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target more specifically, indicate what service delivery procedures are most effective for 
particular building types, characterize the packages of measuu-es that should be considered 
in different climate zones, and provide estimates of the level of energy savings that can be 
expected per public dollar spent. 

aluatisn Methods nd Qutcomes 

'"he Single-Family Study will estimate energy savings for a nationally representative 
sample of single-family and small multifamily homes weatherized in the 1989 program? year 
(typically A p d  1989 to Much 1990). Savings will be estimated directly from gas and 
electric utility billing records with the Princeton Scorekeeping Method (PRISM). The 
study also will assess nonenergy impacts (e.g., health, comfort, and housing 
affordability), estimate the cost ef€ecfiveness of weatherization, and analyze factors 
influencing these outcomes. 

Although energy savings will be estimated directly from fuel consuinption records only for 
gas and electrically heated or cooled homes, homes using other fuels (such as wood, fuel 
oil, coal, kerosene, and propane) will be studied too. FOP homes using fuels other than gas 
and electricity, however, no effort will be made to gather fuel consumption records. Often 
these fael consumption records are nonexistent. In any case, the cost of trying to collect 
whatever records might k available would he exkemely high md the utility and reliability 
of the information low. Some useful data on dwellings that do not he;at/cool with gas and 
elecuicity can be obtained. For example, information on the dwelling characteristics, 
weatherization measures installed, and the costs of the measures can be obtained from 
agency records. This infomation can be analyzed to produce indirect estimates of energy 
savings. The indirect estimates will be inferred from existing studies (where available) and 
developed from an analysis of gas and electrically heated or cooled dwellings with sirnilx 
characteristics and packages of meastires. Indirect estimates of savings for the Single- 
Family Study's sample of dwellings that heat with fuel oil will be developed from the 
results of the Fuel-Oil Study, which is one of the five studies that constitute the National 
Evaluation. 

The Single-Family Study characterizes more households than do the other submarket 
studies (fuel oil arid high-density multifamily) because it focuses on the two most 
commonly used heating fuels (gas and electricity); the two major building types addressed 
by the WAP (single-family homes and 2- to 4-unit multifamily dwellings); and both rental 
and owner-occupied housing. In addition, data and analyses will be conducted selectively 
on the remaining dwellings in the weatherization client base. Thus, the. entire population of 
single-family and small multifamily dwellings weatliedxed in the 1989 program year will be 
characterized in terns of a few variables (e.g., dwelling characteristics, installed 
weatherization rneasurcs, and costs). An effort also will be made to combine both primary 
and secondary data on energy savings to develop a national estimate for this population. 

The study will assemble a large nationally representative data base, A cluster sanlpling 
approach will be used, in which 400 subgrantees are selected in a f i s t  stage and about 
20,000 weatherized homes are selected in a second stage. A control group of about 10,000 
homes that are eligible for but have not yet received services will be drawn from the waiting 
lists of the same 400 local agencies. Data will be collected on more homes than are 
required for the energy savings estimates because high sample attrition rates are expected 
and because data on weatherization procedures, measures, and costs are needed for all fuel 

ut half of the homes heat with gas or electricity and many of these will 
or inaccessible fuel consumption records. The target fhal sa 
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electrically heated homes which will produce national estimates of energy 
have a 10% emor relative to the mean at a 90% confidence level, are 

approximately 6,500 weatherized homes and 3,000 control homes. 

To ensure that the Single-Family Study is able t~ identify factors affecting impacts and 
promising ~ p p o ~ ~ ~ ~ ~ t i ~ s  for future progp development, two purposively selected groups 
of subgrantees widl be studied: 1) si~bgrantees that install cooling measures (such as air 
~ ~ n d ~ ~ o n i n g  tune-ups or wjndow film), and 2) exemplary subgrantees that use state-of-the- 
art technologies an service delivery procedures (such as advanced audit techniques, 
blower-door test!, infrared scaiiiers, extensive client education, etc.). These two groups 
of subgrantees wl l  be analyzed (along with the randomly selected national sample) to 

ef€wtive progr elements in specific circumsmces and to describe some 
articular situations. The analysis may show which strategies 
ps. How prevailing climate and household characteristics 

affect optimal savings strategies will also be discussed. 

The ~ ~ n g l ~ - ~ a ~ j ~ y  Study will include a review of recent literature. This review will 
le and analyze ~ v ~ u a t i ~ n  results that are already available on low-income 
rization programs operated by both States and utilities. Conducting a careful 

literature review will help ensure that key issues are properly addressed and that the 
interpretation of fin ngs is informed by the experience gained by others. Another purpose 
of the literature review is to gat r i n f Q ~ a t i ~ n  that can be used for the secondary analysis 
of energy savings in dwellings at heat with wood, coal, fuel oil, propane, or kerosene, 
and in mobile horiies. 

A somewhat unusual ~ e t ~ ~ Q ~ ~ ~ o ~ ~ c a 1  feature of OUT experimental design is that housing 
units will not be 
evaluations 
the sample 
are, however, several important reasons to retain un1t.s with occupancy changes. 

d from the analysis because of occupancy changes. Most 
ation impacts remove housing units with occupancy changes from 
e large fluctuations in energy consumption that may result There 

ayers may, for example, misrepresent energy savings because of attrition 
, housing units both with and without occupancy changes will remain in 

ill be ~ x a ~ n e d  th collectively and separately in  the analysis. 

The study will be conducted in three phases. The first phase will produce statistically 
lrigorous estimates of program energy savings aid indicators of cost effectiveness for the 
program as a whole and for three ate regions (very cold with little or no cooling, cold 
with moderate cooling, and hot ~ ~ b s ~ n t i a l  cooling), two fuel types (gas and 
electricity), and two building types (single-fady homes and 2- to 4unit multifamily 
dwellings). Additional climate-region breakdowns (e.g., hot/humid vs. hot/arid climates) 
will be studied, but at lower levels af statistical rigor. Where reliable indirect energy 
savings estimates are available, estimat energy savings and cost effectiveness are 
planned for homes that heat with fuels than gas and electricity. An assessment of 
~ ~ o ~ a m - ~ ~ ~ u c e d  improvements in energy affordability will be provided, and program 
impacts on fuel assistance payments, fuel cutoffs, aid utility customer arrearages will be 
estimated using utility information where available. The representative national sample of 
homes weatherized by the WAP in the 1989 program year (PY) will be the treatment group 
for this phase. 'The control group will be selected from agency waiting lists of WAP- 
eligible homes that have not yet been weatherized. Two purposive samples of subgrantees 
selected either because they install cooling measures or because of their exemplary 

xi 
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EXPERIMENTAL PLAN FOR THE SINGLE-FAMILY STUDY 

1. INTRODUCTION 
The most recent national evaluation of the energy savings of the U. S. Department 

sf Energy (D0E)'s Weatherization Assistance Program (WAP) was completed in 1984 

based on consumption data for households weatherized in 1981 (Peabody, 1984). A 

process evaluation that focused on the number of homes weatherized per dollar spent was 

completed in 1987 based on weatherization activities in the 1985 program year (Schweitzer, 

et al., 1987). WAP regulations and operations have changed substantially since these 

studies were conducted. New funding sources, management principles, audit procedures, 

energy-efficiency measures, and an increased emphasis on training, technical assistance, 

and client education have been incorporated into the program in the last decade. In 

addition, new initiatives, incentives, opportunities, methods, and technologies are on the 

horizon. Many of these factors have been studied in isolation or at a local level; however, 

no recent work has assessed their integrated, national program impact or potential. As a 

result, a more timely and comprehensive national level evaluation of the WAP is needed to 

provide policy makers and program implementers with the up-to-date, credible, and reliable 

information they need for effective decision making and cost-effective operations. 

Recognizing the importance of an up-to-date assessment of the Weatherization Assistance 

Program (WAP), the U. S. Department of Energy (DOE) asked Oak Ridge National 

Laboratory ( O W )  to help design and conduct a national WAP evaluation, 

separate studies, is described in Beschen and Brown (1990). Experimental plans also are 

being developed for each of the five separate studies. One of the studies will characterize 

the WAP network's activities and capabilities. A second will develop a profile of the 

served and unserved portions of the WAP eligible population and the expansion of WAP 

resources through leveraging of external funding sources. Three studies will estimate 

program energy savings and cost effectiveness in principal WAP submarkets.The Single- 

Family Study estimates impacts for single-family and small (2- to 4-unit) multifamily 

homes (using gas and electricity). The Fuel-Oil Study estimates impacts for single-family 

homes in the Northeast that heat with fuel oil ("ernes, Levins, and Brown, 1991). The 

High-Density Multifamily Study estimates impacts for large (5 or more units) buildings 

using all fuel types (MacDonald and 

The overall plan for the National Evaluation of the WAP, which consists of five 
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include select data and analyses on housing units using other fuels in order to better 

characterize weatherization activities, costs, and the weatherization client base. It will 

provide estimates of program energy savings for housing units weatherized in the 1989 

Program Year (PY), including savings one to three years after weatherization (directly 

measured for housing units that heat with gas or electricity and indirectly estimated for the 

remaining housing units). In addition, this study will assess nonenergy impacts (e.g., 

safety, comfort, and housing affordability), cost effectiveness, factors influencing savings, 

and promising opportunites €or the program. 

2.2 ~ ~ t ~ ~ ~ s  

sample of single-family and small multifamily housing units that were weatherized in PY 

1989 (April 1989 to March 1990). Data also will be collected on a control group of 

housing units selected from among eligible households on agency waiting lists that have 

not yet received services. Several options were considered before choosing this control 

group design. Appendix A summarizes the pros and cons of the four methods of control 

group selection that were considered. 

follow those used by the Residential Energy Consumption Survey (RECS) (Energy 

Information Administration, 1989): 

The Single-Family Study will analyze retrospective data on a representative national 

Our definitions of single-family and small (2- to 4-unit) multifamily dwelling units 

[A] 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 single- 
family houses as long as the house itself is not divided into more than one housing 
unit and has an independent outside entrance. A single-family house is contained 
within walls that go from the basement (or ground floor, if there is no basement) to 
the roof. (A mobile home with one or more rooms added is classified as a single- 
family home.) 

Although the RECS definition of single-family units includes mobile homes only if rooms 

have been added, mobile homes will be included in our study whether or not a room has 

been added. It is unlikely that separate estimates of energy savings for mobile homes can 

be obtained with primary data, however, because they constitute less than 10% of the 

dwellings weatherized to date and they typically do not heat with gas or electricity. 

The RECS definition of a small multifamily dwelling is as follows: 

[A] house or building with two to four housing units is a structure that is divided 
into living quarters for two, three, or four families or households. This category 
also includes houses originally intended for occupancy by one family (or for some 
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other use) that have since k e n  converted to separate dwellings for two to four 
families. Typical ammgernerats in these types of living quarters are 
aparmcnts downstairs and upstairs, or one apaxtniemnt on each of th 
floors. 

In adherence ta these defir&ms, row houses and side-by-side dupkxes (twins) we single- 

family houses, whereas over-and-under duplexes are small multifamily. High-density 

i t s  (ix., dwellings with mom dim five anits) will not be. included in the 

Single-Family Study. They will be analyzed in a separate sttndy. 

Psn-ia~my data OA fuel cawsumption will be collected and m d y d  with the Pkmceton 

Scorekeeping Method (PMSM) only for housing units that heatdcool with gas or ekctricity. 
No effort will bc made to gather fuel consunrpeion records for dwellings using other fuels 

(such as wood, cod, fuel oil, kerosene, a141 propane). Thew fuel consumption records are 

ofkn nonexisknt, the cost of trying to colkxt w atever records might be available would be 
extremely high, and the udlity and reliability of the information would be low. Some data 

on dwellings that do not laeat with gas and elmtrkity .will be collected, For example, 

infomation on the welling characteristics, weatherization measures installed, and the costs 

of the measures will be obtained froin agency records. This infomation will be analyzed to 

produce indkct estimates of energy savings. The indirect estimates will be inferred from 

existing studies (where available) and developed from an analysis of gas and electrically 

heated dwellings with similar chuacterisdcs and packages of rnei&swes. Thus, single- 

family and small mmltif~anily housing unit9 will be included in the study regardless of the 

fuel type used.. This approach will make it possible to characterize the eastire population of 

single-family and small multifamily dwellings weatherized in PY 1888 on scveml important 

vwiahlcs. 

‘To ensue that. L+C Single-Family Study is able ts idetakiiy factors affecting imp2cts 

and promising oppontunites for future program developnaenc 

groups of subgrantees will be s did: 1) subgrantees that install cooling measures (such 

as air conditioning tune-ups or window f i l~n )~  and 2) exemplary subgrantees that use state- 

of-the -apt technologies and service delivery procedures (such as advanced audit techniques, 

blower door tests, infrared scanners, exteaasi e client education, etc.), The results achieved 

by the exennplary group will be ma1yzr;d ts help draw conclusions about the impacts of 

specific program elements and co figurations. n e s e  conclusions will be used to identify 

the most effective p m g r m  elements in specific circumstances and to descndlse some 

exemplary program types for particular situations (Sec. 3.7). The analysis may show 

which strategks are best for specific target 

Znousehold characteristics on optimal savings strategies also will be discussed. 

osively selected 

ups. The effectq of prevailing climate and 
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2.3 Study Phases 

produce statistically rigorous estimates of program energy savings and cost-effectiveness 

for the program as a whole, and for three climate regions (Fig. l), two fuel types (gas and 

electricity), and two building types (single-family and 2- to 4-unit multifamily dwellings). 

More detailed subregional breakdowns also will be conducted. For example in the 

southern climate zone, differences in results in hot and arid zones and hot and humid zones 

will be examined. Savings estimates for these subregional climate zones will have less 

statistical precision, however, than those for the entire southern climate zone (See 

Appendix B). Estimates of energy savings and cost effectiveness for remaining housing 

units (e.g., mobile homes and dwellings heated primarily with wood, coal, propane, 

kerosene, or fuel oil) are planned where reliable indirect energy savings estimates are 

available or can be developed. A sample of housing units weatherized by the WAP in PY 

1989 will be the treatment group for this phase. A control group will be selected from 

The Single-Family Study will be conducted in three phases. The first phase will 

Fig. 1. Climate zones for the S ingle-Family Study. 
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Fig. 3. Schedule for the Single-Family Study. 
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assumption wild be tested), differences in their weather-adjusted fuel savings can be validly 

attributed to the services provided by the WAP. 

A somewhat atypical and meth ologicaUy interesting fea 

design is that housing units will not be dropped from the analysis because of occupancy 

changes. Most evaluations of weatherization impacts remove housing units with 

occupancy changes from the sample because of the large fluctuations in energy 

consumption that may result. If a new family 

double or be cut in half even with no change 

There are, however, several reasons to retain units with occupancy changes: 

of our experimental 

ves into a housing unit, consumption may 

mi t ’ s energ y-efficienc y characteristics . 

e a primary purpose of the WAP is to increase the energy efficiency of the low- 
income housing stock, and this occurs with or without occupancy changes; 
low-income housing units have especially high occupant 
uncertain attrition might result if all housing units with oc 
eliminated (high attrition could be especially damaging to the phase three 
persistence analysis); 
housing units with O C C U ~ ~ ~ C Y  changes and housing units without QCCU~Z~IICY 
changes may have different energy-related characteristics, because movers tend 
to differ from stayers (e.g., they belong to different age groups or 
neighborhoods); and 
there is some evidence that examining only stayers may misrepresent energy 
savings because of attrition bias 

rates, and an 
changes were 

* 

er benefit of examining the energy consumption of housing units with 

changes in occupancy is that there will be an opportunity to estimate the impact of client 

education, Housing units with and without o c c u p ~ ~  who received client education could 

be matched on dwelling characteristics in an effort to isolate the impacts of the educational 

offerings on energy consumption and energy-related behaviors. In OUT study, housing 

units with and without occupancy changes will remain in the sample. They will be 

examined both collectively and separately in the analysis. 

Family Study will use r e ~ r e , ~ ~ ~ t i v e  nation lees of 1) 

subgrantees, 2) single-family and small multifa 

subgrantees in BY 1989, and 3) a comparable con 

selected from agency waiting lists. 

Because of the difficulty and expense of obtaining data from laiige numbers of 

utilities and subgrantees (approximately 1,100 operate in the continental U.S.) a cluster 

sampling technique is the most practical approach. y Study will first 

select a sample of approximately 400 sub housing units will 

~ e a ~ h ~ r i z ~  by these 

P-eligible housing units 
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then be selected from these sampled subgrantees in order to ensure coniplete data on 6,500 

gas md electrically heated housing units. Data will be collected on more h 

requued for the energy savings estimates because high sample attrition rates are expwted 

and because data on weatherization procedures, measures, and costs are needed for all fuel 

types. Only about half of the homes heat with gas or electricity and niariy of these will 

plete or inaccessible fuel corisumption records. ‘fiis sampling strategy and its 

statistical basis are explained in Appendix B. 

To ensure that the sample represents all major geographic regions within the 

continental United States, the samrrplhg frame i s  stratified both by three major climate zones 

pig, 1) and by smaller geographic areas that are contained within the three climate: zones 

(Table 1). The sample is designed so that estimates of mean savings riationally and for 

e major climate zones shown in Fig. 1 c m  be provided with the same 

precision (Le., within a 10% error relativc to the mean at. a 90% confidence level). 

E s h a t e s  of mean savings for the subregional aeeas (located within the three major climate 

zones) will havc lower precision. The subregional areas shown in Table 1 have no 

particdar analytical significance, They will be used simply to enswe that the sample of 

subgrmtees i s  distributed across thc whole United States. Other geographic groupings can 

be used in the analysis as desired. 

The sampling frame is also stratified by the size of the subgrantee. Size is 

measurer1 as the number of dwellings weatherized entirely or in part with DOE funds or 

with funds from other sources (except Low Income Home Energy Assistance Program 

funds) that were used according to DOE WAP regulations in PY 1989. Data on the PY 

1989 production of weatherized homes, by subgrantee, were obtained from State 

weatherization program managers. This infomation was used to develop the sampling 

frame for the study and to arrive at the necessary sample sizes as shown in Appendix B. 

To ensure that the evaluation i s  able to identify factors affecting impacts mind 

promising opportunites for future program development, two purposively selected groups 

of subgrantees will be added to the sample: 1) subgrantees that use cooling measures (such 

as air conditioning tune-ups or window film), and 2) exemplary subgrantees that are 

selected by program experts. The exemplary subgrantees will be selected from the 

nominations of program experts and will include local agencies operating in each of the 

three climate regions. A sufficient number of homes will be sampled from these exemplary 

agencies to test the claim that they operate better-than-average programs by calculating 

energy savings and cost-effectiveness ti~easwes, A process evaluation of exemplary 

subgrantees with highly effective programs will be conducted in phase two to identify the 

10 



Table 1 ,  Subregional ~~~~~~~~~~~ Areas Used for Sample  Stratification 

n 1. Very cold with little 

- 11 
Idaho 
Montana  

North Dakota 
South ~a~~~~ 

u 
M H i 11 e 
Vermont 

2.3 I 24 2.5. 
Illirno i s  West Virginia New York 
I n d i a n a  V i  r g i n i ;IB 

I Q W a  Delaware 
Ohio h4 a r y 1 an  d Rhsde Island 

hiii lis s acid us e t  t s 

ntaacky P e n n s y l v a n i a  

District of  e.0 

ssouri  New Jersey 
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example, bill waivers and information on primary heating fuel may be available from 

subgrantees or may have to be obtained directly from households. In general, efforts to 

collect data will begin at the grantee and subgrantee levels and move to the household level 

only when necessary. Data on fuel consumption and on weathcr can only be provided by 

the utilities arid by NCDC, respectively. 

The collcction and management of the large data sets obtained from the variety of 

so~u'ces discussed in the following sections is an extensive and complicated effort. Data 

must be collected on about 20,000 housing units weatherized in I'Y 1989 and on about half 

as many control-group housing units. Data also must be collected from 49 grantees, 

approximately 400 subgrantees, more than 800 utilities, and the NCDC data center. A 

machine-readable file of utility billing records must be developed for each housing unit and 

matched to the data on weather, costs, retrofit measures, and service deliveq procedures 

obtained from the other sources. Protocols for screening and cleaning the data must be 

developed arid applied, The collection and preparation of these data sets is the most 

expensive and time consuming part of this phase of the study. 

3.3.1 Grantees 
Data collection for the Single-Family Study began in October of 1990. The 

grantees were asked to provide information on how rnany single-family and 2- to 4-unit 

multifamily dwellings each of their subgrantees weahherized in 1989. The dwellings to be 

included in the count were weatherized entirely or in part with DOE funds or with funds 

from other sources, such as State monies, that were used according to DOE WAP 

regulations. Homes that received services entirely from funding sources that did not follow 

DOE regulations, or entirely from Low Income Home Energy Assistance Program 

(LIHEAP) funding were not included in the count, This information on the number of 

homes weatherized by the DOE program was used to construct the sampling frame for 

phase one as descrhed in Appendix B. 

that the cost of State-level activities such as administration, training, technical assistance, 

and education can be incorporated into the cost-effectiveness analysis. Finally, infomation 

will be collected on State-level procedures such as approved audits and eligibility criteria. 

In addition, grantees will k asked to provide information on their program costs so 

3,3.2 
Subgrantees will be asked for information on PY 1989 weatherized housing units 

and for assistance in identifying a control group from waiting lists. Names, addresses, and 

a signed bill waiver allowing access to utility billing records must be obtained for each of 
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the treatment and control-group housing units in the sample. Basic information on each 

selected housing unit, such as primary heating fuel, occupant characteristics, housing type 

@e., single-family, 2- to 4-unit multifamily, or high-density multifamily), and 

weatherization status (ie., whether and when the housing unit was weatherized) must be 

obtained. 

Information on service delivery procedures (e.g., marketing and outreach, audit 

type, use of conmctors vs. in-house crews, use of blower doors), measures installed, and 

costs must be collected at both the agency level and the housing-unit level. For example, at 

the agency level, data are needed on the average administrative cost per housing unit 

weatherized by the subgrantee in 1989, and at the housing-unit level, data are needed on the 

labor and materials costs for each dwelling in the sample. Information on measures 

installed must also be collected at the agency level (e.g., what percentage of housing units 

received cooling measures or furnace improvements) and at the housing-unit level (e.g., 

whether each sampled house received cooling measures or furnace improvements), Some 

of the agency-level data will be collected by a separate study -- the network capability 

study. Additional agency data and dwelling unit data will be collected from the subgrantees 

(using the data collection forms shown in Appendix E). 

3.3.3 museholds 

the subgrantee cannot provide the necessary infomation. Telephone follow-up will be 

used as needed. Similarly, control group households will be contacted only when the 

subgrantee cannot provide the necessary information. The essential information that will be 

obtained from households if the subgrantee cannot provide it includes 

In phase one, households weatherized in 1989 will be contacted by mail only when 

billing history waivers, 
* primary heating fuel, 
* building type (single-family, 2- to 4-unit mul t i fa~ly ,  or high density 

m u l t i f ~ ~ y ) ~  and 
* occupancy changes (mover vs. stayer). 

Where possible, requests for information from households will come from their 

subgrantees. 

3.3.4 Ytilities 
Billing histories from utilities are the source of primary data on energy consumption 

for this study. Utilities may also provide infomation on the use of LIHEAP payments, 

customer arrearages, and fuel cutoffs. After the housing units in the sample are identified 
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mortgage data will be collectcd during the occupant survey. Impacts on safety and comfort 

will also be assessed in phase two, based on the on-site audit and occupant survey data. 

Utility billing data w-ill be used, where possible, to examine how low-income 

weatherization affects fuel assistance paymentss, fuel cutoffs, and utility customer 

arrearages. Analyses of anrearages are difficult to implennent for several reasons. First, 

besides the usual data needed to conduct an energy savings analysis, additional data on the 

amount, source, and kind of energy assistance md an accounting of financial aid energy 

debts are needed to recomsltluct payment histories. Second, many of the necessq data are 

private; consequently, customer cooperation is essential. Third, the ditional data are not 

maintained in readily available databases. Fourth, it bas been shown that the factors that 

are correlated with reductio y coilsumptiern ab& probably different from the factors 

that are correlated with the reduction of amearages (Mexter, Bmiettt, and Grothe, 1989). 

Sinlilarly, decisions (and abilities) to pay energy bills are different from decisions to reduce 

energy use, Fifth, some State public utility commissions authorize a “surcharge” on energy 

and demand rates so that utilities can recover losses from mearages and nonpayments. It 

is not clear how this policy might affect amearages or energy use. 

During phase one of ttne study, a methodology for assessing how WAP affects fuel 

assistance, fuel cutoffs, and mewages will be refined and implemented. The analysis may 

be further developed during phase two, when on-site visits and suweys will make it easier 

to obtain customer cooperation in reconstructing payment histories and assessing the impact 

of WAP on amearages. 

Analysis of cost effectiveness requires using die estimates of pro 

energy savings, data on fuel prices, and data on other program benefits and costs. In 

ition, appropriate assumptions concerning disc~unt rates, efficiency-nieiuwe and 

hsusing-unit lifetimes, and fuel p f i ~ e  escalation rates must be developed. To the extent that 

nonenergy impacts can be estimated in monetary terns, these will be incorporated into the 

cost-effectiveness analysis. 

3.6.1 

The major goal of the WAP is to help low-income households save energy and cope 

with rising fuel rices. In addition to reductions in energy consumption, benefits of the 

program may include 

increasing tlie availability of a€fordable housing; 
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maintaining or enhancing the property values of dwelling units; 
enhancing the livability of dwellings; 
extending the lifetime of dwellings; 
improving thermal comfort and promoting safer home environments, especially 
for elderly and handicapped individuals who often have special health needs; 
allowing low-income families to use a larger portion of their incomes for 
essential nonenergy expenditures, e.g., renthouse payments, food and medical 
CiZE; 
reducing utility arrearages and the probability of utility cutoffs; 
reducing the environmental impacts of energy production and consumption; 
reducing oil imports; and 
stimulating local economies by providing jobs and commerce in weatherization 
materials (i.e., indirect economic benefits). 

To the extent possible, each of these potential benefits will be assessed. The indirect 

economic benefits (and costs) will be estimated by applying an inpuvoutput methodology 

similar to the one being developed for New York State’s Weatherization Assistance 

Program. 

3.6.2 Casts 

used program cost categories include: administration, program support, labor, and 

materials. Because the categories and procedures used for generating detailed cost 

breakdowns vary and because the accuracy of the breakdowns is often unclear, the focus 

will be on obtaining total cost information at both the program and the housing unit levels. 

Efforts will be made to handle cost data as consistently as possible among agencies (see 

Appendix E). 

Program cost data will be collected at the subgrantee and State levels. Commonly 

3.6.3 
The cost effectiveness of a retrofit investment can be determined with a variety of 

approaches. Although a basic comparison between measured energy savings and the costs 

of achieving them is always involved, a number of other inputs are usually needed as well. 

Key assumptions include the expected lifetime of the housing unit and sf the retrofit 

measures, a discount rate that reflects the time value of money, and estimated fuel price 

escalation rates. Because there is significant uncertainty in these key assumptions, 

sensitivity analysis will be used to estimate a range of cost effectiveness under varying 

conditions. 

Once the key assumptions about retrofit lifetimes, discount rates, and fuel price 

escalation rates are selected, a variety of cost-effectiveness indicators can be calculated with 

standard formulas. The Single-Family Study will produce cost-effectiveness indicators 
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situations. This part of the analysis is designed to provide a view and perhaps a vision of 

those program components that can improve future performance. Analysis of the results 

achieved with exemplary technologies and procedures will facilitate the kind of forward 

thinking that is needed. High-performing program configurations will offer exemplary 

models for future replication. Several types of exemplary program models will probably 

exist because the effectiveness of an approach depends upon the context in which it 

operates. This information can be used to select technologies and procedures that may 

warrant monitoring, training, or promotional efforts in the years ahead. A detailed process 

evaluation of a subset of these exemplary agencies will be conducted in phase two. 

The third approach to the analysis of factors that explain energy savings and 

benefillcost ratios will use multivariate statistical models to estimate the independent 

influence of single variables, controlling for the influence of other factors. Results can be 

used to compare the importance of variables in determining the effectiveness of the 

program. For example, regression results might show that client selection procedures have 

more influence on energy savings than audit procedures. This analysis will be conducted 

with subgrantee and housing-unit data. Specifically, three types of models will be 

developed: 1) models that use subgrantee characteristics to explain vadations, 2) models 

that use housing unit characteristics to explain variations, and 3) models that use 

combinations of subgrantee and housing unit characteristics to explain variations. 

3.8 Definition f ~ ~ ~ ~ r t u ~ ~ t ~ e s  
Defining promising future program directions i s  an important goal of the WAP 

evaluation. Identifying particiilarly effective technologies, diagnostic procedures, and 

management practices may lead to iniprovements in the program’s future performance. As 
described in Section 3.7, the Single-Farnily Study will assess the impacts of specific 

program elements and configurations to identify the most effective program elements and 

some exemplary program types. 

information on advanced technologies and practices. This information will form a 

compendium of innovative ideas and an assessment of their current levels of use. The 

eligible client profile will also provide infomiation on the numbers and types of remaining 

unweatherized housing units that wi41 be combined with savings estimates by submarkets 

from the Single-Family, Fuel-Oil and High-Density Multifamily Studies. A key focus of 

the final comprehensive report for the total WAP evaluation will be defining promising 

future directions by combining data on the distribution of the remaining eligible population 

with subtnarket-specific energy savings estimates. 

Both the eligible client profile and the WAP network capabilities study will compile 
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4.4 Stu n 
This phase: involves conipa~sons among ~ Q W  groups of housing units (Fig 4). 

'T'he emphasis is on ideatifying factors ~ ~ c o u n t i n g  for differences m o n g  the goups 

examined. Each comga~son addresses a unique set of issues. 
First9 coa.,ditions in pmicipana housing llrnitS will c s m p d  with those of a 

ml group of eligible bast East yet weattaneid housing units. mese 

s will help to quantify sotre of the no energy impacts of weatherization, 

+cy impam and the effects of the WAP on housing 

affordability, fuel 

impacts is greatly facilitated 

d amemges. Assessing these nonenergy 

htemiews, and by comparing actual 
itions after weatherization 

(the Itreamemt group). 

aat group housing units with especially high OF low swings and 

with especially high or low cost effectiveness will be ciaanpard with housing units that 

differences in program peafomance across hotnes- -why do some hones produce greater 

energy savings than other homes, atid why is weatherizition more cost effective in some 

horns than in others. 

i d  savings md cost effectiveness. n e  fwus here i s  on explaining 

Third, compirriscsns will be a subset of exemplary local agencies and 

more typical subpnkes.  This inv 

document thejr opra^iions (e.g., service delivery proc u m ,  diagtisstk techniques, 

measures installed, etc.) based on in 
records, field visits with ~ e a t ~ ~ ~ ~ t i ~ ~  crews ai contractors, and audits of some of their 

high-performin homes weathe~+~ed in 1989. The focus here is st&-of-the-;11-t 

~ ~ ~ e ~ ~ ~ t ~ ~ n  practices md the identification of promising future directions for the WAP. 

WAP during PY' 1989 w2l $e cornpad with n ~ ~ ~ n a ~  statistics describing the WAP-eligible 

evaluation of exemplary agencies to 

iews with agency gersomel, a review of agency 

sehslds that participated in the 



Q 

Energy Savings 

Energy Savings 

Housing Units Weatherized Nationally Representative 

Exemplary Local Agencies 
(Process Evaluation) 

@ Low Savers vs. High Savers 

@ Treatment vs. Matched Control Groups 

@ Exemplary Agencies vs. Others 

@ WAP vs. RECS Income Groups 

Fig. 4. Comparisons between four types of housing units for phase two. 
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population at large, using 

supplemental fuels) for horns weathefi 

paticipatd in the 

WCS. It will be possible, for instance, to 

s (such as themostat management and the use of 

by WAP, eligible homes that 

nationally representative samples of other income groups. 

As h phase one, cluster s rdfy the housipng units ~ Q T  on- 

es and then selwting housing, 

d costs associated with the 

tion by agency size and 

climate Z O A ~ .  I&e energy savings estirrmates generated in phase one, will $e used to select 

ousing units with especially 

trol housing units will be 

units €Porn these agencies (1) 

housing units, (3) 108 treatme 

treatment housing units, (2) 

atment housing units with low (or negative) savings. 

native distribution of energy savings. These housing wits 

ament housing units rn 

o m  or bast? for co xison with dwellings that had unusual results. The 

treatment and control goup homes will be selected as matched pairs. Each pair of housing 

units will be drawn from the same su 

n levels, h o ~ ~ e ~ ~ l ~  composition, and housing chaackristics. Matched pairs of 

housing units result in reduced variation in energy savings and enable smaller samples to be 
ss groups. The additional “control” o 

a l y  important for this phase of the Single-Family Study, where 

t. “13e 100 housin 

tee and will have similar pre-weatherization 

by the matding 

ts with especially high and 8 0 0  with 

om with the more typical units. especially low savings will tx selected for co 
The second set of agencies will be drawn from the exemplary sub antees identified 

sample of 5 to 110 agencies will be drawn to illustrate the different in phase one. This s 

csnfipmfions of seesvice delivery prc~cedures employed by the exemplw agencies, and to 

represent each of the three mjsr  climate zones, A small sample of housing units will be 

drawn from each of these elrenulplary s u b p t e e s  to represent the kinds of weatherization 

procedures that have lead to superior cost effextivcness md energy savings. 

le size for the phase two study is d e t e ~ n d  p mal-ily by budget 

oo costly to coUext on-site ata for a large, nationally representative 
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health and safety concerns. Data collected on heating equipment should be useful in 

explaining variations in eneqgy savings among housing units and in quantifying furnace- 

related health and safety characteristics. 

Impacts on air leakage rates will be assessed by comparing Mower-door testing 

results in weatherized vs. control group housing units. This testirng will measure the 

impact of weatherization on rates of air infiltration. ‘The &-leakage measurement procedure 

is described in Appendix D. 

e 1990 WCS format for some questions. Using the 

o compare results for our subsample with national 

statistics. Suwey data will include hfomakha on housing charactefistics (e.g., type of 

heating equipnient, year built, and whether rental. or owner-occupied); heat 

and intensity of use); household demogrqhics including turnoveq behaviors affecting the 

size of the conditioned living space; thermostat management practices; events dfecting 

energy use (e.g., heating system breakdowns and fuel cutoffs); client perceptions of 

impacts on health, safety, comfort? aid affordability of ener 

of and use of fuel assistance programs. 

Survey data on housing characteris 

behaviors affecting the size of the conditio living space, thermostat management 

practices, and events affecting energy use will be used in a cross-sectional analysis 

designed to identify factors that produce especially high or low savings, Client perceptions 

of program effects on comfort, safety, and the affordability of fuel bills will be used to help 

quantify these impacts. Client awareness of md use of fuel assistance programs will be 

examined to identify interactions between these programs and the WAP. 

bills; arid client awareness 

heating fuels, household demographics, 

4.3.3 

Process evaluations of a sample of exemplary subgrantees will be conducted to 

document in considerable detail the subgrantee procedures that have lead to superior 

performance, The process evaluations will include on-site interviews with agency 

personnel, reviews of agency records, field visits with weatherization crews and 

contractors, and on-site audits of weatherized homes. 
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t h e .  Thee years of energy savin 

persistence of savings. Tnfor 

range cost ~ ~ ~ ~ ~ t i ~ ~ n ~ s s  

may also provide an ~ p ~ ~ ~ ~ ~ y  to analyze l o ~ g - ~ ~ ~  price effects* 

consumption in a treatment g o  

compared wit?? changes in ~ o n s ~ ~ ~ ~ i ~ n  in B c ~ n t ~ l  grou 

tracked and ~ ~ n ~ ~ ~ p t i ~ n  data collect ~~~~g~~~~~ the tih 
phase. If a control-group housing unit i s  weatherized 

clropped from the sample, Addition 

and 1993 waiting lists as needed. 

of h ~ ~ s i ~ ~  units 

housing units ~~~~~~~~ 

Phase three is a ~ Q O U O W - U ~  study of the s le; of  ~ ~ ~ ~ ~ e ~ i ~ ~  housing units s 
in phase one. n r t x  years of p ~ s ~ e ~ o ~ ~  data will be collected on as many of the housing 

units in the ~ ~ i t i a ~  phase one s ples as ~ Q S S ~ ~ ~ ~ ,  but substantial attrition can be expect 

Any bias associated with 

occupants, conducted in phase t ~ o ,  will provide infomation on occupant behavior and 

energy-related ~ ~ ~ n ~ ~ s  in the housing units that may help interpret phase three results. 

orted and dealt with. The sawey of 

wes as phase one. [Jtility 

billing data and NCDG weafier d 

processed in the same way that 

~~~~~~~~ years will ected and 

5.4 Energy Savin 

~ d ~ i t ~ o ~ ~  follow -up 
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ages of household niembers, and may make it possible, in some cases, to examine changes 

in housing wit and household characteristics that affect energy savings results over the 

long run. 

6UTCO 
The key elements of the Single-Family Study are surmiarized in Table 2. 

Altogether the Single-Family Study depends on a very extensive data collection effort that 

includes: 

data on program costs, installed ineas~res, md sewice delivery procedures 
ut 400 subgrantees for 20,000 homes using all fuel types; 

several years of gas and electric hilling histories for about 6,500 weatherized 
and 3,000 conml-groz~p housing units and fuel price data from more than 800 
utilities; 
data OII occupant characteristics and behavior based on an on-site survey; 
data on building characteristics from on-site visits; and 
detailed process evaluation of several exeniplary agencies. 

'I'hese data will be cxefully screened and subjected to data quality checks. They will k 
organized in well-dcxumented databilses that can be made available to interested paties in 

such a manner that the identity of all respondents (whether grantees, subgantees, UT 

individual householders) remains anonymous. 

Three reports that correspond to the thee phases of the shady will be produced 

(Figs. 2 and 3). Each report will contain an executive summary targetted to audiences 

interested in the study's overall findings. The mah body of the reports will describe in 

greater detail the niethodology and findings, focusing on results that are of most intcrest to 

weatherization program managers, practitioners, and policy makers, I.Jsefu1 and practical 

information will be highlighted, such as the level of energy savings that has k e n  achieved 

in specific types of buildings and the service delivery procedures and packages of measures 

that have been most effective for padcular market segments, Technical details of the 

evaluation will be presented in appendices. 

year following weatherization LI PY 1989. Estimates of energy savings and cost 

effectiveness will be generated with prim 

market segments, including three different climate zones, two fuel types, and two building 

types, The national-level and three-climate-zone estimates of energy savings will be within 

10% of the actual savings, at the 90% confidence level. In addition, a secondary analysis 

of savings for fuels other than electricity or gas will be presented. Cost effectiveness will 

The first report will analyze program energy savings and cost effectiveness for the 

data at the national level and for a variely of 
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tion data from utilities 

0 On-site data for @i su 
blower door testing, 

be measured using indicators such as benefit/cost ratios, estimates of the cost of conserved 

energy, and net present value, A range of a ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~  concerning future fuel prices, 

retrofit and housjng unit lifetimes, arid discount rates v d l  he used in a sensitivity analysis. 

effectiveness to vary. To the extent that savings md ~ ~ ~ ~ ~ ~ ~ ~ c o ~ ~  ratios vary in syste 

ways, insights concerning the m ~ s t  romisiarg ftiture program directioias will result. Such 

should target and the types of measures and service delivery procedures 

emnplaasized, 

The second repost will present an e a n d d  analysis of the factors that determine 

energy savings an cost effectiveness at b the ~ w e l l ~ n ~  unit and agency level. 

Finally, this report Will discuss fxtors at cause energy savimgs and cost 

d low savixrgs and cost-effectiveness results will he compared 
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to dwelling units with typical results to identify the factors accounting for the differences. 

A process evaluation will cornpare h e  operational prwdwcs of a sample of exemplary 

subgrantee agencies to those of P ~ Q E  typical agencies. This prwess evaluation will identify 

state-of-the-art weatherization practices md promising future directions for the WAP. 

The second =POI? also will analyze the WAP’s nonen 

safety, housing affordability, fuel assistance: needs, fuel cut0 

impacts will be measured by compa~ng WAP-wmath&zd dwcl 

of eligible but not yet weatherizedl homes. The report will pme 

leakage rates, the incidence of unsafe conditio s, and furnace efficiency ratings. An 

occupant survey will provide infomation on energy-rela behaviors and client ratings of 

comfort and energy affordability. In addition, chxacterisaics of homes weatherim1 in the 

1989 PY will be compwd to national statistics on income-eligible d noneligible homes 

provided by the 1990 RECS survey- 

energy savings two m d  three years after ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ .  
results, 1990- 1992, will be analyzed. Cost-effectiveness 

impacts on codarty 

‘The third report will examine the persistence of energy savings by estimating 

so be developed. 

siste~ce is i m p  

s potential of the WAP. Estimates of the total amount of energy saved by 

mining the long-range cost effectiveness 

the program can be d ~ ~ e ~ ~ ~ ~  fro 

the FueB-Oil md Nigh-De 

compreliensive final r e p  

these annual savings estimates. 

e-Family Study (as ell as findings from 

s) will be integra& to the evaluation’s 

Results from all three phases of ofie S 

7. TO 0 
The WAP Evduation F$ojec:Q is k i n g  carried out by O W  at the re 

The names, addresses, and telephone numbers of the DOE and O W L  project managers 

aid of the Single-Family Study’s principal investigators we shown in Table 3. Marilyn 
Brown is the project manager for the five-study progan evaluation effort and is alss a 

principal investigator for the 

principal investigators for th 

ly Study. Linda Berry and Dennis White also are 
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Table 3. Staff for the Single Family Study 

DOE Pro-iect M a n s  r ORNL Project Man= I: 

Darrell A. Beschen. Jr, 
U. S .  Department of Energy 
CE-532 
1000 Independence Ave., SW 
Washington, DC 20585 
(202) 586-1732 

Marilyn A. Brown 
Oak Ridge National Laboratory 
P. 0. Box 2008 
Oak Ridge , 'IN 3783 1-6206 
(615) 576-8152 

Linda Berry Marilyn A. Brown Dennis L. While 
Oak Ridge National Labratory Oak Ridge National Eaboratory Oak Ridge National Labomtor) 
P. 0. Box 2008 P.O. Box 2008 P. 0. Box 2008 
Oak Ridge, TN 3783 1-6206 Oak Ridge, TN 37831-6206 Oak Ridge, TN 3783 16206 
(615) 574-5949 (615) 576-8152 (615) 574-5940 
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Temes, M. P., W. P. Levins, and M. A. Brown, 1990. ~~~~~~~~~~~~ Plan for the Fuel 
Oil Study, O W / T M -  1 168pV2,8& Ridge National Laboratory, Martin Marietta Energy 
Systems, Inc., Oak Ridge, Tennessee. 
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APPENDIX A 
Selection of the Control Group 

A- 1 





c 

~f Alternative Control Group 
ily, Small Multifamily 

1. Waitingktof WAP 
eligible participants (those 
on lists in November 1990) 

2. WAP participants 
weatherized in 1990 
program year: 
April 1990-March 199 I 

*a small and variable portion of 
control group will provide a 
comparison for on-site visits or 
the persistence analysis; will need 
to supplement 

does not provide a control 
group for the on-site visits 
or persistence analysis; 
a second control group 
would be necessary for the 
on-site visits 

don't need to check with 
subgrantees to exclude WAP- 
weatherized homes, but need to 
check date of weatherization in 

don't need to check with 
subgrantees to exclude 
weatherized homes 

P 
LAJ 

1991 -92 

*provides profile of the 
unserved population 

does not provide profile of the 
unserved population 

selection process is like the 
process for the treatment group 

*selection process is like the 
process for the treatment group 

may  not have enough homes 
on the waiting lists at all 
locations; can supplement 

-lists can underrepresent the 
elderly and handicapped 
becauss they are weatherized 
f i r s t  

3. LIHEAP participants over 
thppast year, whose homes 
have not been weatherized 
by WAP 

good portion of control group 
will not have been weatherized 
by Spring 1992-providing con- 
trol group for on-site visits 
and the persistence analysis 

=must check with subgrantees 
to exclude WAP-weatherized 
homes; need to check both in 
1990 and again in 1991-92 for 
use in the on-site visits and 
persistence analysis 

*provides profile of the unserved 
population; occupants have 
already been qualified 

.does not have comparable 
self-selection bias to the 
treatment group 

*elderly and handicapped may 
be underrepresented compared 
to weatherized homes; may over- 
represent rental units; homes may 
be in worse shape than average 
eligible, unserved homes 

4. WA P participants 
weatherized in d 988 
program year: 
April 1988-March 1989 

*does not provide 
8 control group for the 
on-site visits or 
persistence enalysls; 
a second control group 
would be necessary 
for the on-site visits 

don't need to check with 
subgrantees to exclude 
WAP-weatherized 
homes 

=does not provide profile of 
the unserved population 

*selection process is like the 
process for the treatment group 

'Bold lettering designates a major flaw in a control group design. 
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focus is on the subregions which are ~~~~~d from 1 to 10. These sulmgisns 
are approximations of cliniate re om baed on state boundaries that reflect 
state-wide heating and cooling degnx day conditions. 

LRt Mz ... = h e  number of housing units w e a ~ e d d  by WAP in 1989 in h e  
z ih  s u ~ ~ g i o n  climate mne where 5 = I ,  2, 3, ..., 10. 

Thus M = the number of housing units weatherized by WAP in 1989 

M 2  = the nubeer of housin by WAP in 1989 

M3 = the number of housing units weatherized by WAP in 1989 

in &e IS' subregion climate mne. 

in &he 2& sutmgion climate zone. 

in tlne 3" subregion climate zone. 

M = the number of housing units weatherized by WAP in 1989 
in h e  subregion climate Z Q ~ B .  

Relative to the three dimate zones, note that 

M ; = M l... -+ M ~ . . .  -t- M~... = ale nurmtxr of ho 
WAB in 1989 in climate zone 1 .  

number of housing units wea 
WAP in 1989 in climate zone 2. 

WAP in 1989 in climate zone 3.  

M; = M + . .  i- M 5...  -i- M ~ . . .  -I- M ~ . . .  -E- M~... =1 

M ;  = M ~ . . .  +- M =  le numtxr of hausing urnits ~ ~ a ~ ~ ~ ~ d  by 

Level 3. Category of CAPs 

Each subregion climate zone can be partitioned into six categories of C M s  
according to size, i.e., the number of housing units weatherized by the CAP in 
1989. 

Let M,, =: the number of housing units weatherized by WAP in 1989 in fie c '* 
category of CAPS for gtme z I h  subregion slimate zone w h e ~  

c = 1 = CAPS with 59 or less housing units 
by WAP in 1989. 

c = 2 = @,Vs  with between 60-100 housing units 
weatherized by WAP in 1989. 

c = 3 = CAPS with between 101-249 housing units 
weatherized by WAP in 1989. 

c = 4 =  CAPswithkt 
weatherized by WAB" in 1989. 

c = 5 = CAPs with between 480-899 housing units 
weathedzd by WAP in 1989. 

c = 6 = CAPs with more: than housing units 
WAP in 1989. 
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Level 4. CABS 

Each category of CAPS is p 

Let Adzcd. = the number of ha 

climate mne when? d = 1.2, . * * , N Z C .  



Thus M2Cdi = the num -family units ~~~~~~~~~ by WAP in 1989 
in a e  c"' category of CAPS for f ie  z f h  subregion 

climate zone. and 

of the five levels i s  given in Fi 

yzcder = tke percent energy savings for ~e i f h  iwm;in 
in the dfh CAP afthe c f k  cate 

Then we have the following ( ) totals: 
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1 2 4 5 6 

N; -376 
IW; =38546 

I 
I 
I 
I 

N.. = 1103 
M.... = 137968 

Figure 1. Overview of W 
by Climate Zone and SU 



Y, .... 
F, = - 

M, ... 
y savings per housing ujniis in 

For the t h ~ e  climate zones, let 

Y ;  = Y *  .... 4- Y* .... += Y3""". , 

y; = Y Q  .... 4- Ys .... 4- Ys ..I. f Y7 .... c Y* .... , 
Y ;  = Y g  .... 4- YlO. .. p 

Anad far the natiurr, let 

10 

,=l  

- Y  

Y .  .. = c rz =the total pe gs for the M .... housing units 
in ?he Nationwide WAP for 1989. 

ousing unit for Finally, Y = - - - the average pemwt energy savin M .  
WAP during the given rime 

objective is to estimate P base nationally repmsentative s 
of housing units w e ~ ~ ~ ~ z e ~  by WAP in 1989. 

TIFIED TWO-STAGE CLUSTER SAMPLING PL 

Step 1. As we saw earlier, L h e ~  
given k b w .  Lower cas 



CAP CATEGORIES 
(Number of Housing Units Weatherized) 

Step 2. 

Stage 1.  

Subregions 

1 

2 

3 

h e  1 

4 

5 

6 

7 

8 

zone 2 

9 

10 

Zone 3 

2 
(60-100) 

" 12 
m 12- 

"22 
m n.. 

" 32 
32" 

3 
(1 01 -249) 

" 13 
m13. 

"23 

"23- 

"33 

*31- 

" l? 

m13 

"44 

m u -  

"% 
"w- 
"64 
ma. .  

"74 

m14- 

"M 
m Y- 

"u 
mz4 

"94 
m p*.. 

10.4 

m I0.4- 

"'? 
m34 

Within stratum "zc" and independently of h e  other strata, select a 
simple random sample of n,, CAPS. We will have 
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Note here hat. d 5= 1, 2, . . * , nZc ,  We do this 68 indcpndcrst tirn-xes. 
The total. number of CAPS selected is 

t = l  t = 2  
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IV .  ESTMATION QF THE TOTALS PND 

1. We have the followin sample statistics for ehe d f h  selected CAP from stratu 

scent energy savings for s 
AB in 1989 for the dJh selected 

1.2 yzed2 - sample me percent energy savin 
units w ~ ~ ~ e t i ~ ~  by 

s& - sample variance for the percent energy 
savings for rnulti ~~~§~~~ units weaiherized by WAP in 1989 

t z c d 2 .  = ~~~~g~~~~ = an estimate of the total percent energy savings for 
mu1t.i housing units wea 
for the d‘* selected C 

and 
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4. An estimator of Y,...., the total percent energy savings for the housing units 
weatherized by WAP in 1989 in the 2'" climate zone, is 

6 

C = l  
fz .... = c fzc 

with sampling variance 

6 

C = l  

Vur (Yz ....) =c: c var (dzc ...) 

and estimated sampling variance 

e climate zones, take the estirna 

with respctivc sampling varkmces 



5.  An esthator of Y....., the total percent energy savings for the M.... housing units 
weatherized by WAP in 1989, is 

'0 A t..... = c Y, .... 
2 1 1  

with sampling variance 
10 

z= l  
Vur(4 .....) = I: Vur(fz  .... 1 

and estimated sampling variance 

, 1  10 (. 

Vur (t .....) = L: Vur (r;, ....) . 
2 ==I 

6. Finally, an estimator of F, the average percent energy savings per housing unit 
weatherized by WAP during the given period, is 

2 Y..... 
y =  - 

M.... 

with sampling variance 

L 1  vur (yl = - v m  (f.....) 
MZ. 

and estimated sampling variance 
A -  

Var( i )  = -J-v;r( ?.....) 
- -  M 2.  

(From 3 and 4 respectively, we can produce estimates of Fzc, Fz, Y;, l'i, and F;.) 

V. SAMPLESIZES 

The desire is to determine n.. the total number of CAB to be selected for the sample and 
m.... the total number of Dousing units weatherized by WAP in 1989 to be selected at the 
the second stage so that Pis within B of with probability 1 - a, Le., assuming that the 
sampIe estimate of the mean is within 10% of its true vaIue with 90% probability. 

Assuming that is is normally distributed, we have 
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Assunirig all variances within each CAW aic  equcl?, SZdl 2 -S2d2  the: equation 
kcomcs 
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n .. 

rv .. 
Letting f I = -, we have 

( I - f 2 )  2 1 
qW)--M.... 

f l  
(M ....) B = 2 a S&)N.. + 

f 2  - 
2 

which we solve for f 1. Thus we have 

sfw JM.... (M?.)B2 (1 -f 3 = ( 1 -  f l)S(t,)N..+ 
f 2' 

f l  

2 

L 

S ($ fi.... 

+ S & )  

(1 -f 2) 

S h  + f z  - M.... 

N .. 
= > f 1 =  where M.... = -. 

(M .... ) (M .... ) S 2  

z i  - 
2 

Once we know f 1, then n.. = f IN.. . 
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n .. - --> - = .I7 => Ba = .1’7N. = .17(P103) = 188 CAPS. 

MSQ i f i  2 18s) ===> m.... =: (.05)180(188) =: 

N .. 

1692 housing miis wcathedi%C by W M  in 1989 
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Now assume the following. 

Table 1. 

Climate # of Housing Units Number of CAPS 
Zones in Population % in PoDulation 9% 

1 M ;  = 37,124 19 N ;  = 160 15 

2 M i  = 122,290 62 N; = 567 51 

3 Mi = -38,546 19 N; = 376 34 

M.. . .  = 197,960 N.. = 1,103 

Then the n. .  = 188 CAPs and m .... = 1,692 housing wGts weatherized by WAP in 1989 would be 
roughly distributed as 

Table 2. 

Climate ## of Housing Units ## of CAPS 
Zones in Sample in Sample 

1 LV = (.19)(1692) = 321 n = (.is)(issj = 28 

2 rn; =(.62)(1692)= 1049 n; =(.51)(188) zz 96 

3 mi =(.19)(1692)=321 n;  =(.34)(188)= 64 

Letting f 2 =  .1 and the other quantities remain the same, we obtain f = .14, 
n.. = .14N.. = .14(1103) = 154 CAPS. 

I fM= 180=>rn ....=(. 1)(180)(154)= 
2772 housing units weatherized by WAP in 1989 for the sample! 

The n .. = 154 CAPs and la .... = 2772 housing units weatherized y WAP in 1989 would be 
roughly distributed as 

Table 3. 

Climate # of Housing Units # 0fCAP.S 
Zones in Sample in Sample 

1 rn = (.19)(2772) = 527 n = (.15)(154) T 23 
2 m i  =(.62)(2772)= 1719 n; =(.51)(154) = 79 
3 rn; =(.19)(2772)=527 n ;  =(,34)(154)= 52 
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Climate f 2 = .os f * - . I  , 
a n a  mi ni mi ni 

1 1,206 lQ4 2,888 89 

2 1,717 159 2,938 136 

3 948 184 1,432 140 

rn .... = 3,871 n..=447 m... -6.458 n. .  =365 

The ~alues of ni' and mi' in Table 4 ab each zone level were obuine fmm the equation 

2 

just as the equation forf (for the nation) follow 
uatio 



AS an alternative to Table 4, if  nil and rn; are determined so that F,: will be within 15% of i?: 
with probability .90 for i = 1. 2. and 3. we obtain the results in Table 5 from three separate 
computations. 

Table 5. 

Climate f 2 = .os 
Zones m; n; 

1 719 62 

2 918 85 

3 484 94 

m.... = 2121 n. .  =241 

In conclusion, if every CAP in category 6 is selected during the first step and assuming 
proportional allocations within the i t *  climate zone of the n; CAPs required forf2 = . l ,  the final 
number of CAPS to be selected and the final distribution of the CAPs is given in Table 6. Note 
that the final value for n .. is 365. 

Based on the indicated assumptions in Table 2 and Table 4, the number of CAPS to be selected 
at stage 1 is n .. = 365 with = 89 being selected from climate zone 1. n = 136 being selected 
from climate zone 2, and n3 = 140 being selected from climate zone 3. This choice of n.., n i ,  
n2,  n3 provides h e  following precisions: 
, ,  

- that the national estimate 

- that each climate zone estimate iji* will be within 10% of the respective tNe value with 90% 

will be within 10% of the true value with 90% probability, and 

probability. 

For each CAP selected, 10% of the single family units and 10% of the multifamily units are tQ be 
selected at stage 2. 

In conclusion, if every CAP in category 6 is selected during the first step and assuming 
proportional allocations within the i th  climate zone of the n; CAPS required for f z  = . I ,  the final 
number of CAPs to be selected and the final distribution of the CAPS is given in Table 6. Note 
that the final value for n.. is 365 . 

In implementing the sampling plan described above, a sample of 400 subgrantees was selected 
randomly in stage one to allow for some attrition. The same relative distribution was maintainted 
as is shown in Table 6. To allow for sample attrition during data collection, an effort also will be 
made to collect information on about twice the number of housing units needed for the iinal 
analysis. With these allowances for sample amition, the numbers of subgrantees and housing 
units with complete data thd  are included in the final analysis should meet the requirements set 
out in Table 6. 
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le 5. Find Smplc Distributions of CAPS 10 Selected at Stage One. 

CAP CAEGORES 
1 2 3 4 
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New Computations for Seco d Stage Sampling 
Fractions in the “National Two-Stage Cluster 
Sampling Plan for the Single-Family Study)) 

.June 21, 1991 

1 Intro 

This technical note is an addendum to “Section V, Sample Sizes” of Appendix 13 - 
“A National Two-Stage Cluster Sampling Plan for the Single-Family Study.” Section 
V of Appendix 13 gave detailed discussion and computations for determination of n.. 
the total number of CAPS to be selected for the: sample and ri.... the total number 
of housing units weatherized by WAP in 1989 to be selected at the second stage. 

Both n.. and rn.... were determined SO that the estimate of energy savings would 
be within B = 10% of Y the true energy savings with probability 1 - a = -90 at the 
national level and with certain precision requirerncnts at  each of three climate zone 
levels. The target values of rn ... and n . are given in Table 4 of Appendix B and are 
given below for convenience assurriirig the second stage sampling fraction is fi = .l. 

Climate 

Zones rn: n: 

1 2,088 90 

2 2,938 13s 

3 1,432 139 
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Early results of the first stage of sampling revealed that the number of gas/electric 
single-family home units was less than originally thought. This is an important con- 
sideration because energy savings estimates will be bascd completely on gas/electric 
records. Siich data are riot available for non-gas/electric single- family home units. 
Thus before selection of the sample at the second stage, given the sample of CAPS 
selected at the first stage, and with new estimates of the numbers of gas/electric 
siiigle.family home units in the various CAPS, it was decided to compute new sam- 
pling fractions for the second stage of sampling. This memo docuinents the details 
and provides the bases for the second stage sampling fractions which were employed. 

2 New Secomd Sta e Samplin actions 

Proceeding as in Section V of Appendix 13 lout given n,. = 364 which was proportion- 
ately allocated among the various strata, the desire is to determine m.... or equivalently 
the second stage sampling fractions for gas/electric single-family home units so that 

Y is within B of Y with probability 1 - a. 

Assuming that Y is normally distributed, we have 

In the notation of Section V, this can be written as 

For cell (stratum) zc  (see Figure 1 of Section V), let 

IC,, = NI", ( A'ZC Nz, - nZC ) - = Nzc ("' - - I) 
n Z C  122, 

and 
N Z C  f -- _"I_ 

zc - 
n r c  

Note that there are 10 zones x 6 categories = 60 strata altogether and that the values 
of kzc and fzc are known. (See Tables C and D of this memo.) 
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13ased on entered sample data received by QILNL as of 02/12/1991, Table A gives 
the proportion of gas and electric units in the lists of home units from the CAYS for 
various strata. Specifically, the numbers in the different cells are computed as 

total number of gas and elcctric units over all sarnple 
(CAP s for which data had been entered in cell zc 

' s  total original estimate of gas and electric units 
(OR,, over the same sample CAPS 

No data had been entered for empty strata as of 02/12/1991. 

Table A 
Estimates of the Proportions (Ratios) of New Counts of 

Units to Original Counts by Zone and Category 

Categories (c) 

Zones (2) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 2 1 3  

As can be seen from Table A, the proportions are quite va.ried but all are less than 
one. By summing over all numerators in the strata and dividing that by the sum of 
all of the denominators among the cells gives 

7,929 gas or electric units 

13,453 ORNL's corresponding original estimate of uni t s  
= .59. 
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Table B 

New Estimates of M r c . .  for Gar/Electric 

Home Units Weatherized by WAP in 1989 

Cap Cateqorier ( c )  

3 4 5 6 

M . . . .  116.73f 

N.. 1103 

n.. 3G3 
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Noting that k f z c d l  + &fzcd2 = lbfzzd., equation (5) becomes 

3 8 10 

( M  ....) B = Z4 [(2B,C)3k,, f ( 2 4 ) ~ ~ k z c  + ( l l ) ~ ~ k z c  
z=1 c 2-4 C z=9 c 

Values of fzcMzc.. = *Mzc,, z c  are given in Table C, and values of kzc are given in 

From 'Tables C and 9, we observe 
Table D. 

5 xz fzcMzc.. = 397,247.22 
2 C Y 1  

Z 

3 -yx k zc -- __ 133.75 
z = l  c 

8 

C x k z c  = 2,077.86 
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Table C 
Values of fzcMzc.. 

10 2186.80 

C 

3125.20 9238.62 4437.50 869.00 - 

, 
10 

CCkzc = 664.79 
2=9 c 

Thus, equation (6) becomes 

(116,796)(.015) = 2 3  [(26)(133.75) + 24(2077.86) + (11)(664.79) 

(.225)( 397,247.22) 

+ ( - f(6) ) (.225)(10,539)] 

fw 
Hence 

(7) 

(8) 
1751.94 

2% = 1 '  

b o ,  658.83 + (e) 89,380.6245 + (%) (2,371.275)] ' 
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‘Table D 
Values of IC,, 

C 

Zones ( z )  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

--_I- 

. . . . . . . . . . . . . . __ 

... . . . . . . . . ._.. .. .. . 

r a h k  E gives the probability 1 cy for two pairs of f(%6) and f(6) using eqiiation (8). 
With a focus on estimating energy savings for Climate Zone 1 only ( z  = 1,2,3) ,  

we have 

we obtain 

Table F gives the probability 1 - a for selected pairs of f(4) and f(6) using equa- 
tion (9). 
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J 

Table E 
Values of Probability 1-0 for 

T w o  Cases Using Equation (8) 

Probability 

f(4) f(6) z+ 1 - C Y  

.3 .15 3.28 99+ % 

.1 -05 1.83 93+ % 

Table F 
Values of Probability 1-a! for 

Four Cases Using Equation (9) 

Probability 

f (4)  f(6) z$ 1-CU 

.10 .05 1.13 74+ % 

.15 .05 1.37 83% 

.16 .08 1.45 85% 

.20 .05 1.57 88+% 
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'Table G 
Values of Probability 1-cr for 

Four Cases Using Equation (10) 

Probability 

f(-6) f(6) zp 1-CU 
. . . . . ... 

.10 .05 1.30 81% 

.15 .05 1.58 89% 

.16 .08 1.654 9Qf% 

.20 .05 1.81 93% 

With a focus on estimating energy savings fOr Climate Zone 2 only (2 I- 4,5,6,7,8),  
we have 

We obtain 

(10) _____ .. . . . . . . . 1082.235 

b9865.64 + (e) (67,694.355) 4- (IC) (1965.6)j 

z.- --- ~ ____..... 62- 

2 1; '  

Table G gives the probability 1 - 'i for selected pairs of f(-q and fc6) using 

With a focus on estimating energy savings for Climatc Zone 3 (2 = 9, IO), we have 
equation (10). 

we obtain 
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Table H 
Values of Probability l-CY for 

Five Cases Using Equation (12) 

Probability 

f ( w 6 )  f ( 6 )  zz l - - ( Y  

.10 0 .95 66 % 

.15 0 1.15 76% 

.16 0 1.22 78% 

.20 0 1.38 83% 

.25 0 1.56 88% 

(12) 
341.145 

zq = 1 ‘  

[7312.69 + (e) (13,475.62575)l ’ 
Table H gives the probability 1 - cy for selected pairs of f ( u 6 )  and f(f;) using 

’The following recommendations were made in view of the previous computations. 
equation (12). 

Recommendations: 

( i )  To use f(4 = .3 and f(q = .15 for the gas/electric home units in the stratified 
random sample of CAPs selected-at Stage 1. 

(i i)  To use f(*6) = .2 and f(6) = .10 for the non-gas/electric home units in the 
stratified random sample of CAPs selected at Stage 1. 

(iii) To use the same fractions in (i) and (ii) for the same home units found in the 
“exemplary sample” and in the “cooling sample.” 
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APPENDIX C 
Audit Protocol 

c1 





Auditor: 
-- Date: _I_ 

House ID: Subgrantee name: 

Occupant name: Phone number: 

Occupant address: - 

GENE 

Type: ~ SlFD - single-family detached MFS - small (2-4 units) multifamily 
SFA ~ singlefamily attached PLFL ~ large (>4 units) multifamily 

MI3 - manufactured or 
mobile home 

A single-family housing unit is a structure that pravides living space for one household or family. The structure may be detached, 
attached on one side, or attached 8n  two sides, Atlached houses are considered single-family houses as long as the house itself is not 
divided into more than one housing unit and has an independent outside entrance. A single-family house is contained witbin walls that 
go from the basement (or ground floor, if there is no basement) to the roof. A mobile borne with one or more rooms added is a 
single-family home. Raw houses and side-by-side duplexes (twhs) are typically single-family houses. 

A small multifamily house or building is a structure that is divided into living quarters for two, three, or four families or households. 
This category also includes houses originally intended for occupancy by one famity (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 Doors. Over-and-under duplexes are typically in this category. 

A mobile or manufactured home is a structure that has all the facilities of a dwelling unit but is built on a movable chassis. It may be 
placed on a permanent or temporary foundation and may contain one room or more. If moms are  added to the structure, it is 
considered a single-family borne. 

Axe the following systems shared with other housing units: space-heating system (Ym 
space-cooling system ( Y m  
water-heating system (Y7N) 

If SFA, number of attached housing units: (NA, 1, 2, ...) (typically 2 or less) 
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House ID: 
FLOOR AREAS AND VOLUMES 

Intentionally 
Total area heated area 

Floor (ft') (ft') 

All other floors 1 I 

Inten tionally 
air-conditioned area Volume 

fi 

Total 

An intentionally heated (air conditioned) space is one with equipment and/or distribution outlets designed to maintain a desircd 
temperature in the space. An unintentionally heated (air conditioned) space is one that is heated primarily from equipment jacket 
and/or distribution losses (there is little control over the resulting temperature). A space is not heated (air conditioned) if there is no 
suurce of heating to alter the natural temperature of the space. For example, a basement heated primarily from equipment jacket 
and/or distribution system losses is not considered to be an intentionally heated space. A window air conditioner cools only the room 
the unit is installed in, not adjacent rooms. 

Number of intentionally heated stories: (1, 1.5, 2, 2.5, 3, 3.5, 4 or more) 

DOORS AND WINDOWS 

Number of exqerior doors: 

Frame 

tYPe 

v 1 vinyl 

Storm 
window 
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I___- 

House ID: 

FINlSHED ATTIC AREAS 

Existing 
insula tion 

Depth 

Outer 

UNFINISHED A'FI1C AREAS 

I 1 I 

Areas pertain to attic areas adjacent to intentionally heated or air-conditioned spaces. For example, the area above an unconditioned 
garage should not be included. 
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___- House ID: 

Existing 
insulation Insulated 

sheathing 

( Y N  
Gross wall area 

(ft') 

+ I 

The type of load bearing structure is the wall tjpe. The. type of facing on the walI is the exrerior type. 

Insulation type I 
I blown 

cellulose masonite 

BF non-conditioned 

conditioned 

blown 

Gberglass 
balt 

rigid board 
or foam I SH I shingle BRW 

X other  1 
N none I N none 
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Nouse ID: 
FOUNDATION SPACES 

Floor area - Area of floor between foundation space and intentionally conditioned space above it. For slab-on-grade, the  area of the 

Perirnetcr length - Do not include perinietcr bordering another foundation space. 
Percent exposed - For basements and crawlspaces, the percent of band joist length that is exposed to the outside and not insulated. 
Total. wall height - Height of basement or crawlspace wall; an estimated average if the height is not uniform. 

intentionally conditioned slab floor. 

UH I unintentionally heated I 

DOMESTIC WATER-HEATING SYSTEM 

Existing wall insulation type 

BC blown cellulose 

BF blown fiberglass 

€3 fiberglass batt 

RB I rigid board or foam 1 
BRW I blown rock wool I 
RWB 1 rock wool batt 1 

other l l  
Fuel: 
Type: 
Is an external blanket insulation used? 
Location: 

(NG-natural gas, P-propane, 041, K-kerosene, E-electricity, X-other, N-None) 
(SA-stand alone system, T-tankless [integrated with space-heating system], X-other, N-None) 

(NH - non-heated space, IH - intentionally heated space, UH - unintentionally heated 
space) 

CI,N,NA) 
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House ID: 

Appliance 
. .. . ... 
Cooking range 

Conventional oven 

Microwave oven - 

Dishwasher I I II 
Clothes washer I II 

Fuel 

K I kerosene 

E I electricity 

x I other 

Unit type 

conditioner 

CHP 

WAC 

w-IP 

EC 

central heat 
Pump 

window air 
conditioner 

window heat 
PU"P 

evaporative 
csoler 

x I other 



SPACE-WEATTNG SYSTEMS 
House ID: 

PRIMARY OILFIRED SYSTEM 

System type (see next page) 

System age (years) 

Original fuel if converted system (see next page or NA) 

Location (see next page) 

Nameplate input rating (value and units) 

Nameplate output capacity (value and units) 

Nameplate efficiency (%) 

Actual installed nozzle size (value and units) 

AUXILIARY 
SYSTEMS 

Type (see 

----t 

The primary oil-fired system is the system metered under the field test. 
Units for the input rating and output capacity will likely be Btu/h or GPM. 

c-9 



. . . . . . . .. . 
Iscation I Fuel 

1 NG 1 natural gas 

IH I intentionally heated space I 
UW I unintentionaIly heated space 

kerosene 

HEATING SYS’T’EM TYPES 

Central svstems In-space heaters 

Fossil fueled: 

4 1 room heater 

8 I forced air wall furnace 

gravity wall furnace ;I- 10 forced air floor furnace 

l l  gravity floor furnace 

vaporizing pot heater (oil and kerosene) 

portable kerosene 

12 

Other 13 - 

Electric: 

wall 14 

15 
I_ 

16 

17 

18 

___ 

II 

baseboard 

ceiling imbedded cable 

-_.I-.. 

wall or floor imbedded cable 

13 portable (mrd-connected) _.. 

~ i n d o w  heat pump 20 
I_ 
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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 o r  effective leakage 
area', and air exchange rate' (if the number of conditioned stories is known); 

2. examine the air tightness of the house as constructed, including all intentional and non- 
intentional oEenings 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 E779-87* especially 
regarding pressurized measurements, it generally follows the principles contained in the standard. 

This procedure was developed under the assumption that the blower door to b e  used in 
making the measurements meets the criteria for pressure-measuring devices and air flow or 
velocity-measurement systems listed in ASTh4 Standard E779-57, o r  has been individually 
calibrated by an independent laboratory to these criteria, In addition to other calibration 
standards and procedures, the following guidelines should be followed while performing the 
calibrations: 

1. test pressure differences or pressure stations (indoor - outdoor pressure differences) 
identified in this procedure must be used for the calibration; 

2. the calibration must be performed following the methods described in this procedure; 

3. the calibration must be performed separately for all orifices and plates provided with the 
blower door; and 

4. the calibration report must identify the actual air flow rate in cfm at each pressure 
difference and for each orifice and plate, and the absolute error in cfm from the air flow 
rate provided by the blower-door manufacturer's calibration. 

'Handbook of Fundamental5 American Society of Heating, Refrigerating, and Air 
Conditioning Engineers, 1989. 

3tandard Test Method for Determining Air Leakage Rate bv Fan Pressurization, The 
American Society for Testing and Materials, 1987. 
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Pm-'rkYr PROCEDURE 

House Preparation 

The  house should he prepared for measurement as follows: 

Close all fireplace and wood stove dampers, glass doors, and other fluc openings. Have 
occupant extinguish all fires. Place uet cloths or newspapers m7er cold ashes. 

Turn off exhaust fans, space-heating systems, water-heating systems, gas-stoves, and all 
pilot lights. 

Close all windows and exterior doors, including doors to garages and other such buffer 
spaces that are  not heated. A heated space is defined to be a space with permanent 
space-heating equipment aiidior distribution outlets designed t 0  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. 

Open all interior doors (except for closets) so that all interior heated space is connected, 
including heated basements (if only portions of the basement a re  heated, open  all doors 
n a x s s a y  t o  connect these heated basement areas with other  heated areas). If a space 
was designed to  be a heated space btit is maintained by the  occupant in an unheated 
condition, t he  space should still be considered a heated space. 

Record on the  Blower-Door Test Data Sheet the exclusiodinclusion of buffer spaces, 
zoned rooms, and basements in order that the  post-weatherization test can be performed 
on the  same heated space of the  house. 

Equipment Set-Up 

All equipment should b e  kept a t  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. Install t he  fan on an exterior door for depressurizing the house. The chosen door  must be 
free of obstructions for at  least 4 ft upstream of the  fan. Blow and suck on the  gauge 
hoses or taps to  drive the  gauge needles over their full range 6-8 times. Tape t he  free 
end of the hose measuring the  outside pressure to the outside wall at a level parallel with 
the  center of the  fan and out  of line of the blower-door Tan. 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-dsor fan (if a hose is used to measure the  
inside pressure, ensure that it is out of the  direct flow of air as well). Check all hose 
fittings for tightness and trim IX tighten as necessary. Connect all hoses. Check for leaks 
around i h e  fan and door. 
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3. Gauges are zeroed to remove t h e  natural pressure difference that may exist between the 
inside and outside of t h e  house due to thermal or wind effects. Cover the fan opening 
(using the "shower cap" provided by the manufacturer, plugging or taping all holes with 
the orifice plate on, or some other equivalent technique). Zero the gauges. Remove the  
fan opening cover. Re-zero the gauges in this manner each time a new run is started. 

4. Briefly walk through t h e  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.c. open windouts, 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 damaged with 
increased negative pressures. 

9. Establish a negative pressure difference across the house of 50 Pa for 15 seconds. Do not 
pressurize the house after this step. 

TEST PROCEDURE 

Starting the  Test 

1. Record the indoor and outdoor temperatures, and barometric pressure. 

2. Record the average wind speed and maximum wind gust. 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 measu remen ts. 

3. Record the local shielding class. 

Pressure Station Measurements 

A test entails making measurements at all pressure stations identified on the Blower-Door 
Test Data Sheet unless the maximum pressure generated by the fan is insufficient. In this case, 
make measurements at as many of the assigned pressure stations as possible. Make measurements 
starting at  the lowest pressure station and proceeding in ascending order. 

Oriiice 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 t o  the next larger orifice until the measurement can be made. 
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2. PS ineasuremenls are  made at  higher pressure stations, change to the next largest orifice 
plate only when it is no  longer possible t3 reach 5 Pa above the  desired pressure station. 

Gauge  Reading Proccdurcs 

1. To make a measurement a t  each pressure station, first raise ihe house to  about 5 Pa 
---.- above the desired pressure. Then slowly reducc 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 \vi11 cause the gauge needles to  j u m p  slightly. 

3. Set the  gauge needle on the  indicated pressure stations, within +/- 2 Pa. 

4. Wait 30 seconds foi the blower-door readings to stabilize, Record the actual ~ Q U S C  

pressure reading, the fan pressure or flow rate reading, and the orifkc, configuration on 
the Blower-Door 'Test Data  Sheet. When lining the gauge needle up with the inarks on 
the gauge, read t h e  gauge from directly in front lo 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 o€ 0-125 Pa rather than from 
one with a range of 0-750 Pa. Note the  reason for any alternate pressure station readings. 

Input t he  data collected at  eight c9f the  nine pressure stations into the blower-door 
computer: do not use thf: I0 Pa data if a 60 Pa reading was made. "The test must bc repeated if 
the percent error in the  flow data a t  each pressure station is more than 5%, the  wsaelatior-n 
csefficiicicnt is less than 0.99, or the  flow exponent (n) is less than 0.5 or greatcr than 1.0, These 
errors and numbers appear on the blower-door t a p e  Before redo ing  a test, examine all hoses 
and fittings for leakage and carefully ~ e - z . c r ~  the  gauges as these muld be the  cause of excessive 
error. 

1. IXec.mil the indoor temperature, 

2. Return ventilation controls, vcnts9 and thermostats to their origiiral settings, Re-light pilot 
lights.. Make  sure all space- and water-heating systems are  operating 613rrrwAy. Close 
intefn'sr doors to rcstore the. house to it's original state, 

3. The final printout from each test must be included with t h e  Blower-Door Test Data 
Sheet  

4. Extreme care must be taken in reaxding all data points as tests with unacceptable levels 
of amuracy must be. repeated, 
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Technician: - 
Date: 

BLOWER-DOOR TEST DATA SHEET: mmmc BLOWER DOOR 

House ID: Subgrantee name: 

Occupant name: Phone number: I 

Occupant address: 

Type of test: prc-weatherization post-weatherimtion 

Procedures to prepare house for lesi: Basement door 

--_- 

(closed or  open) 

Unusual sources of leakage: 

Indoor temperature ( O F )  Outdoor Barometric 

Start Finish (inches Hg) 

I temperature pressure 

I I 

Pressure station 

II Goal I 
Flow rate 

Local shielding classes I 

Moderate local shielding; some 
obstructions within two house 
heights, thick hedge, solid fence, or 
one  neighboring house 

Heavy shielding; obstructions around 
most of perimeter, building or trees 
within 30 ft in most directions; 
typical suburban shielding 

Very heavy shielding; large obstruc- 
tions surrounding perimeter within 
two house heights; typical downtown 
shielding 

Notes: 
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APPENDIX D 
On-Site Occupant Survey 

D1 





version 9W 
6/ 1 019 1. 

Interviewer 

Date of Interview 

Time S t m d  

A. Identification 

A 1. Household Identifier 

A2. Name of WAP Applicant 

SGREENER: 

ASK TO SPEAK TO THE APPLICANT NAMED IN QUEsnON A2. IF AVAILABLX, READ THE 
FOLLOWING AND GO TO QUESTlON A3. 

Yourhome w ~ ~ ~ a ~ ~ ~ ~ ~ e d ~  apmicipant in the Weatherization Assistance 
Program. As a follow up to that we would like to conduct an interview to lean 

re about how that weatherization may have affected your energy use and ask 
your opiniom regarding the value of weatherization. 

IF THE APPLICANT NAIVEXI IN QIESTIBN A2 IS NOT AVAlL 
AND THEN ASK QIJESTION 1: 

LE, READ THE FOLLOWING 

Your home was weatherized a a participant in the W e a ~ ~ ~ ~ a t i ~ ~  Assistance 
Program. As a follow up to that we would Like to conduct m interview to learn 
more about how that weatherization may have affected your energy use and ask 
your opinions regarding the value of weatherization. 

D-3 



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 QUALIEY, TEE 
RESPONDENT DOES NOT HAVE TO PAY THE CHECK. AS LONG AS THE 
RESPONDENT IS KNOWLEDGEABLE ?ILBOUT THE ENERGY USE AND/OR BILLS, HE 
OR SHE QUALLFLES.) 

1. YES, THE PERSON YOU ARE SPEAKING 
TO IS THE RESPONDENT. . . . . . . . . . . . . . , . CONTINUE W1'lYE1 QUESTION 

A3. 

2, YES, RESPONDENT IS ANOTHER PERSON. . . ONCE A RESPONDENT rs 
PRESENT, KE'lTLJKN TO THE 
LNTRODUClION AND 
CONFIRM THAT THE 
RESPOrnEW IS OVER 18 AND 
IS KNOWLEDGEABLE ABOUT 
PAYWG TI-E ENERGY BLLS. 
IF THE RESPONDENT 
QUALIFIES, CONTINUE WIT11 
QUESTION A3. 

3. NO, RESPONDENT IS NOT AVAILABLE. ~ . . . . (NAMES: ) 
LDENTIFY NAMES OF 
SEVERAL PEOPLE WHO 
MIGHT BE SITXTARZB 
RESPONDENTS. INFORM THE 
CURRENT KESPONDENT THAT 
WE WILL CONDUCT THE 
I m R V L E W  OVER THE 
TELEPHONE A T  A LATER 
DATE. IXAVE A COPY OF 
THE EXBIB1TS AT THE HOUSE. 
DO NOT PROCEED WITH THE 
INTERVIEW. 

INTERVIEWER INSTRUCTIONS: 

IF rwpomm NEEDS INFO: The survey is a part of the Weatherization Assistance 

IF RESPONDENT IS HESITANT: Your ar~swers to these questions will provide valuable 

Program. 

information to the Department of Energy. The interview will take approximately 30 
minutes. 

A3. Name of respondent ._. 

Relation to WAP applicant __._ 

[ 3 RESPONDENT IS SAME AS WAP APPLICANT 

A4. Dates of WAP weatherization work ... -... 
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A5. I want to confm that the weatherization work done by the Weatherization Assistance 
Program tQOk place on (READ DATES FROM QUESTION A4). (RECORD DATES 
BELOW LF RESPQmENT GIVES D1X;FERF;NT DATES.) 

DATES 

[ ] RESPONDEm CONFIRMS 1'NAT WEAT€ERIZAnON TOOK PLACE ON 
THE SAME DATES AS QUEiSnQN A4. 

[ ] DON'T REMEMBER 

INTERVIEWER INSTRUCTIONS: 

If respondent has trouble remembering the dates in Questions A6, A7, and A8, probe for: 

e Season 

* Major news story or political event happening at that time 
Major life event 

Then, ask for year (and month) again. 

A6. In what year was this home built? Just  YOU^ estimate." 

[ ] Before 1900 
[ I  1900-1909 

[ ] 1920-1929 
[ ] 1930-1939 

r - j  1910-1919 

1940-1949 
1950-1959 
1960-1969 
1970- 1979 
1980- 19 84 

An. In what year did your family move into this home?" 

] Before 19 
] 1900-1909 
3 1910-1919 
] 1920-1929 
3 1930-1939 

i 1985 
I986 
1987 
1988 

11989 
11990 

1940- 1949 [ I  1985 

1960-1969 [ I  1987 
1970-1979 [ 3 1988 
1980-1984 [ I  1989 

[ I  1990 

1950- 1959 [ 3 1986 

IF " 1987" OR LATER ON QUESTION A7, ASK: 
A8. In which month did you move in?* 

[ I  January 1 May 

[ I  March r 1 July 
[ 3 February 

[ I  April [ ] August 

[ ] June 
[ ] September 
[ ] October 
[ 1 November 
[ ] December 
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B. Major Heating Fuel 

Next, I will ask some questions about the fuels you icsed to heat your home during 
the winter before hlnd aBes weatherization on (READ DAWS FROM QIESTION M ) .  
Throughout the survey, when 1 ask ahout the winter before weatlzerizatinn, I mean 
Octobei, November, m d  December uf1988, mid Jmutzry and February of 1989. 

If two or more heating fuels are used, the main heating fuel is the one that provides 
most of the heat for the home. The main heating fuel may not necessarily be the one 

B 1. Please look at Exhibit l3 1. What was one main heatin 
e weatherization? heating your home during the winter b 

B1 
Mail1 Fuel 

{Mark only- 
Gas from underground pipes 
sewing the neighborhood. , [ I  
Bottled gas (LPG or Propane). . . . . . . .  [ 3 
Fuel oil. , 11 
Kerosene or coal oil. . . . . .  , . . . . . . . .  11 
Electricity. . . . . . . . . . . . . . .  , . . . . .  [ ] 
Coal or coke. . , . . . . . . . . . . . . . . . . .  [ ] 
Wood. [ I  
Solar collectors. [ I  
Other (specify 1- .......... r l  
NO FUELS USED" [ I  
DON'T KNOW. . . . . . . . . . . . . . . . .  [ ] 

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

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

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

€32 
(Markdl other 

B2. Please look at Exhibit B1 again. You mentioned that your main heating fuel. 
used during the winter before weatherization was (FUEL FROM QLJESmON B1). 
What other fuels were used to heat your home denring the winter before 
weatherization -- including those used to provide heat just occasionally? Don't 
forget to include fuels that ran portable heaters if you used them. (MARK ALL THAT 
AWEY IN COLUMN B2. IF NONE, MARK "NO FUELS USED")* 

IF iYDDITIONAL FUELS ARE IDENTIFIED FROM QUES'I'ION €32, ASK: 
I33. Going back to your nndn heating file1 used during the winter be€ore 

weatherizatjon--(FUEL FROM QUESTION Ul) -- did this fuel provide all or almost all 
of the heat for your hone, about three-fourths, or closer to half of the heat for your 
home?" 

[ 3 All or almost all (95% or more) 

[ ] Closer to half (66% or less) 
[ ] DON'T KNOWREMEMBER 

[ 3 About thrW-fo1lflhs (67-34%) 



Now, I will ask similar questions about thefuels you used during the winter after 
weatherization. The winter after w ~ ~ t h e r i ~ a t i ~ ~  includes October, November, and 
December of1990, m d  January and February of1.9.91. . 

B4. Please look at Exhibit I31 again. W 
heating your home during the winter 

n heating fuel used for 

E34 B5 
Main Fuel (Mark all other 

[Mark only one) fuels that aRplYly'l 
Gas from underground pipes 
serving the neighborhood. . . . . . . . . . .  [ I [ I  
Bottled gas (LPG or Propane). . . . . . . .  [ ] [ I  
Fuel oil. [ I  [ I  
Kerosene or coal oil. [ I  11 
Electricity. [ I  [ I  
Coal or coke. [ I  [ I  
Wood. [ I  [ I  
Solar collectors. [ ] [ I  
Other (specify)----*. [ I  [ I  
NO FUELS USED. ( 1  [ I  
DON'T KNOW. [ 3 [ I  

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

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

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

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

8 5 .  Please look at Exhibit 1 again. You mentioned that your main heating fuel 
used during the winter after weatherization, was (FUEL FROM QUESTION B4). 
What other fuels were used to heat your home during the winter after 
weatherization -- including those used to provide heat just occasionally? Don't 
forget to include fuels that ran portable heaters if you used them. (MARK ALL THAT 
APPLY IN CO1,UMN R5. IF NONE, MARK "NO FUELS USED")* 

IF ADDITIONAL E'UEES ARE IDENTIFIED FROM QUESTION BS, ASK: 
B6. Going back to your main heating fuel used during the winter after 

weatherization --(FuEI, FROM QUESTlON 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?* 

[ ] AI1 or almost all (95% or more) 

[ ] Closer to half (66% or less) 
[ ] About thre-fourths (67-94%) 

[ 1 DON'T KNOWREMEMBER 
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B7a. f'lease look at Exhibit B7. During the winter before the weatherization work was 
done, did you use any of the following to help lieat your home? (USE COLUMN 
B7a TO CHECK AS MANY AS WERE USED.) 

(67a) @7b) 
BEFORE r n R  

[ ] Woodcoal stove. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ ] 
[ ] Fireplace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
[ 3 Cooking stove/range/oven. . . . . . . . . . . . . . . . . . . . . . . . . .  [ ] 
[ ] Mon-portable room heater burning gas, oil, or kerosene. . . . . .  [ ] 
[ ] Portable kerosene heater. . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
[ ] Non-portable electric heater . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
[ ] Electric portable heater (cord-connected). [ I  
[ 1 Other (specify): .... - e *  [ I  
[ ] N O  NE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  

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

B7b. Please look at Exhibit 8 7  again. During the winter after the weatherization work 
was done, did you USE any of the following to help heat your home? (USE 
COLUMN B'7b TO CHECK AS MANY AS VERI3 USED.) 

onikn  that responses to B7a do not contradict responses to 3 1 and B2. Confinms that 
not contradict responses to B4 and B5. Probe the respondent if the 

ASK QUESTION B8 ONLY FOR EACH ITEM IN QIJESTmON I37 IJSED BOTH 
B E F O E  AND AFTER WEATHERIZA'FIQN: 

before weatherization? (CIRCLE ONE NUMBER IN EACH L M  ASKED.) 

Used Less 
& 

1. Woodcoal stove 1 
2, Fireplace 1 
3. Cooking stove/mnge/oven 1 
4. Non-portable room heater 1 

5. Portable kerosene heater 1 
6. Non-portable electric healer 1 
7. Electric portable heater 1 

burning gas, oil, or kerosene 

(cord-connected) 
~ 8. Other (-. 1 1  

Used About 
l22EsaE 

2 
2 
2 
2 

2 
2 
2 

2 

Used More 
After 
3 
3 
3 
3 

3 
3 
3 

3 
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C .  Demographics 

Now I have some questions about the people who live here and about your housing 
costs. 

C 1. Please tell me how many people living Fn your home during the 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? 
E W R  CORRECT TOTAL HERE 

C2. You have told me that there were (READ TOTAL NUMBER FROM QUESTION Cl)  
people living in your home during the winter before weatherization. How many 
people were living in your home during the winter dter weatherization? 

NUMBER OF RESDENTS 

[ 3 SAME NUMBER AFTEIP WEATHERIZATION AS BEFORE 
WA7XEREATlON 

C3. Were any of the people living in your home during the winter before 
weatherization handicapped? By handicapped, 1 mean a permanent condition. I do 
not mean a temporary condition, such as a short-term illness. (EYEGLASSES ARE 
NOT CONSLD- A HANDICAP). (IF YES, ASK HOW MANY.) 

NUMBER KANDICAPPED 
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C4. Do you or members of your household own your home, or rent?” 

[ ] Own (buying) 
[ 3 Rent 
[ ] Occupied without payment of rent (SKIP TO SECTION D) 

[ 3 less than $200 per month 
[ ] $201 - 308 per month 
[ ] $301 - 408 p ~ 1 ~ 1 0 n t h  
[ ] $401 - 500 per month 
[ 3 $501 - 600 per month 
[ 3 $601 - 900 per rnonth 
[ ] $701 - 800 per month 
[ ] $801 - 900 per month 
[ ] more than $9QO per month 
[ ] OWNED, MORTGAGE PAW OFF 
[ ] DON’T KNOW 

(SKIY TO SECTION D) 

I C 6 .  Does this payment include: (READ ITEMS AND PROBE FOR “YES” OR  NO"^) 

Yes No DON’T 
KNOW 

1. electricity. . . . . . . . . . . . . . . . . . .  11 11 [ I  
2. natural gas. . . . . . . . . . . . . . . . . . .  [ ] [ I  [ I  
3. fuel oil.. [ I  [ I  [ I  
4. property tax. . . . . . . . . . . . . . . . . .  [ ] [ I  [ I  
5. insurancc (house or renter’s). . . . . .  [ I  11 [ I  
6. water. [ I  [ I  [ I  
7. garbage. . .  , . . . . . . . . . . . . . . . . .  [I 11 [ I  
8. other (specify):. .......... . KI 11 [ I  

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

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

.......... ~ I 
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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 the winter before weatherization, I mean 
October, November, and December of 1988, and January and February of 1989. 
When I ask about the winter after weatherization, I mean October, November, and 
December of 1990, and January and February o€ 1991. Weatherization work was 
done to your home on (READ DATES FROM QUESTION A4). 

INTERVIEWER INST RUCTIONS: 

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 

131. 

D2. 

D2a. 

D2b. 

How many of each of the following rooms does this home have? (ASK EACH ITEM 
AND RECON3 NUMBER FOR EACH.)" 

- D1 - D2A D2B 
Total Numbef- heated Number heated 

Number during the winter during the winter 
before watheri7~tion after weatherization 

Bedrooms?. . . . . . . . . . . . . .  
Full bathrooms?. - . . . . . . . . . .  
Half bathrooms?. . . . . . . . . .  

. . . . . . . . . .  All other rooms:. ____- 
(Do not count laundry rooms, foyers 
or unfinished storage space. 
Only count porches if they are 
enclosed and used year-round) 

(FOR EACH TYPE OF ROOM THE RESPONDENT HAS IN THE HOME, ASK 
D2A, THEN D2B. A HEATED ROOM IS ONE T 1s WARM ENOUGH TO 
BE USED. j 

Of the (READ NUMBER OF ROOMS AND TYPE OF ROOM), how many were heated 
during the winter before weatherization (RECORD ABOVE ON COLlJh4N D2A.j 

And how many (READ TYPE OF ROOM) were heated during the winter after 
weatherization? (RECORD ABOVE ON COLUMN D2B.) 
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E, Thermostat Management 

I would now like to ask you some questinrvls about the temperature at which you 
kept your home. 

I. 

Remember, we are interested In the respondent's perceptions. Ask the respondent for 
their opinion; avoid checking the thellrmostat for the actual settings. 

If respondent keeps differmt sections OF the home at different temperatures, we want to 
know the temperature in the part of the house where the people are. If, for example, the 
heat is turrned off upstairs during the day because the family is downstairs, we want the 
downstairs temperature. 

We ~ ~ u l d  1ke to know the achnal temperaturc of the home. If the respondent doesn't 
know the temperature, but does h o w  the theirnostat setting, record the thermostat 
setting. Othe-e for best estimate. 

E i a+ During the winter before 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 s m e  temperature (ASK QUES'TION ElB) 
[ 3 Changed the temperature (GO TO QIJESTXON ElC) 

IF KEPT HOME AT SAME ~ ~ M P E R A ~ ~  ON QUESTiON ElA, ASK: 

Degrees Fahenheit: 
[ ] €PEAT TURNED OFF 

I (GO TO QUESTION E%A) 

E CHANGED 'ITE TEMPEIR,%WWE ON QUESTION ElA, ASK: 

E 1 d. Before weatherization, at what temperature did you usu ly keep your home 
during the day when no om was at home?" 

Degrees Fahenheit: 
[ ] HEAT TURNED OFF 

Ele. Before weatherization, at what temperature did you usually keep your home 
during sleeping hours?" 

Degrees Falwenheit: 
[ ] HEAT TURNED OFF 
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(ASK EVERYONE:) 

. E2a. During the 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 sane temperature (ASK QUESTION E2B) 
[ 3 Changed the temperature (GO TO QUESTION E2C) 

IF KEPT HOME AT SAME TEMPERATURE ON QUESTION E2A, ASK: 

Degrees Fahrenheit: 
[ ] HEAT TURNED OFF 

(GO TO SEGTlON F) 

1F CHANGED THE TEMPERATURE ON QUESTION E2A, ASK: 

Degrees Fahrenheit: 
[ ] HEAT TURNED OFF 

E2d. After weatherization, at what temperature did you mu ly keep your home during 
no one was at home?* 

Degrees Fahrenheit: 
[ ] HEAT TURlVED OFF 

E2e. After weatherim tiun, t what temperature did you usu ly keep your home 

Degrees Fdvenlaeit: 
[ 3 HEAT TURNED OFF 



F. Events Affecting Energy Use 

The next questions are ahout events which may have afected your energy use 
during the winter. ( K E N I ~  IP]ESPON&XP~T IF ~ ~ E C F S A R Y ) :  Remember that when I 
ask about the winter before weahsrization, I mean October, November) and 
December of 1988) Jmuaq~ ami b‘ebruar-gi of 1989. M e n  I nsk about the 
winter after p.P;’eatherizafi’oP1, 1 mean October, November, and December of 1990, 
m d  Jmuary and February of 1991. Weatherization work way doize to y s i i ~  home 
on (READ DATES FROM Q U ” 1 0 N  A4). 

F 1 a, During the winter before your home was weatherized, was there ever a time when 
you wanted to use your main sourcc of heat, but could not, for one: or more of the 
follswing reaso1.as? 

Yes NO 

Your heating system was broken? . . . . . . . . 11 [ I  

The. utility conrmpariy diseswtinried. . . , . . . . [ 1 [ I  
your gas or electric service? 

IF “YES” TO EKHER PART OF QUESTION FBA, ASK: 

weatherization, l-saw many =watt; times were there? 
‘Thinking absufzcse times that you went without heat, during die winter before 

Total times: 

F1 c ,  Altogether, how inany hours or days were yon without heat? 

Total hows without heat: 

OR 

Total days without heat: I_ 
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. 
F2a. During the winter after your home was weatherized was there ever a time when you 

wanted to iise your main source of heat, but could not, for one or more of the 
following reasons? 

Yes No 
Your heating system was broken?. . . . . . . . [ ] [ I  

The utility company discontinued. . . . . . . . [ 3 [ I  
your gas or electric service? 

IF “YES’ TO ANY-PART’OF QUESTIQN F2A, ASK: 
F2b. Thinking about these times that you went without heat, during the 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 

Total days without heat: 
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F3. Except for the weatherization of your home on (READ DATES FROM 
QuESTION A4), waq any home repair or major house renovation that would affect 
energy use done on your home by yourself or other organization between 
January 1987 and April 1991? 

[F YES ON QUESTION F3, ASK: 
74. Please describe the home repair or renovation, (RECORD VERBATIM BELOW.) 

F5. Pn which montkdyear was the work done? (mom ITNDER C O L m  FOR 
MONTWYEAR ABOVE,) 
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G. Impacts on Health, Safety, Comfort, Affordability 

My next questions ask for your opinion about how weatherization afected the 
health, safety, comfort, and value of your home. 

Gla.  Please look at Scale G1. Using a scale of 1 to 7, where 1 is too cold, 4 is 
comfortable, and 7 is too hot, how would you rate the temperature in your home 
during the winter before weatherization? 

BEFORE 
1 2 3 4 5 6 7 8 

too cold comfortable too, hot DON'T 
m E R  

IF 1-3 OR 5-7 ON QUESTION GlA, ASK: 
G 1 b . Why couldn't you keep your home the temperature you preferred during the winter 

before weatherization? (DO NOT READ ANSWER CATEGORIES.) (CHECK ALL 
THAT APPLY .) * 

] Heating system problem 
] Landlord controls the temperature 
] Difference of opinion in household 
. ]  Fuel shortage 
. ] High cost of fuel 

3 Construction problem, such as broken windows, or holes in walls 
] Other (please specify) 

I [ ] NOT SURE 

G IC. Using the same scale (REPEAT SCALE IF NECESSARY) how would you rate the 
temperature in your home during the winter after Weatherization'? 

AFCIXR 

too cold comfortable too hot DON'T 
1 2 3 4 5 6 7 8 

REMEMBER 

IF 1-3 OR 5-7 ON QUESTION GlC, ASK: 
G 1 d. Why couldn't you keep your home the temperature you preferred during the winter 

after weatherization? (DO NOT READ ANSWER CATEGORIES.) (CHECK ALL 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) 
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G2. Please look at Scale G2. Using a scale of 1 to 7, where 11 is very drafty, 4 is 
somewhat drafty, arid 7 is not at all drafty,.how would you rate the draftiness of 
your home during the winter before weatherization? 

BEFORE 
1 2 3 4 5 4 7 8 

very drafty somewhat drafty nota td l  DON'T 
drafty R ~ ~ V E M B E X  

Using the same scale (REPEAT SCALE IF NECESSARY), how would you rats the 
draftiness in your home during the winter after weatherization? 

AFTER 
1 2 3 4 5 6 7 8 

very drafty somewhat drafty not at all DBN'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 
niernbers during the 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 
KEMEMBER 

Using the same scale (REPEAT SCALE IS NECESSARY), how would you rate the 
health of household members during the winter after weatherization? 

AFTER 
1 2 3 4 5 6 '7 8 

very poor acceptable very healthy DON'T 
REFo/lEMBER 

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 during 
the 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 

very unsafe acceptable verysafe DON'T 
REMEMBER 

Using the same scale (REPEAT SCALE IF NECESSAKY), how would you rate the 
safety of your home during the winter after weatherization? 

AFTER 
1 2 3 4 5 6 7 8 

very iinsafe acceptable vevsafe  DON'T 
REMEMBER 
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G5. Please 1mk at Scale G5. Using a scale of 1 to 7, where I is v 
acceptable, and 7 is very hexpensive, how would you rate the cost of your heating 
bills during the winter before ~ e a t h e ~ ~ a t i o n ?  

expensive, 4 is 

BEFO 
1 2 3 4 5 6 7 8 

very expensive ZiCCeptZible v e v  DON'T 
hexpensive MBER 

'IJsing the same scale (REPEAT SCALE IF NECESSARY), how would YOU rate the 
cost of your heating bills during the winter fter ~ ~ ~ a ~ e ~ z a ~ ~ ~ 9  

AFTER 
1 2 3 4 5 6 7 8 

very expensive aWp@ble V@W DBN'T 
- inexpensive lWMEMBER 

Please look at Scale 6 6 ,  Using a scale of 1 to 7, where 1 is very much lower, 4 i s  
about the same, and 7 is very much higher, haw would you rate the property value 
of your home after w e a t ~ e ~ i ~ a ~ o ~  as compared to b e ~ ~ r ~  ~ e a ~ h e ~ ~ a t i ~ ~ ?  By 
property value, 1 mean the daXlar value of the home if sold. 

G6.  

1 2 3 4 5 6 7 8 
very much verymuch DON'T 
lower higher REMEMBER 

END 
On behalf on the U.S. Department of Energy, I would like to th 
patience today. The information that you have shared wj th us will be helpful in our study. 

you for your time and 

*These items are modified versions of questions $&en from the 1990 Residential Energy 
Consumptian Survey (RECS) conducted by the Energy Information Administration. 

Check to make sure each question has been answered and that verbatim R S ~ Q I I ~ ~ S  are clear 
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GAS FROM UNDERGROUND PIPES SERVING THE 
NEIGHBORHOOD 

BOTTLED GAS (LPC OR PROPANE) 

FUEL OIL 

KEROSENE OR COAL OIL 

ELECTRICITY 

COAL OR COKE 

WOOD 

SOLAR COLLECTORS 

OTHE 
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. 7 

N E XNG GAS, OIL, 
0 

ABLE KEROS 

RTABLE ELECT IC HEATER 

ELECTRIC PORTABLE HEATER (CORD-CONNECTED) 

OTHER 
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USED LESS AFTER WEATHE 

ABOXJT THE SAME AFTER WEATHERIZATION 

MORE AFTER WEATHERIZATION 



1 2 
too cold 

1 
very 

drafty 

2 

1 
very 
poor 

2 

SCALE G l  

3 4 5 
corn fort ab ie 

SCA 2 

3 4 
somewhat 

drafty 

5 

6 7 
too hot 

7 
not at all 

drafty 

SCA 3 

5 6 7 
very 

healthy 
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I 2 3 4 5 6 7 
very acceptable very 

unsafe safe 

P 2 3 4 5 6 7 
Very acceptable 

1 2 3 4 5 6 7 
very mlnch about the very much 

10VVer same higher 
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APPENDIX E 
Data Collection Forms on Costs 

and Energy Conservation 

E l  





Agency id #, contact, address, and telephone number: 

NATIONAL 
WEATHERIZATION 

EVALUATION 

AGENCY INFORMATION FORM 

When you finish filling out this form, the dwelling-specific forms, 
and the waiting list forms, please estimate the amount of staff 

time it took to complete them. 

hours 
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ATI 
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average per-house cost of installation-related overhead expenses once on the Agency 
Information Form because it will be the same for all houses. 

We realize 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. The dwelling-specific records of materials costs, crew- 
based labor hours, and contractor's total installed costs that are in your files should be 
coded onto a Dwelling-Specific Form for each house in the sample. 

Program Management 

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

-- Direct Labor 

-- Direct Materials 

-- Field 

-- Vehicles 

-- Travel Time 

-- Equipment 

-- Insurance 

-- Training 
................. 

-- Contractor Profit / 

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

5 
E 
s 
ti3 

a 

Q? 
3 
2 
0 

-- Intake and Eligibility 

-- Audits and Assessment 

-- Final Inspections 

-" Contractor or Crew Management 

-- Program Administration 

-- Program Evaluation 

Figure 1. Cost Categories 
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. 

C'OSTS 

-- Intake and Eligibility 

-- Audits and Asscsstnent 

-- Fi.isaf Inspections 

-_ @on@actor or crew 
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B. HOUSING TYPE DEFINITIONS 
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Agency id #, contact, address, and telephone number: 

When you finish filling out this form, the ~ w e ~ ~ ~ n g ~ s p e c ~ ~ c  forms, 
and the waiting list forms, please estimate the amount of staff 

time it took to complete them. 
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A. DWELLING CHARACTERISTICS AND EQUIPMENT 

Al. When was the weatherization completed on this dwelling? 

Month (CIRCLEYEAR) 1989 1990* 

*If this house was not weatherized between April 1,1989 and March 31,1990, it 
should not be in the sample and no further infomation is needed. Please return this 
form along with the others. 

A2. Is this dwelling a. . . ?** (MARK ONE) 

[ ] Nobildmanufactured home 
[ 3 Single-family detached 
[ ] Single-family attached (townhouse or rowhouse) 
[ ] Small multifamily (2-4 units) 
[ ] Large multifamily (5 or more units)*** 

**Our definitions of single-family and small (2-4 unit) multifamily dwelling units are 
the same as those used by DOE’S Residential Energy Consumption Survey (RECS). 
The RECS definitions are given on the accompanying agency information form. 

I 1 

I ***If this dwelling is part of a large multifamily building, it should not be in the sample 
and no further information is needed. Please return this form along with the others. 

A3. At the time of weatherization, what was the conditioned (heated or cooled) square 
footage of this dwelling? (include the basement only if it is conditioned) 

conditioned square feet 

A4. At the time of weatherization, did members of this household own this home or did 
they rent? (MARK ONE) 

[ ] Own (buying) 
[ ] Rent 
[ 1 Occupied without payment 
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AS. At the time of weatherization, what was the one 
heating this home? ( M A N  ONLY ONE FUEL M COZ.IJMN A5) 

A6. Whats ental fuels were used to heat the home -- including those used to 
provide heat just occasionally? Inc8wde fuels that ran portable heaters if they were 
used. MAKK N,I, THAT APPLY (If none, mark “No supplemental fuels used” in 
Coliiinn “A6” below.) 

A3 A6 
Main Fuel Supplemental Fuels 

IMARK ONLY ONE) LMARK ALL THAT APPLY 1 
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) 

. . . . . . . .  ... [ I  [ I  

Don‘t know. [ ] 11 
No supplemental fuels used. . . . . . . . . . . . . . . . . . . . . . . . . .  [ ] 

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

A7. If this household’s main fuel is gas or electricity, please provide the n 
(if my) and electric utility companies that provide service to this dwelling and the 
household’s utility account numbers. 

Electric Utility Account Number 

... - 
Gas Utility Account Number 

‘48. Which heating system types were used in this home? ( M A X  ALL THAT APPLY) 

[ ] Central systems (e.g., forced air furnace, central gravity furnace, s t e m  boiler, 
hot water boiler, heat pump) 

[ 3 Fossil fueled in-space heaters (e.g., wall furnaces, floor funaces, wood, coal, 
kerosene or gas stoves) 

[ ] Electric in-space heaters (e.g., wall, floor, baseboard, imbedded cable, portable 
[cord connected]) 

[ ] Both central and in-space 

[ ] Don’t know 
[ ] Other (specify) ._.ll.l_._ll. _I 
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A9. About when was: this ~ w e l ~ g  ori 1 

[ ] Yes 
[ 1 No 
[ ] Don’t know 

A l l .  ~ ~ w ~ ~ y w  OF wincr3w unit air con4 

. OCCUPANT CHARACT 

B I .  Please indicate the total number of persons Iivhg in this house at fie dme 01 
e number who were elderly or 

Total number: 

Number of elderly: 

€32. W ~ ~ t  was the h o ~ ~ e h O ~ d ’ s  income on ts 
eligibility was verified for the service 

. 
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BE?ease chcck any of tlrc measures listed that w m  imtl led in this dwe:l!ing. l~dicate 
whether they were installed by in-house crew 01 contractor. If measures that are not listed 
w e n  installed, please de.scrik them in the appsopaiat: “Other” category. 

Installed by: 
Iil-ho1.IsC ConUti~tor 

C W W  

C 1. Insulation 
. . . . . . . .  Attic Insulation (installed for the first time). [ [ I  

Attic Insulation {added to existing insnlation). [ I  [ I  
*Wall Insulation (normal technique). [ I  [ I  
Tdzl l  Insulation (high-density technique). [ I  [ I  
Floor Insulation, [ I  [ I  
Rim or Band Joist Insulation. [ I  [ I  
Other Envelope Insulation. [ I  [ I  

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

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

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

(Specify: ............... 

-”- -I_ 

*The ‘‘normal technique” for installing wall insulation is characterized by blowing 
cellulose or fiberglass insulation hito exterior wall cavitites to average densities using a 
two .hole, gravity-blow installation method The “hlgli-density technique” is 
charactaizized by blowing cellinlose ir~sulation into extericr wall cavities to high densities 
using a one -hole, tube-fill installation method. IJiider the “higli-density technique,” 
special attention is focused on sealing air leakage sites while insuiating the walls; air 
bypsscs  are identified during the installation process and sealed by plingging the air- 
leakage pathways with c e l l ~ l ~ s e  

C% Air k a k a g e  Coni1 01 
. . . . . . . . . .  General Caulking and VI’ca:her,s&ippirig. 1 1  [ I  

Air Sealing, emphasizing bypasses with [ I  [ I  

Air Sealing, emphasizing bypasses without [ ] [ I  

Distribution System. . . . . . . . . . . . . . . . . . . . . . . .  [ I  [ I  
Other Infiltration Reduction. [ I  [ I  

(Specify: ............ .- ... -_I__ 

(door and window) 
. . . . . . . . . .  

blower door testing 

blower door testing 
. . . . . . . .  

. . . . . . . . . . . . . . . . . .  
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Installed by: 
In-house Contractor 

crew 
G3. Water Heating System 

Water Heater Tank Insulation. . . . . . . . . . . . . . . . . .  [ I [ I  
Entire Water Heating System Replacement. ........ [ ] [ I  
Pipe Insulation. [ ] 11 

Flow Shower Heads. [ I  [ I  
Temperature Reduction. . . . . . . . . . . . . . . . . . . . . .  [ 4 [ I  
Other Water Heater Measures. . . . . . . . . . . . . . . . . .  [ I  [ I  

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

(Specify: 

C4. Structural Repairs (full or partial) 
Attic Ventilation. .......................... [ ] 
Roof [ I  
Doors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
Replacement of Doors. . . . . . . . . . . . . . . . . . . . . . .  [ ] 
Windo wsIGlazing. [ I  
Replacement of Windows. . . . . . . . . . . . . . . . . . . .  [ 1 
Walls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
Floor [ I  
Other Structural Repairs. [ I  

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

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

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

(Specify: 

C5. Windows and Doors 
Storm Windows (Wow many? ) . . I . . . . . .  [ I  
Storm Doors. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ ] 
Window Films or Shades. . . . . . . . . . . . . . . . . . . .  

[ I  . . . . . . . . . . . . .  er  Window or Door Treatments. 

(Specify: 

Cfi. Mobile Home Measures 
Vapor Bmier. ............................ [ ] 
UnderpinningISkirting. ...................... [ 3 
Cool Seal (on roof). [ I  
Other [ I  

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

(Specify: 
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C7. 

In-house Contractor 
crew 

Space Heating System 
Clean1 and Tune-up. . . . . . . . . . . . . . . . . . . . . . . . .  [ I  [ I  
Entire Heating System Replacement. . . . . . . . . . . . . .  [ ] 11 
Set-back Thermostat, . . . . . . . . . . . . . . . . . . . . . . .  [ 3 [ I  
Heating System Component Retrofits. . . . . . . . . . . .  [ ] [ I  
(Specify: _-I-_ -____. ) 

Safety Problem Fixed. . . . . . . . . . . . . . . . . . . . . . .  [ I  [ I  
(Specify: ) 

Repairs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 11 
(Specify: 1 

Other Heating System Modifications. . . . . . . . . . . . .  [ 3 [ I  
(Specify: 

C8. Space Cooling System 
Tune-up. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 3 
(e.g., cleaning, controls adjustment, Alter replaced) 
Entire Air-conditioning System Replacement. . . . . . .  [ ] 
Fans Installed or Replaced. . . . . . . . . . . . . . . . . . . .  [ ] 
Set -back Therniostat. . . . . . . . . . . . . . . . . . . . . . . .  [ I  
Other Cooling System Modificaiions. . . . . . . . . . . . .  [ I  

(Specify: l-l___l 

C9. Other Health and Safety Repairs or Iniprovemewts 
Smoke Detectors. . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
Radon Testing. . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  
Carbon Monoxide Testing. . . . . . . . . . . . . . . . . . . .  [ 3 
Other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ I  

(Specify: 
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D. SERVICE DELIVERY ~ ~ ~ ~ E ~ U R  

L 

Selection of Measures 
D 1 .  Please check the type of prwedwe that watt used to select the rneas.xes that were installed 

in $his dwelling in the 1989 prograni year. (CHECK ATJ, THAT APPLY) 

[ 3 Envelope measures were selected using a p ority or prescribed list of measures 
[ 1 Envelope measures were selected using a decision approach or scoring (calculation) 

developed for each house 
[ 3 Envelope measures were selected based on an analysis of energy savings per $ invested 
[ ] S ~ ~ e - h e a ~ ~ n g  system measw-es were selected based on physical characteristics or a 

standard approach 
[ ] Space-heating system meawes wen sclected 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 !$ invested 
[ 3 Selection of envelope and space- 

under one approach rather than 
[ 3 Other measure selection procedures. Specify: 

system measures was made simultaneously 
ly using two distinct procedures. 

Use of Diapnostics 
I D 2  Please check the type of diagnostic procedures that were used in this dwelling in the 

1989 program year. (CHECK ALL TNAT APPLY) 

Blower door testing was used to find leakage axcas for sealing 
Blower door testing to measure air leakage rates 
Blower door testing was used to determine when to stop work using cost-effective- 
ness guidelines (not minimum ventilation guidelines) 

Distribution system diagnostics were used to find leakage areas for sealing 
Distribution system diagnostics were used to determine system balancing 
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: 

Quality Control 
D3. Please indicate the type of quality control inspection this house received in the 1989 

program year. (CHECK ALL THAT APPLY) 

[ ] A visual quality control inspection after weatherization for envelope measures 
[ ] A quality control inspection after weatherization for envelope measures that used 

[ ] A quality control inspection after Weatherization for envelope measures that used 

[ ] A visual quality control inspection after weathekzation for heating system measures 
[ ] A quality control inspection after weatherization for heating system measures that 

[ 3 Other quality control procedures. Specify: 

blower door tcsting as a diagnostic tool 

infrared scanning as a diagnostic tool 

used diagnostic tools such as combustion efficiency testing 

E-17 



Definitions and Instructions 

If a job is crew-based, supply thematerials costs (Question El)  and calculate the 
direct labor costs (Question E2). If a job is contractor-based, supply the materials costs 
(Question El)  and the total installed costs (Q~estion E3). If both crews and contractors 
worked 011 a Isouse, complete all three questions (Questions El ,  E2, and E3). If you need 
further instructions, please see the instructions in the agency information form. 

Figure 1. Program Cost Categories 

Progmm Management 

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

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

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

Direct Labor 

-- Direct Materials 

-- Vehicles 

-- Travel Time 

-- Quipmenit 

-- Field Supervision 

-- Insurance 

-- Training 

-- Conkactor Profit 

...................... .................... ............................. ....,............ 

.......... "........\ ....... 

E 

3 

c 5  

60 

c4 
"?J 

2 

9 
3 

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

-- Intake and Eligibility 

-- Audits and Assessment 

-- Final Inspections 

-- Contractor or rew Management 

-- Program Administration 

-- Program Evaluation 
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El:  BREAKDOWN OF MATERIALS COSTS 

In the chart below please fill in the crew-based and/or contractor-based materials cost of the 
measures that were installed in this dwelling in the 1989 program year. Do not include 
labor. administrative or program suooort costs here. Do include costs covered by all 
sources of funding (i.e., PVE, LIHEAP, or utilities). If you cannot provide the costs by 
measure, just enter the materials cost in the box at the bottom. 

Crew-Based 
Materials 

costs 

Contractor-Based 
Materials 

costs Insulation 

attic 

wall $ $ 

other 

Air Leakage Control $ 

Water Heating System Measures $ 

$ Structural Repairs $ 

Windows and Doors $ 

Space Heating System 

retrofit 

replacement 

Space Cooling System 

retrofit $ 

replacement 

Other $ 

Crew-Based 
Total Materials 

costs 

Contractor-Based 
Total Materials 

Costs 
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E2: CREW-BASED INSTALLATION COSTS 

Directions: Please fill in the number of crew hours for this house fmrn information in your files. 
Provide your best estimate of the average hourly rate for yoiu crew and multiply this 
by the number of hours to produce an estimate of the direct labor costs. 

costs 
I I 

-- Direct Labor 

-- Direct Materials 

- - w- X 
Number of crew Avcrage hourly 

hours rate 

E3: CUN'FR CTUR-BASED INSTALLATION COSTS 

Directions: Please fill in the totall installation cos&* billed by contractors for &&J&u.g, This 
should include all the cost categories listed above 

Total Installed Cost $ 

ING SOIJRCES 

F1. What percentage of the funds spent on this house were funds from DOE'S WAP? 

F2 If funds from nan-DOE sources were used, wcre they all uscd according to DOE guidelines? 
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