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ABSTRACT

The National Fuel Gas End-Use Efficiency Field Test will be per-
formed to (1) determine the performance and cost-zffectiveness of a
new audit-directed retrofit procedure, and (2) develop and validate
analysis techniques for evaluating conservation programs that can use
the daily house gas use data that can be economically collected by gas
telemetering equipment. The audit procedure is designed to improve
conservation programs by including mechanical system retrofits as
retrofit options in addition to building envelope retrofits, deter-
mining the most cost-effective retrofits for each house through indi-
vidual analysis, and following a rational decision process to
determine the investment level of each house. This report is an
experimental plan presenting a detailed description of the audit pro-
cedure, specific research goals and questions to be addressed by the
field test, the responsibilities of the six field test participants,
16 tasks reguired to complete the field test, a detailed description
of the experimental design, house selection and assignment procedures,
a detailed description of the data to be collected and the instrumsen-
tation to collect it, a data management procedure to store the data
and check it for errors, and analysis procedures to be employed to
study the collected data.

Pre- and post-retrofit data will be collected over a two-year
periocd (January 1988 to April 1989). Fifty low-incomeg homes in
Buffalo, New York, will receive conservation measures as selected by
the audit procedure; 50 additional houses will serve as a control
group. The following data will be collected weekly in all the houses:
house gas use, house electricity use, heating system gas use, and hot
water system gas use. Also to be collected are hourly indoor tem-
perature data in all the houses, daily house gas use in approximately
90 of the houses, hourly outdoor temperature data at three sites near
the houses, and survey type information. Analysis procedures using a
house model and linear regression techniques will be employed to
determine the annual energy savings in the individual houses nor-
malized for cutdoor temperature, indoor temperature, internal load,
and occupant behavior changes. An analysis of variance approach will
be employed to calculate group savings and to identify the effect of
selected variables on the savings. The cost-effectiveness of the
audit procedure will be determined using appropriate economic analysis
methods and the normalized energy savings.
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EXECUTIVE SUMMARY

The objectives of the National Fuel Gas End-Use Efficiency Field
Test are to (1) determine the performance and cost-effectiveness of an
audit-directed retrofit procedure designed to improve weatherization
programs, and (2) develop and validate analysis techniques for eva-
luating conservation prugrams that can use the more frequent billing
data collected by gas telemetering equipment. The following organiza-
tions are participating in the test: National Fuel Gas Distribution
Corporation; U.S. Department of Energy, Office of Buildings and
Community Systems; 0Oak Ridge Natiomal laboratory; Alliance to Save
Energys New York State Department of Public Service; and Wisconsin
Energy Conservation Corporation. The purpose of this experimental

plan is to present the detailed objectives and method of the project.

New approaches to selecting conservation measures in low-income
orograms are needsd to overcome program limitations and to improve
cost-effectiveness. The audit-directed retrofit procedure to be
tested was designed to enhance conservation programs by including
mechanical system retrofits as conservation measure options in addi-
tion to building envelope retrofits, analyzing houses individually to
determine the most cost-effective retrofits for that particular house,
and following a rational decision process to determine investment
levels for each house. A detailed dascription of the audit procedure

is provided in the plan.

Periodic evaluations of conservation programs are needed to moni-
tor program effectiveness and to identify areas for improvement,
Evaluations using monthly billing data are often performed because the
billing data are routinely collected by utilities and can be readily
analyzed. However, the analysis is constrained by the limited nature
of the data. Recent advances in meter technology offer the potential
for recording daily gas use as inexpensively as monthly billing data

xiid



are now collected. However, to fully realize the benefits offered by
this new equipment for evaluation purposes, analysis techniques must
be developed and validated.

The field test will be conducted over a two-year period. Pre-
retrofit data will be collected on all the homes during one winter
season (January to April 1988). Conservation measures will be
installed in the treatment group of houses during the summer of 1988.
Post-retrofit data will be collected on all the homes during the
following winter season (October 1988 to April 1989). Three technical
reports outlining the results of the project will be published: an
interim report, a final report on the performance of the audit proce-
dure, and a final report on the analysis techniques developed for use
with the telemetered data. The responsibilities of the individual
field test participants and 16 tasks required to complete the test are
presented in the plan.

Ore hundred low-income houses in Buffalo, New York, will be
studied: 50 houses will receive a mix of conservation measures as
selected by the audit procedure (installed cost of the measurses will
not exceed $55,000 for the 50 houses), and the remaining 50 houses
will serve as a control group. The houses selected for inclusion In
the field test must meet 15 selection criteria to ensure that the
experimental objectives are met, to make the experiment easier to per-
form, and to improve the accuracy of the results. A stratified random
assignment procedure will be used to help achieve pre-retrofit
equality between the treated and control groups of houses.

The following data will be collected weekly in all the houses:
house gas use, house electricity use, heating system gas use, and hot
waler system gas use. The house gas use will be monitored using a
recently calibrated meter. The house electricity use will be moni-
tored using the existing electric billing meter. The heating system

and hot water system gas uses will be monitored using run~-time meters
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once the gas consumption rates of the equipment are measursd. Hourly
indoor temperature data will be collected in all the houses using a
battery operated temperature sensing and recording device.

Telemetering equipment will be installed in approximately 90 of
the houses to record daily house gas use. Hourly outdoor temperature
data will be collected at three sites near the houses using thermo-
couple and data logging equipment. The following survey information
will also be collected or measured during the field test: house and
occupant descriptive information, information on changes that occurred
in the descriptive information during the test, house infiltration
rates, heating system operating efficiencies, and retrofit installa-
tion quality verification and retrofit listing.

Data management procedures will be developed to store the data
and to check it for errors. Data will first be entered into
microcomputer-based storage. Energy consumptions will then be auto-
matically calculated. Weekly energy consumptions and hourly tem-
perature data will be merged to form compiled data sets that will be
used in the analysis. The following validation procedures will be
implemanted throughout this process: automatic range checks, automatic
logic checks, and visual examinations of plotted data.

The survey information will be used to characterize the houses
and occupants studied and to answer questions regarding the implemen-
tation of the audit procedure. Occupant characteristics of interest
are the number of household members and their ages. Important charac-
teristics of the houses are their construction details and pre-
retrofit thermal condition. Information pertinent to the
implementation of the audit includes the measures recommended by the
audit for installation, the measures actually installed, the estimated
and actual cost to install each measure, and the energy savings and
benefit-to~cost ratio predicted for each recommended measure.
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The performance of the audit procedure will be evaluated on an
individual basis and group basis. The annual energy savings measured
in the audit houses will be compared to predicted values. The cost
effectiveness of the retrofits installed in the audit houses {which
depends on anmnual energy savinas, installation costs, retrofit life-
time, and other economic parameters) will also be examlned. The
annual energy savings for an individual house will be dafined Lo be
its abserved annual energy savings normelized for gutdoor temperature,
indoor temperature, internal load, and occupant behavior changes. The
pre- and post-retrofit data must be used with a house model to deter-
mine this savings for several reasons: (1) the time periods over which
the data are collected may not be equal nor cover the entire winter
season, (2) the weather conditions for the two periods may be dif-
ferent, and (3) indoor temperatures and internal loads maintained In

each house over the two perionds may not be the same. Linear

~
@
O
-

ession technigues will be used to estimate the parameters for a
simple model correlating heating system gas consumption to indoor-
outdoor temperature difference and internal load. Pre- and post-
retrofit normalized, annual heating energy consumptions will then b=
estimated using the model parameters, average outdoor temperature data
based on historical tecords, and assumzd values for the indoor tem-
nerature and internal load. The change in energy consumption is the
difference between these annual consumptions. The change in energy
use of the audit houses will be further normalized by the change
occurring in the control houses to account for occupant changes
induced by factors other than the retrofit installation. The indivi-
dual house savings will be analyzed using an analysis of variance
approach to calculate group savings and to identify the effect of

selected variables on the savings.
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THE NATIONAL FUEL GAS END-USE EFFICIENCY
FIELD TEST: EXPERIMENTAL PLAN

1. INTRODUCTION
1.1 Background

Utilities, state weatherization offices, and regulators face two
common questions in designing and evaluating residential energy

Programs:

1. How can cost-effective efficiency measures be best selected to

reduce energy costs in households participating in the program?

2. How can the costs for program evaluations be reduced without

compromising technical detail?

Most low-income conservation programs are not as cost-effective
as possible because the same amount of money is spent In each home to
install a standard list of conservation measures. This procedure
wastes program funds by over-investing in some homes while under-
investing in others. In addition, mechanical system improvements that
improve efficiency (such as new furnaces and vent dampers) are seldom
Included in the standard list of measures, even though significant

energy savings can result.

New approaches to seslecting conservation measures in low-income
programs are needed to improve the effectiveness of the programs by
overcoming the limitations described above. These new approaches
should incorporate the following principles: (1) building-envelope and
mechanical-system retrofits should be given egual consideration,

(2) houses should be analyzed individually to determine the most cost-
effective retrofits for that particular house, and (3) a rational
decision process for selecting the investment level for each house
should be followed.
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The Oak Ridge National LLaboratory (ORNL) has developed an audit-
directed retrofit procedurel’2 based on the three principles outlined
above. Home weatherization installers analyze houses individually to
determine which building-envelope and gas furnace-system retrofits are
most cost-effective rather than adhering to a fixed priority list
approach. The analyses performed on each house includes diagnostic
testing and determining the benefit-to~cost (B/C) ratio for each
possible retrofit. The B/C ratios are used to select retrofits and to
determine the investment level for each house in a group of houses.
Because houses receive different retrofits and various amounts of
money are spent on each house, the procedure can significantly enhance

program esnergy savings per investment dollar.

The audit-directed procedurs was tested in the Low-Income
Weatherization Assistance Program conducted by Wisconsin in 1985.3,4
Results showed that the procedure, which used an expanded list of
building-envelope and heating-system retrofits, doubled the cast-
effectiveness of the program as compared with the priority system for-
merly used in 1982. Additicnal testing is required to verify the
savings and program improvements achieved from audit-directed conser-
vation programs based on the previously identified principles,
especially in a different climate and a different housing stock from
that found in Wisconsin.

Periodic evaluations of conservation programs are needed to moni-
tor program effectiveness and to identify areas for improvement.
Currently, evaluations using monthly billing data can be performed
less expensively than evaluations using more detailed data (either
more frequently collected data and/or additional data parameters)
because billing data are routinely collected by utilities., However,
the level of analysis that can be performed with monthly billing data
and, hence, the information that can be obtained from such evaluations
is limited.
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Monthly billing data averages out driving forces such as indoor-
outdoor temperature difference and internal load over such a long
period of time that it can be difficult to determine their effect on
heating or cooling system performance. Current analysis techniques
for determining heating energy savings require billing data to be
collected over a full heating seasonyor, more typically, at least a
year before and after retrofit installation. This occurs becauss only
a few monthly data points can be collected over a heating season, and
baseload energy use must be separated from heating energy use.
Additionally, analysis results based on billing data have been insuf-
ficient to assess the overall effectiveness of most conservation
measures or to explain why deviations between monitored and predicted
retrofit energy savings occur.

Recent advances in meter technology offer the potential for more
frequent, lower-cost data collection. New telemetering equipment
records gas use on a daily basis and can transfer the recorded data
over phone lines automatically once a month. Thus, utilities can
collect daily house gas consumption data as readily and as lnexpen-
sively as monthly billing data are now collected. However, to fully
realize the henefits offered by this new equipment for evaluation pur-
poses, analysis techniques that utilize the more freguently collected
data to obtain improved results must be developed and validated.

1.2 PURPOSE

The Mational Fuel Gas End-Use Efficiency Field Test will be per-
formed in Buffalo, New York to address the two problems identified in
Sect. 1.1. Specific objectives of the project will be to (1) deter-
mine the performance and cost-effectiveness of an audit-directed
retrofit procedure similar to that developed by ORNL, and (2) develop
analysis techniques for evaluating conservation programs that can use



the more frequent data collected by gas telemetering equipment and
validate the technigues by comparing results to those obtained from

analysis of submetered data.

The purpose of this experimental plan is to present the detailed
objectives and method of the project. Experimental results will be

presented in future reports as the project is performed.

1.3 REPORT ORGANIZATICON

Section 2 summarizes the goals and responsibilities of the
project participants and the tasks and schedule of the field test. An
overview of the audit-directed retrofit procedure and how it will be
implemented in the field test are discussed in Sect. 3. Section 4
reviews the experimental design for the project and discusses the
sampling plan and assignment procedure to be followed to implement the
design. Section 5 identifies the data to be collected and the means
of collecting the data. This is follaowed by a discussion of the data
management system, designed to store the collected data and check it
for errors, in Sect. 6. Section 7 presents the analysis approach that

will be used to determine the performance of the audit.
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2. PROJECT OVERVIEW
2.1 APPROACH

The field test will be performed by the National Fuel Gas (NFG)
Distribution Carporation, ORNL, Alliance to Save Energy {ASE),
Wisconsin Energy Conservation Corporation (WECC), and the New York
State Department of Public Service (NYSDPS). Financial support for
the project will be provided by NFG and the U.S. Department of Energy
(DOE), Office of Buildings and Community Systems (DOE-OBCS).

One hundred low-income homes in Buffalo, New York, will be
studied: 50 homes will be assigned to a treatment group and the
remaining 50 homes will be assigned to a non-treatment or control
group. The homes in the treatment group will receive a mix of conser-
vation measures as selected by the Improved audit procedure, with the
installed cost of the measures not to exceed $55,000 for the 50
houses. The houses in the control group will not recelve conservation
measures. Data collected from the control homes will be analyzed to
determine the variation in heating energy consumption due to othar

factors.

The following data will be collected from all the houses: house
gas use, house electricity use, heating system gas use, hot water
system gas use, and house indoor temperature. These data will be
collected manually once a week with the exception of the indoor tem-
perature data. The instrumentation monitoring the indoor temperature
will autematically record the hourly indoor temperature; these data
will be manually retrieved once a month. In approximately 90 of the
houses, telemetering equipment will be installed to record house gas
use on a daily basis. In addition, the hourly outdoor temperature
will be automatically collected at three sites and manually retrieved

once a month.
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The field test will be conducted over a two-year period. Pre-
retrofit data will be collected on all homes during one winter season
(January to April 1988). Conservation measures will be installed in
the treatment group of houses during the summer of 1988 (June and
July). Post-retrofit data will be collected on all homes during the
following winter season (October 1988 to April 1989).

Three technical reports outlining the results of the project will
be published. The first report (an interim report) will identify the
conservation measures selected by the audit procedure with their pre-
dicted energy savings and present the pre-retrofit heating energy con-
sumptions of the houses. Following the post-retrofit heating season,
a second report will present results on the actual energy savings
achieved by the audit procedure. A third report will present the
analysis techniques developed to use the telemetering data in building
retrofit projects and the results of their validation, Technical
papers will also be prepared and presented at appropriate conferences.
Finally, a separate memorandum will be presented to NFG and NYSDPS
summarizing field test results and providing recommendations for
future consideration.

2.2 RESEARCH GOALS AND QUESTIONS

The field test’s objectives (identified in Sect. 1.2) and general
design (identified in Sect. 2.1) were formulated to meet the specific
research goals of the participating organizations. All participants
are interested in improving residential conservation programs and
identifying the energy conservation measures that really work. DOE,
RNL, and ASE are specifically interested in determining whether an
audit-directed retrofit procedure, based on the principles identified
in Sect. 1.1, can increase the performance and cost-effectiveness of

state and utility weatherization programs through the use af better



technology and improved concepts. These organizations are also
interested in increasing the information that can be obtained from
evaluations and lowering their costs. NFG and NYSDPS are specifically
interested in investigating methods for conducting utility sponsored
low-incomz weatherization programs and determining the potential
impact of these methods on the rate payers. NFG is also interested in
better understanding the performance of retrofits in their geographic
area to better serve the conservation needs of their customers and the
rate payers. Additionally, the field test will put NFG in compliance
with New York State Public Service Commission’s Opinion #86-9, Case
29088, requiring NFG to develop a Demonstration Energy Conservation
Program.

In order to meet the goals and objectives required of the field
test, an analysis of the data collected should lead to conclusions

regarding the following issues:

Study Background

1. What were the general characteristics of the houses and occupants
studied? How did the treatment and control groups compare with
regard to these characteristics?

2. What improvements were lidentified during the field test that
might increase the effectiveness of the audit procedure or the

field test itself?

Audit Procedure Implementation

1. What measures were installed under the audit procedure and how
were they distributed among the houses? Wers any measures con-
sidered by the audit not installed?
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what were the costs of installing the retrofits in the individual
nouses? How were the costs distributed among the houses, the
individual retrofit options, and the major retrofit categories
(infiltration control, other building-envelope retrofits,

heating-system retrofits, and hot water retrofits)?

How did the above measures and costs (and their distributiaons)
compare to those that have historically been installed in low-

income programs?

How accurately did the audit procedure recommend measures that
could be installed and predict the actual costs required to

install the measures?

What were the ensrgy savings oredicted by the audit procedure for

the installed measurss?

What were the B/C ratios predicted by the audit procedurs for the

installad measures?

Are there any significant relationships between the predicted
savings, the annual energy cost, and the installation cost of the

measures?

Audit Procedurs Performance

1.

What were the annual energy savings aof the individual houses and
the audit group taken as a whole for two cases: (a) normalized to
the actual indoor temperatures and base loads of the houses, and
(p) normalized to indoor conditions as assumad 1n making the
energy saving predictions (65°F pre-retrofit balance point and no
change in the indoor temperature between the pre- and post-

retrofit periods)?
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How accurately were the indlvidual house and group energy savings
predicted by the aqudit procedure?

What was the cost-effectivenass of the audit-directed retrofit

procedure on a per house and group basis?

Are there any significant relationships between the measursd
savings, the retrofit installation costs, and the pre-rebrofit

annual enargy cost?

Telemgtered Data Analysis

1.

2.3

fiel

1.

wWhat are the analysis technigues that can utilize telemetered
data?

How do annual, normalized energy savings calculated using teleme-
tered data compare to savings calculated using weekly submetared
data and monthly bllling data?

Is additional information gained or lost from using telemeterad
data?

PROJECT RESPONSIBILITIES

The following are the field test responsibilities of the six
d test participants:

NFG is a major gas utility in New York. NFG will fund and imple-
ment the on-~site portion of the project. This includes selecting
and auditing the houses, providing and installing meters,
collecting data, and contracting to install conservation
measures. NFG will fund WECC to perform its responsiblilities

described below.
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. DOE is the federal department responsible for promoting energy

efficiency research. DOE-OBCS will fund ORNL. and ASE to perform

their rtesponsibilities described below.

. ASE is a non-profit coalition of business, government, and con-

sumer leaders dedicated to increasing the efficiency of energy
use. ASE will develaop the concept plan, provide comment on
project documents, disseminate information on the project, and

prepare the memorandum for NFG and NYSDPS.

. ORNL is the lead federal research organization on single-family

retrofit technologiss. ORNL will develop the experimental plan,
supply indoor temperature and weather instrumentation, assist in
installing the provided instrumentation, develop and maintain a
data base of all collected data that also checks the data for

errors as they are collected, analyze the data, and prepare the

three technical reports.

. NYSDPS is the state department responsible for regulating state

utilities. NYSDPS will manage the field test at the state level
and ensure that information about the field test is made

availables to other New York state offices.

. WECC is a non-profit organization that has performed research and

evaluations on weatherization programs and retrofit strategles.
WECC will prepare a customized version of the audit-directed
ratrofit procedure (based on the design concepts outlined in
Refs. 1 and 2), provide technical training, and provide technical

assistance.

PROJECT TASKS AND SCHEDULE

The project has been organized into the following 15 general

tasks (see Fig. 2.1):



1987 : 1988 : 1989

Tasks :Jd A S O N D:d FM AM I J A S OND:J F M AM I 3 A S OGN D:
1. Concept paper 1===z)
2. Experimental plan
3. Select households
4, Install instrumentation : =====X1
5. Data base system : z========:5%
6. Collect pre-retrofit data
7. Customize audit
8. Audit training : : X
9. Audit houses : : ==X
10. Install measures : : =z===X
11. Prepare pre-retrofit report : : =====coozsz===
12. Collect post-retrofit data : : Zzmm=zzzizzzzz=zzozX
13. Prepare final reports H : : szzzzz=szz=X
14. Disseminate information : =====X =====X =zzomz=z==z);
15. Remove instrumentation : : : zz===)
16. Retrofit control houses : : : =zzzzz=z)

Fig. 2.1. National Fuel Gas end-use efficiency field test schedule.
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repare a Concept Paper - Based on discusslons with project par-
ticipants, ASE will prepare a project concept paper that will e
reviewed by NFG, ORNL, and NYSDPS. The plan will de: be the
project, need, approach, measures, roles of each organizatio

task plan, timeline, and budget. A final version of the concept
paper will be drafted based on comments received. This task was

completed in August, 1987, orior to development of this plan.

. Prepare an Experimental 2lan - ORNL will develop a detalled

exnerimental olan outlining how the field test will be conducted.
The plan will expand on the ideas outlined in the concept paper
and will present detailed information on Instrumentation, data
collection, and analysis technigues. Fach participating organi-
zation will review and comment on the document. The first draft
of the plan was completed in October, 1987, to allow each par-

ticipating oraganization to r2visw and comment on the document.
L 9| ¢

. Select Field Test Households - NFG will select appropriate house-

holds for particination in the field test by December, 1987,
using the housenold selection criteria and following the proce-

dure identified in this document.

Install Instrumentation - NFG will provide and install all the
instrumentation required to monitor the energy consumptions of
the individual households. ORNL will provide the instrumsntation
required to monitor the indoor and outdoor temgeratures and will
assist NFG in its installation. All instrumentation will be
installed by January 1, 1988. NFG will maintain all the instru-
ments with technical assistance provided by ORNL.

. Develop Field Test Data Bases System - ORNL will develop a data

base system to manage the field test data by January 15, 1988.
The system will check the data for errors as it is collected and

store the data in a format that can readily be used in analysis.
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. Collect Pre-Retrofit Data - Pre-retrofit data will be collected

from Januarcy 1, 1988 to April 15, 1988. Using forms provided by
ORNL, NFG will collect all the required pre-retrofit field data
(both survey information and monitored data collected from the
installed instrumentation) and mail the data to ORNL as it is

collected, ORNL will enter the data into the data base.

Customize the Audit-Directed Retrofit Procedure - WECC will
custom design and deliver to NFG a computerized audit procedurs
for the climate and houses to be encountered in the field test by
the end of April, 1988. The procedurs will be basad on the

design concept autlined in Refs. 1 and 2.

Provide Audit Procedure and Retrofit Tralning - WECC will provide
training workshops for NFG staff and weatherization installers in
April 1988. The workshops will explain how to use the audit pro-
cedure (including how to perform the blower door and heating
system steady-state efficiency measurements) and provide any
special instruction nesded for installing the conservation

measures.

. Audit Fileld Test Homes - NFG will audit all the Field test houses

in May, 1988, using the procedurs outlined in the training
workshops. ORNL will assign the houses to either the treatment
or control group following the procedure outlined in this docu-
ment. NFG will then select the conservation measures to be
installed in the Etreatment houses based on the audit resulfs.
Copies of the audit inmput and output information will be provided
to ORNL.

Install Selected Conservation Measures - NFG will install the
conservation measures selected by the audit procedure in the

treatment homas In June and July, 1988. NFG will inspect each
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retrofitted house to ensure proper installation of the conser-
vation measures. Information on the actual measures installed in
each house will be sent to ORNL.

Prepare a Pre-Retrofit Data Analysis Report - ORNL. will prepare
an interim report presenting the pre-retrofit heating energy con-
sumptions of the houses. The report will also outline the
measures recommended by the audit, their predicted energy
savings, and the measures actually installed in each home. The
first draft of the report will be completed by October, 1988, to
allow each participating organization to review and comment on
the document.

Collect Post-Retrofit Data - Post-retrofit data will be collected
from October 15, 1988 to April 15, 1989. Using forms provided by
ORNL, NFG will collect all the required post-retrofit field data
(both survey information and monitored data collected from the
installed instrumentation) and mail the data to ORNL as it is
collected. ORNL will enter the data into the data base.

Prepare Final Analysis Reports - ORNL will prepare a final analy-
sis report based on the data collected during the field test.

The report will compare actual energy savings to audit predic-
tions to determine the performance and cost-effectivenass of the
audit procedure, ORNL will prepare a second report describing
the analysis techniques developed for the telemetersd data and
the results of their validation. The first draft of these
reports will be completed by September, 1989, to allow each par-

ticipating organization to review and comment on the documents.

Disseminate Field Test Information and Results - ASE will prepare
and distribute a series of press releases and other documents
that cover the progress and results of the field test throughout
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the experiment. ORNL will prepare papers on the field test for
technical journals. ASE will prepare a memorandum summarizing

the field test results and providing a list of recommendations

for consideration by NFG and NYSDPS.

15. Remove Instrumentation - NFG will remove all the field test
instrumentation from the monitored houses by the end of June,
1989.

16. Install Retrofit Measures in Control Group Houses - NFG will
install appropriate conservation measures in the control group of
houses at the end of the test and before October, 1989, following
the audit procedure and/or based on the insights gained in retro-
fitting and analyzing the previously treated houses.
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3. AUDIT-DIRECTED RETROFIT PROCEDURE
3.1 OVERVIEW

The audit-directed retrofit procedurs to be used in the field
test is based on the principlss identified in Refs. 1 and 2 and
will be similar to the procedure tested in Wisconsin.2»% The
chief distinction of this procedure, as contrasted with a set
list of priorities, is that each house is analyzed individually
to determine the most cost-effective conservation measures. The
analysis performed on each house includes diagnostic testing and
determining the B/C ratio for each possible retrofit. An addi-
tiomal distinction of the audit procedurs is that it includes a
rational decision process to determine investment levels for each
house 1n order to improve conservation program expenditures.
Under this procedure, houses receive different retrofits, and
various amounts of money are spent on each house in order to
achisve maximum program energy savings per investment dollar.

The procedure previously tested in Wisconsin has subsequently
been modified by WECC to improve the accuracy of the'énergy
savings predictions, to include additional retrofits (including
hot water-system measures) and an improved method of performing
infiltration reduction work, to address additional types of
heating systems other than gas furnaces, and to make it generally

easiar to use.
3.2 DETAILED DESCRIPTION

The audit-directed retrofit procedure uses characteristics of the
houses, the climate, and an array of potential retrofits to select
appropriate retrofits for individual houses. The procedurs combines
the retrofit selection process with a management system that provides
a framework for administration, organization, and reporting. The ver-
sion of the procedure developed by WECC is computerized using a
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LOTUS 123 spreadsheet and is specifically designed for use in low-
income weatherization programs. This version also considers a wide
range of possible retrofits designed to reduce heating and hot water

energy consumption.

Mechanical-system conservation measures are considered along with
building-envelope and hot water-system measures in the audit proce-
dure. Building-envelope retrofits considered by the procedure include
installing (1) ceiling insulation, (2} exterior wall insulation,

(3) storm windows, (4) storm doors, (5) floor insulation, (6) exterior
foundation insulation, (7) interior foundation insulation, (8) sill
box insulation, and (9) infiltration reduction measures. Mechanical
retrofits to the heating systems include (1) replacing a standing
pilot with an intermittent ignition device, (2} installing an electro-
mechanical full-closure vent damper, (3) installing a thermally-
activated vent damper, (4) installing a secondary condensing heat
exchanger, (5) replacing an atmospheric burner with a gas opower
burner, (6) implementing an outdoor reset control scheme, (7) cleaning
and tuning the heating system, and (8) replacing the existing system
with high-efficiency equipment. Retrofits to the hot water system
include (1) adding an insulation blanket to the water tank, (2) insu-
lating hot water lines, (3) reducing the hot water temperature,

(4) installing low-flow shower heads, and (5) installing a vent

damper.

The first step in implementing the procedure is to collect the
following house data and enter it into the audit: (1) occupant infor-
mation, (2) health and safety information, (3) building-envelope data,
and (4) heating and hot water system data. The heating system data
includes determining the steady-state efficiency of presently
installed gas- or oil-fired systems through a flue gas analysis.
Household fuel consumption records are also obtained from the local
utility.
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In the second step, the following are calculated for =ach rztro-
it considered by the procedurs with the exception of the infiltration
reduction measures: (1) installation cost (materials plus labor),

(2) energy and cost savings, (3) simple payback period, and (4) B/C
ratin. The infiltration reduction mzasures ars handled differently
from the remalning retrofits as discussed in Sect. 3.3. All the
calculations are computerized, thereby alleviating routine and repeti-
tive numerical tasks. The installation costs ars calculated using
local labor and materials costs for each retrofit. Energy savings are
determined using regional average degree day data and a calculation
method that examines sach retrofit individually as opposed to an
approach in which the entire building 1s modeled. The savings of the
building-envelope retrofits are estimated by calculating the heat loss
reduction corrected for heating system efficiency and degree days.
Mechanical-system retrofit savings are estimated by calculating effi-
ciency changes and normallzed heating consumptions using previous
billing data. A B/C ratio greater than 1.0 indicates that the retro-
fit saves more money through ensrgy savings than it costs to installs
a retrofit with a B8/C ratio less than 1.0 will not save as mouch money

as it costs.

In the third step, retrofits with B/C ratios higher than a prede~
tevmined value for the retrofit program (at least 1.0) are salected
for installation once the interactions between retrofits are con-
sidered. Retrofit interactions become important when both heating-
system and bullding-envelope retrofits arz used. For instance,
celling insulation saves energy by reducing the amount of heat needed
to keep a3 house warm, while imoroving the efficiency of a furnace
reduces the amount aof fuel needed to deliver the required heat, The
interaction between these two retrofits causes their combined energy
savings to be lass than the sum of the savings each would achieve

alone. Retrofit interactions are also important when the same olesce
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of equipment can e modified by different mechanical measures. For
example, installing an intermittent ignition device or installing a
new high-efficiency furnace may hoth be cost-effective retrofits.
However, hecause a new furnace is already equipped with an ignition
device, these two retrofits cannot be performed on the sams plece of

equipment at the same time,

In the audit procedure, retrofits are generally selected in
decreasing order, based on their 8/C ratio. Interactions between
heating-system and building-envelope retrofits are handled by recalcu-
lating the B/C ratios for the retrofits that interact. Retrofits are
selected if the recalculated 3/C ratio is greater than the predeter-
mined value for the retrofit program. Interactions between heating-
system retrofits only are handled somewhat differently. The
mechanical retrofit with the highest B/C ratio is selected first (if
its ratio is also greater than the predetermined value for the retro-
fit program). Other mechanical retrofits with lower 8/C ratios that
interact are then dropped from consideration. The mechanical retrofit
with the next nhighest B/C ratio is then selected, and the process con-
tinues until all mechanical retrofits with B/C ratios greater than the
predeterinined value for the retrofit program are either selected or
dropped from consideration. There is one exception to this process;
installatinn of a new high-efficiency heating system can be selected
at the exclusion of other interacting mechanical retrofits with higher
B/C ratios. For this to occur, the B/C ratio for the heating system
replacement must te greater than the predetermined value for the
retrofit program and the replacement must meet one of the following
two conditions: (1) its B/C ratio must be greater than a preselected
“Yinteraction" value, or (2) its simple payback period must be less
than a preselected value. The interaction value and simple payback
value are chosen by the user based on judgement and experience. The
8/C ratio "interaction™ value is greater than the 8/C ratin value pre-

determined for the retrofit program.
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The average amount of money spent on a house in the program and
the overall cost-effectivensss of the program are controlled
indirectly through the selaction of the minimum B/C ratio value for
the retrofit program. By raising the value, only the more cost-
effective retrofits will be installed in each house. This reduces the
average amount of money spent per house and the total savings for the
hause, but increases the program’s effectiveness. By lowering the
value, more retrofits will be Installed, on average, in the houses.
This increases the average amount spent per house and the savings for
the house, but lowers the program’s cost-effectiveness. The B/C ratio
value needed to obtain an average expenditure per house or program
effectiveness 1s best determined through the implementation of a small

pilot program or through a trial and error process.

In the fourth and fimal step, the retrofits selected by the audit
are listed In a workorder that can be used by the weatherization
installer. The workorder identifies the work to be performed, =stima-
tes the amount of material and labor required for each retrofit, and
provides a cost estimate for the job. Follow-up work is then per-
formed as part of the audit procedurse to update the workorder by indi-
cating the work actually performed and its actual cost.

3.3 INFILTRATION REDUCTION PROCEDURE

The installation of infiltration reduction measures is handled
separately from the selection and installation of the remaining retro-
fits in the audit procedure. A speclally trained crew Is assigned the
task of performing all infiltration testing and retrofit work, which
can be performed in one visit. Using this practice, auditors do not
have to perform infiltration tests on the houses during the data
collection phase. For the field test, the infiltration work will be
_performed before the remaining retrofits are installed.
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The infiltration reduction work is performed following a blower-
door-guided infiltration raductinn procedure.5’7 The intent of the
procedurs i3 to increase the efficiency of infiltration measures
through the use of a blower door to locate house leaks and by

prescribing how much infiltration work is cost effective.

The crew begins the procedure by first checking to ensure that no
moisture problems currently exist. The crew then determines the air
leakage rate of the house, using a calibratzad blower door, at 50
pascal of depressurization. Expenditure levels and alr leakage rate
reduction goals for each house are set based on economic con-
siderations using the measurad air leakage rate and algorithms or
tables developed by WECC. Homes whose air leakagz rate is less than a
minimum value receive no treatment (except to seal leaks that directly
affect comfort) due to their low cost-effectiveness and to avoid
moisture and indoor air quality problems. Homes that have an air
leakage rate greater than the minimum value are assigned reduction
goals that vary with the leakiness of the house. Major leaks in the
house are sealad while the blower door is in place to help locate the
leaks and to track the air leakage rate during retrofit. The homes
are sealad until the air leakage rate reduction goal or expenditure

limit is met. A final air leakage rate measurement is then made.
3.4 AUDIT CONSIDERATIONS IN THE FIELD TEST

The audit procedure will be customized by WECC for use in the
field test. This customization will entail (1) including additional
house and heating system types, (2) including or deleting retrofits
for consideration, (3) developing a data collection sheet for the
audit information, (4) installing specific material, labor, and fuel
costs and weather data for the Buffalo area, (5) selecting values of

the B/C ratio and simple payback period to be used to determine if a
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furnace replacement should take precedence over other mechanical
retrofits with higher B/C ratics, (6) incorporating new default and
minimum values as needed, (7) developing new expenditure level and air
leakage rate reduction tables for the infiltration reduction proce-
dure, (8) modifying the workorder and other report forms, and

(9) designing and refining the overall audit procedure to meet the
needs of the field test and NFG.

The value of the B/C ratio used as a cut~off for the selection of
the individual retrofit measures (the predetermined value for the
retrofit program) will be chosen jointly by the project participants
after the houses are audited. As a minimum, the value will be chosen
such that the retrofit costs (which include the costs of the retrofit
installations, infiltration measures, and initial blower door measure-
ments, but excludes the costs of conducting the audit) do not exceed
455,000 for the 50 treatment houses. A higher value than this may be
chosen, however, to improve the.anticipated cost effectiveness of the

program.

The input, output, and follow-up information callected through
the implementation of the audit procedure will be provided to ORNL for
analysis. These data are contained in the LOTUS files created for
each house in performing the audit. This information must include the
identificatinn of the measures recommended by the audit, the measures
actually installed, the estimated and actual installation cost for
each recommended measure, and the energy savings and B/C ratio pre-
dicted for each recommended measure,






4. FIELD TEST DESIGN

4.1 EXPERIMENTAL DESIGN

One hundred houses meeting the criteria outlined in Sect. 4.2
will be monitored. Pre~ and post-retrofit testing will be employed to
determine the change in heating energy consumption following the
installation of conservation measures in the individual houses.
Further, a one-way classification design will allow an analysis of

variance approach to be used to analyze the consumption changes.®

Energy consumption data will be collected in individual houses

befare and after conservation measures are installed. These data
must be analyzed using a house model to determine annual eznergy con-
sumption changes in the houses because the before and after pericds
may cover different lengths of time, may not include the entire winter
period, and may be climatically different. Pre- and post-retrafit
testing allows the houses to serve as their own reference; thersfore,
energy consumption changes of individual houses can be studled in
addition to determining group savings. This design 1Is useful in con-
servation program evaluations where an on-off design? cannot be
employed, which 1s the case for this field test. The on-off design
may be used whenever the retrofit consists of a system, or a com~
ponent, that can be turned off so that the building operates as if the
retrofit did not exist.

The one-way classification design divides the field test houses
into "treatment™ groups in order that the effect of the treatments can
be studied. The effect of two "treatments™ on heating energy consump-
tion will be studied: the installation of conservation measures
following the audit-directed retrofit procedure (audit or treated

group) and the installation of no weatherization measures (control
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group). The inclusion of a control group allows many factors that may
affect the validity of the experiment to be taken into account . 10
Energy changes in the treated houses may be due entirely to the con-
servation measures that were installed. On the other hand, other fac-
tors occurring during the testing program may contribute to the
change. These factors can become more important the longer the inter-
val is between testing periods. A group of houses identical to the
treated houses but that are not retrofitted can be used to account for
these other factors by determining their change in energy use over the
same time period. The changes 1in the control group can then be com-
pared to the changes measured in the treated houses to determine

retrofit induced savings.

In order for the comparisons between the "treatment® groups of
houses to be valid, the two “treatment™ groups must be similar or
equivalent. The 100 houses could be divided into two *treatment®
groups of 50 houses each through a purely random assignment procedure.
This procedure ensures uniformity when a large number of houses is
involved, but becomss progressively more unreliable as the number of
houses becomes smaller. The use of random assignment with stratifica-
tion 1s an improved procedure for achleving pre~retrofit equality be-
tween the "“treatment™ groups.

In the stratified random assignment procedure to be employed, the
100 houses will he classified into one of the four sub-groups or
Ystrata™ identified in Fig. 4.1. These strata will be developed using
two key variables that can significantly affect the heating energy
consumption and the energy savings that might be achieved by the
audit: the type of heating system installed in the house (furnace or
boiler) and the level of pre-retrofit gas consumption of the house
(the upper or lower 50th percentile). One-half of the houses from
each classification will then be assigned to the audit or control
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group randomly. In this way, the samz number of houses that have a
furnace and are high ensrgy users, for example, will be assigned to
the two groups, making the groups similar with respect to the chosen
variables. The total number of houses in each classification will not
be controlled and, thus, will likely be different. The assignment of
the 100 houses to the two "treatment®™ groups should be performed

following the detailed procedure cutlined in Sect. 4.3.

The most important part of this procedure is the selaction of the
variables. The choice of an indiscriminate number of variables
creates too many sub-groups containing only a faw housess; this makes
the selection of houses more critical or the assignment of houses to
the "treatment®™ groups awkward. Variables that actually affect eneray
use or savings and whose values vary among the houses should be chosen
to make the stratification effective. An incorrect choice of
variables does not invalidate the study; in this case, the stratifica-
tion method is ineffective and just degenerates to the purely random

method mentioned above.

For this study, stratification using two variables was determined
to oe appropriate. The type of heating system installed in the house
is important because the control of the systems and the way they
deliver heat are different. Additionally, the retrofits selected by
the audit for a given house will depend on the house’s heating system
due to hardware and cost considerations. Pre-retrofit house gas con-
sumption is important because the average consumption of the houses in
the audit and control groups should be the same. Other variables,
such as house size and number of occupants, are less important than

the two variables chosen.



4.2

29

SAMPLING PLAN

In order that understandable results can be obtained from the

study and research goals of the experiment can be met, the population

of houses to be studled will be limited to those having the following

characteristics:

1. the occupants must be a resident of Erie County, New York;

2. qas service must be pravided by NFG;

3. the occupants must be eligible for the Low-Income Home Energy

~ O Ut

8.

10.

1.

13.

14.

Assistance Program (LIHEARP) at the time of being included in the
field test (based on their 1987 Income Tax Statement):

the house must be heated primarily with natural gas;

. gas service must be turned on;

the primary gas heating system must be in operating conditions
the house must not be scheduled to recelve retrofits under elther
the State’s WAP or NFG's Savings Power Loan Program and must not
have received weatherization by these programs in the last 5
years;

the house must be a single-family detached home, but not a mobile

home ;

. the house must be occupied by the owner;

the occupants must currently be paying their own fuel bills
{bills are not being paid by the county through vouchers);
the primary heating system of the house must either be a gas fur-

nace or a hot water boller;

. the house’s potable water must be heated with natural gas;

the occupants must not be planning an extended stay away from the
house during the winter monitoring periods (a 1-2 week vacation
is acceptable);

secondary fuel (such as wood or kerosene) must not be used to
substantially heat the house (use of a supplemental fuel a half
day per week or in the bathroom is acceptable); and
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15. the monthly gas consumption over the past year must be weather
dependent (can be correlated to outdoor temperature).

The first seven criteria define the population of houses needed to
meet the basic objectives of the experiment, while the remaining cri-
teria narrow the population to make the experiment easier to perform
or to improve the accuracy of the results. The importance of each of
these characteristics is described belaw.

The houses will ne limited to those located in Erie County,
New York (the county containing Buffalo) to centralize the experiment
and to remain within NFG’s service territory. A primary goal of the
experiment is to defermine the benefits rzalized from the audit proce-
dure by low-income families and NFG. If the benefits are significant,
then additional low-income homes may be retrofitted following the
audit using LIHEAP funds and/or through programs administered by NFG.
Consequently, the households to be studied must be selected from the
pool of families eligible for LIHEAP funds and their houses must be
primarily heated with natural gas supplied by NFG. Gas service must
he turned on and the primary gas heating system must be in uperating
condition to ensure that the houses are heated with gas. The houses
must not be scheduled to receive retrofits under another retrofit
program to ensure that the only changes made to the houses during the
testing pericd are those recommended by the audit procedure. The
houses must not have received weatherization under any ather program
within the last 5 years because this is a usual requirement of

programs that would utilize the audit procedure.

The houses meeting the above characteristics still form a rather
non-hamogeneous group; for instance, they may be quite different with
respect to their house and ogccupant characteristics. Thus, several

characteristics that further narrow the population were identified to
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obtain more definitive results on the most common type of low-income
housing found in NFG’s service area. Narrowing the study will also
make it easier to develop equivalent audit and control groups.

The study will focus on owner-occupied, singls-family, detached
homes whose occupants currently pay their own fuel bill. The energy
use behavior of renters can be different from occupants that own their
own hame; thus, the performance of the audit in these homes can also
be different. In addition, renters may be more likely to move during
the experiment than homeowners. Test houses in which the accupants
move will have to be dropped from the study due to the changes in
energy consumption that can result from a change in occupancy.
Dropping houses from the study should be avoided, if possible, to
maintain the integrity of the experimental design. The energy use
behavior of people who pay their own fuel bills may also be different
from those who have their bills paid by the county through vouchers;
thus, the performance of the audit procedurs in these homes can also
be different. Homes other than single-family detached are signifi-
cantly different structures such that energy use and audit performance
might be affected. In addition, the audit is not applicable to thess

other house types at this time.

The study will focus on houses equipped with either gas furnaces
or hot water boilers. Mr. Ray Nihill of NFG estimated that 60% of the
low-income houses in the Buffalo area heated by gas have forced or
gravity hot air furnaces, 30% hot water boilers, and the remaining 10%
either steam bolilers, space heaters, or floor furnaces. The latter
three types are not sufficiently prevalent to warrant including in the
study population. In addition, the audit may not be applicable to
houses equipped with these types of heating systems. The house’s
potable water must also be heated with natural gas (the predominant

equipment tyne), mainly to make instrumenting the test houses easier.
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The remaining characteristics help ensure that the energy con-
sumptions of the houses can be determined as accurately as possible
using currently developed analysis technigues. Accurately measuring
the amount of secondary fuel used to heat a house is difficult,
especially for such fuels as wood or kerosene. Thus, extensive use of
such fuels increases the uncertainty of energy use determinations and
can make such determinations impossible. The energy use of houses
whose occupants will be away for extended periods of time during the
winter monitoring periods may be very difficult to analyze. There may
be insufficient data collected to characterize the house when it is
occupied. A 1-2 week vacation, though, would be acceptable. A basic
assumption in the analysis techniques to be employed is that the space
heating gas consumption is dependent on the outdoor temperature. If
this assumption is not true for a particular house, then its measured
energy use data cannot be analyzed by the methods which will be
employed. Thus, houses in which the occupants use sacondary fuels
extensively to heat the house, the occupants are planning an extended
stay away from the house during the monitoring period, and the monthly
gas consumptions over the past year do not depend on the cutdoor tem-
perature will not be included in the study population.

Because all the houses in the population of interest cannot be
studied, a sample of houses representing the population must be chosen
for inclusion in the field test. Based primarily on cost con-

siderations, the size of this sample will be limited to 100 houses.

Selection of the 100 houses will be performed by identifying
individual houses conforming to the population characteristics
described above, determining if the occupants are willing to par-
ticipate in the field test, and accepting them if they consent until
the 100 house guota is reached. This “quota sample™ approach (a type
of selection called a "chunk™ in Ref. 11) was chosen as it was

unlikely that a more formal statistical sampling technigue such as
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random sampling could be employed. A randomized selection procedure

would require the identification of a much greater number of eligible

homes than needed, and then randomly selecting 100 houses from the

developed list. This would require time and funds which are not

availahle.

The selection of houses should proceed in four steps:

Step #1.

Step #2.

Step #3.

Low-income households which may be eligible under LIHEAP
need to be identified using any avallable resource.

The fTorm provided in Fig. 4.2 should be filled out for each
of the houses as they are identified to determine their eli-
gibility for the field test. Information needed to complete
the checklist should be obtalned through telephone inter-

views.

Criterium 15 should be verified for the houses determined to
be eligible under Step #2. If the house meets this final
criterium, then a site visit to the house should be made to
complete Step #4. The monthly energy consumptions for the
past year should be regressed against the total degree days
for the bllling period assuming a linear relation. If the
correlation coefficient (r2) of this regressior is greater
than 0.75, then the house may be used in the field test.
(The value of 0.75 was chosen to exclude houses with space
heating gas consumption independent of outdoor temperature.)
Only actual meter readings should be used in this analysis.
For example, if the gas meter was read in January gnd March
but estimated for February, then January’s reading should be
subtracted from March’s reading to obtain one data point
representing a two month interval. The corresponding degree
days for this data point would be the total for February and
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Hello, Mr. or Mrs. (Account Name) . This is
(Rep. Name) from National Fuel Gas. National Fuel

is conducting a special demonstration project that could weatherize
your home free of charge. The project will evaluate a new home energy
audit by comparing a home’s energy usage before and after it is
weatherized. You already meet some of the criteria necessary to par~
ticipate in the program. May we ask you some simple questions which
will further qualify your home for free weatherization?

(If yes continue, if no go to last paragraph.)

List Name Account#
Address City
Phone Zip Code
Correct
Answer
1. Do you live in a single-family home? __Yes _ No Y
2. 1Is the home detached from another home __Yes _ No Y
or apartment? (But not a mobile home.)
3. Are you the owner? ___Yes __ No ¥y
4. 1Is the home heated by a natural gas Yes  No Y
furnace in working order?
5. Is there a gas hot water tank in Yes _ No Y
working order?
6. Has the home been weatherized by a __Yes __ No N
state or utility funded program in
the last 5 years?
7. Do you plan to move within the next ___Yes _ No N
2 years?

(If questions are answered correctly)

Your home meets the preliminary qualifications to participate.
What time of day is most convenient for a National Fuel representative
to visit you to further explain the program. (Time ). Thank
you for your time. Good-by.

(If guestions are not correctly answered)

Your homz does not meet the necessary qualifications to par-
ticipate in the test. Thank you for your time and have a nice day.

Fig. 4.2. Checklist for screening possible project participants.
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March. Some speclal considerations may need to be taken if
the present occupants have not lived in the house for at

least a year.

The occupants of the houses that may be used in the field
test should be provided with a copy of the “Interview Fact
Sheet for End-Use Efficiency Field Test™ listed in Fig. 4.3.
If they meet all the field test criteria and are interested
in participating in the field test, then the "Agreement™ and
"Affidavit,” provided in Figs. 4.4 and 4.5, should be
completed and forwarded to the person maintaining the field
test files. The houses should be assigned a unlque three-
digit number as they are accepted into the field test.

4.3 ASSIGNMENT PROCEDURE

The assignment of the 100 houses to either the audit or control

groups should be performed in four steps:

Step # 1. The type of heating system installed in each house should be

Step #3,

determined and noted.

Using the regression coefficients determined during the
third step of the selection procedure and the number of
degree days for a typical year in Buffalo, the annual amount
of gas consumed for heating for each house should be deter-
mined. The houses in the upper and lower 50th percentile
should then be identified.

The 100 houses should be classified into the four groups
identified in Fig. 4.1.
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(1)
(2)

(3)

(4)

INTERVIEW FACT SHEET FOR END-USE EFFICIENCY FIELD TEST

The program is mandated by the Public Service Commission.

Reason: It is to evaluate a new hame energy audit approach
developed by the United States Department of Energy. The audit
will provide more accurate fuel savings figures and prioritize
which energy conservation measures should be installed in the
hame.

National Fuel is working this project in cooperation with the
following organizations:

1. Alliance to Save Energy, a ﬂagional non-profit organization
working to improve our nation’'s energy efficiency,

2. New York Department of Public Service, the state regulator
of utilities, and

3. Oak Ridge National Laboratory, a research organization pro-
viding engineering assistance to the project.

One hundred sites will be selected by National Fuel personnel.
To participate in this program you must meet the following
criteria:

(A) Must have received "HEAP™ > 150% poverty or below guidelines
t time of entering program.

Yes No
(B) Must be an Erie County resident.
Yes No
(C) Must be an active National Fuel heating customer.

Yes No

(D) Must have a natural gas furnace or boiler and water heater
in operating condition.

Yes NO
(£) Must be a single-family home.

Yes No

Fig. 4.3. Project summary to be presented to
the possible project participants.
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(1)

(2)

(3)

U 9 S — i s R

(F) Must be the owner of the home (no mobile homes).
Yes No
(G) Must not have plans for any structural additions (including
attic and basement rooms).
Have Plans No Plans

(H) Must not be scheduled for any weatherization work within the
next two years other than work performed under this program.

(I) Must not use, or intend to use, a secondary fuel to heat the
house (occasional electric space heater or fireplace use is
acceptable); (electric space heater 1/2 a day per week is
unacceptable).

Secondary Heat Exists No Secondary Heat

(J3) Must not have plans to move or to be away from home for an
extended time during the next two years (normal vacations
are no problem during heating season).

(K) The monthly gas consumption must be weather dependent.

WHAT THE CUSTOMER SHOULD EXPECT DURING THIS PROGRAM

This year, National Fuel will install a new or recalibrated gas
meter. A contractor will install two 24-volt time-elapse meters
connected to both the furnace and hot water tank. The meters
will be hung in a basement window which can be easily read from
the exterior of the home. A small (approximately 6 x 2 x 4 in.)
Temp-Cube (temperature recorder) will be placed in the home
living area to monitor indoor temperature.

The gas meter, electric meter, and both time-elapse meters will
be read weekly by a meter reader from DMC Energy. The Temp-Cube
will be read on a monthly basis.

Next spring energy auditors will visit your house to conduct an
energy audit. The auditors will collect information about your
home, test your furnace’s efficiency and find out where heat
leaks out of your home. The detector uses a special fan that is
placed in your front doorway for about an hour.

Fig. 4.3. {(continued)
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(4)

(5)

(6)

(1)
(2)

e
Weatherization measures recommended by the audit will be ]
installed in your home, either next summer or during the
following summer of 1989. The homes to be insulated each summer
will be chosen by Oak Ridge National Laboratory.

In return for participating in the demonstration program, the
following assurances are made:

(A) Your home will receive an energy audit to determine which
conservation measures are cost-effective to install in your
home.

(B) Based on the audit results, recommended weatherization
measures will be installed in your house by a contractor
chosen by National Fuel. There will be no charge to you for
these services. National Fuel will pay for the full cost of
the audit and weatherization materials and labor.

(C) Information collected about your home will only be used for
research purposes and will remain confidential. No infor-
mation will be released without your prior approval.

This is an important research study that will help us learn how
to better control home energy costs. Your participation in the
study will make a big contribution to realizing that abjective.

National Fuel will arrange with you times when contractors and
meter readers will visit your home.

THE FOLLOWING MUST BE RETURNED TO NATIONAL FUEL

CUSTOMER AFFIDAVIT

CUSTOMER APPLICATION

Fig. 4.3. (continued)
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AGREEMENT

Agreement made this _ day of , 1987, between
NATIONAL FUEL GAS DISTRIBUTION CORPORATION with an offlce located at
10 Lafayette Square, Buffalo, New York 14203 (hereinafter referred to
as "NATIONAL FUEL") and residing at

(hereinafter referred

to as  HOMEOWNER™ J.

WHEREAS, NATIONAL FUEL is committed to assisting its customers in
energy conservation.

WHEREAS, a NATIONAL FUEL representative has described to the
HOMEOWNER NATIONAL FUEL s End Use Efficiency Field Test and
Weatherization Program.

WHEREAS, the HOMEOWNER has expressed a desire to participate in
NATIONAL FUEL s End Use Efficiency Field Test and Weatherization
Program.

WHEREFORE, the parties mutually agree as follows:
1. HOMEOWNER agrees:

(a) to allow his/her residential premises located at

(hereinafter referred to as "test
site” ) to be used as a test premise by NATIONAL FUEL for the pur-
pose of its End Use Efficiency Field Test and Weatherization
Program.

(b) to allow NATIONAL FUEL or its agents or contractors access to
the test site to install, monitor and remove small energy use
meters.

(c) to allow NATIONAL FUEL access to the test site on a weekly
basis during the test period in order to read the small energy
use meters. (Note - whenever possible, meters will be installed
in such a way as to be read from outside the house.)

(d) to allow NATIONAL FUEL or its agents to conduct an energy
audit during a time period to be scheduled by NATIONAL FUEL.

(e) to allow NATIONAL FUEL, its agents or contractor to install
the energy conservation measures recommended as a result of the
energy audit.

Fig. 4.4. Agreement form to be signed
by the project participant.
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(f) to allow NATIONAL FUEL to conduct this test program at the
test site free of charge.

(g) to allow NATIONAL FUEL to release all information regarding
energy use obtained from the test site.

(h) to make every effort to safeguard all the equipment installed
by NATIONAL FUEL or its agents at the test site,

2. NATIONAL FUEL agrees:

(a) to test and monitor the efficiency of designated gas equip-
ment located at the test site.

(b) to install or have its agents or contractors install free of
charge the energy conservation measures recommended as a result
of the energy audit.

3. The test period shall be for two (2) years commencing on the date
of installation of the energy use meters by NATIONAL FUEL, its agents
or contractors.

4. The HOMEQWNER shall not assign any interest in this Agreement
without the prior written consent of NATIONAL FUEL. Any assignment
without prior written permission shall be void and totally ineffective
for all purposes.

5. The HOMEOWNER hereby agrees to release and forever discharge and
convenant not to sue NATIONAL FUEL, its affiliate companies, its offi-
cers and members, and the officers and members of its affiliate com-
panies, of and from any and every claim, demand, action or right of
action, of whatsoever kind or nature, either in low or in equity
arising from, out of or by reason of any bodily injury or personal
injuries known or unknown, death and/or property damage resulting to
or to result from any accident or incident which may occur as a result
of defective manufacture of the equipment or any non-negligent activi-
ties in connection with the end Use Efficiency Field Test and
Weatherization Program.

The HOMEOWNER expressly agrees that this Release, and walver is
intended to be as broad and inclusive as permitted by the laws of the
State of New York and that if any portion thereof is held invalid, it
is agreed that the balance shall, notwithstanding, continue in full
legal force and effect.

Fig. 4.4 (continued)
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6. Either party may terminate the Agreement upon thirty (30) days
notice to the other party.

7. As to any term of this Agreement, New York law shall apply.
8. This Agreement is intended by the parties to be a complete,

exclusive statement of the terms of their Agreement; it supersedes all |
prior agreements, written or oral. ]

. DATED:

| NATIONAL FUEL GAS DISTRIBUTION
| CORPORATION

By

Title: Title:

Fig. 4.4 (continued)
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,\\

D
Y | National Fuel

bl plaass
address te

AFFIDAVIT

1, '

residing at do hereby certify that

in the year 1987 I received a payment under the Home Enerqgy

Assistance Program.

Signature

Witnessed By

Date

Fig. 4.5. Affidavit form to be
signed by the project participants.
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Step #4. Half the houses in each of the four groups should be ran~
domly assigned to the treatment group. The remaining houses
are then assigned to the control group. This final step
will be performed after the pre-reirofit data are collected
and just before the audits are performed in order to mini-
mize the effect attrition may have on creating unequal
treatment and control groups.

The expected error in estimating the average house savings
achieved by the audit procedure by means of a random sample of size 50
(only 50 of the 100 houses will be retrofitted) can be estimated using
the following equation8 and assuming similar results as those obtained
from the previous field test of the audit:’

E = (Zgsp s)/NL/2,

where
E - magnitude of the error of estimate;
Zy/7 - number associated with the 1-0/2 percentile point
of the standard normal distribution;
5 - standard deviation of the average house savings; and
n - number of houses in the sample.

In the previous field test, the average house savings were found to be
207 tnerms/year with a standard deviation of 263 therms/year. (This
large standard deviation is due mostly to the fact that, in using the
audit procedure, some houses receive many retrofits and others receive
relatively few.) Using a value of 263 for "s" and "a" equal to 0.10,
the error of estimating the average house savings achieved by the
audit by means of the average savings of the 50 house sample will be
less than 61 therms/year with a probability of 90%. If the sample
size decreases to 40 houses due to attrition, the error will increase

to 68 therms/year.
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5. DATA PARAMETERS AND MONITORING INSTRUMENTATION

The data to be collected in this field test includes, for the
most part, the minimum data specified in Ref. 12. The data can be
divided into two classifications: survey information and time-
seguential measurements. Survey information represents data collected
before, during, or after the experiment through discussions with the
homeowner, visual observations, and some limited measurements. Time-
sequential measurements are monitored continuously with instrumen-
tation throughout the experimental period. A schedule for collecting

these data is provided in Fig. S5.1.

5.1 SURVEY INFORMATION

The following survey information is to be collected in the field
test:

. house and cccupant descriptive information,
. follow-up interview information,

. house infiltration measurements,

£ N

. metered space heating system mechanical performance, and

i

retrofit installation quality verification and retrofit listing.

The descriptive information documents the physical charac-
teristics of the house and space heating equipment as well as the
behavioral characteristics of the occupants. This information is
neecded For the following reasons: (1) to clearly establish the charac-
teristics of the houses and cccupants from which the data and results
were obtained and to which the results may reasonably be generalized,
(2) to estimate the internal loads required in the analysis, (3) to
determine the dependency of retrofit performance on house or occupant

characteristics, (4) to allow the ftest results to be compared with



: 87 1988 : 198%
: D :J F M A M J J A 8§ G N D:J F M A M:
1. Descriptive information T} T S 2
2. Follow-up information ; ; X : X ;
3. Infiltraticn measurements ; ; X X X ; ;
4. Heating system steady-state ; ; X X ; ;
efficiency measurements : : : :
5. Retrofit installation ; ; X : ;
gquality verification : : : :
6. Retrofit listing ; ; X : :
7. Time sequential measurements ; ; X X X X X X X ; X X X X ;
8. Monthly billing data ; ; X : X ;
9. Gas heat content ; ; X X X X X X X ; X X X X :
10. Gas consumption rate ¢ X X X : :

calibrations :

Fig. 5.1. Schedule indicating when specific information or data are to be collected.
g

9t
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Table 5.1. House descriptive information.

General
Experimental program
House identifier
Interviewer
Date of interview
Occupant’s name and phone number
House location
Utility distributors

House
Type
Number of flaoors
Foundation and roof type
Roof and external wall colors
Number and description of rooms typically closed off
Total and heated floor areas
Evaluation of factors affecting air infiltration
Plan view sketch

Occupancy
Ownership
Length of time at residence
Permanent number by age group
Average number at home during the day

Heating system

Type

Fuel

Distribution fluid and method

Namzplate information (manufacturer, model, input and output
capacities, and efficiency)
Age

Location

Coal or oil conversion unit

Energy efficiency devices present (vent damper and 1ID)

Pilot light use pattern

Auxiliary heat use

Distribution system
Total length of ductwork or piping
Length of ductwork or piping in unconditioned spaces
Insulation thickness
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Table 5.1 (continued)

Thermostat
Type
Number
Nameplate informetion (manufacturer and model)

Hot water system
Fuel
Storage type
Heater type
Nameplate information (manufacturer, model, tank size, input
capacity, and recovery)
Hot water temperature
Blanket thickness
Location

Appllances
Type
Fuel
Location

Insulation
Location and area
Construction
Type and thickness
Siding type (for walls)
Carpeted area (for sub-floor)

Windows, glass doors, and non-glass external doors
Window type
Window treatments
Area measurements per external wall facing
Number of window panes
Non-~glass door type
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results cobtained from other studies, and (5) to allow the data set to
be used in future studies. Table 5.1 lists the specific information
requirements for this classification. An Entrance Interview Form
(Appendix A) was developed to gather all the information. Included in
the form are the descriptive terms appropriate for each item, For
example, the house type can be characterized as either being multi-
story detached, ranch detached, split level detached, attached, or
mobile home. The descriptive information should be collected in
either January, 1988 or when the houses are audited in May, 1988.

The follow-up interview information identifies changes that may
have occurred in the above characteristics during the testing program.
Changes could affect the conclusions of the experiment and, thus, need
to be known in order that they can be evaluated. A Follow-Up
Interview Form will be developed to collect the information identified
in Table 5.2. The follow-up interview information should be obtained

at the end oV the testing period in May, 1989.

The house infiltration measurements serve as descriptive
variables characterizing the house air leakage rate with and without
the retrofits installed. These measurements (1) more completely
characterize the house, (2) quantify secondary effects of retrofits
(such as infiltration reduction due to installing attic insulation),
and (3) provide information which may be useful in future examinations
of the data set. The fan pressurization technique using a blower door
should be utilized because repeatable results are easily obtained at
standard conditions. References 13 and 14 describe a standard fan
pressurization technique that should be followed. Basically, the flow
at 0.04 in. H20 (10 Pa) to 0.24 in. H20 (60 Pa) in increments of 0.04
in. H20 (10 Pa) are measured with the blower door pressurizing and
depressurizing the house. These infiltration measurements ars in
addition to any measurements to be made under the audit’s infiltration
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Table 5.2. Follow-up interview information.

Major alterations or additions
House
Space heating system or its operation
Domestic hot water system

New conservation measures or practices employed

Additional equipment used or change in use of pravicus equipment
Auxiliary heating equipment
Appliances

Occupant changes
Permanent number
Rge
Average number at home during the day
Ownership
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reduction procedure for several reasons: (1) these measurements are
intended to represent the alr leakage rates of the houses before and
after all retrofits are installed, not just the infiltration reduction
measures, (2) more information is reguired, and (3) similar data on
the control houses is desired. The pre-retrofit measurements should
be made in all the houses at the time the houses are audited and the
post-retrofit measurements when the quality of the retrofit installa-

tion is verified, as discussed below.

The mechanical operation of the space heating systems are metered
to determine their actual operating characteristics. These measurs-
ments serve as a check on the nameplate information provided by the
manufacturer, ensure that the mechanical equipment is operating pro-
perly, and are important variables needed 1n the analysis equatiocns if
internal loads are considered. For this field test, this entails
measuring the steady-state efficiency of the gas fired furnaces or
boilers by performing a flue gas analysis. (The efficiency of con-
densing furnaces should not be measured because this measurement is
difficult to make on this type of eguipment.) A measurement needs to
be taken on the current system, and a second measurement needs to be
taken if a mechanical retrofit was performed (a clean and tune, new
furnace, etc.). Because measurements on the current systems are per-
formed for the audit, they do not have to be duplicated in any of the
test houses (all test houses will be audited at the same time, but
only half will be retrofitted between the pre- and post-retrofit
periods). The second measurements taken on the systems receiving
mechanical retrofits should be performed when the quality of the
retrofit installations 1is checked, as discussed below.

Verifying the retrofit installation quality is essentially a
post-retrofit inspection to ensure that the retrofits have been

installed according to specifications. If a retrofit has not been
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correctly installed, or completely, additional work should be per-
formed until the installation is satisfactory. The installation can
be checked through visual inspection or measurements can also be made
(checking the depth of attic insulation or performing a second flue
gas analysis, for example). Verifying the retrofit installation
quality needs to be performed in all the treated houses in July, 1988,
which 1s sgon after the installations are completed and before the
post-retrofit monitoring period begins. The retrofits actually
installed in the houses and thelr costs need to be documented in July,
1988, by inserting the information into the computerized audit

program.

5.2 TIMEZ-SEQUENTIAL MEASUREMENTS

Five data parameters will be monitored in each of the field test
houses: house gas use, house electricity use, neating system gas use,
hot water system gas use, and house indoor temperature. In addition,
outdoor temperature will be measured at three sites. All these
parameters will be used directly in the analysis eqguations presented
in Sect. 7. Local weather data will be collected to supplement the
other collected data, but will not be used in the analyses performed
under this study. Table 5.3 summarizes the reguirements of each data
parameter. Data collection should begin by January 1, 1988, and will
continue until April 15, 1988 for the pre-retrofit period, and, for
the post-retrofit period, should begin by the week of October 17, 1988
and continue until April 15, 1989.

5.2.1 House Gas Use
NFG will provide and install in each test house a recently

calibrated meter to measure the house gas use to within an accuracy of
3%. The prand of meter will be left to the discretion of NFG. Thesse



Table 5.3. Time-seqguential data parameter requirements and information.

Quantity to Recording Collection Measuring
Oata Parameter be measured freguency freguency instrumentation Comments
House gas use gas use, ft3 weekly weekly gas billing all houses
meter
monthly vearly gas billing all houses
meter
daily monthly telemetering some houses
equipment
House electricity electric use, weekly weekly electric all houses
use kwh billing meter
Heating system gas run-time, hours weekly weekly tun-time meter all houses
use
Hot water system run-time, hours weekly weekly run-time meter all houses
gas use
Indoor temperature  temperature, °*F  hourly monthly Telog tempera- all houses
ture recorder
Gutdoor temperature temperature, °F hourly monthly data logger three sites
equipment
Cther weather = —=-ee- hourly monthly provided by local

parameters

weather station

€S



meters will be manually read once a week by NFG, with the reading
being recorded on the data collection sheet provided in Sect. 6. The

data collection sheets will be forwarded to ORNL weekly.

The normal billing data collected by NFG for accounting purposes
should also be forwarded to ORNL. At the end of sach monitoring
period (May 1988 and May 19892), the billing data for the previous two
years should be downloaded from NFG’s records using their standard
programs and sent to ORNL. Figure 5.2 is an example of the data
obtalned from the downloading procedure and its format.

In a majority of the houses (approximately 920), the Metscan
Telephony Based SystemS will be employed to read the house gas bhilling
meter once a day (representing the house gas use from midnight: to
midnight). A remote monitoring device will be installed in each of
these houses to record the daily readings and to initiate com-
munication to the data collection network once a month. The data
collection network receives the daily data from the remote monitoring
devices via local telephone exchange, stores the data, and generates
reports. NFG will provide and install all the eguipment required to
collect these daily data. NFG will provide ORNL with the dally data
once a month as it is collected using the report shown in Fig. 5.3.
It should be emphasized that house gas use should still be manually
recorded once a week as described above in these houses.

The house gas consumptions are measured in units of ft3 of gas.
In order to convert the house consumptions (and other submetered con-
sumptions to be discussed below) into units of energy, the heat con-
tent of the gas must be known. NFG will provide data monthly on the
heat content of their gas.
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ITH&ESEZ NATIONAL FUEL DAaTE: 10/729/87
BILL INVESTIGATION TIME: 09:15:29

ACCT NUM - 144702203000 METER NuUM - L 2074717
CUST NaME - METER KIND - X22440
STREET - BASE LOAD - 2.5
TOWN CODE - THEO DEGREE DAY FACTOR - 0.0104
FHONE NUM ~ PRESENT READING -~ ?0.1
GAS CONS
BTLL NET BILLING DEGREE cosT PER
TYPE CONSUMPTION AMOUNT DaTeE DAaYS RATE o
EST 6.0 36.23 10-23-87 241 -1.0294 0.0102
EST 3.2 22,26 CP-24~-387 70 "0.7&021 0.0100
EST 2.5 .14 08-25-87 i -1.07858& 0.0000
ACT 2.0 14,79 07-28-37 4 ~1.43257 =0 1250
EST 2.8 18,45 04~29-37 a7 -1.420E2 0.0111
ACT 2.5 22.01 05-29-87 308 -1.41533 0.0032
EST 7.4 29,85 O04~27-~-87 444 -1.445%74 0.010&
ACT 7.4 40,77 03~30-387 847 ~1.44484 0.0059
EST 18.0 ¢0.34 1344 =1.31248 Q.0115
&CT 24,5 125,73 1103 ~Q.74082 0.01%9
MO 2.9 74,38 1034 -0 FE167 0.0101
A0 4.4 29,98 &40 5228 0.002%7
TOTA ?4.3 942,13 G225 C.0104
EST 5.5 34.77 10-23-86 27 —~0, 85758 0.0101
EST 4.0 246,82 09-24-864 151 -0 ,8554% 0.00%%
EST 2.6 19.73 OE-~I5-84 S =0.69433 0.0200
ACT 0.7 7,48 4 -0 27%23 ~0.1286
EST 3.3 23,04 -3, 28950 Q.0104
ACT 7.2 57,465 -0.27151
DET T S0, NG ) PR
3T 11.3 72,446 O'*’Lw&é 0.00%3
ALT 21.7 131.27 022784 1292 ~0.Jﬁb’5 0.0149
EST 14.5 ?0.42 01-28~-86 1336 ~3.10133 0.,00%90
ST 12.1 74, 3% 12-27-85 104 -~0.10100 0.00%0
ACT 3.5 25,84 11-22-85 HﬂG ~Q . 0746463 0.0018
TOTAL F&L. b &22, 38 &E5EY 0.0101
RIEMARKS 1 oo o m o o oo e e e o oot oot et o £ o b o Ao S 1 S o e 2 b o s

Fig. 5.2. Format of the monthly bllllng data obtained
in downloading information from NFG’s records.
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METSCAN METER READING SYSTEM
DAILY USAGE GRAPH
RMD: 29 PORT: O
12/01/85 — 12/30/85
957
#
B
g
827 E B
2B B ¥
B B R B # ¥ B
EE B 2 B B ¥ E ¥ %
B B R E 2 B EHEERE Q2
627 E B FEREEER E 58823 8% % 1
E 3 FEREEEEER g 82 EE R H
g 2 2 B2 ¥EEEZ R 82 2R 32 A
g B EERRERBREREZ B ¥ g8 858 4
EEZE # E EBREE EEERERERE R Z E A
567 EZ R E R FEEEEAREFEZEZEREEERESEE R A
EEEENERNREREEEZE LI EE AREEE R R OEE YER A
AEB R NEEEOEXAREEENEREEREREAER 5B YA
EREEYEFEETEERYREFEEDRNREE A FEE Y B B A
XBEEREEEEEERENEREERZEEBEREZEREZE E B
437 B ¥ ¥ % B E ¥ E E B R E WY EHEYEPEEENEEGEHRGE A
DATEOOOO0O0CGCOOOO11111111}11122222222223
12242507 8630215224807 89vl2349.50678Y40
ALL USAGE 1IN CUBIC FEET
*x*x DAILY USAGE COUNTES AND READINGS %xx
DATE USAGE READING DATE USAGE READING
12/01/85 458 292789 12717785 708 302970
12/02/85 589 293378 12718785 821 303721
12703785 746 294124 12719785 802 304593
12/04/85 711 294835 12/20/85 706 305299
12705785 598 295433 12/21/85 705 306004
12/06/85 615 296048 12/,22/85 84e 306850
12707785 375 296623 12/23/85 637 307487
12/08/85 562 297185 12724785 602 308089
12/09/85 548 297733 12725785 775 308864
12710785 549 298282 12726785 229 309793
12711785 549 298831 12727785 817 310610
12712785 572 299403 12/28/8% 754 311364
12713785 609 300012 12729785 769 312133
12/ 14/85 706 300718 12730785 738 312871
12715485 793 301511
12/16/85 751 302262

RMD 29
PORT O

START DATE
12/01/85

PEAK USAGE

929

LLOW USAGE
458

AVG USAGE
684

EACH - BLOCK
26

Fig. 5.3. Format in which the daily billing meter data will be provided.



57

5.2.2 House Electricity Use

The existing electric billing meter installed in each house will
be used to monitor the house electricity consumption. Although these
meters will not be recalibrated, they should generally provide an
accuracy of 3%. These meters will be manually read once a week by
NFG. The reading will be recorded on the data collection sheet pro-
vided in Sect. 6, which will subsequently be forwarded to ORNL weeskly.

5.2.3 Heating System Gas Use

Because the gas consumption rate of the heating eguipment to be
encauntered in the field test should be steady whenever the unit is
operating, the heating system gas use will be monitored in each house
by measuring its operating time using elapsed-time (run-time) meters.
In this monitoring technique, the meter is installed in the thermostat
control circuit, in parallel with the solenoid valve controlling the
gas supply valve, so that power is supplied to the meter whenever
power is supplied to the valve. Usually, the thermostat control cir-
cuit is a 24 volt OC system, so that a 24 volt DC elapsed-time meter
would need to be installed. NFG will provide and install the meters;
no particular brand of meter is recommended. These meters will be
manually read once a week by NFG, with the reading being recorded on
the data collection sheet provided in Sect. 6. The data collection
sheets will be forwarded to ORNL weekly.

In order to convert the operating time to a gas consumption, the
consumption rate of the equipment must be known. The combined gas
consumption rate of the heating system’s main burnmer and pilot is
readily measured using the house gas billing meter and following the
procedure outlined in Appendix B. During the pre-retrofit period,



58

these measurements need to be made in December, 1987, when the moni-
toring instruments are installed. The measurements should be repeated
in November or December, 1988, during the post-retrofit period. Pre-
and post-retrofit measurements are needed to make sure the rate has
not changed from one year to the next or to determine the rate of a

new heating system.

The error of measuring the weekly heating system gas use with
this method is estimated to ba 5%.

5.2.4 Hot Water System Gas Use

The hot water system gas use in each house can be measured using
elapsed-time meters in a manner similar to that for the heating
system. In this case, however, the meter cannot be installed directly
into the hot water system’s control circuit because it is different.
Instead, the meter is wired in series with a gas pressure switch, with
voltage being supplied from any continuously available source (house
current, 24 volt transformer operating from house current, or the
heating system’s 24 volt transformer). The pressure switch is
installed to sense the gas pressure in the gas line downstream of the
control valve leading to the burner and configured to close when the
pressure rises slightly above atmospheric pressure. With this con-
figuration, powsr is supplied to the meter whenever gas is supplied to
the hot water tank. In many hot water systems, a pressure tap is pro-
vided on the control box which can be used to connect the pressure
switch. Depending on the power source chosen, a 110 volt AC or 24
volt DC meter would be used. All equipment required for this metering
technique will be provided and installed by NFG. These meters will he
manually read once a week by NFG. The reading will be recorded on the
data collection sheet provided in Sect. 6, which will subseguently be
forwarded to ORNL weekly.



The gas consumption rate of the hot water system must also be
known in order to convert the operating time into a gas consumption.
The rate is measured using the house gas billing meter in a manner
similar to that for the heating system. Details of the correct proce-
dure are outlined in Appendix B. These rates should be determined at
the same time the heating system consumption rates are measured.

5.2.5 Indoor Temperature

The indoor temperature of each test house will be monitored using
Telog’s 2103 Ambient Temperature Recorder (literature is provided in
Appendix C). These devices include a temperature sensor and micropro-
cessor based electronics to calculate and store the average hourly
temperature and have peen found (through testing) to be accurate to
within 1°'F. The device will be located in either the main living area
of the house (as possibly typified by the location of the television
set) or next to the thermostat controlling the heating system. The
placement of the device should minimize its exposure to radiant energy
from the sun, exterior walls and windows, lamps, and other significant
radiators. The device should also not be exposed to heat sources such
as vents or appliances in the surrounding area. The devices will be
provided by ORNL and installed by NFG. The devices will have to be
removed at the end of the pre-retrofit period and re-installed before
the start of the post-retrofit period in order that they can be used
in another ORNL experiment.

The hourly data stored by the devices will be collected once a
month by NFG using two data transfer units provided by ORNL. Data
from up to 60 devices can be stored in each of the data transfer
units. These data will be transfered to a floppy diskette using ORNL
supplied software and NFG’s microcomputer. The diskette will then be
provided to ORNL monthly.
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5.2.6 QOutdoor Temperature

The hourly outdoor temperature at three selected sites will be
monitored. The sites will be distributed among the test houses so
that the outdoor temperature at esach house can be represented by the
data collected from at least one site. The selected sites will be NFG
field offices.

The instrumentation to be used at sach site includes a battery
powered data logger, a battery powered tape recorder, a type T
(copper-constantan) thermocouple, and a radiation shield. This equip-
ment will measure the outdoor temperature accurately to within 1°F.
lLiterature on the data logger, tape recorder, and radiation shield are
presented in Appendix C. The sensors will be located where they are
unaffected by heat sources or sinks in the surrounding area and where
the ambient air is well mixed with the surrounding air. A sensor
location on the north side of the building and below roof level is
preferred. The radiation shield will be used to protect the sensor
from the sky and other significant radiators such as roofs, walls,
driveways, patios, and the ground. The shield will also protect the
sensor from rain, hail, lightning, and other ambient conditions. The
equipment required for these measurements will be provided by ORNL and
will be installed by NFG and ORNL.

The instrumentation will measurs the average hourly outdoor tem-
perature at each site and automatically store the data on cassette
tape at periodic intervals. NFG will collect the tapes from the sites
once a month and mail them to ORNL.

5.2.7 Other Weather Data
Hourly weather data other than the outdoor temperature (such as

wind speed, wind direction, solar radiation, and humidity) will be
obtained from the local weather station by ORNL once a month.
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5.2.8 Special Considerations

The location of the installed metering is very important to mini-
mize the efforts required for data collection. The house gas billing
meter, house electric billing meter, heating system elapsed-time
meter, and hot water system elapsed-time meter will be read simul-
taneously once a week. These meters must be located outside or
located where they can be read from the outside in order that the
meter reader does not have to enter the house each week. The
scheduling required to arrange for in house meter reading will be dif-
ficult and expensive, and will eventually lead to the significant loss
of data. Because the readings need to be made simultanecusly, the

occupants cannot be used to read the inside meters.

Gas meters located in the test houses should be eguipped with
temote reading devices to avoid the need to enter the house, Standard
devices with the display located outside and requiring manual teading
are preferred over the telemetering equipment in order that the four
weekly measurements in each house can be collected simultaneogusly.

The houses to have telemetering equipment installed should not
currently have an indoor gas meter or remote device installed: the
telemetering equipment will interfere with the remote reading device,
requiring its removal.

The electric billing meter may also be located inside the home.
As this meter is not under NFG’s control, a remate readout device on
the electric meter cannot be installed. In this case, the only option
will be to schedule a time each week to enter the house.

The elapsed-time meters measuring the heating system and hot
water system operating times will be located in the house. However,
during installation, the meters themselves should be installed so that
their dial faces can easily be read from the outside, perhaps through
the basement window.
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Another consideration that needs to be addressed 1s measuring the
gas consumption rates of the heating systems and hot water systems
when the telemetering equipment is in place. This equipment may pro-
hibit the lowest dial from being read; thus, the calibrations could
not be easily performed as the next sized dial would not be suf-
ficiently accurate to perform the tests in a reasonable period of
time. As a result, the telemetering equipment will have to be remgved

and reinstalled each time the calibrations are performed if the lowest
dial cannot be read.
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6. DATA MANAGEMENT

This chapter will describe the data management procedures for
both the time-sequential measurements and the survey information.
Data bases will be designed to store these data separately. The links
(relations) between separate data bases will be household IDs and
dates and times of the time-sequential data.

6.1 TIME-SEQUENTIAL MEASUREMENTS

Figure 6.1 demonstrates the flow of the data management procedure
for the time-seguential measurements. This procedure is described in
detail below.

House gas consumption, house electricity consumption, heating
system gas consumption, and hot water system gas consumption are time-
sequential data parameters that will be monitored using billing meters
or elapsed time meters. These meters display the integrated total gas
consumption, electricity consumption, or run-time of the equipment.
The energy consumptions for a selected time interval must be deter-
mined by subtracting the reading at the beginning of the interval from
the reading at the end of the interval and, if appropriate,
multiplying the difference by a conversion factor (the gas consumption
rate in the case of the heating system and hot water system

sub-meters).

The current readings of these meters will be manually recorded
once a week by NFG using the data form provided in Fig. 6.2 and for-
warded to ORNL. These data will be immediately entered into a com-
puter data base using microcomputer based data entry software
developed by ORNL. The full screen interactive data entry system will
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Fig. 6.1. Data management procedure for the time-sequential measurements.




NFG End Use Efficiency Field Test
Buffalo, New York
Weekly Meter Data

House ID: Address:
DATE OF READING: / / TIME OF READING: __ ___J__ __
(mo/day/yr) (hr.min}

a.m. p.m.

Meter Readings

Gas Meter:__ _ __ _00 Electric Meter:

Furnace Submeter:.. . __ __ __ . Hot Water Submeter: _ __  ___ __ R

Fig. 6.2. Weekly field data collection form.
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be designed using the dBASE III Plus Database Management System.
Basically, a guery screen, identical to the data form, will appear on
the terminal monitor and prompt the user for the inputs. The operator
enters the information at the available blank spaces and presses the
carriage return key to store the information in & weekly data base.

A blank query screen will then reappear for the rmext record (data
form). This procedure will be repeated until all the records for the
week have been entered. This system not only facilitates entering the
data, but also allows browsing, editing, and deleting of information

in the weekly data base.

The energy consumptions for the current reccrding period will be
automatically calculated using the current readings, previous
readings, and appropriate conversion factors or household gas consump-
tion rates. The conversion factors, identified by their respective
house 1Ds, will be stored in a separate file. The energy consumptions
for the current recording period will te calculated and than merged

with the previously calculated consumptions in a raw consumption file.

In addition to monitoring the four energy consumptions identified
above in each house, the hourly indoor temperature will be monitored
in each house and hourly outdoor temperatures will be monitored at
three different sites. The indoor temperature data will be con-
tinuously stored in the meters, read once a month, and forwarded to
ORNL. on floppy diskettes. The outdoor temperature data will be con-
tinuously stored on cassette tape and forwarded to ORNL monthly in
this form. A software package provided by the manufacturer will then
be used to transfer the data from cassette to the microcomputer. The
weekly consumption data will need to be aligned with the hourly indoor
and outdoor temperatures because, in the analysis to be performed (see

Sect. 7), an average indoor and outdoor temperature corresponding to
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each recording period (to the nearest hour) will be needed. Due to
manpower and equipment constraints, the hourly indoor temperature data
cannat be recorded on the hour, and the energy consumption meters in
the various houses will be read at different times and on different
dates. This complicates the calculations reguired to determine the
average temperatures for the recording periods corresponding to each
house. For example, if the consumpticon readings from household A are
collected at 3:40 p.m., November 23, and 10:30 a.m., November 30, and
the hourly outdoor temperatures are recorded on the hour, then the
average outdoor temperature between November 23 at 4:00 p.m. and
November 30 at 11:00 a.m. needs to be calculated. The hourly tem-
perature dafa will e trans?erred into a raw temperature file. A pro-
cedure will then be employed to align individual household consumption
data with the hourly indoor and cutdoor temperature data and to store
the merged data in a combined file.

Data validation procedures will be implemented during the pro-
cesses described above. The validations will include range checks,
logic checks, and visual examination of plotted data (such as between
consumption and outdoor temperature). The following checking will
occur automatically on the raw consumption and temperature files:

weekly consumption data:
(1) house gas use >0,
(2) house electricity use >0,
(3) heating system gas use >0,
(4) hot water system gas use >0,
(5) house gas use > heating system gas use plus hot water
system gas use;

indoor temperature data:
55*F < indoor temperature < 90°F;
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outdoor temperature data:
(1) -20°F < outdoor temperature < 70°F,
(2) data logger battery voltage > 10 volts,
(3) data logger program signature is constant,
(4) year = 1988 or 1989,
(5) 0 < julian date < 366,
(6) 0 < time < 2400.

If an error is detected, the data point will be flagged and examined
by project staff. If the errors originate from the monitoring instru-
ments, then actions will be taken to correct them to ensure data
quality in future data collection. If the error stems from the data
recording procedure, procedures will be used to estimate or recalcu-
late the actual data.

All these procedures (i.e., data entry, data transferring, data
validating, converting meter readings to consumption, and data
aligning) will be performed regularly upon receiving the data from
NFG. Statistical Analysis System (SAS) software residing on a micro-
computer will be used as the tool for the majority of the data manipu-

lations and data validations.

6.2 SURVEY INFORMATION

The survey information identified in Sect. 5.1 will be collected
from individual participating households through interviews, site
visits, and limited mzasurements. These data will be transferred to a
data base residing on a microcomputer using a full screen interactive
data entry system and procedures similar to that described in
Sect. 6.1. The time-sequential and survey data will be combined only
when it is necessary to identify the relationship between survey
information and energy consumption or savings. Figure 6.3 illustrates

the flow of the data management procedure for the survey information.
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Fig. 6.3. Data management procedure for the survey information.
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7. DATA ANALYSIS

Section 2.2 identified a number of specific research guestions
that must be addressed at the conclusion of the field test. These
questions were grouped into four categories: physical characteristics
of the houses and occupants, implementation of the audit procedure,
performance of the audit procedure, and use of the telemetered data.
The following subsections will present the approaches to be employed
to address these guestions.

7.1 PHYSICAL CHARACTERISTICS OF THE HOUSES AND OCCUPANTS

The general physical characteristics of the houses and occupants
will be evaluated by tabulating and graphing the survey data.
Occupant characteristics of interest -are the number of household mem~
bers and their ages. Important characteristics of the houses are
their floor areas, age, type, number of floors, and foundation type.
The pre-retrofit thermal condition of the houses will be summarized by
studying the amount of attic, wall, and floor insulation installed,
the heating system efficiencies, the infiltration rates, the amount of
ductwork located in uninsulated spaces, and the pre-retrofit energy
consumptions (determined from the analysis of the pre-retrofit sub-
metered data). The appliances found in these homes will also be sum-
marized.

7.2 IMPLEMENTATION OF THE AUDIT PROCEDURE

Questions regarding the implementation of the audit procedure
will be addressed using data collected under the audit procedure after
it has been tabulated and graphed. The information to be analyzed
includes the measures recommended by the audit procedure for installa-
tion, the measures actually installed, the estimated and actual cost
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to install each measure, and the energy savings and B/C ratio pre-
dicted for each recommended measura. The measures recommended by the
audit procedure will be compared to measures recommended by NFG's
current audit.

7.3 PERFORMANCE OF THE AUDIT PROCEDURE

The performance of the audit-directed retrofit procedure will be
evaluated on an individual and group basis. The annual energy savings
measured in the audit houses will be compared to predicted values.
The cost effectiveness of the retrofits installed in the audit houses
(which depends on annual energy savings, installation costs, and
retrofit lifetime) will also be examined. The analysis procedures to
determine the annual energy savings in individual houses, the savings
in the audited houses as a group, and cost-effectiveness will be
discussed separately. In the analytical procedures discussed,
appropriate statistical analyses will be performed in order that the
uncertainty associated with the final answers can be stated.

7.3.1 Individual House Savings

The annual energy savings can be defined as "the annual amount of
energy saved by a retrofit if all factors are kept constant except for
the retrofit itself." This definition is applicable if the true
retrofit effect (the savings actually induced by the retrofits only)
is of interest. The retrofit effect is not the same as the observed
annual energy savings, as this latter savings is influenced by dif-
ferences in outdoor and indoor climate, occupant behavior changes
following retrofit installation, and changes in occupancy. For this
study, the retrofit effect will be considered to be the ohserved
annual energy savings normalized for outdoor temperature, indoor tem-
perature, internal load, and occupant behavior changes.
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To calculate the retrofit effect observed in the audited houses,
the change in annual energy consumption of the individual audited and
control houses (normalized for outdoor temperature, indoor tem-
perature, and internal load) must be determined. These changes cannot
he directly determined from the pre- and post-retrofit data for
several reasons: (1) the time periods over which the data were
collected may not be egual nor cover the entire winter season, (2) the
pre-and post-retrofit weather conditions will likely be different, and
(3) indoor temperatures and internal loads maintained in each house
over the two periods may not be the same. Consequently, a house model
must be employed to correct for these conditions. The following model
derived by considering an energy balance on the house will be
employed:

(nE) + 1=k (Ti - To),

where the variables are defined to be

n - the efficiency of the heating system,

£ ~ the energy consumption of the heating system,
I - the internal load of the house,

k - a factor to be determined by regression,

Ti - the indoor temperature, and
To - the outdoor temperature.

The internal load will be defined to be the energy input due to all
electric appliances, lights, and gas appliances other than the heating
and hot water systems. This quantity will be found by subtracting the
heating system and hot water system gas consumptions from the total
house gas consumption and adding this difference fo the house electri-
city consumption. The factor k is roughly eguivalent to the overall
heat loss coefficient of the house and includes such effects as wind-
induced infiltration and heat flows due to radiation.
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Linear regression techniques will be used to estimate the value
of k for the pre- and post-retrofit periods for each house using the
pre- and post-retrofit data, respectively. The pre- and post-retrofit
annual heating energy consumptions will then be estimated using the
respective values of k, the respective values of n (if the heating
system efficiencies did not change, then the values of n would be the
samey if, for example, a new furnace was installed, the pre- and post-
retrofit values of the efficiency would be different), average outdoor
temperature data based on historical records, and assumed values for
the indoor temperature and internal load. The change in annual enrergy
consumption of the house due to the installation of the retrofit
measures (normalized for outdoor temperature, indoor temperature, and
internal load) is then equal to the pre-retrofit heating consumption
minus the post-retrofit consumption. The retrofit effect of the
audited houses is nolt simply egual to this change in energy consump-
tion; rather, the retrofit effect of the audited houses is equal to
their change in energy consumption adjusted by the average change in
energy consumption of the control houses. As discussed in Sect. 4.1,
this final adjustment normalizes for occupant changes not induced by
the retrofit installation, allowing the savings actually induced by
the retrofits only to be determined.

The values for the indoor temperature and internal load could be
based on average values maintained during the pre-retrofit period or
on values used in the audit to predict the retrofit energy savings.
Use of the former values narmalize the energy consumptions in each
house to its own pre-retrofit conditions while the latter values nor-
malize the energy consumptions in all the houses to some average house
characteristics. The latter values will be used to allow the retro-
fits from the individual houses to be compared to each other and to
the predicted values on an equal basis.



A relaxad definition of the annual energy savings could include
energy savings resulting from occupant behavior changes induced by the
retrofit installations. In this case, the savings would be normalized
for cutdoor temperature and by the control houses, but not for indoor
temperature and internal load. The annual energy savings defined in
this manner would be of interest if a programmatic perspective is
desired. Calculation of the savings defined in this manner will be
performed by using values for the indoor temperaturs and internal load
based on pre-retrofit data to calculate energy consumptions before
retrofit installation, and values based on post-retrefit data to
calculate consumptinns after retrofit installation.

7.3.2 Group Savings

The individual house savings will be analyzed using an analysis
of variance approach to calculate group savings and to identify the
effect of selected variables on the savings. The energy savings of
the control houses will be determined and used in the individual and
group savings normalizations to account for occupant behavior effects
not induced directly by the retrofits. The average savings due to the
installation of the retrofit measures in the audited group of houses
will be of interest. Additionally, the effect of other variables on
the measured savings (such as pre-retrofit energy consumption and type
of heating system) will also be investigated.

7.3.3 Lost Effectiveness

The B/C ratio of the retrofit measures will be determined using
standard economic procedures to represent the actual cost effec-
tiveness of the measures. This ratio will be determined for the indi-
vidual houses and the group of audited houses using the normalized
energy savings, actual installation costs, estimated retrofit 1ife-
times, and other econamic parameters as required.
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7.4 USE OF THE TELEMETERED DATA

The benefits and disadvantages of telemetered data will be
studied by comparing energy savings determined from an analysis of the
daily telemetered data with the savings determined from analyses using
weekly submetered data and monthly billing data. The analysis tech-
niques that will be used to determine the energy savings using the
weekly submetered data were presented in Sect. 7.3. Monthly billing
data will be analyzed using the Princeton Scorekeeping Method
(PRISM).1> 1n this method, monthly house fuel consumptions are
regressed against monthly heating degree days to normalize the con-

sumptions for outdoor temperature.

Under this field test, techniques to analyze the daily tele-~
metered data are to be developed and validated; consequently, specific
methods will not be presented in this report. However, the methods
will most likely resemble the above analyses in that the daily house
gas consumptions will be normalized for the outdoor temperature using

regression techniques and an appropriate temperature term.
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Appendix A. ENTRANCE INTERVIEW FORM

The form presented in this appendix was developed to collect the

descriptive information specified in Sect. 5.






&3

ENTRANCE INTERVIEW FORM
ORNL.

Experimental Program: NFG End-Use Efficiercy Field Test House I0:

Interviewer Name: Date:

Name:

Street Address:

City: Buffalo State: NY Zip Code:

County: Erie Phone Number: | )

Utility Distributors: Elertric

Gas National Fuel Gas Company

0il

Other

HOUSE
Type:  (MS - multi-story detached; RA - ranch detached;
SL -~ split level detached; SA - attached; MH - mobile home)

Number of Fleors (including basement): Approximate Age: years
Predominart Roof Type: (P - pitched roof; F - flat roof;

YV - ventilated atticy X - other)

Ronf Color: Exterior Wall Color:

Number of rooms typically closed off:
Description:

Heated floor area:

Floor Total Area (ft2) Heated Area (ftZ)

Basement
First floor
Second floor
Third floor
Other

Total
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OCCUPANCY

Ownership:  OW (OW - own; RE - rent)

Length of time at thls address: _ years

Number of occupants, by age group:  Preschool
School age
Adult, not retired
Adult, retired
Total

Numper of occupants generally home during the day: weekday
weekend

HEATING SYSTEM

Manufacturer: Model s

Fuel: G (G - gas; 0 - 0il; E - electricity; W ~ wood; C - coal;
L - LP; S - solar; X - other)

Type: (B ~ hoiler; F - furnace; FF - floor furnace;
SH - space heater; A - central air-to-air
heat pump; W — water coupled heat pumps
WHP - window or wall heat pump; CH - ceiling
heats; EB - electric baseboard; D - district
heating; X - other)

Distribwtion fluid: (S - steam; W - water; A - air; Z - unknown;
X - other)

Distribution method: (G ~ gravity; F - forced; Z - unknown)

Input capacity: Btu/h  Output capacity: Btu/h

Efficiency rating: Approximate age: years

Location: ~ (NC - non-conditioned space or outside air intake

provided; IC - intentionally conditioned space;
UC - unintentionally conditioned space)

Is this a converted coal unit: (Y - yes; N - no)

Is this a converted oil unit: (Y -~ yesy N - no)
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HEATING SYSTEM (continued)

Is a vent damper present: (T - thermal; £ - electricy; N - no;
NA - not applicable)

Is an IID present? (Y - yes; N - no)

I¥ oil fired, has a flame retention head burner been installed? NA
(Y - yes; N - noj; NA - not applicable)

For an oil boiler, what subtype is it? NA (WB - wet base;
DB - dry base; NA - not applicable)

If a pilot light is present, is it turned off during the summer?
(¥ - yes; N - no; NA - not applicable)

Auxiliary heat use (hours per week, average):
portable electric heater
fireplace
fireplace insert
wood stove
kerosene/LLPG room heater
built-in zone heater

11

DISTRIBUTION SYSTEM

Total length of ducts or piping: feet
Length of ducts or piping in unconditioned space: ft

Insulation thickness of ducts in unconditioned space: inches
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THERMOSTAT

Manufacturer: Modeal:

Type: (R - regulary C - clock; N - none; X - other)

Number of units:

HCT WATER SYSTEM

Manufacturer: Model:

Fuel Type: G (& - electricity; G - gas; O - oil; M - mixed;

X - other)
Storage: (7 - storage tank; L - tankless; Z - unknown)
Heater Type: (B - boiler; R ~ residential type; L - solar;

W - boiler in winter; S - separate generator in
summer; Z - unknown; X - other)

Tank Size:  gallons Temperature (messured):  °F
Input: Btu/h Recovery:

Blanket insulation thickness: _ inches

Location: _ (NC ~ non-conditioned space or outside air intake

provided; IC ~ intentionally conditioned space;
UC - unintentionally conditioned space)



APPLIANCES
Appliance Fuel .ocation
Cooking range Fuel: E - electricity;
Conventional oven G - gas; X - other;
Microwave oven N -~ other
Clothes washer
Clothes dryer Location: NC - non-condi-
Refrigerator/ tioned space or
Separate freezer outside air
Dishwasher air intake
wWhole house fan provided; IC -
Attic fan intentionally
Other conditioned
space; UC -
unintentionally
conditioned
space
ATTIC
Sub-area  Area Construction Insulation Insulation
(ft2) Type Thickness (in.)
l e o s
2
3
4
Construction: AF - attic floor; KW - knee wall;

Insulation type:

SC ~ sloped or cathedral ceiling

X ~ other; N ~ none

BC -~ blown cellulose; BF - blown fiberglass;
TF - batt fiberglass; BR - blown rock woolj
TR -~ batt rock wool; RB - rigid board;
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EXTERIOR WALLS

Sub-area  Area Construction  Siding Insulation Insulation
(rt2) type thickness (in.)

BN

Construction: FR - frame; MA - masonry (concrete); CB - concrete
block; BR - brick; X - other

Siding: W - wood; BR - brick; SN - stone; SC - stucco;
SI - aluminum, steel, or vinyl siding; M - metal;
SH - shingle; SL - slate; N - none; X - other

Insulation type: BC - blown cellulose; BF - blown fiberglass;
TF - batt fiberglass; RB - rigid board;
BR -~ blown rock wool; TR - batt rock wool;
X - othery N - none

SUB FLOOR
Sub-area  Area  Type Status Insulation Insulation Percent
(ft2) type thickness (in.) carpeted

&N

Type: B - basement; S - slab; C - crawl space; X - other

Status: NC - non-conditioned space; IC - intentionally
conditioned space; UC - unintentionally conditioned space

Insulation type: TF - batt fiberglass; TR - batt rock wool;
RB - rigid board; X - other; N - none
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FOUNDATION
Predominant type: (B - basement; S ~ slab; C - crawl space;
X -~ pther)
Foundation Wallss
Sub~area Area Construction Insulation Insulation Ahove
type thickness ground
area
(ft2) (in.) (ft2)

/0N

Construction: CB - concrete block; C - concrete; S ~ stone;
X - other

Insulation type: 7TF -~ batt fiberglass; RBI - interior rigid boards
RBE - exterior rigid board; FI - interior foam;
FE - exterior foam; X -~ other; N - none

Are the sill boxes or band joists insulated: (Y - yes; N - no;
NA - not applicable)
WINDOWS AND GLASS DOORS

Predominant window type: _ (CA - casement; DH - double hung;
FX - fixed; X - other)

Are external shades, shutters, or films installed?
(Y - yes; N - no)

Single-pane Multi-pane
area (ft?) area (ft?)
w/0 storm  with storm w/0 storm  with storm
windows windows windows windows

Front of house

Left side of house
Right side of house
Back of house
Basement (all sides)




Orientation
Front of house
lLeft side of house
Right side of house
Back of house

90

NON-GLASS DOCRS

Regular door
area (ft2)

Regular door with storm
door or thermall insulated
door area (ft2)
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[HFILTRATION RATE EVALUATION FACTORS

Building
component

Good

Average

Poor

Windows
and
doors

Wails and
electrical
outlets

Attic
floor
{eeiling}

Heating
system
and water
heater

Fireplace
or wood
stove

Ductwork
and
floor

Vents in
conditioned
space

Lifestyle

D Window and door frames
caulked. Window and door
sashes well fitting and weather-
steipped or storm windows and
doors with good it

[:] Ceiling sad floor joints and
corners well sealed. Elec-
trical outlets with gaskets. No
holes sround plumbing penctra-
tions.

D No cracks in attic floor. No
air shafts around fluzs. No
holes around ducts, pipes, or
wiring peactrating attic floor.
No recessed light fixtures. No
trap door or weatherstripped
trap door to attic.

D Both furnace 2nd water
heater eloctric. I fossil fuel
fired, both in unconditioned
space.

D Sealed combustion wood
stove or fireplace with well-
fitting damper and glass doocs
or no fireplace.

[:} No ductwork and few {loor
penctrations or all ductwork
in conditioned space and
no floor penctration.

D No undampered veats and
{ewer than three dampered
vents.

(] Fewer than six eatrances and
cxits per day.

O Window and door frames
caulked or window and door
sashes weatherstripped or
poorly fitting storm doors and
windows.

[ ] Some cracks in ceiling and
floor joiats and corners. Mo
gaskets on electrical outlets,
Fewer thaa three plumbing
pencirations with holes
around them.

D Some crecks ia attic floor.
No air shefts around flues,
Some holes srouad ducis, pipes,

of wirlng penctrating attic floor.

Fewer than three recessed light
fixtures. Unwestherstripped
trap door to attic.

(] Oae fossil fucl-fired uait in
Tliving space with vent
damper. The other in uncondi-
tioned space.

D Poorly sealod wood stove
or fircplace with either well-
fitting damper ot glass doors.

D Ductwork in conditioned
bascment and {ew floor
penctrations.

D Fewer than three undampered
veats or &t least three
dampered veats.

D Six 10 thirtecn entrances
and exits per day.

[:} No caulking on window and
door frames. Mo weather-
stripping. Mo storm doors or
windows.

[:] Many cracks in ociling,
floor joints, and corners. No
gaskets on cloctrical outlets.
Thros of mere plumbing
penctrations with holes
around them.

{7} Many cracks in stiic Noor.
Alir shafts around flues.
Holes arousd ducts, pipes, or
wiring penetrating attic [loor.
More than three recessed light
fixtures. Uncovered attic '
A00LSS.

D At least one fossil fuel-fired
unit in living space without
vent damper,

[:] Both & wood stove and fire-
place or & fireplace with
pootly fitting demper and no
glass doors.

O Ductwerk in anconditioned
space and many floor
peactrations.

C] More than three uadampered

venis.

[ Morc thas thirteen
cnirances and cxits per day.
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APPENDIX B

GAS CONSUMPTION RATE CALIBRATION PROCEDURE
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Appendix B. GAS CONSUMPTION RATE CALIBRATION PROCEDURE

The steps outlined in the procedure listed below should be

followed to measure the gas consumption rates of the heating and hot

water systems.

Step 1:

Step 2:

Measure the Gas Consumption Rate of the Heating System -
Turn off all the other gas appliances in the house,
including their pilot lights. Turn on the heating system.
After the heating system has run for a few minutes, record
the time (in seconds) required for the lowest dial on the
house gas billing meter (either 1/2, 1, or 2 cubic feet) to
complete one to ten revolutions (the number of revolutions
should be chosen in order that the elapsed time is approxi-
mately five minutes). Ensure that the heating system runs
constantly during the data collection phase of this step and
that the other appliances remain off. The gas consumption
rate of the heating system is equal to the dial size
multiplied by the number of revolutions and 3600, and
divided by the elapsed time.

Dial size (1/2, 1, or 2 cubic feet):

Number of revolutions

Elapsed time (seconds):

Heating system gas consumption rate (ft3/h):

Measure the Gas Consumption Rate of the Hot Water System -~
Turn the heating system and its pilot light off. Relight
the hot water system’s pilot light and turn the system on,
leaving all the other appliances and their pilot lights off.
After the hot water system has run for a few minutes, record
the time required for the lowest dial on the house gas
billing meter to complete one to ten revolutions (the number
of revolutions should be chosen in order that the elapsed
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time is approximately five minutes). Ensure that the hot
water system runs constantly during the data collection
phase of this step and that the other appliances remain off.
The gas use rate of the hot water system is equal to the
dial size multiplied by the number of revolutions and 3600,
and divided py the elapsed time.

Dial size (1/2, 1, or 2 cubic feet):
Number of revolutions:
Elapsed time (seconds):

Mot water system gas consumption rate (ft3/h):
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APPENDIX C

MANUFACTURER'S LITERATURE ON SELECTED
MONITORING INSTRUMENTATION






Data Keceraers
for industry and the environment

Telog 2100 Series Data Recorders
provide an accurate, reliable and
economical means of obtaining time
history records of field data.

The Telog Recorder is a battery-
powered electronic instrument
designed for unattended measuring
and recording of input signais. Its key
features include one year battery
operation, rugged watertight
construction, user-programmable
measurements, report-ready
computer-generated records, high
reliability and low cost. Telog
Recorders can replace strip chart
recorders in many applications.

The Telog recorder samples the
input signai from an external sensor
once per secornd. At user-
programmed intervals, the recorder
computes and stores one or more
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21

00 SERIES

FAMILY BROCHURE

user-selected data values [any combi-
fation of average, minimum or
maxirum]. Up to 2000 values will be
saved in memory spanning a total
measurement period from 10 minutes
to over 4 years. Data is transferred (o
a computer for further analysis,
display, printout and archiving. Telog
provides inexpensive software
support for a variety of popular
portable and personal computers.

Each model of the 2100 Series is
dedicated to a specific measurement
to optimize the recorder’s price/
performance ratio. The Series includes
models for analcg voltage, current
Icops, ambient temperature, thenmo-
couples, RTDs, pulse counting,
humidity, shock, wind speed & direc-
tion and others. Detailed information
on each product is provided by indi-
vidual 2100 Serics data sheets.

FEATURES

W One year battery iife

& Watertight, rugged
construction

® interfaces with portable and
personal computers

® User programmable
B [ ow cost

® Models specifically for:
* Anaiog voitage
* Current joops
‘» Temperature
* Humidity
¢ Flow, pressure, level
¢ Wind speed and direction
* Custom and OEM versions
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The Telog 2100
Recorder is tough
encugh to go whei -
ever the sensor is
located. Typicat
applicaiions include
use in furnace
rooms. refrigerated
trailers, atop tele-
phone poles and
down manholes.
With the exception
of the interface
connectors, all

components are
sealed in a compart-
ment protecied from rain, dust and
EMI/RFL

The recorder is powered for up to
one year by two internal lithium
batteries. it may also be powered by
exiernal 10 to 28 VDC in which case
the internal batteries will provide
hack-up power as needed for up to 5
years.

The recorder also provides an
alarrn. The alarm is triggered when-
ever the measured input signal
exceeds a user-programmable upper
and/or lower threshold value. The
alarm ouiput may be used to control
a local relay or interrupt a computer.

Liser
programmable

The Telog recorder measures the
input signal once per second. The
user programs the recorder to
compute and save data at intervals
ranging from one second to 18
hours. The data can be any combina-
tion of the average, minimum or
maxirmurn for each interval.

The recorder has a memaory
capacity of 1600 or 2000 values,
depending on the specific model.
When the recorder’'s memaory
capacity is reached, the oldest data is
overwritten by rnew data. The

recorder therefore always has the
maost recent information in memory.
This makes it very useful as an upset
or catastrophny monitor.

For example, the user may
choose to record the average and
rnaximum temperature every 10
minutes. The memaory capaciiv
would be reached in 7 days. if the
user selects hourly averages, the
recorder would store 83 days of data.

In addition to prograrnming the
interval period and desired statistics,
the user also programs the recorder’s

calendar clock, recorder identification
number, and alarm thresholds.
Programiming the recorder is a
simple task and may be performed s
when the unit is connected to the
user’s computer. The recorder itself
has no user controls or adjustments,

Lompuier
compatible owipul
The Telog recorder cOmmunicates
with computers via an RS-232
compatibletinterface cperating at
either 300, 1200, or 9600 Baud. It

will automatically adjust to the baud
rate of the computer.

Telog supplies and supports
inexpensive software for a variety
of popular portable and personal
computers. Programming and
interrcgating the recorder with the
User’s computer is very convenient.
Tine user simoly responds to menu
prompts; the cormpuier does ali e
work.

Once the computer has the
recorder’s data, it can display a
detailed graph, generate a choice of
hard copy records, or store the data
in a file for future reference. The
printed records are scaled, time-
correlated and report-ready.

i
2

Secorder Type: 2183

fAnhient Tewperatupe {deg F) fecorder 1B 1§13

{19785
T

4718743
48

- 1in

4/14/83
14 428
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Teiog 201/202
data transfer units

Telog recorders may offen be
permanently instailed at 4
measuremnent sice. The rugged,
battery-operated Telog Data Transfer
Unis {IDTU], provides an easy,
eronomical mears of retrieving
recorder data from the field for later
analysis.

The user simply connects the DTU
to a recorder and presses one button,
Data is automatically-transferred to
the DTU within a few seconds, Infor-
mation from up to 15 recorders can
be collected by a 201, and up to &0
recorders by a 202, This data can
then be transferred to the user’s
computer and analyzed using Telog-
supplied support software,

The user may also display a time

 history of data from the recorder and

save the data set to disk. This data
may then be transferred to the user's
tabletop or mainframe compuiar
when the user retums o the office.
Contact Telog or your local Telog
Representative to inquire about
cOmpUter compatibiity of specific
BM-PC compatible compurers.

iﬁmmpﬁg ng AT ﬁnﬁ
compalibies

Telog Do ides suliveai® SULIOT
for the IBM-PC and compatibles
including rost computers operating
under M5-DOS. The minimum
requirements are a sirngle disk drive,
256K RAM, serial interface and 4
graphics card.

The PC can directly interrogate
2100 series recorders, or the Data
Transfer Unit, display the data in -
three different graphics formats, send
data to a printer in two different
formats and save data on disk for
future reference.

Portable

computers

An IBM-PC compatible portable
computer can be used to directly
interrogate the Telog recorder at the
measurement site. This permits the
user to view real-time data, verify cali-
bration and reprogram the recorder if
desired.

TELOG INSTRUMENTS INC.

PO, Box 240
\West Henrietta, NUY. 14586

Phone: 7146-359-1110
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What to order

A minimum Telog recording system consists of three purchased components:
one or more Telog recorders, a software package for the user’'s computer, and an
interface cable to connect the recorder to the computer. Each software package
will support all 2100 Series Recorders in production at the time of sale.

Product descri

R-Z21xx
DATA RECORDER-—See individual 2100 Series Data sheets.

A-201

DATA TRANSFER UNIT—Transfers data from 2100 Series Recorders to compuiters
operating Telog 2100 Series Support Sofiware. Contains 32K of battery backed
RAM.

A-202

DATA TRANSFER UNIT--Transfers data from 2100 Series Recorders to computers
operating Telog 2100 Series Support Software. Contains 128K of battery backed
RAM.

P5-21-1
POWER SUPPLY ADAPTOR—Converts 1 10VAC Line Power to 9 volts DC to
directly power a 2100 Recorder. Plugs inio standard 1 10VAC powver outlet.

B-21/xx
BATTERY—Replacement batteries for 2100 Series Recorders. Batteries are sealed
lithium 3 volt cells. Two each required per recorder.

S-21PC

Software for IBM-PC/XT/AT and compatible computers. Supports all 2100 Series
Recorders and the Data Transfer Units. Minirnum configuration is 1 disk drive,
£561 RAM, sei1al ns 237 interigte. ANa grapihics cara

C-21F

RS-232 serial interface cable to connect 2100 Series Recorders to user’s computer.
Terminates in a 25-pin ‘D’ connector with female pins. Compatible with IBM-PC,
IBM-PC/XT and other computers.

C-21AT
Same as C-21F above except terminates in a fermale 9-pin connector which is
compatible with the IBM-PC/AT.

Custom products

In addition to the standard products described above, Telog will support the
development of custom products, software and communication networks.
Contact the TELOG customer service group at the address below for additional
information. '

IBM-PC, XT, AT are registered trademarks of International Business Machines.
MS-DOS is a registered trademark of MICROSOFT.

TELOG INSTRUMENTS INC.

PO. Box 240
West Henrietta, N.Y. 14586

Phone: 716-359-1110



FEATURES

® Records Amplitude History Of
Ambient Temperature

® Computer Compatible Output
Data~IBM-P(C’s, Portables, etc.

& 18 Month Battery Life
B Rugged Watertight Construction

The Telog Ambient Temperature Recorder provides an accu-
rate, reliable and economical means of obtaining a history
of ambient temperature in environmental and industrial
applications.

The Model 2103 is an electronic recording system that mea-
sures the temperatures of its environment with an integral
temperature sensor. The recorder converts its medasurements
to a series of amplitude data values stored in solid state
memory. A computer is then used to collect the data from
the recorder and produce report-ready epted records.
informaticn on supported computers and capabilities is pro-
vided in the Telog 2100 Series Family Brochure.

Recarder Type: 2183 Anbient Tewperaturs (deg F) Recarder 13 1312

5 ~
% . / .

22 : S

—

[Saananes WSV IIVIRS AN SN

4/18/85 4/18/83 4/18/8%
IREIR 12:91.48 14: 428

Typical Qutput Record

Sampling the input signal once per second, the recorder will
compute and save up to 2000 averages, minimums or max-
imums. The user selects the desired statistics and computa-
tion interval which ranges from 1 second to 18 hours. For
example, if the hourly average and maximum temperature
are saved, 33 days of data will be recorded. When the
recorder’s memory reaches capadity, it begins to overwrite
the oldest data with new data. The data transferred to com-
puter is therefore afways the most recent.. -

There is also an alarm output which can be used to control
an external relay or interrupt a computer if the input signal

105

Ambient Temperature Recorder

Model 2103

goes above or below user-programmed thresholds. It oper-
ates on an electronic switch to ground.

Twao small lithium batteries will operate the recorder for 18
months. It can also operate from external 10 to 28 vdc
powver in which case the internal batteries will provide back-
up power for 5 years. Batteries can be easily changed with
the aid of a screwdriver.

Except for battery replacemnent, the recorder is maintenance-
tree. There are no user accessible controls or adjustments
requiring user attention. Programmed parameters are trans-
ferred to the recorder’s memory when connected to the
user’s computer.

The Telog 2103 offers many advantages over traditional
chart recorders and data acquisition systems. The unit is

small, rugged, watertight, self-powered, and rmaintenance-

free. The computer-generated output records are time-corre-
lated, scaled, annotated and report-ready.

APPLICATIONS

TEMPERATURE
RECORDING OF:

B Transportation of
» Refrigerated Foods
* Chemicails
® Livestock

% Computer Rooms
» Pefngerators
B Freezers
M Environfriental Studies



Specilications
MEASUREMENT
Range:

Resolutio

AcCuracy:

RECORDING
Sample Rate:

Ciock Accuracy:
Memary Size:
ALARRK

Type:

Maximurm Voltage:
Maximum Currenis
ONIOFF fmpsdance:

~25° tg 60°C {— 13° to 140°F)
0.33°C [0.6°F)

+ 0.33°C (0.6°F), 0° to 50°C

+ 0.7°C [1.2°F), —25° 1o 60°C

1 per secondd
0.01%
2000 values

FET swvitch to ground
30 volts

100 ma

10 ohm/1 megohm

SERIAL INTERFALE

Type:

Baud Rates:
8it Format:
Connector:
POWER
Battery Typs:

Gperating Life:

Battery Shelf Life:
External Power:

RS-232C compatible. Requires RTS
300, 1200, 9600; auto-selected

1 start, 8 data. 1 siop

9 pin Sub ‘D’ socket

2 lithium 3v, 1A-Hr

Duracell #DL-2N or Sanyo #CR-ZN
18 monins @ 25°C or abave

12 months @ — 25°C

5 years

10to 28 vdc @ 5ma

ENVIRONMENTAL & MECHAMNICAL

Cperating Temp:
Storage Temnn:
Fumidity:

Size:
Enclosure Material:
Weight:

-25°to + 60°C

--40°t0 + 70°C

0 o 95% non-condensing
short-term complete immersion
in water

43" x6" x1”

Zinc-Aluminum

2 ibs.

SPECIFICATIONS SUBJECT 17O CHANGE WITHOUT NOTICE

PROGRAMMABLE PARAMETERS

Interyal Feriod:
Interval Resolution:
Computed Data:

Calendar Time:
Alarm Thireshalids:
Uit 10 Nuniler:

I to 65535 seconds (18.2 hours}

1 second

any combination of the average,
minimuni or maximum per interval
mo/day/yr hrimin:sec

High and/or Low, 1 DEG resolution
4 digit alpha-numeric

Wiode! 2933 MOUNTING

DIRTENEIONS

_____________ - T e
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115 o I (.
BRNEE
%) S © -4 121
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f l \ i s
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IBM-PC is a registered trademark of International Business
Machines

Telog Instruments inc.

2 Drymlin Square
\West Henrictta, NY 14586

Phone: 716-359-1110
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21X MICROLOGGER

A Rugged, Powerful Little Datalogger

The 21Xis a textbook sized, D cell powersed precision datalogger. The term "MICROLOGGER™ is descriptive of this MICRO-compuler based datal OG-
GER's MICRO-size, MICRO-power and sub-MICRO-volt sensitivity. 1t is the combination of a micto-tomputer, ciuck, multimeten caltrator, scanner,
frequency counter, controffer, and signal generalor ali in one smali box.  Small size, low power and the atility o operate in envirenmental extremes waerg

primary design objectives for-portable, remate operation.

SIGNIFICANT FEATURES

PERFORMANCE VERSUS COST: Measurgment and praLessing
theoughpid i sxcess of 100 channels per second and sensitivity of W of a
merovoll a1 25 channets per secondd ai a remarkably tow price.

PERFORMANCE VERSUS SIZE: Siteen anaiog and four pulse
caunting channals plus all the leatures described heroe packaged smaller and
Yghier (inclhuding batteries) than tha CRC HMandbaook of Chemistry and Phy-
sics.

PERFORMANCE VERSUS
POWER CONSUMP”ON Scanning and processing all 16 shannels at 1

mMirude intervals, e 8 ataline D colls last about & months, The rechargeable
batterias in it 21AL privde 2 months’ cperation per chargs under the same
conditions.

SENSITIVITY AND

MEASUREMENT SPEED: Fourteenbit precision on 5 software seleciable
fanges. 0.33 miciovol cesolution at J7 millisecords per channel with 160
nerovolt RMS inpud noise. AL 2.5ms per channel the input noise s 1.2
microvoit RMS.

SENSOR COMPATIBILITY WITHOUT
EXTERNAL SIGNAL CONDITIONING: Linearized mermocouple

mpasurements at 7.3 milliseconds per channel resolve 10 within 0.05 deg. .
Bridge excitation voltage seleciable withina =5V range 5t .67 mV resolution.
Resistance bridge messurements such as ATOs, ioad cells, prassure trans-
ducers, fod stram gages 3nd thermistors optimize accuracy using AC excita-
H#0on and ratiometne tachnigues. AC excitation alsg minimizes polarization
2r0rs 1 30l Moisture, salindy, conductivity, and RH sensos, Four pulse
counting channeis accommodate magretic pulse iow meters, pnotochopped
Of SwiCh closure dewvices and incremental shak ervoders directly.

STANDARD CONFIGURATION

The starwiand 21X Mcrologger inchades 16 single ended analog inputs (any pair
configurabie 25 & dlferentisl wpid). 4 pulse Counting Inpuits, 4 switched excitation
xApUtS, 2 coMtuOUS ANBIDG DUlpUts and B digital control cutputs.

21X processing inCludes 22 instructions lor measurements and contral output, 38
nStructions or dete processing. and 9 instrusctons for program contral.

Oste skwage includes 28 focations far input and usec-proceszad data, 64
tocations for intermedisie values, and 19,328 final storage locations. Oaw storage
can be realtocnied by the user. Esch inpud location and sach intermediate jocation
uses 4 bytes o RAM and esch final storage location wses 2 byles of RAM.

A 2 pin D type connactor on the ront panal is used kor serial data communcation o

Cassatta lgne, MEMOry Modute, MOURM Of friter. # & also wsed Kor sysiem pro-
PAMIUOG il remOtE tertninal oF Compaiaer.

EXPANSION

Analog mguss can be edand in 32 channe! incremaents using the Model AM32 Relay
Scanner. Up 1o § AMIZs can be adued for an sddivonal 192 analog channels

CXPANMDABILITY: Angiog nputs are expandable in 32 channel inCrements 3o
& maximum of 192 channels using the Mode! AM32 Relay Scanner,

REAL-TIME DATA PROCESSING: user programmed processing
inclsdes linearization, algelwaiC and transcendental functions, enginesring
writ scaling. averaging, maximumimanenum, totalizning, standard deviation,
winsd wector integralion with dreclon sigma, hislograms, and more.

REMOTE PROGRAMMING: srograms. parameters and ditect com-
mands can be enterad dvectly from the keyboard of vis the seria! commurnca-
BONS port oM & 1emate COMEaltar oF lerminal,

FLEXIBLE DATA STORAGE AND TRANSFER: bata is storedin
mernory for rensier (o the display, cassetie, printer, modem, o directly o 2
computer. Sandard 21X memory allaws siersge of 19,328 data values. The
casseta racorder stores up 10 180,000 values on one side of 2 CB) cassette
at @ maximum rate of 100 values per second.

ANALOG AND DIGITAL CONTROL QUTPUTS: Two coninuous
ANAIoY oLDULS with 14 bit resolutan are available for strip chart recorders or
prozewtional contrdd, Bax digital Dulputs Can be sel Dassd on lime of pracessed
agnst levels, ‘

PROTECTED INPUTS AND QUTPUTS: atl parei connections are

profacied from slectrical transients using spadk Yaps of transzoms.

OPERATION IN HARSH ENVIRONMENTS: - 2510 «504deg.C.
0 to 90% relative numdity. The 21X packaging povides protection from
exCessive humadity and contaminants. On special order, 21X's will be iested
and guarenieed 1o opecate over & -55 to ~85 deg. C temperature range.

21X Microlagger with the Model AMI2 Relay Stannaer for channel expan-
shon.

CAMPBELL of ARGYLL tertan.

COVER PHOTOGRAPH

The 21X is shown with D cafis and samae 2f the directly compatible senzers
Ingtuding a load cell, piaticum resiatance tharmomatar, ihermpcomiphe, silicon
pryranometer and a pressure tranaducer, 8ackgeound materlsl ie the onicial
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SUMMARY OF 21X INSTRUCTIONS

The input and culput processing capabilities of iha 23X are determined by the programs contained in the Apphications Programmabla fead Only Memary
(PROM). The lollowing is a brief description of the instructions contained in the standard applications PROM.

NPUT/OUTPUT INSTRUCTIONS

#STR,

MO,

1

H

-

IS

w

L

~

o

0
1

22

DESCRIPTION

SIHGLE ENDEDG YOLTS: Meanmres yoliage 0! 3 Jingle-
anted ol weth (@Ipect 10 grovl.

DIFFERENTIAL VOLTS: Measwres voflege deiterence be-
tween M and Lo inputs of a giflereriual chaans!,

PULSE COUNT: Counts puises trom dgaal 1ogc outpnts,
Iowr kewn! MagRetc r3NsduCers Of Swalch CAOnNes.
EXCITE, DELAY AND MEASURE: Apphes exchiation vol-
taga, dolays 8 specfed e and Ihen mates a single anded
vORage measwravnent,

AC HALF BRIOGE: Provicas AC axchsion and measurss
he cate of 3£0507 10 Ropbed eRCAALON vollsge

FULL BRIDGE: Apphes £xcdaton and megtures e rato of
ordoe A 10 exciaton voltege.

THAEE WIRE MALF BRIOGE! Apphes excdston and mes-
$1A€3 the 1310 Of the vatage ACTOSS Ihe sentor (emstance 10
e YORIQE LIRS T Drdge Comphlon casmtor. Torrac-
on 15 mEde o el wve 1053 2ccording 10 the measwred
WAS ACTOSS e O T twD Leavot Canymy ordes
DIFFERENTIAL YOLTS WITH EXCITATION. Apples en-
Ao vOR2ge, d2lays a pacded tme and then Mmakes 3
OflErantil »ORAGR e aSIH ST,

FULL BRICGE WiTH MEASURED EXCITATION: Prowdes
exCANON AN MBRIUTRS tTae 1al:a B Dridge Cagid 10 @acha-
O vOR2GE &% Moawed A e Indge.

BATTERY VOLTAGE: Resds 21X's sernal Battory votage
107 TEMPERATURE PROBE: Mensues temperatine jor
- 40°C @ v §0°C range unng 8 Hode! 107 thermmistor prebe.
207 Rt PROBE. Meaguies rstaing humaity mm 1280 97%
19098 using A Model 207 RH ool

TC TEMPERATURE (SE): Measuies WmEsatre using
one O Iour COMIeN BMrTROCOUDAR HTRS Sned 8 L6R7 ADaTE-
V20 retarance pnchon tamearsturs. The hanmoooupie wid-
teQe MonmTeme™ B amgle anded.

TC TEMPCRATURE (DIF). Maasres tomparaiurd wsng
ong A Ko COMmMON TharmOOoupie YDas and & LB RD2CH-
Gsd rRlarance junchon tempeatire. The Iermacounie -
g0 Meaemant o Nersohal.

PLATINLAA R.T.D. TEMPECRATUAL: Commants RTD bawige
MAASAITR 10 IOMERsiig Bocovdang ¢ DIN Spendca-
hon 43750 ki -2007C W+ B30T eana.

WPUT PANEL TEMPERATURE: taasres the lempara-
e of B gnd panet s hermestar, Weed o T refprencn
WTIDST Ol

THAE Loads Current fene W0 B0 Yfid I0Caton 100 une o
processng

SIGNATURE - Used 107 dstecton &l program chenge and of
RO tades

POAT SET. Sets tenary adpifl port Tagh.” o, " atcord-
g " 07 “opposds o a specded peogrem Rag

ANALOG OUTPUT: Soig 3 continutus analog putpt chan-
ol 10 4 DC vofsge determened Oy & Meaaurad o SToCe3 580
vabar
EXCITATION WITH DELAY: AG(Y08 2aCR 8o 107 R ROECH-
bod datny 1oHowed By 8 $5COND doiny PO wih gaCaaton

30
I
a2
n
4
35

19

58

57

w8

59

»EIA,
NO.

CESCRIPYIOM

off Gefore A absequent meararend. Tan also bt whad tof
prograT Gelay onky.

26 TIMER: Meaures elapsed time botwenn specilied points m

he Drogeam or rom @ KeyONard avlintad Overd G & powd &3
he program.

PROCESSING INSTRUCTIONS

Fof thet grous of MSTUCOnS, paramelers X and ¥ are apud

10CAt0NS COTMAMNAG SOUTER [21a and Z 53 8N MOuR IGCHTon 110
whech fhe (e3R8 stored. F g a lixed vahue apendad as A
parameiee M I pICgrsm

Z«F I I=KY 42 I 1X
Z=X 37 X = XF 43 2 =« ABHX)
2«2 ¥ 2I=XY " 2 = FRAC{X]
2 =Xe¥ 39 2 = SCAT(X} 45 2 « INT(X}
Z s X+F 40 Z =N 46 2 = KMODF
ZeX-Y 4t 2 = EXP(X) 47 2 =Xty

48 Z - SINX)

SPATIAL MAXIMUM: Datzroenegs e masenumn of & saft of
ingad vohaba.

SPATIAL MIMIGIUIM: Dotammenes e maetwan o o st of
el yolues.

SPATIAL AVERAGE: Compuies ha swerags of o set o
gt vahaed.

STANDARD DEVIATION: Catdates the standand dena-
w00 Qwer e of 30 oed value.

SCALING ARPAY WITH MULTIPLIER aMD OFFSET:
SCabas IOUT CONBRTUIVE Nt vakuas Dy fowr glopos and
TAsats rderad an FOQIMT parsTRles.

$TH ORDER POLYNOMIAL: Comoules the potymomue
tunction Fix) = CO ¢ x(C1 + x(C2 + a(T3I « a{C4 « x(CSHI}}
whare CO Mough Cf we uner smared coRfbomns
SATURATION VAPCR PRESSURE: Catodatas 2atutmtan
2BO0 PIOLEuCe [FOM 67 lemperatTe

WETDRY TEMPERATURE vAPOR PRESSUAL: Catu-
LBtEE waPOr ONER 30T Irom ered ant i3y DUlG Inmmperatung 890G
BMOBPHOTIC PITIELTE

LOW PASS FILTER. Computes ine bme bazed titer func-
won F(x) = Wa o {1 - Wiy where W s 3 user 2nipi s assght-
g hiactan {betaann 0 8nd 1) ard y o 1he prowcus Fla)
AESISTANCE FROM BRIDGE OUTPUT: Catcudates The
senacd fesatance YoM 8 Ral o Lt Bedge Mo sutemend
o @ the 2ENaee 5 oy 3 Wngle revretancs alemart o e
brdge

OUTPUT PROCESSING INSTRUCTIONS

MSTR.
&0, DESCRIPTICH
70 SAMPLE: Records anpaat walues in fnsl storage.

n

12

7

w

T4

75

76

7

~

78

AVERAGE: Rlecords the 5me average of ngut vakees n fast
sorape

TOTALIZE: Recas e Summ o Bl »ptued o Lol stoiage.
MAXIUZE: Pacords the maianum value mG & bme of
MAsamem i heal storage.

LSS ZE . Ran0rds the minkmwm valug 2nd 07 tme of M-
uam i (sl storage.

HISTOGRAM: Renards i final s10re0e, W Hacton of biw 4
vkl WS wAthin 3 pumber o LGN Sub-ranges (e
Quency SrEtrtAton]. AN Opton OMRINg tha Awel 28 vakse of
8 20d parsmetar whon Do 151 PRIGMEtar o weitul ihe toere-
S0VARG DAt (0.9, v spead wose).
WIMOVECTOR: Calcuiates Bwersge wind spsed, mean
st wEC07 MAGHALTSe 870 drection, The SIANAAIS Devapton
O Geachon and rRoords e cesdls W knal storage.

FEAL TWAE: Rzcords currant day. howr, menule and o
seconds o fanal storage.

MIGH LOW RESOLUTION: Spendies At 10 B ytardnd
Sl SO dyp A% Bfher hagh resohding (S daga) o lomw resoly-
nom (4 Gegitt

SAMPLE ON MAX OR MM Retords 8 w2t of nonsetuine
s vales s hnal 07ege That oners Dresev M 1A toca-
sovg M e tme of Mar of Mo 28 dmtarmaned ty pror
gaecuten of nslr. P v T4,

PROGRAM CONTROL IMSTRUCTIONS

WETA.
%0, CESTRIPTION
8% SUBROUITIKE: Marke  samdd of Inplrudiaond A8 § suh-

&6

ar

9

®2

94

outing wivch May Do 2006seed oM $eeherg o he pra-
M.

gocouumo,uwmmmmmmm-

mend.

LOOP. Rapats 2 2enusncs o Feuctons & BEEORisd -

B o1 REn O A BOME COTKERGN R . THe ke Do

tooRn DARIEE TDUER ITed DO My be daliynd In madtoien

of tha eraCuUhoT MIEEL.

XK COMPARED TO ¥Y: Camparss X and ¥ and suscutes 2

apechwd command 4 ive caeull o S,

& X COMPARED TO F: Comonres X 45 bnad vohw F ang

2racutes & apacchad command 4 he (gA 3 Trug.

F FLAG Crechs Flag status and  Fleg m a0t pariormg the

apeched command.

£ TME. £ramnng thy spached fommand at e agenmeng

of, o7 B BpaCARd MuTber Of AR KXO. 8 19 o Iierval
ELSE Lahwels 5 pet of MAINACHoNs 19 be daacuisd 4 4 Som-
parson @ 1aine

£5:0: Mok ond o & Inap, subrdrding, ¢ i Sanveind Com-
parsen
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DATA RETRIEVAL

All tems referrad 10 by modet number in this section are avaiable from Campbed! Scianiic, Inr. unless siated otherwice

USING A PRINTER

The Model CRSE pontatle thetmal paater provdes hardoCpy n held apghtabons
where pOws 15 bmiled arg {olerance 10 iemperature exivemes § raqured Any
comgier ponter with an AS-232 seral interlace can be conneciad (o the 21X using
ziher & Model 5035 SHhort Haul Modem or 2 Model SC32 R5-222 tntedace.

USING A CASSETTE TAPE

A googl quality, AT biassd audio recorder such as CSI's Model BC35 can be
used 10 12Cord dta from the 21X The Model 532 Iniedace Concector provides
switched & voil power 10 the tape recoder and conditinns he Senal oUtgnA tevel for
standard dynami microphone wgats.

Dats is stored in a binary format using error detaction and correction codes lor
maximunm reliabidity. Storage capacity of one soe of 3 standard £60 casseue tape 5
180.000 data values at 16 bis per value The tape recorder caa be kufi with the 21X for
data reonrding o ysed 28 & iranster gevice 19 collect gata previously stored n the
21X's internal memory.

Data is wransierred om tape using an audio recorder and the Modet €20
Lassetie Computer Interiace. The C20 includes two RS232 ports for interd, acuyy 1o any
type of compuiter from targe time-shace syslems to smafl microcomputers. Baud rate,
larmat, parity and port assigrenent are seleciatie through ront panet switches. Eight
baud rates canging kom 110 &g 19,200 are available. The C20's defauk communica-
HONS COMMANTS Chm be rededined vig & lerminal or computer. The C20 also generales
apes from terminal erdered or computer Blored miormation.

Tt Model PC201 Clock-S1O-Tape Read Card 2itows dwect reading of CS1 data
tapes using the IBM PC or POXT computer without the 020 intedacs.

USING DIRECT LINE, SWITCHED NETWORK
OR RF COMMUNICATION

For direct Connection between the 21X and a computer or printer with an RS232
imerface, the Model SC95C Stort Haut Calling Modem and SC95A Answer Modem
are used: These provide electncally isolated connection using two conductor wires
over distances up 10 three miles

For RF telemetry. @ Modei DCBS AF modem is used n COMunclion with 2n RF
transceiver. The AF modem can communiCats with any one of 255 other data statons
on the same frequency. Connections 10 the fransceiver inCiude the microphone,
remote Speaker. ransmil Activation gnd Carter detect

i

N
5
S80S
5§

Communcation ovar (1w swiched telephone cetwork regures an FIC ieyisiered
dwect connect mixdem CSIs Model DC103& Answer Modem is used wih the 21X
while any standacd Bell 103 type 300 bawd modem may b vssd on the Cathrg end
Either the RF modem or shon haul modem ¢an be caseaded with he BLI03A mumgem
for estension of 2 swdihad tehephone retwork ine (0 RE Brks or Sethcated breg

CSI's telecomenuncaton oplions for ihe 184 PC ang THPANR Comuteg
rovele software and hacdware ke watienged ridtiogaton of St dutaioggars over
swlched leiephone ines, RF Wb of GedCatng ines.

USING SATELLUITE OR METEQR BUAST
COMMUNICATION

Hardovare and software are avadatie Ly wderiacing the 21X to Commerciaity
avalable GOES and ARGOS sateliite ransmittars and metenr bursi BE lranscehers

VNN

YR

-

The Model £20 Cassette Computer tnterface with recorder for playback,
tape, paichcords and RS-232 cebles.

Tt

The 16M PCXT computer se contigured for reading deta iram Cesastie or Memory Module (teft side) snd for telscommunications usieg the Hayes Smarimodem 1300

#nd the Model SMX 126 Saclal Oata Wuitiploxer 10 provide access to other madems.

o
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SPECIFICATIONS

The follgwing electrical specifications are valid for an ambient tempetature range of -25deq. Cto + 50 deg. C unless aihersise specitied.

ANALOG INPUTS

NUMBERA OF CHANNELS 8 dfterantial or up to 16
single ended using one diffecennal channe! tor
each twa single ended channg!s

CHANNEL EXPANDABILITY: The Moast AMi32 Relay
Scanner muttpleres 32 diferental channels
hiGugh a single 21X difterental channel Up io
6 AM32 scanners canbe added 1o a 21 X for 192
addional anatog Channdls,

VOLTAGE MEASUREMENT TYPES: Swglz-andad or
differantial. A thermusion at the input lerunals
provides relerence junction compgensaton (or
Wrerongfouple measurements

ACCUBACY OF YOLTAGE MEASUREMENTS AND
AMALOG OUTPUT VOLTAGES: 0.1% of FSR.
0.05% of FSR (0 10 40 deg. C}.

AANGE AND RESOLUTICN: Rarges zre software
szlectable for any channal. Resolton o singic
ended mzasurements i teice Ive value shown

Full Scale Range Resolution

=5 vglis 333 wicrovolts
=0.5 volts 13.3 microvolts
= S0 millivolts 333 mirovolts
=15 millivoRs 1. microvolt

=5 mittvolis 0.33 microvolts

INPUT SAMPLE RATES: Tha fast A conversion usas
a 250us signal integeation time ardd the slow
comversan uses 3 16.666ms signal integration
ting (one power bne Cycte period). Difterential
MERIUTEMNLS NG 8 $2chnd Sampling with
teversed input polanty 1o reduce thermal offset
ard COMman mode ercrs. The following inter-
vals do notinclude the seff-calibration e asure-
ment which DCCUTs once per instrucinn. Input
sample rates shoukl rot be confusad with 5ys-
term daia throughout rates

Fast single-ended voltage:
2.4 mithsecords/chanast
Fast gfferential voltage:
3.7 millisaconds/channel
Sl single-endad voliage
18.8 nutliseconds channel
Siow ditterential voliage:
37.0 mitisgconds channe!
Fast diterential thermoooupts:
7.3 milizecends channet
INPUT NOISE VOLTAGE
Fast dtterenial --- 0.83 micravolis RMS
Stow diftecental — 0.1 miciovolis RMS

COMMON MODE RANGE: =S volts

COMMON MODE REJECTION: >140 ¢ (OC 10 100
Hz)

NORMAL MODE REJECTION: 70 dB {60 Hz with slow
Aitfarential measuremeant).

NPUT CURRENT: 2 nancamps max.

INPUT RESISTANCE: 200 gigohms

ANALOG OUTPUTS

NUMBER OF ANALOG QUTPUTS: 4 swiched, 2 con-
WIS,

OESCRIPTION: Switched ond Coninuous. A switched
oulput s active only during & measuramant
and is switched off (high impadance) imme-
diately tollowing the measurement. Only one
switchadd outpul can be active atany one ime
The 2 continuous utpuis hold o praset voltage
until updated by gn analcg Suipul Command.

RANGE: = § volis,

AESOLUTION: 0 §7 miinits
ACCURACY: Same as voltage nput
OUTPUY CURRENT

Swatched 20 nA0D $5V, S50 MA (v 125V
Continuous same (a' +V. 5 mMA (4 .V

RESISTANCE AND CONDUCTIVITY
MEASUREMENTS

ACCURACY: 0 035% (002% 0 10 40 deg €} of tul
scale brdge oulpul provided the matching
bridge resistors are not ine limuing factor. The
excitation woltage should be programmed 10
MaIch he brdge outpul with a full scate nput
voilage rangs

MEASUREMENT YYPES: 6 wire full brdge, 4 wire full
bridge, 4 wirz, 3 w2 and 2 wire hall brdge
High acruracy, low impedance badge measure-
menls are sattometsic with dual polanty
measuramenis of excitaton and guipul (0 elme-
nate ibarmal emis. AC resisiance and conduc:
tivity measurements use a 730us excitaton
pulse with the signal iNlegration oCrurmng over
the 1ast 250us. An equal duration gritse of oppo-
site polarity 15 applied for o de-polarizaiion.

PU! SE COUNTERS

NUMBER OF PULSE COUNTER CHANNELS: 4 exght
b Of 2 sisteen bit, soltware selectable.

MAXIMUM COUNT BATE: 255C Mz, eqght bil counters;
250 kM, sixtoen bdt counters. Pulss courdar
channelz are 3canned 2t @ maximum rate of 10
Hr.

MQOES: Programimable modes arg switch closure,
tigh trequency pulse and kow level AC,

SWITCH CLOSURE MODE

MINIMUM SWITCH CLOSED TIME:
3 mulliseconds.

MIMIILURG SWITCH OPEN TiRE:
4 mdlizeconds.

BAAXIMLIE BOUNCE TIME:
1 millisecond open without being
oounted.

HIGH FREQUENCY PULSE MODE

MINIMLIM PULSE WIDTH:
2 MCrosecsnds

MAXIMIUM IMPUT FREQUENCY:
250 kilohentz.

VOLTAGE THRESHOLDS:
The count is incremented when ihe n.
put vohage changes fiom betow 1§
volts 10 above 3.5 volis

MAXIMUM INPUT VOLTAGE:
= 20 volis

LOW LEVEL AC MODE
This mode is used lod counting frequancy of AC
signals rom magnetc puise liow transducers of
oiher low voltage, sine wave oulputs.

MINIMUAL AC INPUT VOLTAGE:
6 eillivoits AMS
INPUT HYSTERES!S:

11 autlivolts.
MAXIML 1A AC IMPUT YOLTAGE:
20 voits AMS
FREQUENCY RANGE:
AC ot Voltege {AMS) Range
20 mnillivoits 1 Xz to 100 He
50 mitlivolts 0.5 Hz to 400 ez

150 ititoits 1o 20 volts 0.3 Hz to 1000 Hr

(consult faciory f highar kequencres are oe-
sied)

DIGITAL CONTROL OUTPUTS

Tha 21X inchudas 6 digital control cutputs (hat can be
sl of ieset on commandd

OUTPUT VOLTAGES
(no load): Hugh - 5 volts = 1 vohi,
Low — <0 1 voi{

OUTPUT RESISTANCE
400 ohms

TRANSIENT PROTECTION

Albinput and output conreciions are protected us-
g spark gaps connected diredily 10 3 beavy copper bar
on the crgunt card hetwean ihe tewd input lerminal stips
The 12 volt power inpui and charger npuls are piG-
tected with ranszorbs.

CPU AND INTERFACE

PROCESSOR: HITACH! 6303 CMOS B bt mcro-
processor

MEMORY: 16X ROM, 40K BAM, expandable 10 24K
ROM with 2n eatended soft«are option. Stan-
dard 21X stores 19.328 low resclution data
points in Final Memaony.

DiSPLAY. 8 digit LCO (0.5 degs).

PERIPHERAL INTERFALE: 9 pin D-type connector oa
the panst for connection (0 cassetle racorder,
modem. printer, of RS232 adapter. The zenal
interdace can be peogramenad o baud rales of
300. 1204, 5500 and 76,800,

CLOCK ACCURALY: =1 mivgde per month.

MAXIMUM PROGRAM EXECUTION RATE: The 25X
Programming Tabla can be executed i sync
with real e o & maxivawn rate of 80 per
second. Typica! theoughput vates allow 1
measurament with inear sealing and transler to
1ape af Bus rate with RO intemuplion.

SYSTEM THROUGHPUT: Data ihvoughput is the rate
at which 3 signal can be measured, processad
s stoved in Final Memory, Tha rate s reduced
by additonal processing of when data is rans-
torred to Casseite Tage o theough the 21X
seqial poet,

Thioughput to the Cassetin tape 15 100 data
values per second. Dunng tape iransler, 25% of
the CPU's time is requwed. Therelore, program
exsouton is uninterrupted il the usar-emersd
program requires kess than 75% of the CPU's
e

ASCHt data values (10 characters per
vilue) can be ransmitied via the sarial pont at
9600 baud with a throughput of approzimately
100 values per second with 15% CPU utiliza-
tion, Fastar throughpit rates are possible #f
CSi's binary format is transmtied {consult lac-
tory)

E3ch timg @ new measurement instnichon
is speciled. time for two addtional measure-
menis is required tor seli-calibration. Therolore,
using Mmare repetit:ons i lewer INSIUCtons -
creases hvoughput.

SYSTEH POWER REQUIREMENTS

VOLTAGE: 9.6 10 15 voits.

TYPICAL CURRENT DRAIN: 1.0 mA quiescent, 25 mA
during processing, and €0 wA durng anatng
MERSUIEMENT,

INTERMAL BATTERIES: 8 Ataline D csils with 7
amp  hour eapscily.  The Mods! 21XL inchudes
sealed ‘end acid battedies wilh 2.5 amp howe
capacdy par charge.

EXTERNAL BATTERIES: Any 12 volt exteinal batiary
can be connaciad A5 & PINTAGY DOWET SOUMDE
with thg intearnal battenes provikng backup
white changing extomal bateres

OPERATION FROM OTHER SCURCES: The Mode!
21 XL inchadies 8 battary charging circuit that can
be tonnecied 10 15 10 30 VDC ndehimlety to
maintan a tull charge on the Datlenes without
degradaton. The chavging cwcuit includes
tempecature COMPRNSation 107 MAMNIAINNG Op-
tmum chaiging voltage at temparature ex-
tremes. A 110 VAC (10 15 VDI wat transiorimnas
i provided wih the 21X

PHYSICAL SPECIFICATIONS

SIZE: 8.2° X 57 X 3.3". Input tarminal strips datend
0 45" atove the pane! surace

WEIGHT 62 w5 Repiinted Dornnmbar 18283



» Model PC201
Clock SIO Tape Read Card

l
o Model PC205
Telecommunications Soitware

e Model PC203
Power-up Control Box

s Mode! PC203
Datalogger Support Software

111

iBM PC DATA STORAGE :

PC201 CLOCK—SERIAL VO~TAPE READ CARD

The PC201 Card and an audio cassette recorder are used 1o play back
data from casselle tapes generated by CSI dataloggers, format the data
and siore it on disk. The card containg a battery powered clock thal sets
the 1BM giock on power up. An Asyachionous Communications Adapter
is inciuded which can be configured as COMT or COM2 for communica-

tion with R3232 peripherals. PC201 software prompts the user for the r
quired information needed 1 read the cassette and store data in a specified
fiie. A Maximum Timing Qeviation display allows the user (0 oplimize veluma
and head alignment during tape read. C3Is onginal format (I} is also
accommodated.

TELECOMMUNICATIONS CONTROLLER FUNCTIONS
AND PC205 SOFTWARE

The PC205 Telecommunications Software provides interogation of C51
dataloggers over switched lalephone lines, AF finks or dedicated lines. The
appropaate medem is required {e.g., the Hayes Smart Modem, the DCS5
RF Modem or the SCI5C Calling Short Haul Modem). Data is stored in disk
files specified by the user, The user prompts help create a status file comain-
ing necessary paramelers and station phone numbers, Once the file is
created, tha station is catled by specilying the file. New data is aviomatically
appended to the specified data file and formatted in ASCIl with comma

delimiters for compatibility with olher programs.

Using the PC201. PC205, PC203 Fower Control Box, and the appropri-
ate modem, the IBM can operate in an unaltended mode. A status lile is
created i the PC205S software and the time for the next zall is siored in the
PC201 card. At the specified time the PC201 switches tha PL203, powering
up the 1BM. The PC205 software then steps thvough the commands, interro-
gates the datatogger and siores the data in a lite.

PC206 DATALOGGER SUPPORT SOFTWARE

The PC206 Soitaare package ronsists of three separate programs.
They ars called EDLOG (Program Editor), TERM (Terminal Emulator), and
SPLIT (Data Split, Merge and Report Generatian Programy),

EDLOG aliows tha user 1o develop and document programs for Camp-
vell Scientific CR?, CR7X and 21X Dataloggers. Full aditing features aliow
the wser 10 insert, delets, move, copy and mark programming instisc-
tons. in ling documantation is provided or the usar may insant his own com-
ments. A complate isting of datalogger instructions may be displayed on the
screen o aid the user in selecling programming instructions. Aiphanumeric
labels may bae assigned 10 inpul locations to aid in program debugging and
readability.

TERM provides computer/datalogger commurnication for data setrieval,
real time display of data and downloading/uplpading of datalogger pm-
grams. Datalogger type, inlerlace options and baud rate are speciliad iy
the user and saved in a parametor file which may be used by TERM or
PC205 Telecommunications software 106 auto digling.

SOLIT will salact data trom a data file or several data files and comisne
the data into a report file. The user can specify range checking on each se-
tecied slement that will be flagged i itis out of range. Also, the repoit may be
given a name with labels for sach column of data, SPUIT ailows the used o
oulput the report file 10 De compatible with popular spreadsheet programs.
This program will spiit data produced by the CR21, 21X, CRY7 and CR7X.

COMPUTER REQUIREMENTS

e 1BM PCAXTIAT or compatibles
& One full length siot lor PC201 Card

e PC-0OS or MS-DOS operating sysiam
® Minimum of 256K bytes of RAM
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The 21X extended software is contained in an optional PROM on the 21X CPU board.

OPTION £SX1:

BLOCK MOVE
INDIRECT INDEXED MOVE

COVARIAMCE fCORRELATION

STEP LOOP INDEX

ACTIVATE SERIAL DATA OQUTRUT
INITIATE TELECOMMUNICATIONS

SENE CHARACTER

MODE: SAVE TR 1.DAD PROGRAM,
PROGRAM-ON-POWER-UF OPTION
MODE: SECURITY

EXTENDED TELECOMMUNICATION COMMANDS

23
&4
60
61
62
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06

0

ALL

OPTION ESX2:

BURST MEASUREMENT

BLOCK MOVE

FFT

INDIRECT INDEXED MOVE
COVARIANCE/CORRELATION

STEP LOOP INDEX

ACTIVATE SERIAL DATA OUTPUT

MODE: 5AVE OR LOAD PROGRAM

EXTENDED TELECOMMUNICATION COMMANDS

DESCRIPTION

BURST MEASUSREMENT ~ Instruction 23 repsats volt-
age maasuremenis on a set of channels, with axclitation,
If desired. FParamgeters £pacify the number of repatl-
tlons, and the repetition rate. Recording of values can
ba triggered by a digital Input or a specified measure-
ment theeshold, The mintmum samole time per channel
Is 970 us allowling 3 maximum single channal sample rate
of 1030 Hz. Measuremen? results may be stored In Input
Sterzga or the raw A /D data transmitied via the serlal
port,

BLOCK MOVE -- Exscutes a "block miove™ of data In
Input locatlons. The source and/or destination of the
data iriay be either contlgyous or equally spaced Input
focations.

FFT -~ This program doas a F2st Fourler Transform on
a s2t of data contained In N cofrtlguous laput storage
locatlons where N Is 2 raised to an lnterqQral power up
to N=8192 (213)_ if *he original data set Is aot knowa
1o be perlogic with an Intergral number of perfods In the
datx set, then It Is necessary (o apply a taper to the
beglnning and end of the data. A paramster specliies
an option that applles z Tour term Blackman-Haerls taper
and a corractlon on spaciral vélues to conipensate for the
eff2Ct of the taper,

INDIRECT INDEXED MOVE ~ Moves lnput data from
tocatlon X to focation Y whare X and Y are values stored
In speclfied Input locatlons. The wvalues of X andfor Y
may be lndexed 10 a loop countaer.
COVARIANCE/CORRELATICON ~ Thls lnstructlon cal-
culates 1) maans, 2) variances, 2) standard devlatlons, 4)
covarlzaces, and S) correlations for a set of Input values
and stores selectad results In Input Storage. Subintesvals
are atlowad for convenient hligh pass flitaring.

STEPE LOOP INDEX — When uzed withln g loop, In-
struction 90 lncromants the Index countar by a specified
amount after tha first time through the loep, allowing In-
dexed {nput locatleons to be Incremanted by the spacified
step,

ACTIVATE SERIAL DATA OUTPUT ~ instruction 96 Is
used Inst22d of *4 to conditionally contro! output of Final
Storage data to piinter of 12ps. After the most recently
recorded data Is transmitied, further output Is disabled

o7

o8

*D

uati! Instruction 96 is executed again. This instruction
also allows Final Storage Format (binary) data to be
transmitted as the printer output,

INITIATE TELECOMMUNICATIONS ~ Instruction 97
anables the 21X to Initlate telecommunications under pro-
gram control. Paramatars Inciude the R €, Modem 1D,
numbers and telephons numbers requlred to call the net-
work controller, A speclfied number of randomly tlmed
retites occur If the communication link IS not success-
fully made. After the link Is established, a2 datalogger
1.D. number Is transmitted and control Is transferred to
the network controlter,

SEND CHARACTER — This lnstiuctlon sends a character
to the Sertal port, preceding a data Qutput Array, and Is
used whena transmiitlng to a3 device requirlng command
Initlalization.

MODE FUNCTIONS

MODE: SAVE OR L.OAD PROGRAM — The *D Mode
saves the user’s program on tape or printer or {oads the
program from tape (uslng the SCO3 Tape Read/Wrlte In-
terface), modam or computer Into the 21X. The £SX1 *D
contalns the PROGRAM-ON-POWER-UP optlon used
to output the user's program wilth additlona!l code tn 2
PROM programmer. When this PROM Is Instalied In the
21X, the user’s program Is loaded on datalogger power-
up.

MODE: SECURITY ~ The *C Mode s used to pro-
tect the user's program fromi unauthorized or accidentatl
change. Once security Is activated, 2 usar entered 4 digl
pass word must be entered bSafors the proegram Can be
altered,

TELECOMMUNICATION COMMANDS

TOGGLE FLAGS and SET UP FOR K COMMAND ~
Upon recelving a3 J command, the 21X is ready to recalve
a sarlas of 1 byts values which toggle fl2gs, and taell the
21X If 3 subsequant X command Is to send Final Srorage
angd which, if any, (nput focations to send.

CURRENT INFORMATION — The 21X sends, In binary,
tima and the !nput and Finai Storage data speclfied In
the J command.

CAMPSELL SCIENTIFIE, ING,

PO Bor 891 = Logan Laes 84321 ¢ @0 733-R42 ¢ TUX 483038
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GIEMU LT ERUATEIRADIATIONIS HIELID

The Gill Multi-Plate Radiation Shield is a naturally ventilated
shield designed for ambient temperature, dew point tempera-
ture, and relative humidity sensors. The convenient size and
light weight of this shield make it useful for a wide range of
applications. Itis espedcially well suited for field studies where
power is timited.

Oifferent sensor mounting configurations allow the shield
to accommodate most comimercially available temperatyre
sensors. Several commoenly used dew point and relative
humjdity sensors can aiso be easily mounted in this shield.
Sensors are mounted vertically within the shield.

Modei 41002 has a 1 inch standard tapered pipe thread for
sensor mounting. A maiching threaded hex plug is used to
hold the sensor. When specified with the order, this fitting is
predrilled to accommaodate the desired sensor, If the sensor is
not specified, an undrilled fitting is provided. Model 41004 has
2 33 mm (1.30 in) 1.O. cavity which accepls several types of
sensor mounting adapters. A Universal Sensor Adapter is nor-
mally supplied for mounting sensors up to 10 mm (0.39 in)
diameter, For farger diameters up to 26 mm {1.02 in} 2 Probe
Adapter Ring is substituted. Two small screw clamps are used
1o hold the sensor adapter in position. Both radiation shield
models have an offset type mounting bracket with a V-block
and U-bolt which allows the shield assembly to be easily
attached to a vertical pipe of any diameter between 25-50 mm
{1-2 in}. This mounting configuration permits easy access for
sensor installation and servicing.

Twelve white opaque mokded plastic discs permit easy air
passage through the shield but the unigue disc profile provides
positive blockage of direct and reflected solar radiation. The
thermoplastic disc material is a spedial formutation for
maximum weatherability. This material provides high reflec-
tivity, low thermal conductivity, and low heat retention.

The shield assembly is 12 cm diameter by 27 cm overall height.
The twelve shield discs are mounted on three support studs
with 11 mm separation between plates.

Wind tunnel tests with artificial radiation indicate that under
conditions of low air movement (1 n/s) and maximum solar
radiation, the temperature sensor is maintained within 1.5C”
of ambient. With winds at 2 nvs the error is reduced to less
than 0.7C° and with winds of 3 mvs the error is 0.4C° or less.
These results have been independently verified in field tests.

SPECIFICATIONS: MODEL 41002/41004
MULTI-PLATE RADIATION SHIELD

SENSOR CLEARANCE:
Mode! 41002 — 29 men (1.14 in) diameter x 12 cm (4.7 in) length
Model 41004 — 32 mm (1.26 in) diameter x 12 cm (4.7 in) length

RADIATION ERARCA:
Under radiation intensity of 1080 W/m?
Depandent upon wind speed (ventilation rate) —
0.4C" (0.7F") RMS @ 3 mVs (6.7 mph)
0.7C (1.367) RMS @ 2 m/s (4.5 mph)
1.5C° (2.7F°) RMS @ 1 m/s (2.2 mph)

MATERIAL;
White thermoplastic LIV siabilized for long term weatherability
Gloss white painted aluminum mounting bracket (with molded
plastic Y-block and staintess steel U-bolt)
DIMENSIONS:
Overall ~ 12 em (4.7 in) diameter x 27 om (10.6 in) height
Plates — 2 mm {0.08 in) thick x 11 mm (0.44 in) spacing
MOUNTING:
V-block and U-boit fit vertical pipe 25-50 mm (1-2 in) diamater
WEIGHT:
Net Weight ~0.7 kg (1.4 ibs)
Shipping Weight ~ 1.4 kg (3 lbs) approx.

ORDERING INFORMATION:

"SUPPLIED IN PLACE OF UNIVERSAL BENSOR AGAPTER

GILL MULTI-PLATE RADIATION SHIELD ~ 1 in NP.T. SENSOR MOUNTING HEX PLUG (UNDRILLED) .
HEX PLUG ~ MACHINED TQ SPECIFIED SENSOR.DIA - 26 mm (1.02 in) MAXIMUM .. . ... ...
JUNCTION BOX-MACHINED TO SPECIFIED SENSOR DIA — 10 mm (0.38 in) MAXIMUM ... || ADO SUFFIX “T” 30.00

GILL MULTE-PLATE RADIATION SHIELD - UNIVERSAL SENSOR ADAPTER CLAMPS PROBES UP TC 10 mm

{033 DIAMETER .. ... ... ... .
PROBE ADAPTER RING™ - MACHINED TO SPECIFIED SENSOR DIA ~ 26 mm (1.02 in) MAXIMUM . AGD SUFFIX "G~
JUNCTYION BOX™ —~ MACHINED TO SPECIFIED SENSOR DIA = 10 mm (0.39 in) MAXIMUM .| ADD SUFFIX “Z~

CAT NQ 41002 $i58.00
ADOD SUFFIX "P™ W

CATNO 41004  158.00
WC
30.00
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