average if the height is not uniform.

..,

Foundation type Foundation space status Existing wall insulation type

--B basement not heated BC blown cellulose

!,C crawlspace IH intentionally heated BF blown fiberglass

US uninsulated slab ,uit, ,, [ unintentionally heated FB fiberglass batt

IS insulated slab RB rigid board or foam

BRW blown rock wool

RWB rock wool batt

X other
....

N none

DOMESTIC WATER-HEATING SYSTEM

Fuel: ____. (NG-natural gas, P-propane, O-oil, K-kerosene, 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-Nonc)
Is an external blanket insulation used? (Y,N,NA)
l_x_cation: (NH - non-heated space, lH - intentionally heated space, UH - unintentionally heated

space)
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House lD:
APPLIANCES

Applian [Fu lI O .ntity Lo.tion Fu l
C_ookingrange NG natural gas, , ,, ........

Stove top P _ pmpan e......,,,,,, , , _: ,

Detached oven O oil

Microwave oven E K kerosene
.... , .... L ,,, ..... . .........

Refrigerator E E electricity
, ,,, ,,,,

Dishwasher E W wood
.J .........

Deep freezer E C coal
, , , ,, , _ __

Clothes washer E X othcr

Clothes dryer ...............
Whole house fan E

.... , ,,, , ,, .

Attic ventilation fan E I_x)cation

Well pump E NH non-heated space
-- '' " ..... L ..........

Water bed heater E IH intentionally" heated spaceJ ,, , , ,,,

Other: unintentionally heated space
,,

AIR CONDrI1ONERS
. ,, ,, ,= ....

Nameplate information

Unit Input Voltage Current Efficiency Output Age

t_ype___(watts) (volts) (amps) EgR [ SEER .....(Btu/h) ......(years), Unit type
CAC central air

conditioner
.... __ ,,,

CHP central heat
pump• ,,,, ..... , ,,,,

WAC window air
conditioner

.......

WHP window heat
pump,,, • ....... , ,,,

EC evaporative
cooler

X other

-- ,.................



House ID:
SPACE-HEATING SYSTEMS

,, , : J , ,,

OIL-FIRED SYSTEMPRIMARY
, h,, '_ _ " "' :"' :2 ' '' _ ' __: '' _' ' ' ....... AUXILIARY

System type (see next page) SYSTEMS
,,, ,, ,, ,,, ,, , , , ___,, __,

System age _ years Type (see
Original fuel if converted system (see next page or NA) next page) Fuel

,,, ...... . : _, ,,,,,_

Location (see next page)
,.,. J v, .

Actual installed nozzle size (value and units)

Vent damper present (Y,N),,,, .... , ,.,, ,

Flame retention head burner present (Y,N)
............... , ' , , • ,,,,

Smart thermostat present (Y,N)

For boilers, outdoor temperature reset present (Y,N,NA)
.......

The primaD, oil-fired system is the system metered under the study.

DISTRIBUTION SYSTEM

Is any part of the If present, is lhe
distribution system distribution

present in this location? system insulated? If present, is the structural
Location (Y,N,NA) (Y,N) integrity sound'?

Intentionally heated area
....... , .....

Unintentionally heated area
.................

Un-heated area
__= .... , .......

Does the distribution system include a return system? _ (Y,N,NA)

=
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Fuel Location
L ,,

NG natural gas NH non-heated space

P propane lH intentionally heated space
.,.,,, ., ,

O oil UH unintentionally heated spac,c _
L ............. ,0_ t'

K kerosene ,'

E electricity

W wood

C coal

other

SPACE-HEATING SYSTEM TYPES
.....

Central systems In-space heaters

1 forced air furnace Fossil fueled:
__,,.,,,_ ,,., ,, .....

2 gravity furnace 7 room heater

3 steam boiler 8 forced air wall furnace
.,

4 hot water boiler with radiators/convectors 9 gravity wall furnace
i

5 hot water boiler for slab heating 10 forced air floor furnace,, ,,

6 heat pump 11 gravity floor furnace
,

12 vaporizing pot heater (oil and kerosene)
, .

Other 13 portable kerosene

21 wood or coal stove

22 fireplace Electric:
,. ,

23 stove top or oven 14 wall
,,,.,

24 other 15 floor
, , , ,, , ,

16 baseboard

17 ceiling radiant (imbedded cable)

18 wall or floor radiant (imbedded cable)
...........

19 portable (cord-connected)

20 window heat pulnp
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APPENDIX .K PRE-WEATHERIZATION DATA COLLECTION FORM

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:

FUEL-OIL STUDY PRE-WEATHERIZATION DATA COLLECTION FORM

IDENTIFICATION

House I.D.: Subgrantee name:

Occupant name: Phone number:

Occupant Address:

SPACF-HEATING SYSTEM NOZZLE SIZE: (value and units, likely GPH)

HOUSE FI£X)R AREA

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 2
Full bathrooms 2
Half bathrooms 3
Ali other rooms +

How many rooms are currently being heated?

b

1For one-bedroom efficiency or studio apartment, record "0 bedrooms" and correct number of bathrooms,

ZFull bathroom is defined as having a sink wtth running water an._..d.dflush toilet an..._d.dbathtub or shower.

3Half bathroom is defined as having a toilet or bathtub o..Lrshower,

4Do not count laundry rooms, foyers, or unfinished storage space. Only count porches if they are enclosed and used
year-round.
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APPENDIX_F. OCCUPANT QU_ONNAIRES

Intbrmation will be collected from the occupants of the houses using these questionnaires,

Separate questionnaires were developed tbr the weatherized and control houses because of slight

wording differences that were required.

pi, " i[_
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version 18W Interviewer.
5/1(}/91

Date of Interview

Time Started

FUEL-OIL STUDY OCCUPANT QUESTIONNAIRE
WEATHERIZED HOME

A. Identification

"INTERVIEWER-I'NSTRUCTtONS: - "]

1Complete Questions A 1, A2, and A4 using data from the intbrmatlon sheet before starting
the interview. . ................ .....

Al, Household Identifier

A2. Name of WAP Appliczmt

SCREENER:

ASK TO SPEAK 'lO TIlE APPMCANT NAMED IN QUESTION A2. IF 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 irl 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.
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1, I'd like to speak to a person over eighteen years of age wlio is knowledgeab!e _b,,ut
paying the energy bills, Is that person ttvallable? (IN ORDER IO QI,JAIAi:_Y,IHE
RESPONDENT DOES NOT HAVE TO PAY 'I'HE CHLC"_'1{, AS LC)NOAS THE
RESPONDENT IS KNOWLEDC]EABLEABOUT THE ENERGY USE AND/OR BILLS, HE
OR SHE QUAHFIES,)

1, YES, THE PERSON YOt.I ARE SPEAKING"
TO IS THE RESPONDENT ................ CONTINUE WITH QUE,_TION

A3,

2. YES, RESPONDENT IS ANOTHER PERSON,, , ONCE A RESPONDENT IS
PRESENT, RETURN TO THE
INTRODUCTIONAND
CONFIRM THAT THE
RESPONDENT IS OVER 18 AND
IS KNOWLEDGEABLEABOUT
PAYING THE ENERGY BILLS,
IF THE RESPONDENT
QUALIFIES, CONTINUE WITFI
QUESTION A3,

3, NO, RESPONDENT IS NOT AVAILABLE...... (NAMES: )
IDENTIFY NAMES OF
SEVERAL PEOPLE WHO
MIGHT BE SUITABLE
RESPONDENTS, INFORM THE
CURRENT RESPONDENT THAT
WE WILL CONDUCT THE
INTERVIEW OVER THE
TELEPHONE AT A LATER

' DATE, LEAVE A COPY OF
THE EXHIBITS AT THE HOUSE,
DO NOT PROCEED WITH THE
INTERVIEW.

INTERVIEWER"' INS T'II"U-_10 NS: ....... - ........ ........

IF RESPONDENT NEEDS INFO: The survey is a part of the Weatherization Assistance
Program. The survey is required of every participant in the Fuel Oil Study.

IF RESPONDENT 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

Relation to WAP applicant

[ ] RESPONDENT IS SAME AS WAP APPLICANT

A4, Dates of WAP weatherization work
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A5, i want to conftma that the weatherization work done by the Weatherization Assistance
Program took phtce on (READ DATES FROM QUESTION A4), (RECORD DA'r'ES
BELOW IF RESPONDEN"I' GIVES DIFFERENT DATES,)

DATES

I ] RESPONDENT CONFIRMS THAT WEATHERIZATION TOOK PLAC,E ON
TFIE SAME DATES AS QUESTION A4,

[ ] DON'T REMEMBER

INTERViEWeR INSTRUCTION"g: ....... _ _L

If respondent has trouble remembering the dates in Questions A6, A7, and AS, probe for:

• Season
• Major life event
• Major news story or political event happening at that time

Then, ask f___l'_ear (and month) again,- "" ' ,, ' ' ::T ' : -- - _ _ ---

A6. In what year was this home built? Just your estimate,*

[ 1Before 1900 [ ] 1940-1949 [ ] 1985
[ ] 1900-1909 [] 1950-1959 [ ] 1986
[ ] 1910-1919 [] 1960-1969 [ ] 1987
[] 1920-1.929 [] 1970-1979 [] 1988
l] 1930-1939 [] 1980-1984 [] 1989

[] 1990

A7. In what year did your family move into this home?*

[ ] Before 1900 [ ] 1940-1949 [ ] 1985
[] 1900-1909 [ ] 1950-1959 [] 1986
[] 1910-1919 [] 1960-1969 [] 1987
[] 1920-1929 [] 1.970-1979 [] 1988
[] 1930-1939 [] 1980-1984 [] 1989

[] 1990

IF "1989" OR LATER ON QUESTION A7, ASK:
ASI.....-In-which month di'd yogimove in'?*

[ ] January [ ] May [ ] September
[] February [ ] June [] October
[] March [i] July [ ] November
[ ] April [ ] August [ ] December
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B. Major Heating Fuel

Next, I wi!l ask some questions @o!a the [i_els you used to heat you," home las'twtliter, ' b_/ore and _(ter weathertzatton oti (READI)ATESFROM QUES't'ION A4),
Yhroughout the survey, when ! ask about last winter beJbre weatherization, I mean
October, November, arm December q/'1990, When I ask about last winter after
wearherization, l mean February, March, and April of 1991,

IN i LRVIL_/ER INS'I NUCl IONS.

]most of the Imat for tlm l_ome, Fhe main heating fuel may not
If two or more heating fuels m_eused, the main heating tuel one

is tile that provides
necessm'tly be the one

lused for the central heattng system, ....... .......

(HAND RESPONDENT EXH1BrI' BOOKLET)

Bl, Please look at Exhibit B 1, What was the one xnaln heating fuel used for
heating your home last winter before weattmrization?*

B1 B2
Maln Fuel (Mark ali other

MINm:r._0Ay_on_zvm _.t!.mt__ lp__
Gas ft'ore underground pipes
serving the neighborhood ........... I1 [ !
Bottled gas (LPG or Propane) ........ 17] []
Fuel oil ....................... .1 ] 1]
Kerosene or coal oil ............... [ ] [ ]
Electricity .............. ....... I ] [ ]
Coal or coke................ ;,,, [ 1 [1
Wood ........................ [ I [1
Solar collectors ................... [] II
Other (specify) l ] []
NO FUELS USED ................ [1 [ 1
DON'T KNOW ................. [] [1

B2, Please look at Exhibit B1 again. You mentioned that your main heating fuel
used last winter before weatherization was (FUELFROMQUESTIONBl), 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 u_ed them, (MARK ALLTHATAPPLYINCOLUMN
B2, IF NONE,MARK "NOFUEI_,SUSED")*

_ZADDmONAL r=tJZI_SARE_DEN'r'IF_ZDFaOM QUESTtONB2,ASK:
__ck_rmain heatirig fuel used liist vvinter 15ef0re_'

(FUEL FROM QUESTION Bl) -- did this fuel provide ali or almost all of the taeat for
your home, about three-fourths, or closer to half of the heat for yc,ar home?*

I ] Ali or ahnost tdl (95% or more)
[ ] About three-fourths (67-94%)
[ ] Closer to half (66% or less)
[ ] DON'T KNOW/REMEMBER
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Now, I will ask similar questions about the fuels you used last winter cO"ter
weatherization,

B4, Please look tit E×htbit B1 again, WMt was the one main heating fuel used for
heating your home last wtrxterafter weatherlztttiort?* '

B4 B5
Main Fuel (Mm'k all other

Gas from underground pipes
serving the neighborhood .......... [ ] [ ]
Bottled gas (LPG or Propane) ...... [ ] []
'Fuel otl [] []
Kerosene or coal oil ........... [] [ ]
Electricity [] []i, _ _ 4b , , o 6 _ di * 4 4 , o l *

Coal or coke ' [ ] [], o i , o 4 ,I 4 Q _ , * , _ 4 *

Wood..................... [1 []
Sohu' collectors [ ] []
Other(specify) [] []
NO FUELS USED ............... [] []
DON'T KNOW ................. [1 []

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 AI.,I.,THATAPPLYIN COLUMN
B5, IF NONE, MARK "NO FUELS USED")*

IF ADDITIONAL FUELS ARE IDENTIFIED FROM QUESTION B5, ASK:
B61- Going bac_o your math heatt__itst winter afte/; weatllenzat_on --

(FUELFROMQUESTIONB4) -- did this fuel provide all or almost ali of the heat for
your home, about three-fburths, or closer to half of the heat for your home?*

II Ali or almost all (95% or more)
[] About three-fourths (67..94%)
[] Closer to half (66% or less)
[] DON'T KNOW/REMEMBER
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B7a. Please look at Exhibit B7. Last winter before the weatherization work was done,
did you use any of the following to help heat your home? (CHECKAS MANYAS
WEREUSED.)

(B7a) (B7b)
BEFORE AVI_R

[] Wood/coal stove ................................ []
[ ] Fireplace ..................................... [ ]
[] Cooking stove/range/oven .......................... []
[ ] Non-portable room heater burning gas, oil, or kerosene ...... [ ]
[1 Portable kerosene heater. .......................... [ 1
[ ] Non-portable electric heater ......................... [ ]
[ ] Electric portable heater (cord-connected) ................ [l
[] Other (specify): ... [ ]
[1 NONE ....................................... [l

B7b. Please look at Exhibit B7 again. Last winter after the weatherization work was
done, did you use any of the following to help heat your home? (CHECK AS
MANYASWEREUSEDIN COLUMNB7b.)

INTERVIEWER INSTRUCTIONS:

Confirm that responses to B7a do not contradict responses to B 1 and B2. Confirm that
responses to B7b do not contradict responses to B4 and B5. Probe the respondent if the
r.L_es129nsescontradict.

ASK QUESTION B8 ONLY FOR EACH ITEM IN QUESTION B7 USED BOTH
BEFORE AND AFTER WEATHERIZATION:

B8. Please turn to Exhibit B8. Please tell me how often you used the following to
help heat your 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 compared to before
weatherization? (CIRCLEONENUMBERIN EACHLINEASKED.)

Used Less Used About Used More
Af'ter The Same Atier

1. Wood/coal stove 1 2 3
2. Fireplace 1 2 3
3. Cooking stove/range/oven 1 2 3
4. Non-portable room heater 1 2 3

burning gas, oil, or kerosene
5. Portable kerosene heater 1 2 3
6. Non-portable electric heater 1 2 3
7. Electric portable heater 1 2 3

(cord-connected)
8. Other ( ) 1 2 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... (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?
ENTERCORRECTTOTALHERE

C2. You have told me that there were (READ TOTALNUMBERFROMQUESTION C1)

people living in your home last winter before weatherizatior, How many people
were living in your home last winter after weatherization?

NUMBER OF RESIDENTS

[ ] SAME NUMBER AFTER WEATHERIZATION AS BEFORE
WEATHERIZATION

_

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 ARENOT
CONSIDEREDA HANDICAP). (IF YES,ASKHOWMANY.)

NUMBER }La_NDICAPPED-
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C4, Do you or members of your household own your home, or rent?*

[ ] Own (buying)
[] Rent
[ ] Occupied without payment of rent (SKIP TO SECTION D)

FROM QUESTION C4, IF HOUSEHOLD OWNS OR PAYS RENT, ASK:
C5. 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 react_ the
category. (READCATEGORIES.)

[ ] 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 per month
[] OWNED, MORTGAGE PAID OFF (SKIP TO SECTION D)
[ ] DON'T KNOW

C6. Does this payment include: (READITEMSANDPROBEFOR "YES"OR "NO".)

Yes No DON'T
KNOW

1. fuel oil ...................... [] [] []
2. electricity ................... [] [] [ ]
3. natural gas ................... [ ] [] [ ]
4. property tax .................. [] [] [ ]
5. insurance (house or renter's) ...... [ ] [] []
6. water ...................... [1 [] l l
7. garbage ..................... [] [] []
8. other (specify): . [ ] [ ] [ ]
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w

D, Conditioned Living Space

My next question is about the number of different types of rooms in your home.
Remember that when I ask about last winter before weatherization, 1 mean October,
November, and December of 1990. When I ask about last winter after
weatherization, I mean February, March, and April of 1991. Weatherization work
was done to your home on (READ DATES FROM QUESTION ,4,4).

INTERVIEWER Iiq'ST_UCTIONS:

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.

Half Bathroom -- toilet or bathtub or shower

D 1. How many of each of the following rooms does this home have? (ASK EACH ITEM
AND RECORD NUMBER FOR EACH.)*

D.._l.1 D2_...A D2.....BB
=- Total Numberheated Number heated

Number last winter last winter
before weathelization after weatherization

z

- Bedrooms? ..............

- Full bathrooms? ...........

Half bathrooms? ..........

_- Ali other rooms: ...........
_- (Do not count laundry rooms,foyers

or unfinished storage space.
Only count porches if they are

- enclosed and used year-round.)

D2. (FOR EACH TYPE OF ROOM THE RESPONDENT HAS IN THE HOME, ASK
D2A, THEN D2B. A HEATED ROOM IS ONE THAT IS WARM ENOUGH TO
BE USED.)

--

D2a. Of the (READ .NUMBER OF ROOMS AND TYPE OF ROOM), how many were heated
last winter before weatherization (RECORD ABOVE ON COLUMN D2A.)

= D2b. And how many (READ TYPE OF ROOM) were heated last winter after
- weatherization? (RECORD ABOVE ON COLUMN D2B.)

.... ' .............. _......................... ""_ !till'"_:'"'"IIIJ'_........_l_''_''_'r'lI_'_'"lll_''''_l_llIlllll'll
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E. Thermostat Management

I would now like to ask you some questions about the temperature at which you
kept your home.

'INTERVIEWER INSTRUC'TIONS:

Remember, we are interested in the respondent's perceptions. Ask the respondent for
their opinion; avoid checking the themaostat tbr 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 me. 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 estinaate.

E1 a. Last winter before weatherization, did you keep your home at the same
temperature at ali times of the day, or did you change the temperature?

[ ] Kept home at same temperature (ASK QUESTION E1B)
[ ] Changed the temperature (GO TO QUESTION E1C)

IF KEPT HOME AT SAME TEMPERATURE ON QUESTION E1A, ASK:
E lbl Befdi'i_ weathei:izati0n, ht what temperature did you Usually l_eep your horn-e? -

Degrees Fahrenheit: _:
[ ] HEAT TURNED OFF .

(GO TO QUESTION E2A)

IF CHANGED THE TEMPERATURE ON QUESTION E1A, ASK:
ff

Elc. Before weatherization, at what temperature did you usually keep your home
during the day when someone was at home?* _-

Degrees Fahrenheit:
[ ] tlEAT TURNED OFF

E1 d. Before weatherization, at what temperature did you usually keep your home _-
during the day when no one was at home?* :_

Degrees Fahrenheit: L
[ ] HEAT TURNED OFF :__

u-

Ele. Before weatherization, 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 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)
[ ] Changed the temperatm'e (GO TO QUESTION E2C)

IF KEPT HOME AT SAME TEMPERATURE ON QUESTION E2A, ASK:
E2b. After weatherization, at what temperature did you usually keep your home?

Degrees Fahrenheit:
[ ] HEAT TURNED OFF

(GO TO SECTION F)

= IF CHANGED THE TEMPERATURE ON QUESTION E2A, ASK:
E2c. After weatherization, at what temperature did you usually keep your home during

the day when someone was at home?*

Degrees Fahrenheit:
[ ] HEAT TURNED OFF

E2d. After weatherization, at what temperature did you usually keep your home during
the day when no one was at home?*

: Degrees Fahrenheit:
[ ] HEAT TURNED OFF

= E2e. After weatherization, at what temperature did you usually keep your home
during sleeping hours?*

-- Degrees Fahrenheit:
- [ ] HEAT TURNED OFF-

=_
=

=
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F. Events Affecting Energy Use

The next questions are about events which may have affected your energy use last
winter. (REMIND RESPONDENTIFNECESSARY): Remember that when I ask about
last winter before weatherization, I mean October, November, and December of
1990. W,_enI ask about last winter after weatherization, I mean February, March,
and April of 1991. Weatherization work was done to your home on (READ DATES
FROM QUESTION A4).

F1 a. Last winter before 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?. ...... . [] [ ]

You ran out of fuel oil? ............... [ ] [ ]

The utility company discontinued ........ [] []
your electric service?

IF "YES" TO ANY PART OF QUESTION F1A, ASK:
F 1b. Thinking about these times that you went without heat, last winter before

weatherization, how many separate 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:

r
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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? ........ [] [ ]

You ran out of fuel oil?, [ ] [ ]

The utility company discontinued ........ [] []
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 separate times were there?

Total times:

F2c. Altogether, how many hours or days were you without heat?

Total hours without heat:

OR

" "l"otaldays without heat:

=
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F 3. Except for the weatherizn t-ionof your home on (READ DATESFROM
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?

[] Yes
[ ] No (GO TO QUESTION F6)
[ ] DON'T KNOW (GO TO QUESTION F6)

IF YES ON QUESTION F3, ASK:
_F4. Please descrqbe 'ilaehome repair or renovation. (RECORDVERBATIMBELOW.)

MONTH
=

(1)

(2)

/

_

(3)
_

(4)

s-

F5. In which month was the work done? (RECORD UNDERCOLUMNFORMONTH
ABOVE.)

_

=
_

_

_



109

Now lrm going to ask you to describe the number of people in your home during
the 11;00Thanksgiving holiday period and the Christma_ holiday period compared
to th_ rest of the winter, By number of people in your home I am referring to

overl_lght visiting not visiting for meals or parties,

F6. Pleale 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
wint¢_r? (PROBEIFNEEDED:By number of people inyour home I am referring to
over mght visiting not visiting for meals or parties.)

[ ] i_ewer people than other parts of the winter
[ ] JAbout the same number of people as other parts of the winter
[ ]!More people than other parts of the winter
[ ] DON'T KNOW/DON'T REMEMBER

F7. Pleai;_zelook at Exhibit F6 again. And how did the number of people in your home
duriIlg 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
refeiring 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/I3ON'T REMEMBER
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G. Impacts on Health, Safety, Comfort, Affordability

My next questions ask for your opinion abouthow weatherization affected the
health, safety, comfort, and value of your home.

G 1a. Pleaselook 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?

B FOR
1 2 3 4 5 6 7 8

too cold comfortable too hot DON'T
REMEMBER

IF 1-3 OR 5-7 ON QUESTION G1A, ASK:
G 1b. Why'couldn't you keep your home the teraperature you pref_ last winter

before weatherization? (DONOT READANSWERCATEGORIES,)(CHECKALL
THAT APPLY.)*

[ ] Heating system problem
[ ] I.andlord controls the temperature
[ ] Difference of opinion in household
[ ] Fuel shortage
[ ] High cost of fuel
[ ] Construction problem, such as broken windows, or holes irl walls
[ ] Other (please specify).

[ ] NOT SURE

G 1c. Using the same scale (REPEAT SCALEIFNECESSARY) how would you rate the
temperature in your home last winter after weatherization?

AFTER
1 2 3 4 5 6 7 8

too cold comfortable too hot DON'T
REMEMBER

IF 1-3 OR 5-7 ON QUESTION G1C, ASK:
G 1d. Why coulcha't you keep your home the temperature you preferred last _,inier after

weatherization? (DONOT READANSWERCATEGORIES.)(CHECKALLTHAT
APPLY.)*

[ ]tteating system problem
[ ] Landlord 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 (please specify)

[ ] NOT SURE
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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 ali 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 not at ali 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?

AFFER
1 2 3 4 5 6 7 8

very drafty somewhat drafty not at ali DON'T ,
drafty REMEMBER

G3. Please look at Scale G3. Using a scale of I to7, where 1 is verb' poor, 4 is
acceptable, and 7 is very healthy, how would you rate the health of household
members last winter before weatherization? 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
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 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 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 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

o 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 weatherization?

AFFER
1 2 3 4 5 6 7 8

very unsafe acceptable very safe DON'T
REMEMBER=

_
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G5. Please look at Scale G5. Using a scale of I to 7, where 1 is very expensive, 4 is
acceptable, and 7 is very inexpensive, 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 SCALEIFNECESSARY), 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 very DON'T
_expensive REMEMBER

G 6. Please look at Scaie 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, I mean the dollar value oi 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 on the U.S. Department of Energy, I would like to thank you for your tinle 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 Survey (RECS) conducted by the Energy Information Administration.

I]'N'T"E-RVI EW ER INSTI_UCTIONS:

Check to make sure each question has been answered and that verbatim responses are clear
and legible.

T1ME ENDED:
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version 18C Interviewer
5/10/91

Date of Interview

Time Started

FUEL-OIL STUDY OCCUPANT QUESTIONNAIRE
CONTROL HOME

A. Identificalion

= [I--N-TERViEWER INST R'U'CTIONS:Complete Questions A 1 and A2 using data from the information sheet before starting the
-- [interview.
_

Al. Household Identifier
-

=- A2. Name of' WAP Applicant
_Z
=

_ SCREENER"

ASK TO SPEAK TO THE APPLICANT NAMED IN QUESTION A2. IF AVAILABLE, .READTHE
- FOLLOWING AND GO TO QUESTION 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 1SNOT 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.

_-_



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 QUALIFY, THE
RESPONDENT DOES NOT HAVE TO PAY THE CHECK. AS LONG AS THE
RESPONDENT 1S KNOWLEDGEABLE ABOUT THE ENERGY USE AND/OR BILl.S, HE
OR SHE QUALIFIES.)

1. YES, THE PERSON YOU ARE SPEAKING
TO IS THE RESPONDENT ................ CONTINUE WITH QUESTION

A3.

2. YES, RESPONDENT IS ANOTI-IER PERSON... ONCE A RESPONDENT IS
PRESENT, RETURN TO THE
INTRODUCTION AND
CONFIRM THAT THE
RESPONDENT lS OVER 18 AND
IS KNOWLEDGEABLE ABOI.YI"
PAYING THE ENERGY BILLS.
IF THE RESPONDENT

QUALIFIES, CONTINUE WITH
QUEST1ON A3.

3. NO, RESPONDENT IS NOT AVAILABLE ...... (NAMES: .)
IDENTIFY NAMES OF _-
SEVERAL PEOPLE WHO
MIGHT BE SUITABLE
RESPONDENTS. INFORM THE
CURRENT RES PONDENT THAT
WE WILL CONDUCT THE
INTERVIEW OVER THE
TELEPHONE AT A LATER >
DATE. LEAVE A COPY OF

THE EXHIBITS AT THE HOUSE. =
DO NOT PROCEED WITH THE
INTERVIEW.

7--

iNTERVIEWER INSTRUCTIONS:

IF RESPONDENT NEEDS INFO: The survey is a part of the Weatherization Assistance __

Program. The survey is required of every participant in the Fuel Oil Stud),. >

IF RESPONDENT IS HESITANT: Your answers to these questions will provide valuable =
information to the Department of Energy. The interview will take approximately 30 =
nfinutes. 2

=

A3. Name of respondent

Relation to WAP contact _-

[ ] RESPONDENT IS SAME AS WAP CONTACT
___
_.,,,,,.-

_,-N=---
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A3a. Has any weatherization work been done to your home by the Weatherization
Assistance program before April 1991.9

[ ] No (GOTO QUESTION Ag)
[ ] Yes (PROBE AND INSPECT HOME, IFWEATFIERIZED BY WAP, SWITCH TO

WEATI-IERIZ3ZzD HOME QUESTIONNAIRE,)
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INTERVIE'_'ER INSTRUCTIONS:

If respondent has trouble remembering the dates in Questions A4, A5, and A6, probe for:

• Season
• Major life event
• lX'/ajornews stow or political event happening at that time

Then, ask for ),ear (and month) againl

A4. In what ?,ear was this home built? Just your estimate.*

[ ] Before 1900 [ ] 1940-1949 [ ] 1985
[ ] 1900-1909 [] 1950-1959 [] 1986
[] 1910-1919 [] 1960-1969 [ ] 1987
[] 1920-1929 [ ] 1970-1979 [ ] 1988
[] 1930-1939 [] 1980-1984 [] 1989

[ ] 1990

i

A5. In what ?,ear did your' family move into this home?*

[ ] Before 1900 [ ] 1940-1949 [ ] 1985
[] 1900-1909 [] 1950-1959 [ ] 1986
[ ] 1910-1919 [] 1960-1969 [ ] 1987
[ ] 1920-1929 [ ] 1970-1979 [ ] 1988
[] 1930-1939 [] 1980-1984 [] 1989

[ ] 1990

IF "1989" OR LATER ON QUESTION A5, ASK:
A6. In which month did you move in?*

[] January [] May [ ] September
[ ] February [ ] June [ ] October
[] March [ ] July [ ] November
[] April [ ] Au_st [ ] December
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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 after January 1991. Throughola the survey, when
I ask about [ast winter before January 1991, I mean October, November, and
December of 1990. When I ask about last winter after January I991, I mean
February, March, and April of 1991. We are asking about these n'meframes
because other houses being studied were weatherized in January 1991.

INTERVIEWER INSTRUCTIONS:
]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 ne.cessmily be the one
[used for the central heafin[ system.

(HAND RESPONDENT EXHIBIT BOOKLET)

! B 1. Please look at Exhibit B 1. What was the one main heating fuel used for
heating your home last winter before January 1991 ?*

B1 B2
= Main Fuel (Mark ali other

(Mark only one) fuels thai apply_l
Gas from underground pipes
serving the neighborhood ........... [ ] [ ]
Bottled gas (LPG or Propane) ........ [ ] [ ]
Fuel oil ....................... [ ] [ ]

_ Kerosene or coal oil ............... [ ] [ ]
Electricity ..................... [ ] [ ]
Coalorcoke.................... [] []
Wood........................ [] [] ,
Solar collectors ................... [ ] [ ]

_ Other (specify) [ ] [ ]
_ NO FUELS USED ............... [ ] [ ]

DON'T KNOW ................. [ ] [ ]

B 2. F,_casc look at Exhibit B 1 again. You mentioned that your main heating fuel
_ us_;dlast winter before January 1991 was (FUEL FROM QUESTION Bl). 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. (MARKALLTHAT APPLYIN COLUMN
B2, IF NONE, MARK"NOFUELSUSED")*

_ IF ADDITIONAL FUELS ARE IDENTIFIED FROM QUESTION B2, ASK:
-I33. "Going back to your main heating fiiel used last Winter before January 1991 --

-_- (FUEL FROM QUESTION B 1) -- did this fuel provide all or almost ali of the heat for
-_ your home, about three-fourths, or closer to half of the heat for your home?*

[ ] Ali or almost all (95% or more)

[ ] About three-fourths (67-94%)
[ ] Closer to half (66% or less)

- [ ] DON'T KNOW/REMEMBER
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Now, I will ask similar questions about the fuels you used last winter after January
1991.

B4. Please look at Exhibit B1 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 neighborhood ............ [ ] [ ]
Bottled gas (LPG or Propane) [ ] [ ]
Fuel oil ....................... [] [ ]
Kerosene or coal oil ............... [] []
Electricity ..... ................. [] []
Coal or coke .................... [ ] []
Wood ........................ [] []
Solar collectors .................. [] [ ] ;_
Other (specify) [ ] [ ]
NO FUELS USED. [] []
DON'T KNOW ................. [] []

B5. Please look at Exhibit B 1 again. You mentioned that your n'lain healing fuel
used last winter after January 1991, was (FUELFROMQUESTION B4). What
other fuels were used to heat your home last winter 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. (MARKALL THATAPPLYIN COLUMNB5. IF
NONE,MARK"NOFUELS USED")* _-

7

IF ADDITIONAL FUELS ARE IDENTWIED FROM QUESTION B5, ASK:
"i36, Going back to your main hea'tlng ftiel used last winter afte/: January 1991 -.-

(FUELFROM 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?*

[ ] All or almost all (95% or more)

[ ] About three..fourths (67-94%)
[ ] Closer to half (66% or less) ----
[ ] DON'T KNOW.MEMBER

T
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B7a. Please look at Exhibit B7. Last winter before January 1991, did you use any of
the following to help heat your home? (CHECKAS MANYAS WEREUSED.)

(B7a) (a7b)
BEFORI_ ,

[ ] Wood/coal stove ............... ................. [ ]
[ ] Fireplace ..................................... [ ]
[ ] Cooking stove/range/oven ...... .................... [ ]
[ ] Non-portable room heater burning gas, oil, or kerosene ...... [ ]
[ ] Portable kerosene heater ............................ [ ]
[ ] Non-portable electric heater ......................... [ ]
[ ] Electric portable heater (cord-connected) ................ [ ]
[ ] Other (specify): ... [ ]
[1 NONE ....................................... [1

B7b. Please look at Exhibit B7 again. Last winter after January 1991, did you use any
of the following to help heat your home? (CHECKAS MANYASWEREUSEDIN
COLUMNB7b.)

INTERVIEWI_R INSTRUCTIONS:

Confm'n that responses to B7a do not contradict responses to B 1 and B2. Confh'rn that
responses to B7b do not contradict responses to B4 and B5. Probe the respondent if the
resppnses contradict.

ASK QUESTION B8 ONLY FOR EACH YrEM IN QUESTION B7 USED BOTH
BEFORE AND AFIER JANUARY 1991:

B'8. Please turn to Exhibit B8, Please tell me how often you used the following to
help heat your home last whater after January 1991 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 ONE NUMBER IN
EACHLINEASKED.)

Used Less Used About Used More
After The Same.

1. Wood/coal stove 1 2 3
2. Fireplace 1 2 3 ,
3. Cooking stove/range/oven 1 2 3 ,
4. Non-portable room heater 1 2 3

burning gas, oil, or kerosene
: 5. Portable kerosene heater 1 2 3

6. Non-portable electric heater 1 2 3
7, Electric portable heater 1 2 3

(cord-connected)

| 8. Other ( ) 1 2 3

=
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C. Demographics

Now I have some questions about the people who live here and about your housing
COSTS.

C1. 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 (READNUMBER) in total?
ENTER CORRECT TOTAL HERE

C2. You have told me that there were (READ TOTALNUMBERFROMQUESTION C1)

people living in your home last winter before January 1991. How many people
were living in your home last winter after January 19917

NUMBER OF RESIDENTS

[ ] SAME NrUMBER 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
temporary condition, such as a short-term illness. (EYEGLASSES ARENOT
CONSIDERED A HANDICAP). (IF YES, ASK HOW MANY,)

NUMBER HANDICAPPED
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C4. Do you or menlbers of )'our household own }'our home, or rent,'?*
t

[] Own (buying)
[] Rent
[ ] Occupied without payment of rent (SKIP 'TO SECTION D)

FROM QUESTION C4, IF HOUSEHOLD OWNS OR PAYS RENT, ASI('
C5. Please tell me which category best describes _e m"3;,_t-I_'yrent or mortgage

payment the household pays for your home, Is it ...? Stop me when I reach the
category. (READCATEGORIES.)

[ ] 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 per month
[ ] OWNED, MORTGAGE PAID OFF (SKIP TO SECTION D)
[ ] DON"r KNOW

C6. Does this payment include: (READITEMSANDPROBEFOR "YES"OR"NO".)

Yes No DON'T
KNOW

1. fuel oil ...................... [1 [1 [1
2. electricity ................... [ ] [ ] []
3. natural gas .......... . ........ [] [] []
4. property tax .................. [ ] [ ] []
5. insurance (house or renter's) ...... [ ] [] []
6. water ...................... [] [] []
7. garbage ..................... [] [] []
8. other (specify): . [ ] [ ] []
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D. Conditioned Living Space

My next question is about the number of different O'pes of rooms in 3,our home.
Remember that when I 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,

iNTERVIEX_ER INSTRUCTIONS:

For one-bedroom efficiency or studio apm'tment, record "0 bedrooms" and number of
bathrooms and other rooms,

Full Bathroom -- sink with running water and ,flush toilet and bathtub or shower,

Half Bathroom -- toilet or bathtub or shower

D 1. How many of each of the following rooms does this home have? (ASK EACH ITEM
AND RECORD NUMBER FOR EACH,)*

D_! D2___& D2___$B
To/al Numberhealed Numberheated

, Number last winter last winter
before January 1991 after January 1991

Bedrooms? ..............

Full bathrooms? ...........

Half bathrooms? ............

All other rooms: ...........
(Do not count laundry rooms, foyers
or unfinished storage space,
Only count porches if they are
enclosed and used year-round.)

D2. (FOR EACH TYPE OF ROOM THE RESPONDENT HAS EN THE HOME, ASK
D2A, THEN D2B. A HEATED ROOM IS ONE THAT IS WARM ENOUGH TO
BE USED.)

D2a. Of the (READ NUMBER OF ROOMS AND TYPE OF ROOM), how many were heated
last winter before January 1991 (RECORD ABOVE ON COLU_'LND2A.)

D2b. And how many (READ TYPE OF ROOM) were heated last winter after
January ]991 ? (RECORD ABOVE ON COLUMN D2B,)



_,llJ JJ,_l, _ _ jl. .... [. iL, hi ,,, ,_ iii , . .... _[ ...... ,, ....

123

E. Thermostat Management

I Would now like to ask you some questions about the temperature at which you

ke;Jt your home

"-']'N'T-E_,'VIEWER iNSTRucTIO_S: _ _ : ...........
i

Remember, we are interested in the respondent's perceptions. Ask the respondent for
their opinion; avoid checking the thermostat for the actual settings.

If resp_,ndent keeps different sections of the home at different temperatures, we want to
know tt_e temperature in the part of the house where the p,eople are, If, for example, the
heat is iturned off upstaks during the day because the family is downstairs, we want the
downslalrs temperature,

i
- We wC,,uldlike to know th_ actual temperature of the home, If the respondent doesn't

know lhe temperature, but does know the themaostat setting, record the thermostat
setting. Otherwise, probe for best estimate,

i' .... ' .......

E la. Last winter before January 1991, didyou keep your home at the same
!emperature at all times of the day, or did you change the temperature?

[ ] Kept home at same temperatl.u'e (ASK QUESTION E1B)
[ ] Changed the temperature (GO TO QUESTION E1C)

IF KEP I" HOME AT SAME TE..MJ:)ERATUREON QUESTION E1A, ASK:
S /_ib,' 13efore January i991, at what temper:at'firedid you ustiii_ly keepyoUr home? -

Degrees Fahrenheit:
[ ] HEAT TURNED OFF

(GO TO QUESTION E2A)

IF CH _NGED THE TEMPERATURE ON QUESTION E1A, ASK:
1-E']'_,-Before January i991, at What temperature did you usually keep your home

during the day when someone was at home?*

_. _ Degrees Fahrenheit:
-" [ ] 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:
[ ] HEAT TURNED OFF

Ele. Before January 1991, at what temperature did you usually keep your home
during sleeping hours?*

__ Degrees Fahrenheit:
- [ ] HEAT TURNED OI:;F

' '_ i_ "'lH _l, 'tl, . r
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(ASK EVERYONE:)

E2a, iast winter after 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 E2B)
[ ] Changed the temperature (GO TO QUESTION E2C)

IF KEPT HOME AT SAME TEMPERATURE ON QUESTION E2A, ASK:
"E'2b,-After January 1991, at v_'i:latiemperature did yoiJ usua'll'y keep your kome?

Degrees Fahrentleit:
[ ] HEAT TURNED OFF

(GO TO SECTION F)

IF CHANGED THE TEMPERATURE ON QUESTION E2A, ASK:
E2c, Alte/.janu@ 199iiat what temperature did you usually keep your home during

the day when someorle was at home?*

Degrees Fahrenheit:
[ ] HEAT TURNED OFF i

i

t

E2d, After Janum'y 1991, at what temperature did you usually keep your home during
the day when no one was at home?*

Degrees Fahrenheit:
[ ] HEAT TURNED OFF

E2e, After Janua_' 1991, at what temperature did you usually keep your home
during sleeping hours?*

Degrees Fahrenheit:
[] HEAT TURNED OFF
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F. Events Affecting Energy Use

The next questions are about events which may have affected your energy use last
winter. (REMINDRESPONDENTIF NECESSARY): Remember that when I 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 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? ........ [ ] [ ]

You ran out of fuel oil? ......... . [] [ ]

The utility company discontinued. ...... . [] []
your electric service?

IF "YES"TO ANy PART OF QUE..S_ON F1A, ASK:
]:1 b. Thinking about these times that your wentwithout heat, last winter before January -

1991, how marly _ times were there?

Total times:

F1 c. Altogether, how many hours or days were you without heat?

Total horn's without heat:

OR

Total days without heat:
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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? ........ [ ] [ ]

You ran out of fuel oil? ............... [ ] [ ]

The utility company discontinued ........ [ ] [ ]
your electric service?

IF "YES" TO ANY PART OF QUESTION F2A, ASK:
F2b. Thinking about these times that your went without heat, last winter after January

1991, how many _ 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. 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
19917

[] Yes
[ ] No (GO TO QUESTION F6)
[ ] DON'T KNOW (GO TO QUESTION F6)

IF YES ON QUESTION F3, ASK:
F4. Please describe the home repair or renovation. (RECORD VERBATIM BELOW.)

MONTH

(1)

(2)

(3)

(4)

F5. In which month was the work done? (RECORD UNDERCOLUMNFOR MONTH
ABOVE.)
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Now I'm going to ask you to describe the number of people in your home during
the 1990 Thanksgiving holiday period and the Christmas holiday period colnpared
to the rest of the winter. By number of people in your home I am referring to
overnight visiting not visiting Jot" 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 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/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 I am
refen'ing 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/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 lookatScaleG1. Using a scale of l to 7, where l is too cold, 4is
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 OR5-7 ON QUESTION G1A, ASK:
"Glb. Why couldn't you keep your home the temperature you weferred last winter

before January 19917 (DO NOT READANSWERCATEGORIES.) (CHECKALL
TrOTAPPLY.)*

[ ] Heating system problem
[ ] Landlord 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 (please specify)

[ ] NOT SURE

G lc. Using the same scale (REPEAT SCALEIFNECESSARY) how would you rate the "
temperature in your home last winter after January 1991?

AFTER
1 2 3 4 5 6 7 8

too cold comfortable too hot DON'T
REMEMBER

IF 1-3 OR 5-7 ON QUESTION G 1C, ASK:
G 1d. Why couldn't you keep your home the temperature you preferred last winter after

January 1991? (DONOTREAD ANSWERCA'IEGORIES.) (CHECKALL THAT
APPLY.)*

[ ] Heating system problem
[ ] Landlord 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 (please specify)
=

[1 NOT SURE
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G 2. Please look at Scale G2. Using a scale of I 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 not at 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?

AFrER
1 2 3 4 5 6 7 8

very drafty somewhat drafty not at ali DON'T
drafty REMEMBER

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 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
REMEMBER

Using the same scale (REPEAT SCALEISNECESSARY), 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 hazm-ds; 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 SCALEIF 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 DON'T
REMEMBER
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G5. Please look at Scale G5. Using a scale of 1 to 7, where 1 is very expensive, 4 is
acceptable, _Lnd7 is very inexpensive, 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 very DON'T
inexpensive REMEMBER

Using the l;ame scale (REPEAT SCALEIFNECESSARY), flOW 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

G6. 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
very much about the same very much 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 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 Survey (RECS) conducted by the Energy Information Administration.

INTERVIEWER INSTRUCTIONS:

Check to make sure each question has been answered andthat verbatim responses are clear
.and legible.

TI-_,'IEENDED:
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, APPENDIX G. AIR-LF_,GE MEASUREMENT TF_._"PROCEDURE

Air-leakage measurements will be made in ali the houses before and after weatherization

following this procedure.

,,
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Version: April 26, 1991
AIR-LEAKAGE MEASUREMENT _ PROCEDURE

OBJECTIVE

The objectives of this procedure are to

1. provide the necessary measurements to calculate, for single-family houses, the air flow rate
with the house depressurized 50Pa below ambient, the equivalent or effective leakage
area 1, and air exchange rate I (if the number of conditioned stories is known);

2. examine the airtightness of the house as constructed, including ali 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 ASTM Standard E779-872 especially
regarding pressurized measurements, it generally follows the principles contained in the standard.

PRE-TF_.STPROCEDURE

House Preparation

The house should be prepared for measurement as follows:

1. Close ali fireplace and wood stove dampers, glass doors, and other flue openings. Have
occupant extinguish ali 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 ali 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.

1Handbook of Fundamental, American Society of Heating, Refrigerating, and Air
Conditioning Engineers, 1989.

2Standard Test Method for Determining Air Leakage Rate by Fan Pressurization., The
American Society for Testing and Materials, 1987.
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4. Open ali interior doors (except for closets) so that ali interior heated space is connected,
including heated basements (if only portions of the basement are heated, open ali doors
necessary to connect these heated basement areas with other heated areas). If a space
was designed to be a heated space but is maintained by the occupant in an unheated
condition, the space should still be considered a heated space with one exception: an
unfinished basement or other unfinished room with a distribution system that is alw_ly.fi
closed off should not be considered a heated space.

5. Record on the Blower-Door Test Data Sheet the exclusion/inclusion of bul'l'_',rspaces,
zoned rooms, and basements in order that the post-weatherization test can be perf_rnled
on the same heated space of the house.

Equipment Set-Up

Ali equipment should be kept at as close to 70°F as possible while in transit and brought
into the house immediately upon arrival. Equipment should be set-up as specified below,

1. Deploy a thermometer outside away from the door in a shaded area, and one inside in the
same room as the blower door.

2. Zero the gauge to be used to measure air flow through the fan after removing ali hoses
from the gauge so that both pressure taps are exposed to room air.

3. 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 ali hose
fittings for tightness and trim or tighten as necessary. Connect ali hoses. Check for leaks
around the fan and door.

4. The gauge used to measure pressure difference across the house envelope is zeroed to
remove the natural pressure difference that may exist between the inside and :)utside of
the house due to thermal or wind effects. Cover the fan opening (using the "shower cap"
provided by the manufacturer, plugging or taping ali holes with the orifice plate on, or
some other equivalent technique). Zero the gauge. Remove the fan opening cover. Rc-
zero the gauge in this manner each time a new run is started.

5. 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
(i.e. open windows, attic hatches, dampers) and other significant 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 d_lmagcd with
increased negative pressures,

6. Establish a negative pressure difference across the house of 50 Pa for 15 second,,;. Do not
pressurize the house after this step.
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TEST PROCEDURE

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 for 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 ali 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.

-

Orifice Plates

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.

_ 2. 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.

J Gauge Reading ProecAures

1. To make a measurement at each pressure station, first raise the house to about 5 Pa
above the desired pressure. Then _ 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 R)r the blower-door readings to stabilize. Record the actu_ll 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 tile marks on
the gauge, mad the gauge from directly in front tc) 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 from
one with a range of 0-750 Pa. Note the reason for any alternate pressure station readings.

Acceptable Error l._a,el

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 readirig was made. The test must be repeated ii'
the percent error 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, Thcse
numbers appear on the blower-door tape, Before re-doing a test, examine ali hoses and fittings
for leakage and carefully re-zero the gauges as these could be the cause of excessive error,

Completing the Test

1. Record the indoor temperature,

2. Return ventilation controls, vents, and thermostats to their original settings. Maize sure _11
space- and water-heating systems are operating correctly, Make sure ali 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 uxmcccptable levels
of accuracy must be repeated.
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Version Apt'li 26, 1991 Technician:
Date:

BLOWER-DOOR TEST DATA SHEET: INFILTEC BLOWER I)OOR

House II): Subgrantec name:
Occupan name: Phone number:
Occupar t address:

Procedu:'es to prepare house for test: Basement door (closed ox'open)

Unusual sources of leakage:

Test eqitpment identification number:
/

J , ,, , ,,, ,,, ,i , , ,,,,, i i -, '"',',', r , , ,

Indoo temperature
(*F) Outdoor Average Maximum Location I_x_cal

_ '- ..... "_ temperature wind speed wind gust of wind shielding
Star Finish (*F) (MPH) (MPH) measurement class

I ] . II ii Iii j [ I i ii iiii llnl I I iii1_ I II IIIi II I i I li I II _' i • ii

[ .
_r!: .... ' ..........

_ressure statton Local shielding classes
,,, , i , ,

Goal 1 No obstructions or local shielding

(inches Flow rate Light local shielding; few obstruc-
of water) Actual (cfm) Orifice 2 tions, a few trees, or small shed

,,,,

0.04 3 Moderate local shielding; some
...... obstructions within two house

0.06 .... heights, thick hedge, solid fence, or

: 0.08 one neighboring house

0.10 4 Heavy shielding; obstructions around
most of perimeter, building or trees

: 0.12 within 30 ft in most directions;,,m J

0.14 typical suburban shielding
t ,, ,, a

0.16 5 Very heavy shielding; large obstruc-
tions surrounding perimeter within

0.20 two house heights; typical downtown
• shielding

0.24
,, ...................

Notes
_

_,lr ii_,..... Ii rn,llll'u'_'_ ..... 1InSt ' I,' qt,'I' ' 'l'n " _nll ' _p',, til *'' _p'_ll _,' _rl '_ " Irl _",r_ .... , .... I_I",,N_, ,M, II_ _p_pplIII, rlrlrl_ I, , ,11_I
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APPENDIX H.

SPACE-HEATING SYSTEM STEADY-STATE EF'lTICIENCY

MF_,ASUREMENT PROCEDURE

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

before and after weatherization following this procedure.
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Version: April 11, 1<_J1
SPACE-HEATING SYSTEM STEakDY-STATE EFFICIENCY

MEASUREMENVF PROCEDURE

OBJEC'TIVE

The objcctivcs 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 contractors 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 necessary if other
types of equipment are used).

SET-UP PROCEDURE

1. When testing units in confined spaces, ensure there is adequate ventilation to exhaust any
carbon monoxide or other toxic gases.

2. Set up the test equipment according to the manufacturer's instructions. Be sure tall
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.

3. If applicable, calibrate the equipment to 20.9% oxygen in a well ventilated area.

4. 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 sourcel; of air entering 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.

5. Install the probe into the flue pipe's test location following the manufacturer's
instructions. Make sure ali tubing and wiring are free of kinks and away from hot areas of
the heating system.

6. Turn on the heating system and allow the system to operate for tat least five minutes.

7. Record the type of test to be performed,

8, Record the identification number of the test equipment so that the same equipment can
be used for future tests.
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MEASUREMENTS

Record the following measurements on the Steady-State Efficiency Data Sheet when the
oxygen and temperature measurements do not fluctuate over a one-minute interval (when the
temperature measurement does not change more than 5°F):

1. Measure the percent oxygen in the flue gas following the manufacturer's instructions.

2. Measure the room and flue gas temperatures (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 be placed behind the test
paper to make a comparison because of the transparency of the smoke paper.

COMPLE-q'ING 'HIE

1. Turn off the heating system and allow metal parts to cool beibre removing test equipment.

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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Version: April 11, 1991 Technician:
Date:

FUEL-OIL STUDY STEADY-SFATE EFFICIENCY DATA SHEET

House I.D.: Subgrantee name:

Occupant name: Phone number:

Occupant Address:

Type of test: Pre-weatherization Post-weatherization

Test equipment identification number ,,, ,, ,,,..

Percent oxygen reading %,, . ,,.,

Net stack temperature, or °F

Room temperature oF, .

Flue gas temperature °F
,......

Unadjusted steady-state efficiency %
,,., ....

For, fuel-oil systems:

Smoke number

Adjusted steady-state efficiency %

If the smoke number is: 1, 2, 3, 4, 5, 6, 7, 8, 9
subtract: 0, 0, 0, 1, 2, 3, 4, 6, 7

Notes:
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APPENDIX L

OIL-FIRED SPACE- AND WATER-HEATING SYSTEM INSPECTION PROCEDURE

The safety and integrity of the space- and water-heating systems of ali the houses will be

evaluated during the post-weatherization period using this procedure.
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Version: April 26, 1991
OIL-FIRED SPACE- AND WATER-HEATING SYSTEM INSPECTION PROCEDURE

OBJECTIVE

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 domestic water-heating systems.

The procedure is limited to an inspection of the space- and water-heating systems, lt 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 intent being
that an overall assessment of these 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 make
immediate interpretations of the collected 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 procedure was written assuming two separate oil-fired systems. If the domestic water-
heating system uses another fuel or is an integral part of the space-.heating system (tankless), then
some parts of the procedure will not apply. In developing the procedure, the term furnace strictly
refers 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 ali
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 furnace presents a
dangerous situation as flue gasscs 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. Check the on\off operation of the thermostat.
_ 3. Determine if the space-heating system has its own emergency electrical cutoff switch.

4. Determine if ali 117 VAC wiring is secure.
5. For a furnace, identify the fan on/off temperature settings. For a boiler, identify the

operating setpoint temperature (hot water systems) or operating pressure (steam systems).
6. Determine if a high limit switch is present and ident@ its setting (their functionality will

not be tested under this procedure).
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7. Note the presence of any combustible materials, including urethane (flexible foam) pipe
insulation, immediately adjacent to the flue pipe or too close to the heating system.

8. Note the presence of any asbestos insulation on the system.
9. For a forced-air or gravity furnace, visually inspect the heat exchanger for cracks with the

furnace off. Use a strong light and mirror tc) see as much of the heat exchanger as
possible. Pay special attention to ali gaskets and joints between sections, and areas that
could be damaged by a leaking humidifier.

10. 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 blower 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 seconds after the system is turned on and before the
distribution blower turns on.)

GENERAL DOMESTIC WATER-HEATING SYSTEM INSPEC'rION

1. Identify the system and fuel type.
2. If fossil-fuel-fired, note the presence of any combustible materials, including urethane

(flexible foam) insulation, immediately adjacent to the flue pipe or too close to the system.
3. Note the presence of a pressure relief valve on the system.
4. Note the hot water setpoint temperature.

LEAKING FUEL SOURCES

Even small leaks 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.
[xzaks in outdoor tanks 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 water 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 based 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.

2. 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.

3. Visually inspect the above ground supply tank (if present). 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.

4. Visually inspect the fuel-oil supply line from the supply tank to determine if a filter and
shutoff valve are present.
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SPACE-HEATING DISTRIBUTION SYS'IEM

1. Check the operation of the circulating fan or pump of non-gravity systems.
2. For a forced-air or gravity furnace, check the condition of air filters and the exiting

temperature of the supply air.
3. For a boiler, check the operation of any zone valves and inspect the piping for leaks.
4. Check for the presence of any asbestos insulation on the distribution system.

FLUE AND CHIMNEY INSPECrlON (SPACE- AND WATER-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.

2. 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.

3. Inspect the chimney and flue pipes from inside the house. Note any obvious holes, leaks,
and untight connections in either system.

-- 4. Remove the flue pipe if practical and inspect the chimney using a t]ashlight and mirror.
= Note any debris or deposits of more than 1/4 inch thick on the inside of the chimney.

Note the presence or absence of a flue liner.
- 5. 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.

- SPACE- AND WATER-HEATING SYSTEM DRAFrs

-- 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 181)seconds to become established. An
acceptable steady-state draft depends upon the outside air temperature. In ali 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 be used as a guide:

]i IIOutdoor temperature Acceptable Draft Unacceptable Draft

> 80 °F -0.005 to -0.2/) inches water 0 inches water or greater

between 30 °F and 80 °F -0.01 to -0.20 inches water -0.01 inches water or greater

_ < 30°F -0.02 to -0.20 inches water -0.02 inches water or greater

_ In addition, if the room where the systems are located 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.

..... _r_........._...... _1............... "Illr_"_Ill'I_lllIllIt" ',',,II'?',_



152

2. Turn on ali exhaust fans in the house (except whole house ventilation fans), including the
clothes dryer ii' one is present, Close ali interior doors and the door to the rooln
containing the systems.

3. Measure the outdoor temperature.
4. Measure the draft of the systems between the breech and barometric damper with the

distribution fan and systems off.
5, Turn on the space-heating system. Measure the time required for backdrafting tc) 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 airllow. _-

6. With the space-heating system operating, measure the pressure difference between the
room containing the systems and the outside. If the basement is depressurized more than
0.02 inches water (5 Pa) relative to the outside, than vnake a second measurement with
the space-heating system off.

7. Turn the space-heating system off and the water-heating system on. Repeat steps 4 and 5
for the water-heating system.

CARBON MONOXIDE

Carbon monoxide (CO) is extremely dangerous since it is both odorless and cok)rlcss as _

well as being toxic. However, if emanating from an ()ii burner, CO will oi'ten be accompanied by =_
other combustion gases and fuels which do emit odors. CO rc)dings should bc made with an _

appropriate meter following the manufaclurcr's instructions. Readings wi!l bc recorded in parts
pcr 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 ot' the
si)ace-heating system. A level of CO greater than I(X) ppm in the flue gas signals that the ()ii
burner should be inspected (higher CO levels may occur in gas-fired systems). High smoke

numbcrs measured during an efficiency test will likely accompany high CO readings in oil-burning
systems.

1. Turn the carbon monoxide mc)nitoring 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 mowcrs, etc.) The meter wi'
usually not read zero, so note the reading.

2. After turning on the space- and water-heating systems, measure the CO in both fluc gases =
before the barometric damper (this step can be coordinated with an ctTiciency test ii' one f--
is to be performed).

3. Measure the CO in the room containing the space-heating system within 5 l'cet ()f the U
system.

4. Measure the CO in the kitchen and living room (the living room is defined to bc the main

living area of the house, usually characterized by the room with _, television in it). Noto ii"
a gas stove top, gas oven, or fossil-fueled space he)tor were operating during the tests.

Notc any flue-gas odors in the house (also determine ii' the occupants have noticed any
odors in the house when the system ix operating).

5. For a forced-air or gravity l'urnace, measure the CO in the register with the shortest
ducting from the space-heating s,'stem. =--
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Version: April 26, 1991 Inspector:
Date:

FUEL-OIL STUDY SYSTE,M SAFE'rY INSPECTION FORM

IDENTIFICATION

House lD: Subgrantee name:

Occupant name: Phone number:

_- Occupant address:

GENERAL SPACE-HEATING SYSTEM INSPECTION
, , , , ,,, T ,, ,,, ,,, ....... ,,,,, .....

- 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 heating)
,,,,,,,,, ......... ,, ,,,, .... , , ,, .... , , _ , L , ,;

Thermostat on/off operating (Y,N)
,,, ..... ''4 ...... I '...... ' ................. L '"

Electrical cutoff switch present (Y,N)
, , , , , , ,, ............. . , , ,, ,, .... ,, , , , ......

Wiring secure (Y,N)
..... , ....... ,,.... ,, ,,, ,

_ Furnace fan on/off temperature switches present (Y,N,NA)

If yes: Upper setting °F I.,ower setting °F
, ,, , ...... _ ,,,

Boiler operating temperature (°F or NA)
.... , , ,, ,, ............ , ....... ,, ,,,,, , ,,,

- High limit switch settings (none, ° F, psi)
- , ,,, ,, .... _, ,, ,_ .............. _ ........... ,

-_ Combustible materials near flue (Y,N)
__ ,, ..... L, ,, ,,, ,_ ............ ,, , ,,

Asbestos insulation present on system (Y,N)
__ _ ......... , ......................

GENERAL DOMES'HC WATER-HEA'IING SYSTEM INSPECq'ION
..............

_ Type (SA-stand alone, T-tanklcss)

--'qM Fuel (NG-natural gas, P-propane, O-oil, E-electricity) I
__

Combustible materials near flue (Y,N,NA)
___ - . , ..... _ ,, , ............ _ , _ _,

Pressure relief valve present (Y,N)

_-._ Temperature setting, (°F or NA) (record highest °F
setting tbr electrically heated systems)

---- ,, , _ ...............

"_ ..... r//' '_'
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House II):

FUEL LEAKS

.......................... . _"-_,_---_ ---'_

Leak
....... , ..... , ,, ..... ,............ L .......

Space-heating systcm supply line (Y,N)

W_ter-heating system supply line (Y,N,NA)
...... _...L _ ._ .... _,, ,, ...................

Above ground storage tank (Y,N,NA)
......... , , ' ," ,_ "_ ' " _ ___L','...... -

Is a filter and shutoff wfive present in the supply line leading from the storage tank? __ (Y,N)

SPACE-HEATING DISTRIBUTION SYSTEM

Forced-_dr or gravity furnaces
., _7 _'',', . .,,,, ...... ",",_'_".,. '_"' , ' ,"' , ....... ,, ' ' ..... ,'.'' r _--:::: :_: Z_

Circulating fan operating (Y,N,NA)

Condition of air filters (N-none, C-clean, D-dirty, P-plugged)
,t ............ ,, ,

Exit temperature of supply air °F -

E

Boilers

Circulating pump operating (Y,N,NA)

Zone valves operating (Y,N,NA)

Lcaks exist (Y,N)

Is asbestos insulation present on the distribution system? _ (Y,N) ---

--

--
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Itousc lD:
FLUE AND CItlMNEY INSPECTION

u-'_ , , ! 'i ', i _..,,, = " '.. ' ' , , Lt"7_: : ,:_,'r:" 7',I 'i ;,, ,_ : " ";S _, , "i;7i ,; ; ; - ,,i lt I r'_;;;_-,.7 ..........

Space-heating Water-heating
system system

, . _ , J _ :,, , 2 ,_ ,_J_' .li 'i 'r ',', ,' ,, ,", ,,,' _ 7 ,, _,l , , ,, ,,, ,, , ,,,,, J ,; . ,, : l li ]
£

Structurally sound (Y,N,NA)
.,. .... , ,,,, ........... ,, , , , , , , ,, = ........ ,

-- Chimney extends > 2 ft above roof (Y,N,NA)

Clearance at chimney top > 10 ft (Y,N,NA)
, t . . _ ,,,, ........... , , , , ,,, . .... • ,-_ .......... . ,, , ,. - -- • .......

Leaks exist (Y,N,NA)
........ ,.., _ , ,. ,, , ,, .,,........ , , ,, ,, , . , , ,, , ,,,,,,, ,, _ , , •

Thick debris present (Y,N,NA)
,,,

" Flue liner present (Y,N,NA)
, , .... ,_..... , , , ..... , - , .,, ..........

_ Barometric damper (space-heating systems only):
,, .... ,.,, , , , _. : , , ...... t , . .,,, ,t ..... - I......  iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii ili i!ili i!iliiii!!ii! i i!i!, . , .. , ,,. •

. Functions correctly,,,,,,,, (Y,N,NA),.,,. !iii}{{{iii:'ii::ii:'iii:'i!i:'i!_ii:":i_L!i!i_ii:'ili:'i!!:'i!iii:iii!_!i:'_i_
7: ' i',:,.,': 'i_."',Ci:: '" .....

SPACE- AND WATER-HEATING SYSTEM DRAFrs
............ _ : ",' d',' ........................

= [ Outdoor temperature: °F Space-heating system Water-heating system. ...'

_ Draft with system off in. water in. water
,, ,,,, .......... _ , i .... , .,, : ....:........ , , ,

Time to stop backdrafting seconds seconds

Draft with system on
...... ,, , ,,,,,,,,,,, .... ,,,,. - .....

30 seconds in. water in. water
. • - - _ . _ • ,, .... ,,,, ,,. ,. , , '''L ' - "--

1 minute in. water in. water
_ • , ,,, .... ,........... ., _.,_ ,_ ......... _- ,. ....... - ......

= 2 minutes in. water in. water

_ 3 minutes in. water in, water
- ,I

Pressure difference between space-heating system room and outside (positive number-

- indicates that the basement is depressurized relative to the outside):
-- , ..............

- '.........{Iii.................................................I
space-heating system on in. water i!iiii}iiiii!iiiiiiii!iiiiliiiiii::iii!i!i::iii!i!iliiii!iiiiiiii!i::ili::::i::iii::::::::i::i!ili!::ii::/!i}iii}:::;:;iii!ii!i!ii:;i!i{!ii!iii{iiii!!i{!{i{ii

Iiliiii!ill__!iii_i!iliiiiiiii;!iiiiiiiiiiiiiiii!!iiiiiiiiiiiiIiili!i!iii!iili!;iiiii!!iiiiiIi_!iil
Z space-heating systc m off in. water l}}il!!i}!!iillii_}{}{_{}i_ii!_i{i{_{_{!!_i_{!_{i!_{i{}!{!{_i{ii!!i}!{_iii!_{_i_i!i{_iIii}

............ , ,, , .... , ........
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ltou.c,-_:' II):
CARBON MONOXIDE TESTING

Ambient ppm

Space-heathag system flue gas ppm
, ,,, ,, ,,,, ,, ,

Water-heatlng system tlue gas ppm
..................

Five feet from space.heating system ppm
, ,, , . _ ,-,, .

Kitchen ppm :
- ,, , ..... i,, , , , . : .., .- ...........

Living room ppm
-i ,,

Register (ppm or NA) ppm
..... , i , ., , ................ .,_ J ,,, .,,,, ,, ,,

- -- ' ,,, __ :: _ . _ ,, ,, .... 1_,, ,

Were the following operaling during the test:

Gas stove top (Y,N)

Gas oven (Y,N)

Fossil-fuel space-heater (Y,N)
- = - _ , ,, ....... ,, ...... ,,,, i , ....

..... n,., i ' i,

HEAT EXCHANGER

L

i

Cracks observed visually (Y,N,NA)

Percent oxygen reading before blower turns on %
i

Percent oxygen reading after blower turns on % =_

Flue gas odor noticed in house (Y,N,NA) __"

-

COMMENTS
-

=

_

=
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APPENDIX L

FUEL-OIL STUDY WEATHERIZATION INFORMATION SURVEYS

j lntbrmatton on the weathertzations performed In each of the weatherlzed housesI
(ins!allatton dates, ECMs installed, costs, etc.) and program and administration costs for each

subi rantees will be collected using the first survey provkted tn this appendix. The secc_nctsurvey

will be used to collect a more limtted amount c_ftntbrmatton on the control houses.
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Version 3 Form completed by:
2/21/91 Date: ................

FUEL-OH., STUDY WEATHERIZATION INFORMATION SURVEY

A, IDENTIFICATION

Al, House Identifier: ('ro be completed by_ORNL_.__

A2, Subgrantee Nmne:

A3, Occupant Name:

A4, Occupant Phone Number:

AS, Occupant Address:
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B. GENERAL INFORMATION

B 1, What was the household's income on the application form at the time when its
eligibility was verified lhr tile servtces lt received in the 1990 program yem"?

B2, Weatherization work was performed primarily in this house in Januttry 1991, What
were the exact start and stop dates for this work (month, day, [md year)? (Dates t'oi'
weatheriz,ation work perfomaed at other times will be identified in Section G,)

Weatherization work started ota

Weatherization work was completed on ....

B3, What electric utility company serviced this household and what was the household'_
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. (Measures 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) ......... [ ] [ ]

--_ Attic Insulation (added to existing insulation) ....... [ ] [ ]
*Wall Insulation (normal technique) ............. [ ] [ ]
*Wall Insulation (high-density technique). [ ] [ ]
Floor Insulation ........................... [ ] [ ]
Rim or Band Joist Insulation ............ , .... . [ ] [ ]
Other Envelope Insulation .................... [ ] [ ]
(Specify:

: )

_- *The "normal technique" for 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 ........... [ ] [ ]

(door and window)
Air sealing, emphasizing by-passes with blower ..... [ ] [ ]

__ door testing)
Air sealing, emphasizing by-passes without [ ] [ ]

_---_ blower door testing)
-_ Distribution System. [ ] [ ]

-_ Other Infiitration Reduction. [ ] [ ]
(Specify:

_ ----_,
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Installed by:
In-house Contractor

crew
C3. Water Heating System

Water Heater Tank Insulation .................. [ ] [] =
Entire Water Heating System Replacement ......... [ ] [ ]
Pipe Insulation ............................ [] [ ]
Low Flow Shower Heads .................... [ ] [ ]
Temperature Reduction ...................... [ ] [ ]
Other Water Heater Measures. ................. [ ] [ ]
(Specify:

)

C4, Structural Repairs (full or partial)
Attic Ventilation ............................ [] I I --=
Roof .................................. [] [ ]
Doors .................................. [ ] [ ]
Replacement of doors ....................... [ ] []
Windows/Glazing ......................... [] [ 1 2
Replacement of windows ..................... [ ] [1
Walls .................................. [1 [ ]
Floor .................................. [l [ l L
Other Structural Repairs ..................... [] [] __
(Specify:

)

C5. Windows and Doors
Storm Windows (How many? ) ......... [ ] [ ]
Stoma Doors ............................. [ ] 11
Window Films or Shades., .................. [ ] [ ]
Other Window or Door Treatments .............. [ ] [ ]
(Specify:

)

_==
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Installed by:
In-house Contractor

crew
C6. Space Heating System

Clean and Tune-up......................... [ ] [ l
Entire Heating System Replacement ....... ..... ., [ ] [ ]
Set-back Thermostat ........................ [ ] [ ]
Heating System Component Retrofits............ [ ] [ ]

(Specify: )

Safety Problem Fixed....................... [ ] [ ]

(Specify: )

Repairs ................................. [ ] [ ]

(Specify' )

Other Heating System Modifications............. [ ] [ ]

(Specify:

)
=

C7. Space Cooling System_

Tune-up ............ [] [ ]
(e.g., cleaning, controls adjustment, filter replaced)
Entire Air-conditioning System Replacement ....... [ ] [ ]
Fans Inst'ailed or Replaced .................... [ ] [ ]
Set-back Thermostat ........................ [ ] [ ]

- Other Cooling System Modifications ............. [ ] [ ]
_ (Specify:

)

= C8. Other Health and Safety Repairs or Improvements
Smoke Detectors .......................... [ ] [ ]
Radon Testing ............................ [ ] [ ]

= Carbon Monoxide Testing .................... [ ] [ ]
_- Other .................................. [ ] [ ]

=__ (Specify:
-s

=

.................. I................ If .... r_lfrlr¢l_l,_rl_,_.,,i ...... _lj,,"_I,, ,l_lrllIjinljll ',lll,Ijjl,,_lll I rrrff' f ,_ ....



D. SERVICE DELIVERY PROCEDURES

_.e!ection of Measures
D 1, Please check the type of procedure that was used to select the measures that were

installed in this dwelling during the time period identified in Question B2. (CrtECK
ALL THAT APPLY)

[ ] Envelope measures were selected using a priority list (i.e., a checklist or
prescribed list of measures)

[ ] Envelope measures were selected using a decision approach or scoring
(calculation) developed for each house

[ ] Envelope measures were selected based on an analysis of energy savings per
dollar invested

[ ] Space-heating system measures were selected based on physical characteristics or
a standard approach L

[ ] Space-heating system measures were selected using a decision approach or scoring
(calculations) based on operating performance

[ ] Space-heating system measures were selected based on an analysis of energy
savings per dollar invested

[ ] Selection of envelope and space-heating system measures was made
simultaneously under one approach rather than separately using two distinct
procedures.

[ ] Other measure selection procedures. (Specify:

)

Use 0f Diagnosti_
D2. Please check the type of diagnostic procedures that were used in this dwelling to

perform the work during the time period identified in Question B2. (CHECK ALL THAT
APPLY)

-

[ ] Blower door testing was used to find leakage areas for sealing
[ ] Blower door testing was used to measure air leakage rates
[ ] Blower door testing was used to determine when to stop work using cost-

effectiveness guidelines (not minimum ventilation guidelines)
[ ] Distribution system diagnostics were used to find leakage areas for sealing
I ] Distribution system diagnostics were used to detemaine system balancing
I I Infrared scanning was used
[ ] Indoor air quality testing was used
[ ] Heating system efficiency testing was used
[ ] A heating system safety inspection was conducted _-
[ ] Other diagnostic procedures. (Specify:

)

m

i=--

%

=
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D._ity Control
D3. Please indicate the type of quality control inspection this house received following the

work performed during the time period identified in Question B2. (CHECKALL THAT
APPLY)

[ ] A visual quality control inspection after weatherization for envelope measures
[ ] A quality control inspection after weatherization for envelope measures that used

blower door testing as a diagnostic tool
[ ] A quality control inspection after weatherization for envelope measures that used

infrared scanning as a diagnostic, tool
[ ] A visual quality control inspection after weatherization for heating system

measures
[ ] A quality control inspection after weatherization for heating system measures that

used diagnostic tools such as combustion efficiency testing
[ ] Other quality control procedures. (Specify:

.)

=

: .C.3jentEducation
D4. Please check the types of client education that were provided to this house during the

time period identified in Question B2. (CHECKALL THAT APPLY)

[ ] Literature was mailed or left with client
[ ] In-person client education was provided
[ ] Other (Specify:

: )

-s

_£

z-

.......... i z.._.--la_r, ,, .......... IN,,_II f_ ___"P J_' ' ,,,,i . ,,I _r ..... nl_.... I _'T'r _-_
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E. COSTS: MATERIALS, LABOR, INSTALLATION OVERltEAD AND
PROGRAM MANAGEMENT

This page and Figure 1 on the following page provide background information for
completing questions E1 to E4 on pages 10 to 12, The total cost of a program can be
divided into installation costs and program management cosls (Fig.l). Total
installation costs include the costs of materials, direct labor and overhead expenses that are
directly related to the installation process, such as the costs of vehicles, travel, equiprnent,
insurance, field supervision, and 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 file installation overhead expenses may not
be tracked directly on a pcr-house basis. As a result, there are separate questions for crew
vs. contractor h_stallation costs.

If a job is crew-based, supply the materials costs (Question E1), calculate the direct
labor costs (Question E2), and estimate the average per-house cost of installation-related
overhead expenses (Question E2). To arrive at the overhead expense estimate, for
example, your agency's costs for vehicles, equipment, liability insurance, training, travel
time, field supervision and any other installation-related expenses in the 1990 program ye,'u"
(PY) should be summed 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,
complete ali three questions (Questions El, E2, and E3). In completing Questions El, E2,
and E3, costs should be for measures installed in this dwelling during the time period
identified in Question B2. (Costs for weatherization work performed at other times will be
identified in Section G.)

In addition, both crew-based and contractor-based programs should estimate an
average program management cost per house weatherized. The program management cost
should be calculated by subtracting the total installation costs (labor + materials +
installation-related overhead) for "alihouses 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).

We reflize that different agencies track costs in different ways. Please just use your
best judgement in estimating the average installation-related overhead and the average
program management expenses.



Figure 1. Program Cost Categories

m

J ,li

Installation Program Management

Costs Costs
ii i i i i ii i, i i

I
-- Direct Labor -- Intake and Eligibility

-- Direct Materials , -- Audits and Assessment

--Vehicles _ _ ....Final Inspections

-- Contractor or Crew Management: -- Travel Tiw z "_

-- Equipment _ _ -- Program Administration
-

Field Supervision _-- _ _ -- Program Evaluation

-- Insurance ._

-- Training
,v,.,....., ,.0°...,., ,.. ,.,,., .,.°-°..-o,.,, ,.,.....,...,.,',.,'I

-- Contractor Profit

u_

l_
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QUESTION El: BREAKDOWN OF MATERIALS COSTS

In the chart below please fill in the crew-basedand/or contractor-based materials cost of the
measures that were installed in this dwelling during the time period identified in Question
B2, Do not include labor, administrative orprogr_lmsupport costs h¢(¢. Do include costs
covered by ali sources of funding (i,e., PVE, LIHEAP, or utilities), If you cannot provide
the costs by rneasure,just enter the _ materialscosts in the box at the bottom,

Crew-Based Contractor-Based
Materials Materials

Insulation 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 $ $

[, ..../ l,..........1
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 I]2[LhgAl._from information in your
files for work performed during the time period identified 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 fbllowing the
directions in the box at the beginning of Section E (page 8),

I Installation
Costs,

-- Direct Labor _ . .,, X ,. =
- Number of crew hours Average hourly rate

-- Direct Materials

:: -- VehMes / !

-- Travel Tune

-- Equipment !

: { Average per house= -- Field Supervision =o installation-related

-_ '_ overhead
-- Insurance

_ -- Trainin g

QUESTION E3: CONTRACTOR-BASED INSTALLATION COSTS

2 Directions: Please fdl in the total installation costs billed by contractors for _is hgus¢ for
--- work performed during the time period identified in Question B2. This should
- include ali 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 Le contractor's pro_ql..

2 Total Installed Cost $

---

_



.... u ......... _ ..... I_1_..... , , , , =_h,,,,IL,abtL]b,

17()

QUESTION E4: AVERAGE PROGRAM MANAGEMENT COSTS

Total Program Costs for PY 1990 _'[____..._.._

-.- Total Installation Costs* for Ali
Houses Weatherized in PY 1990 $_

*Add ali direct materials costs, !abor costs, and installation- ]
elated overhead togefl_er to obtain this cost figure, j

=.

Total Program
Managen_nt _ $ :

Costs

-- Intake and Eligibility i

-- Audits and Assessment

-- Final Inspections
=

-- Contractor or Crew Management

-- Program Administration

-- Program Evaluation -

Average per house** _.
. program management cost -

**Divide the total program management costs for PY 1990by the number of houses weatherized in PY 1990,

r-
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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?

: [1 Yes
S []No

_

_" F3, Some program rnanagement costs (such as client intake trodeligibility checks, or office
space and expenses) may be absorbed by other programs or agencies (e,g,, I.,1HEAP,
Councils on Aging), What percentage of your program management costs would you
estimate are absorbed by other programs or agencies?

%
-

J

_Z

___

_

......... __ _ ' _ r iiII ,_ ..... __ _-- --
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G. OTI.IER WEATHERIZATION MEASURES INSFALLED" AND Ti.IEIR
COSTS

(31 Space-heating system rneasures nmy have been Installed in this dwelling at a different
thne lreriod than that identified in Questton B2 (at the time houses were selected for

the study, for example), If so, check any of the measures that were installed,
Indicate whether they were installed by h_-house crew or contractoz,

Installed by:
In.house Contractor

crew

Clean and Tune-up ......................... [] [ ]
Entire tleating System Replacement .............. [ l [ ]
Set-back Thermostat ........................ {1 [ ]
Repairs ................................. [] [ ]

(Specify: )

Heating System Component Retrofits ............. [ I [ ]

(Specify; )

Safety Problem Fixed ....................... [] [ ]

(Specify: )

Otl_er Heating System Modifications ............. [] [ ]

(Specify: )

G2, What were the costs of the measures identified in Question G1 (refer to Section E for
directions)?

Material costs:
crew-based contractor-ba_d

_trofit $_ $.

replacement $, $

Total $_ $

_'2

Crew..based installation costs:

X = $,
Numl_r of crew hours Average hourly rate Direct labor costs _

Contractor-bas_ installation costs: .

Total installation cost: $

=

ta=

_
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G3, What tx_rcent of the funds identlflexl in Question G2 were funds from DOE's WAP'?

%

G4, In Question G2 if funds from non-DOE sources were used, were they ali used
according to DOE guidelines?

I1 Yes
[]No

G5, What were tile exact installation dates (month, day, and year) for the measures
identified in Question G 1?

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 installeA, 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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Verskm: March 20, 1991 Form Completed by:
Date:

FUEL-OIL STUDY CONTROL HOUSE INFORMATION SURVEY

IDENTIFICATION

House identifier: (To be c0mp].at:ed by ORNL)

Subgrantee name:

Occupant name:

Occupant phone number:

Occupant address:

GENERAL INFORMATION

Wtiat was the household's income on the application form at the time when its eligibility was
verified for the weatherization services lt will receive in May or June 19917

$

_. What electric utility company serviced this household and what was the household's utility acct_unt
number?

_

Electric utility:

Account number:

WEATItERIZATION MF.,ASURF__S_

The control houses will not bc weatherized by ycmr agency until May or Juno 1991. Nevertheless,
your agency may have already installed some measures in this dwelling lhr wH'ious reasons (l'or
sat'cry reasons at the time houses were selected lhr the study, for example). It' any measures were
installed, please desc,'ibe them and identify when the installations were performed.
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