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CHAPT. X 1

INTRCDUCTION

The research effort described on the following pages
investigates the role of Energy Management and Control Sys-
tems (EMCS) in the energy conservation and efficiency pro-
grams of the United States Air Force. The question of the
amount of energy actually saved by the EMCS component of
these programs has remained unresolved, even though its

answer is vital to management of future energy programs.

Problem Statement

General Problem. The U.S. Air Force has projected

annual savings of over four million dollars from the employ-
ment of EMCS at 53 USAF installations. However, no solid
data exists to verify these savings. There is acute Congres-
sional interest in the amount of energy the EMCS's have

saved (2). Consideration of normal USAF facility physical
characteristics reveal the following specific factors that
have prevented adequate verification.

Specific Factor 1. Adequate historical energy con-

sumption data for individual buildings is generally not avail-
able because meters are not installed on most individual
buildings on USAF bases. However, even if individual build-

ing data were available, the many specific differences




between buildings on different bases, and even between build-

ings on the same base, may invalidate generalization of the

results to larger building complexes and entire bases. Base-
wide energy consumption data is available but does not pro-
vide a convenient immediate reference for evaluation of
energy savings. Changes in numbers, sizes, and character-
istics of buildings may produce changes in energy consumption
that should be considered for valid energy savings compari-
sons.

Specific Factor 2. Isolating the effects of EMCS is

difficult where other ECIP improvements have been accom-~
plished during or after EMCS installation.

Specific Factor 3. After considering Factor 2 above,

an appropriate method to isoclate EMCS energy saving effects
would appear to involve metering a base or installation with
EMCS turned off and on for similar periods. This cannot be
accomplished without considerable calibration efforts. When
EMCS is installed, some of the control system components are
altered to accommodate the new equipment. Simply turning
EMCS off does not necessarily return the control system to
its prior state. All the EMCS influences would have to be
disconnected and the control s ’stem recalibrated in accord-
ance with the original design specifications (17).

Specific Factor 4. In addition to the above calibra-

tion problem, weather differences would be a significant

factor in consecutive test periods with EMCS turned on and




off. Long test periods would help, but total heating/cooling
degree days can vary considerably {(up to 50%) even on a
yearly basis. |

Studies performed to date have failed to conclusively
prove either the practicality or impracticality of EMCS.
Several studies since 1978 have had widely varying degrees
of support for EMCS (1). Some studies have been rejected

after close scrutiny by high level staff members (5).

Statement of Objectives

The objective is to determine whether the Energy
Management and Control Systems (EMCS) have saved energy in
USAF facilities, and the amount of energy that has been
saved. The specific sub-objectives listed below and the ’
methodology explainad in Chapter 2 are designed to overcome
the above Specific Factors 1 and 2, while eliminating the
impact of Specific Factors 3 and 4.

Sub-objective 1. To use historical data to develop

a statistical model which predicts energy consumption. It
must include both the previously validated energy require-
ment variables (Base Population, Facility Square Footage,
and Heating/Cooling Degree Days), and moderating variables
which account for energy conservation improvements other
than EMCS.

Sub-objective 2. To validate the above model by

comparing the predicted consumption with actual consumption

on non-EMCS installations.




Sub-objective 3. To determine whether any savings

has taken place by comparing the energy consumption pre-
dicted by the above validated model with actual energy con-

sumption data for installations with an operating EMCS.

Research Question and Hypotheses

Question 1. What statistical model will best predict
energy consumption as a function of energy requirement vari-
ables and moderating variables which account for ECIP im-
provements?

Hypothesis 1. Energy consumption predicted by the

above model for non-EMCS installations is equal to actual
energy consumption.

Hypothesis 2. Energy consumption predicted by the

above model is greater than actual energy consumption for

installations with an operating EMCS.

BACKGROUND

Worid
International economic development has been driven
by the unrestricted availability of inexpensive energy. The
Arab 0il embargo of 1973 was a politically selective denial
of petroleum products to countries supporting Israel. Aas a
result, o0il prices increased more than tenfold. The whole
world's economy faltered, causing high unemployment and busi-
ness slowdowns. This crisis resulted from the unbalanced

geographical distribution of known o0il reserves. Enhancing
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the problem was the fact that about 25% of the world (West
European industrialized nations, Japan, Canada, and the
United States) consumes 80% of the world's production of
petroleum products. These industrialized nations are highly
dependent on imported oil, with some as much as 100% depend-
ent. Dependence on imported o0il is expected to increase,
and the Soviet Union is expected to become an importer by
1985. There is a limit to how much petroleum is available,
and it is estimated that the known petroleum reserves will

last only until the year 2015 (29:p.1-2).

National Energy Perspective

The energy problem in the U.S. came from its depend-
ence on petroleum, which represents only 7% of United States
proven reserves. Although the U.S. represents only about 65%
of the world's population, it consumes 36% of the world's
petroleum energy. The United States produces only 17.6% of
the world's crude o0il which means it imports over 40% of its
liquid petroleum needs. Of all the oil the U.S. imports,
almost half is from the Arab nations which imposed the 1973-
1974 o0il embargo. The total U.S. energy demand is expected
to increase from 38.7 million barrels of oil per day in 1980
to 50.3 million barrels per day by the year 2000. The era
of inexpensive energy in the U.S. ended with the o0il embargo

of 1973 (3:1-28; 9; 29:pp.1-3 to 1-7).




Federal Government

The Department of Defense uses 2.5% of the energy
consumed by the U.S. The Air Force used 154.4 trillion BTU's
in FY 1980, which was 56% of the energy taken by DOD or 1.4%
of the energy consumed by the United States (3:1).

In compliance with Executive Order 12003, the Depart-
ment of Defense has established several energy conservation
and efficiency goals. The facilities energy reduction goals,
as compared to the FY 1975 consumption level, are as follows
for existing buildings: 20% per square foot by FY 1985, 25%
by FY 1990, 30% by FY 1995, and 35% by FY 2000. The goal for
new buildings is 45% reduction compared to a similar building

built in 1975 (3:iii,83).

Air Force

The Air Force consumes great guantities of energy to
fulfill its goal of deterrence. Coal, 0il and natural gas
are the main sources of energy for the Air Force. The Air
Force has reduced its consumption by 36% from FY 1973 to
FY 1980, but total utility costs still have increased 136%
from FY 1975 to FY 1980. Aircraft operations utilize 70.5%
of Air Force energy, vehicle operations utilize 1.6%, while
facilities use the remaining 27.9% (3:1-27).

Many programs have been implemented to save energy
in facilities. The Air Force has reduced, through any and
all means, total installation energy consumption by 27%

from FY 1973 to FY 1980.. Some typical energy conservation
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investment programs (ECIP) conducted during this period in-

cluded the following: building new heat generating plants;
adding insulation in base facilities; installing sodium
vapor lighting for base streets; placing new heating, ven-
tilating and air conditioning (HVAC) systems in facilities;
installing insulated windows; and establishing energy man-
agement control systems (EMCS) which all bases included as

part of their energy projects (3:5-7).

Historical Overview of EMCS

In the early 1950°'s the forerunners of EMCS were
developed., They basically consisted of a large central
panel that had gauges and dials with relays and switches
that could stop and start the attached equipment by a time
clock. Each controlled point had separate electric or pneu-
matic lines which made it awkward and expensive. This sys-
tem could handle only one building.

Time-sharing graphic displays came into being in the
mid-1950's, reducing the size of the control consoles. The
main unit, now called a central processing unit (CPU) in-
stead of the central panel control, used hardwire logic cir-
cuits to store the values received from the remote points.
The data could be displayed by these circuits instead of by
dials and gauges. Similar circuits at the remote locations
stored data, and transmission lines were shared. These units
could monitor temperature and pressure, report abnormal con-

ditions, start up and shut down equipment based on a time

7




schedule, and make adjustments on set points (i.e., changing

temperature for night and day).

Multiplexed data transmissions came into being in the
1960's, allowing the field panel to convert the signals to
a digital form for transmission to the CPU. The individual
wires from each sensor to the CPU were replaced with a two
or four wire cable. The field panel controlled each channel
so that separate data could be simultaneously sent over these
multiplexed channels.

The distance over which sensors could communicate was
increased by the introduction of telemetry techniques devel-
oped from space probes and long-distance telephone lines.

In fact, in the late 1960's the post office monitored build-
ings in Alabama, North Carolina, and Pennsylvania from Ohio
using long distance telephone lines.

The advent of cathode ray tubec allowed many values
to be shown on one device. The major problem was that it
used hardwire logic which restricted the use to values al-
ready identified. Addition of sensor points required ma jor
rewiring of the console.

In the 1960's, transistors were replaced by computer
chips which could each perform twelve different functions.
Later development enabled performance of over 100 functions
per chip. The first minicomputer was marketed in 1965, with

the first true EMCS following in 1970. The software capabil-

ity of a computer gave EMCS great flexibility for changing




needs. The console only had to be reprogrammed instead of

rewired. The 0il embargo of 1973 provided the impetus for
large scale use of EMCS.

The cost of small scale computers decreased from
$250,000 to a range of $2,000 to $25,000, making the purchase
of an EMCS much more economically feasible. The estimated
expenditure on EMCS in 1974 was $200 million, which is ex-
pected to rise by 1985 to 775 million dollars. This has
been caused by the increasing energy cost and the decreasing
cost of EMCS.

The past 30-year period has seen tremendous EMCS
development from a simple monitor to a total facilities con-
troller (22:3-7).

Present EMCS Status, Capabil-
ities and Operations

The components of the EMCS are divided into two cat-
egories: hardware and software. The hardware consists of the
central processing unit (CPU), the memory, the input/output
devices and the input/output field interfacing devices (FID's).
The software program tells the hardware what to do and how to
do it.

The CPU and FID's are connected by a transmission
line which uses multiplexing techniques to share a common
channel. Sensors and controllers which monitor and/or con-

trol are wired into the FID's. The FID's (microprocessors

or microcomputers) monitor the sensors and make routine




changes. The FID links the sensors and controllers and the

CPU. The FID's take the data from the sensors and convert it
into signals for CPU processing. Then the CPU can store the
data, use the data for computer decisions, or display the

data on the CRT to await cperator decisions (15; 18; 22:8-18).

Sensor

|

K% Memory \

Multiplexing | FID

Device

Controller

transmission
line

Actuator

nput/Output
Device
(CRT) )

Figure 1. EMCS System Block Diagram

The EMCS is classified by three levels of capabilities
and sizes. The overall capabilities include the following:
1. Level "A" EMCS (kasic energy conservaticn) men-
itors and provides start and stop control of equipment.
2. Level "B" EMCS (raximum erergzy conservation) has
| ) a computerized system that allows the application of optimiza-
[ ' tion programs.
3. Level "C" EMCS (all of B plus full engineering

applications) has a computer control system that is capable
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of all optimization programs plus providing significant
maintenance and management capability (23:22-23). .

The sizes are:

1. Large EMCS, in excess of 2000 sensor and/or
controller points.

2. Medium EMCS, between 500 and 2500 sensor and/or
controller points. 3

3. Small EMCS, 50 to 600 sensor and/or controller
points.

4., Micro EMCS, less than 125 sensor and/or controller
points (27:7-18).

The Air Force has all sizes and capabilities of EMCS.
Some have been operating as early as 1977. The individual
base installation costs of the EMCS have varied from
$600,000 to $7,000,000 (21:7-11)

EMCS capabilities are 1isted below:

1. Time of day controls. The starting and stopping
of equipment is based on the time of day.

2. Duty cycling. The shutting down of equipment for
short planned periods during operating hours.

3. Demand limiting. The shutdown of selected equip-
ment, through load-she iding operations similar to duty cy-
cling, to insure the total electrical load remains below a
set limit.

4. Optimum start/stop of eguipment.

11




a. Morning warm-up of building during heating

season. The equipment is started as close as possible to
the occupied time.
b. Morning cool down of building during cooling
seascn. Chillers or outside air are used only when needed.
c. Early shutdown of HVAC systems. HVAC system
can be shut down prior to the va—~ant period.
5. Night temperature setback. Lowering the temper-
ature set point when the facility is unoccupied.
6. Enthalpy economizer cycles. Determines when out-

side alr can be justified to cool a building.

7. Hot/cold deck temperature reset. Minimizes the
temperature difference between the heating and cooling sur-
faces of a dual duct HVAC system while meeting the total
system load at a given time.

8. Chilled water temperature reset. Varies the
chilled water temperature to meet the current cooling load.

9. Cooling tower optimization. Calculates the con-
trollable parameter settings to use the lowest amount of
energy.

10. Optimization of chiller loading. Distributes
cooling load among chillers to produce most optimum operating
conditions.

11. Carbon dioxide control. Determines the quantity
of outside air needed according to the level of carbon diox-

ide in the building.

12
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12. Gap control for self-heating buildings. Allows
the conditions in a space to drift between set limits (6;
10:305-314; 11:E-Ed; 14; 22:30-44).

Common problems experienced with EMCS are as follows:

1. Long periods are often reguired to debug and
fine-tune the system.

2. The system does not always meet the owner's re-
guirements.

3. The system often does not perform its monitoring
and control functions accurately.

4, Alarm signals are occasionally triggered bty the
EMCS when actual conditions are not out of tolerance.

5. The printer has low reliability, requiring exces-
sive maintenance.

6. If power to the EMCS is interrupted, the EMCS
cannot be brought back on line without considerable mainten-
ance effort.

7. Many owners have found that, when expanding their
EMCS, they can obtain the extra hardware from only the orig-
inal manufacturer, and at an exorbitant price.

8. The EMCS's generally require more maintenance
man-hours than other HVAC control systems.

9. In retrofit applications not all of the building
system devices are compatible with EMCS's,

10. Through advertising, manufacturers often build up

expectations of EMCS beyond actual capabilities (22:57-61).




U.S. House of Representatives
Report

The House of Representatives' Subcommittee on Over-

sight and Investigations of the Committee on Energy and Com-
merce recently published a report on Federal Government
energy waste. They criticized the Department of Defense's
(DOD) ECIP and EMCS programs as keing mis-managed and mis-
directed. They cite that the EMCS program, regarding energyv
conservation goals, ". . . has failed miserably to date be-
cause of significant project delays and operational problems
[26:6_." Another report, briefed to the Facility Energy
Steering Group (FESG), stated that delays averaged 20 months
on 36 of the 40 EMCS projects under construction (24).

The Subcommittee reported diminishing energy savings
in 1981. USAF installation energy consumption decreased
only 1% from FY 1980 to FY 1981. Although they acknowledged
early energy improvements are easiest to achieve, they crit-
icized the Air Force's FY 1981 building conservation record
as being the worst in six vears.

DOD's failure to validate ECIP (including (EMCS) energy
savings) was criticized. The Subcommittee cited a March
1982 letter from the Assistant Secretary of Defense for Log-
istics and Materiel Management stating that the Air Force
has completed no EMCS validation studies.

The Subcommittee blamed base-level and higher-level
management for continuing deficiencies in DOD's energy con-

servation program. The report stated that DOD

14
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. . . continues to rely on expensive ECIP and
EMCS projects to meet its energy conservation
goals while ignoring low-cost and no-cost conserva-
tion measures in many installations. Even within
ECIP, auditors have found that ‘'projects with
relatively low returns were being implemented ke-
fore those with higher returns' in many cases
[26:30].

One of the Subcommittee's recommendations was to initiate
validation studies comparing actual and predicted energy

savings from retrofit conservation measures (26:23-39).

EMCS User Satisfaction Study

This study was conducted for the National Bureau of
Standards to determine whether 86 EMCS users were sub jec-
tively satisfied with their systems, and to identify char-
acteristics of problem areas and successful areas of EMCS
operations.,

Twenty-nine percent of the users judged their systems
unreliable., Eight identified problem areas are listed below
in decreasing order to complaint frequency.

1. Manufacturer lack of dependability and inability
to maintain operational system status. Inadequate documenta-
tion, service expertise, and service call response times
were noted.

2. Proprietary design restrictions sometimes pre-
vented users and technicians from obtaining needed documenta-
tion and training.

3. Software problems. There were some general pro-
blems, such as program failures and unsuccessful optimiza-

tion programs,
15
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4, There were some major lightning-caused failures

and other transmission line noise effects that destroyed
data.

5. Peripheral and other hardware problems included
several complaints on printers and other output devices,

6. Spare parts supply problems included some delays
of six weeks and a few delays of more than six months.

7. Some central processing unit problems occurred
which were usually intermittent and hard to find.

8. The sensor problems that occurred all involved
calibration drift.

Four factors appeared to positively affect reliabil-
ity. Existence of (1) EMCS maintenance training and (2) in-
house maintenance capability were found much more often
among systems that were perceived to be reliable. (3) The
third factor, which may be related to success of the first
two maintenance factors, showed that for systems with opti-
mizing capability, more systems were reported reliable than
unreliable. (4) Age, as expected, was found to vary inversely
with perceived reliability.

The following three factors did not affect perceived
reliability: (1) type of facility, except for hospitals
which showed higher reliability; (2) system manufacturer;
and (3) Federal Government ownership (8).

In summary, the authors stated that their ". . .

data suggest that EMCS maintenance training, in-house
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maintenance capability, and reduced dependence on the system

manufacturer may help improve user satisfaction [8:iii_.”

A Review of EMCS Effectiveness

Recent experience with EMCS in both civilian and gov-
ernment applications have shown mixed results. Following is
a review, in the civilian sector, of cost-effective and non-
cost-effective EMCS features:

Guntermann (13) reviewed the cost effectiveness of
the various energy management control system features. The
potential energy savings depend largely on the types of sys-
tems to which the EMCS is being coméared. For instance, as
Guntermann points out:

Beyond a doubt, most of the highly touted energy
savings attributed to the addition of energy manage-
ment systems have resulted from the addition of
star;/stOp scheduling to HVAC systems that operated
continuously.

Before energy conservation became important, most HVAC sys-
tems included manual stop/start controls, and thus often
were left to run continuously. Simple seven-day time clocks,
as are presently often installed, can produce large savings
on those continuous systems. For example, the Austin com-
pany installed a time clock in its corporate headquarters in
1974, reducing its electrical consumption by 36%. The 33000
installation cost, resulted in energy savings of $11,000 for
that year.

Installation of multiple time clocks (at $50) in in-

dividual facilities can cost much less than a central time
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clock or an EMCS ($600-$25,000) because of the high installa-

tion costs of the interconnecting wiring. Those separate

time clocks can present problems in the support of irregular
activities. However, overriding timers can be installed at
locations such as auditoriums to enable any occupant to
start the system. The timer would then shut down the system
automatically. This arrangement would cost less than either
the continuous manning of a central EMCS or the requirement
for maintenance personnel to go to the EMCS at the appropri-
ate start,/stop times.

A microprocessor or computer can provide three im-
provements over a standard time clock for HVAC system con-
trol. Since standard seven-day time clocks require manual »
ad justments for daylight savings time and holidays, these
functions often are not done. Thus, either separate micro-
processors or a central computer would save energy by auto-
mating these known seasonal variations. Another advantage
of a microprocessor/computer is the ability to start/stop
different portions of an HVAC system at different times. A
time clock will usually start/stop an entire HVAC system at
one time. For example, heating/cooling should start prior
to the occupancy time. A computer can also optimize the
lead time for heating/cooling systems based on the outside
air temperature and the temperature of the mass inside the
exterior walls. This would not only save energy but also

improve comfort conditions at the start of a day. Guntermann
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states that employment of small EMCS's that perform the akove

three functions can provide 5% to 20% more energy savings
than simple seven-day time clocks. This energy savings is
probably the most provided by any of the EMCS functions in
existing buildings.

Another feature of EMCS is duty cycling, where such
devices as fan motors are shut down for short periods. This
reduces the total energy consumption in situations where a
reduced average air flow rate 1s acceptabla. Guntermann
questions this procedure, "because there are better methods
of accomplishing the same goals of saving energy and reducing
maintenance costs." When the average air flow rate can be
reduced, a reduction in fan speed will save more energy than
intermittent shut-downs. This is because the power require-
ments for fan motors is a function of the cube of the fan
speed. Duty cycling can also significantly increase main-
tenance problems and expense in both electrical and mechan-
ical system components because of the high start-up stress
on starters and drives (13).

Peak demand limiting is another potential area of
energy savings, but again, EMCS may not be the most cost ef-
fective approach to the matter. The sophisticated EMCS
demand calculations are of little benefit if few loads can
be shed without sacrificing comfort or productivity. As in
duty cycling, intermittent shut-down of such equipment as

supply fans may not be as effective overall as other methods,
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such as reducing fan speed for continuous operation. Re-

ducing air conditioning at peak demand times is likely to
reduce comfort levels because that 1iIs just the time when the
alr conditioning is most needed. However, chilled water
storage could accomplish this peak demand limitation without
sacrificing comfort. Shutting off electric water heaters
during peak periods saves energy, but this can be done with
time clocks as easlily as with EMCS.

If lighting levels can feasibly be reduced, that
should be done permanently, not just for peak demand periods.
Photocells can also be used to reduce lighting in the pres-
ence of sufficient daylight. 1In a large building, an EMCS
can save energy by controlling lighting according to the
time of day for different functions and occupancy levels, as
well as controlling the daylighting reductions.

Guntermann stated that "numerous temperature control
modifications can be added to older HVAC systems to reduce
energy consumption.” He also said they ". . . can be in-
stalled at much less expense without EMS (EMCS) and save
equivalent energy."

In summary, EMCS's can provide a limited amount of
cost effective energy savings. There are four main cate-
gories of energy savings: load reduction, efficiency improve-
ment, waste energy recovery, and operating time reduction.
Of these, EMCS can only function in the last area, time con-

trol. 1It’'s most cost effective contribution is through the
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three optimizing start/stop load-scheduling features dis-
cussed earlier. EMCS's other main cost effective function
is optimum scheduled lighting control. Duty cycling, demand
limiting, and temperature control were generally not con-

sidered cost effective functions for EMCS employment (13).

Previous EMCS Study

Alchian and Burns (4) studied the effectiveness and

efficiency of EMCS with data available to 1978. Interestingly,
the present urgent requirement for validation of EMCS energy
savings is the same as that stated in the 1978 study.

Alchian and Burns concluded that EMCS met the Air Force cri-
teria for cost and energy savings. However, their study ap-
pears to be plagued with some of the problems that were de-
scribed earlier in the problem statement.

Alchian and Burns stated that, up to the date of
their study, the only analyses performed to determine EMCS
effectiveness and efficiency consisted of engineering esti-
mates or computer simulations. EMCS energy savings data for
their study were obtained for individual facilities from
base personnel. No explanation was given for the calcula-

tion of the energy savings numbers. The data were simply

"considered valid" because they were required for congres-
sional hearings and were subject to audit by the General Ac-

counting Office (4:1-73).
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Energy Forecast Model Developments

Tinsley (25) developed a statistical model to predict
consumption of coal, 0il, and natural gas at U.S. Air Force
bases. His objectives included two points: determining the
most appropriate statistical method for forecasting Air
Force facility energy consumption (all non-electric energy),
and identifying the most relevant independent variables for
the statistical model.

He found multiple linear regression (MLR) to be the
most appropriate method of building the model as long as in-

formation for the following important variables was availakle.

The most relevant independent variables were facility square
footage, base population, heating degree days, and cooling
degree days. Tinsley used a common general format to set up ’
the model for each base, and then used MLR analysis to com-
pute the specific coefficients to fit a specific model to
each base (25:5-99),

In an analysis similar to Tinsley's, Weck (30) de-
veloped a statistical model to predict electrical energy
consumption at Air Force bases. His objectives included
identifying the important variables and determining whether
a linear relationship exists between electrical energy con-
sumption and those variables.

Weck's results were also similar to Tinsley's. He
concluded that MLR is the appropriate method to forecase

electrical energy consumption at Air Force bases, based on
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his literature review of previous electrical energy studies.
Weck found the important variables to be the same four as in
Tinsley's results. For the 15 bases analyzed, each of the
MLR models were statistically significant, and all but three
of the models included all four of those independent vari-
ables. Weck did find a multicollinearity problem between
the cooling degree day and heating degree day variables.
However, he concluded this multicollinearity would not de-
grade the model because high values of each of those vari-
ables usually do not occur simultaneously (30:16-65).

In view of Tinsley's research efforts and Weck's
literature review, MLR will be assumed to be the most ap-
propriate statistical method for the present.EMCS study.

The four variables they found most important will provide
the starting point for building the model in the present

EMCS analysis.
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CHAPTER 2

METHODOLOGY

Scope

Due to the time available to complete this project,
the number of installations studied were limited as much as
possible while maintaining a statistically rigorous and krcad
geographical cross-section of the 48 contiguous states
(CONUS). Because of availability of data, only USAF k.ses
were considered. Eight test bases (with operational EMCS'S)
were selected according to the following criteria:

1. To obtain a broad yet structured cross-section of
the CONUS weather conditions, the winter heating zone cri-
teria, as depicted in Figure 2 was chosen. Two bases were
selected from each of the winter heating zones I through IV,
No EMCS bases were available in zones V and VI (19:p.2-21).

2. Energy consumption data had to be available for
approximately two years before and two years after the EMCS
operational date.

3. The EMCS at each base had to include at least 500
sensor and/or controller points {(medium or large size EMCS).
If more than two bases in a zone satisfied this requirement,
the two bases with the highest number of points were se-

lected as the test bases.
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Four control kases (without operatioral EMCS's) were

selected according to the following criteria:

1 One kase was selected {cr each of the four winter

heating zones containirg test rases.
2. Energy consumption data had to te availiaktle for
at least four years.

The winter heating zones are defined as follows

(19:p.2-21).

TABLE 2-1
WINTER HEATIMNG ZONES

Average Annual

Zone Heating Degree Davs
1 0 - 2000
2 2000 - 4000
3 4000 - €000 '
4 6000 - 8000

Figure 2. Winter Heating Zonre Map
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The selected bases are listed in the following table,

with the column headings defined on the next page:

TABLE 2-2
EMCS AND CONTROL BASES

1 2 3 4 5 6 7 8 9
Base Test Bases HDD 2Z Area Pop Cmd Pts Bldg
#
1 ReEsLeT 1549 1 8,983 14,370 ATC 2910 40
| 2 Lackland 1520 1 10,602 30,322 ATC 4655 61
| 3 Gparleston 5146 2 4,011 5,403 MAC 655 37
j g Merlerlan 9566 2 11,415 16,896 AFLC 505 24
5 §§§u§§e 5139 3 6,191 6,276 MAC 595 22
& iggtEL 4855 3 5,589 9,738 MAC 1680 41 ’
7 iégdgg;cgo 6973 4 7,372 8,719 ATC 2905 12
§ SLfutt 6213 4 10,104 34,061 SAC 746 42
Control Bases
9 ReriY 1520 1 14,166 20,691 AFLC
10 FADILeY 3623 2 6,372 11,056 TAC
17 Mounta.n 5732 3 4,319 4,093 TAC
Home AFB ID ’ !
12 Ellsworth  .4549 4 5,675 14,401 sac

AFB SD




1. Base 3 - Base reference number used in the data
files.

2. Base names o0f test and control bkases.

3. HDD - Average annual heating degree days (28:1ivi.

4, Z - Winter heating zone.

5. Area - Total base facilitv square footage, 1in
thousands, as of the end of FY 1982.

6. Pop - Base population as of the end of FY 1982.

7. Cmd - Major command to which the base is assigned.

8. Pts - Number of sensor and/or controller po.nts
attached to the EMCS (12).

9. Bldg - Number of buildings monitored and/or con-

trolled by the EMCS (12).

Data Description and Collection

The required information discussed in this section in-
cludes the following data items: 1. base population; 2. fac-
ility square footage; 3. heating degree days; 4. cooling
degree days; 5. energy factors (other than EMCS); and 6.
energy consumption data in millions of British Thermal Units
(MBTU). Monthly listings of the above data items 2 and 6 were
obtained from the Air Force Engineering and Services Cencer
(AFESC), Tyndall AFB FL, in Defense Energy Information Sys-
tem II (DEIS II) repcrts. Except as discussed later,
complete data was oktained for each item to cover the eight
year period from October 1974 through September 1982. Each

data item is further described below:
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1. Base population. Based on previous research ex-
perience, this data were initlally requested through major
command historians (30:38). It was requested to include aill
military and civilian personnel normally living or wor: ing
in base facilities. This would include military and civilian
assigned personnel, dependents residing in base housing,
and non-appropriated fund (NAF) emplovees. The following
discussions for each base describe the mixed success real-
ized in acquiring the data:

a. Keesler AFB. Yearly population data were
obtained for all except the first three months of the analv-
sis period from Headquarters (HQ) Keesler Technical Training
Center/HO through HQ Air Training Command (ATC)/HO. The
data used in this analysis included all military ané civiil-
ian personnel assigned to Keesler AFB. Some of the provided
data included dependents and NAF employees, but since data
for all the years did rot 'nclude those figures, they were
not used in the analysis.

b. Lackland AFB. Monthly population data were
obtained for all except the first nine months of the analysis
period from the Lackland AFB Historian through HQ ATC/HO.
The data included all military and civilian assigned person-
nel, transient personnel, NAF employees, and dependents re-
siding on the base.

c. Air Force Acadenmy. Yearly population data

were obtained for all except the first three months and last

28
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21 months of the analysis period from the Public Relations

department at the Air Force Academy. The data included only
assigned military personnel, since no reliable civilian data
were available.

d. Charleston, McGuire, and Scott AFB's. Yearly
population data were obtained for the entire analysis period
from HQ Military Airlift Command (MAC)/HO. The data in-
cluded only military and civilian assigned personnel, since
accurate NAF and dependent data were not available.

e, McClellan and Kelly AFB's. Monthly popula-
tion data were obtained for all except the first 22 months
(23 for Kelly) of the analysis period from HQ Air Force
Logistics Command (AFLC)/MPKP. The data included only mili-
tary and civilian assigned personnel, since NAF and depend-
ent date were not available.

f. Offutt and Ellsworth AFB's. Quarterly popula-
tion data were obtained for all except the first 19 months
(22 for Ellsworth) of the analysis period from HQ Strategic
Air Command (SAC)/ACMI. The data included all military and
civilian assigned personnel, NAF employees, and dependents
residing on base.

g. Langley AFB. Quarterly population data were
obtained for all except the first three months and the last
13 months of the analysis period from HQ Tactical Airlift
Command (TAC)/HO. The data included only military and civil-

ian assigned personnel, since NAF and dependent data were
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not available. Partial data were supplied for the last 13
months, but since it did not include personnel assigned to
tenant units, that data was not utilized in the analysis.

h. Mountain Home AFB. Quarterly population data

is were obtained for all except the first three months of the

| analysis period from HQ TAC/HO. The data included only
military and civilian assigned personnel, since NAF and de-
pendent data were not available.

2. Facility square footage. This data includes the

square foot floor area for all base facilities that are

\ served by a heating, ventilating, or air conditioning system.
The DEIS II reports provided this data for all the bases.
However, McClellan and Kelly AFB's, being Air Logistics N
Centers, had different energy consuming characteristics from
those of the other ten bases. Those two bases included sig-
nificant amounts of square footage occupied by activities
consuming primarily "process" energy. This is in contrast to
most bases which use primarily "facility" energy that supports
such systems as heating, ventilating, air conditioning, and
lighting. Square footage data for those two bases was
subsequently obtained from HQ AFLC/DEMC, which included only
that area occupied by activities consuming primarily "facil-
ity" energy.

3. Heating degree days. The numbe, of heating de-

gree days for one calendar day is the number of degrees

Fahrenheit (°F) by which the average daily temperature is
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less than the base of 65°F (28:1iv). This weather data were

obtained from USAF/Air Weather Service/Environmental Techni-
cal Applications Center through the coordination of AFESC/WE.

4. Cooling degree days. The number of cooling de-
gree days for one calendar day is the number of °F by which
the average dally temperature exceeds the base of 653°F
(28:1iv). The source of the data is the same as that for the
heating degree days.

5. Energy factors. AFESC provided ECIP energy pro-
ject listings for each base, which included doliar costs and
completion dates related to each project. Also, most Base
or Major Command Civil Engineering organizations provided
all known energy projects with their respective costs and
completion dates. Only completed projects were included in
the analysis., The accuracy of the data for this variable
is somewhat less dependable than the data for those preceding.

The number of Operation and Maintenance (O&M) pro-
jects that actually have been accomplished is probably much
greater than those that were obtained for this study. Most
of the major commands and local bases had little information
on O&M energy projects before FY 1979. Whatever project
filing system they utilized, most only go back to 1979. Also,
most filing systems had no special designation for their 0&M
energy projects, so entire project files would have to be
searched to compile these energy projects. Projects could

be easily overlooked in this type of search. Another point

31




that the major commands and local bases admit is that the
dollar costs and completion dates could be in error because
their files are not always correctly updated with change
orders. Another question is that some of the completion
dates and final costs on ECIP projects given by AFESC are
different than the ones that the local bases stated. The
information provided by the local bases will be used instead
of the information provided by AFESC if there is a disagree-
ment between the two sources. Each base will now be ad-
dressed separately to show the individual situations.

a. Keesler AFB. O&M energy project information
was obtained from the base through 3380 Civil Engineering
Squadron (CES)/DEM. They had projects that went from Decem-
kber 1976 to May 1982. They included two ECIP projects which
AFESC did not have.

b. Lackland AFB. Base and Major Command person-
nel failed to respond concerning O&M energy projects.

c. Air Force Academy (AFA). O&M energy project
information was obtained from the base through AFA/DEM.

They had energy project completion dates from 1977 to 1982.
They supplied a copy of their Ten Year Facility Energy Plan
which included project cost and year completed, but not the
completion month. Since the completion months were unknown,
the energy projects were simply listed as being completed in

the middle of the fiscal year, to provide consistency.
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d. Charleston AFB. O&M energy project informa-

tion was obtained from the base through 437 Air Base Wing

(ABW)/DE. HQ MAC/DEE also sent additional information on
ECIP project costs and completion dates. There were energy
projects with completion dates from December 1974 to April
18982. There were no significant differences in the data
from the two sources.

e. McGuire AFB. No listing of O&M energy pro-
jects was sent from the base or HQ MAC., Additional informa-
tion from HQ MAC on ECIP energy projects was very similar
to the information from AFESC.

f. Scott AFB. O0&M and ECIP ewergy projects in-
formation was Obtained from HQ MAC/DEE. There were data
for projects which were completed from January 1979 to Sep-
tember 1981. The HQ MAC information on ECIP energy project
completion dates differed with AFESC completion dates.

g. McClellan AFB. O&M energy project informa-
tion was obtained from HQ AFLC/DEE. They included energy
project completion dates from FY 1979 to FY 1981 but no com=~
pletion months. Since the completion months were unknown,
the energy projects were simply listed as being completed
in the middle of the fiscal year, to provide consistency.
The 2852 CES/DE sent additional information on ECIP energy
projects which agreed with the information from AFESC.

h. Kelly AFB. O0&M energy project information

was Obtained from HQ AFLC/DEE., They included energy project
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completion dates from FY 1979 to FY 1981 but no completion

months. Since the completion months were unknown, the energy
projects were simply listed as being completed in the middle
of the fiscal year, to provide consistency.

i. Langley AFB. O0O&M and ECIP energy project
information was obtained from HQ TAC/DEMU. They had energy
project completion dates from October 1978 to June 1979.
Thelr information on ECIP energy projects differed from
AFESC's information.

j. Mountain Home AFB. O&M and ECIP energy pro-
ject information was obtained from HQ TAC/DEMU and from the
base through 366 CSG/DEEE. They had energy project comple-
tion dates from October 1974 to June 1982. The base informa-
tion of O&M and ECIP energy projects did not have dollar
costs from October 1974 to November 1978, so this informa-
tion could not be utilized in this analysis. HQ TAC's in-
formation had energy project completion dates from November
1977 to July 1982, The HQ TAC information on ECIP energy
projects differed with AFESC's information.

k. Offutt AFB. O&M energy project information
was obtained from HQ SAC/DEMU. They had energy project com-
pletion dates from February 1982 to August 1982, HQ SAC sup-
plied copies of their current project files which included
only projects from 1979 to the present.

1. Ellsworth AFB. O&M energy project informa-

tion was obtained from HQ SAC/DEMU. They had energy
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completion dates from November 1981 to August 1982. HQ SAC

supplied copies of their current project files which incIluded
only projects from 1979 to the present.

6. Energy consumption. This data includes energy
consumed in facilities (including base housing units) by
month and does not include vehicle or aircraft operations
energy consumption. The data was obtained from DEIS II
reports. However, as in #2 above, McClellan and Kelly AFB's
had different energy consuming characteristics from those of
the other ten bases. The total energy consumptions of those
two bases included significant amounts of "process" energy
for the areas identified in #2 above. This process energy
data was obtained from HQ AFLC/DEMC. The data was provided
only on a yearly basis, so those amounts had to ke divided
by 12 beifore being subtracted from the monthly DEIS II data.
Since the process energy consumption should not be dependent
on the weather variables (HD and CD), seasonal variations
should not be significant in the process energy data. Sub-
traction of the process energy figures which remain rela-
tively constant for 12-month periods should therefore pro-
vide the most accurate facility-energy-consumption estimates
possible with the available data.

Research Question and Hypo-
thesis Methodology

As discussed earlier regarding Tinsley's (25) and

Weck's (30) research, Multiple Linear Regression (MLR) was
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employed in the present study to build energy consumption

models. The first five data items listed above are the in-
dependent variables used to explain the variation in the
final item, energy consumption, which is the dependent vari-
able.

Question 1 is restated here with further clarifica-
tion. What statistical model will best predict energy con-
sumption as a function of energy requirement variables and
moderating variables which account for other energy improve-
ments? A specific model was developed for each control and
test base using both independent and dependent variable data
as inputs to the stepwise MLR procedure of SPSS. For the
control bases, the data for the first half of the eight year

’ data period was used to generate the MLR model coefficients.
For the test bases the data prior to the EMCS operational
date was used to build the model. The energy factors were
all grouped into one variable, with the dollar amounts used
as the common attribute in combining them. The energy pro-
ject documentations included estimates of c¢nergy savings
factors. An attempt was made to use these to convert all

the projects into units of energy. However, the regression
analysis was not improved over that using only dollar amounts.

Also, based on the authors' experience, these estimated energy

savings numbers would probably not be as reliable as the
actual dollars spent on a project.
Hypothesis 1 is restated here in null hypothesis (HO)

and alternative hypothesis (HA) forms: H_,: Energy
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consumption predicted by the Question-1 model for non-EMCS
(control) installations is equal to actual energy consump-

tion; Energy consumption predicted by the Question-1

HAl:
model does not equal actual energy consumption. The null
hypothesis was tested by applying the Question-1 model for
each control base to the independent variable data for the
last half of the data period. The monthly energy consump-
tions predicted by that model were then statistically com-
pared to the actual monthly energy consumptions for that
period, using a two-tailed T-test. The two-tailed T-test

was employed here because Ho was to be rejected if a sig-

1
nificant deviation was found in either direction. The
Question-1 MLR modeling format would be validated for further
use in Hypothesis 2 by a statistical "failure to reject"

H in this T-test.

ol
Hypothesis 2 is restated here in null and alternative
hypothesis forms: H02: Energy consumption predicted by the
Question-1 model (excluding EMCS effects) for EMCS (test)
installations is equal to actual energy consumption (which

includes EMCS effects); Energy consumption predicted by

HAZ:

the Question-1 model (excluding EMCS effects) is greater
| than actual energy consumption (including EMCS effects).
i The null hypothesis was tested by applying the model for
each test base to the independent variable data for the

period after the EMCS operational date. The monthly energy

consumptions predicted by that model were then statistically
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compared to the actual monthly energy consumptions for that
périod, using a one-tailed T-test. The one-tailed T-test
was emploved here because a t-value deviation in one direc-
tion only was relevant in rejecting Hoo and accepting Hpyoe
If the predicted energy was less than or equal to the actual
energy consumption then H02 was not rejected, showing no
energy savings occurred. Any energy savings, from the EMCS
or for other reasons, would cause the predicted consumptions
to exceed the actual consumptions. If the predicted con-
sumptions are greater than the actual consumptions by a sta-
tistically significant amount, then Hoo is rejected and Hao
is accepted. This acceptance of Hpo implies the EMCS saves
energy. The difference between the predicted and actual
energy consumption computed at the 0.1 significance level was
the minimum amount of energy saved. Actual energy savings,
however, could have been greater than this amount.

Critical region. A 0.1 significance level was used
in the MLR model building and in the T-test hypothesis test-
ing. As discussed later, other considerations were also

used for the selection of variables in the MLR model.

Assumptions

1. Base population, facility square footage, and
energy consumption data reflect correctly the guantities
described earlier.

2. Energy consumption data reflects energy consumed

only in the buildings included in the facility square footage.
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3. Energy factor data reflects correctly the actual
dollars spent on all energy projects other than EMCS.

4. T-test assumption. The only assumption reguired
for use of the matched-pairs T-test is that the energy con-
sumption values be normally distributed. This assumption
is not critical, by virtue of the Central Limit Theorem,
since all the bases except Keesler and Kelly have more than
30 monthly data points (16:273-275). Keesler has only 17
months for the T-test and Kelly has only 24 months, so the

assumption is more critical for these two bases.

Limitation
An area not specifically analyzed in this study is
the contribution to energy waste of improperly operated, ’
maintained, or calibrated control eguipment. The energy
consumption data utilized in this project includes the ef-
fects of any faulty calibration or operation of both EMCS
and non-EMCS control systems. This is not considered a
significant limitation since these operational conditions

are assumed to affect EMCS and non-EMCS systems equally.

Multiple Linear Regression

MLR was selected for this study because Tinsley
(25:93,96) judged MLR the best statistical model of energy
consumption. Also, Weck's (30:63) research supported the
use of MLR in this area. Several MLR characteristics make

it the appropriate tool for this analysis. The objective

39




m

of regression analysis is to describe the nature of the rela-
tionship between two or more variables. An appropriate use
of MLR is to predict or estimate the value of one dependent
variable based on Known values of two Oor more independent
variables.

The prediction is accomplished in two kasic steps.
The first analyzes, for a group of data in a development
period, the relationship between actual values of the de-
pendent variable and actual values of the independent vari-
ables. A linear function of the form Y = A + lel + BZXZ +
cee T B X will be developed with the least-squares curve
fitting method. 1In this method a deviation is measured be-
tween each actual Y value and the value of the right side of
the equation based on the corresponding Xy -+ X values.
The A and B coefficients are set to minimize the sum o7 the

squares of each of these deviations.

)

The Statistical Package for the Social Sciences (SPS
Stepwise Regression procedure was used to develop the model
(20:320-367). It judges the contribution of each eligible
independent variable toward minimizing the squared devia-
tion errors in the final model. The following five factors
should exhibit certain characteristics as each additional
independent variable improves the model. These factors
were the primary criteria for selecting the independent
variables to be included in the final model for each base:

1. The mean square error (MSE) measures the average

squared deviation. This is also known as the variation of
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Y that is not explained by the regression model. The model
“is improved if the MSE decreases with the addition of another

independent variakle.

2. The coefficient of determination, R-Sguared
measures with a value between zero and one the proportion of
the total variation in Y that is explained by the regression
model. This 1is inversely related to the MSE, and will in-
crease with the addition of a contrikuting independent
variable. The size of this increase is an indicator o©of the
contribution value of the independent variakle.

3. A more comprehensive variation of the R-Squarad
is the Adjusted R-Squared, which considers changes in the
statistical degree-of-freedom. Thus, the contrikution
value of the entering independent variable must more than
offiset the adverse degree of freedom effect to produce an
increase in the Adjusted R-Squared.

4. Another related statistic 1is the F-test, which
measures the ratio of the explained variation to the unex-
plained variation. Because of changes in the statistical
degrees of freedom of the F-statistic, it may decrease with
the addition of independent variables. However, it should
remain large enough to have a statistical significance level
considerably less than 0.1. A significant F-statistic re-
jects the null hypothesis that all the B coefficients equal

)

zero (HO: B=0) and accepts the alternative hyvpothesis (Hy

that at least one B coefficient does not equal zero.
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5. Incremental F-statistics are also computed

each independent variable. 1If they are sigrificant at the
0.1 level, then HO: B=0 1is rejected and H%: B#0 1s accepted
for each B coeffliclient. This occurrence would mean that

these independent variakles are statistically wvallilc

0
fs
D
3
D
Y
T
n

0of the regression model.

The second ster invelves emplovirg the mode!l on a

group 0f data in a testing pericd to predict or estimate
values of the dependert variapie. The A and E coefficients
are those set in thne c-veloprment perioed analysis. The

Xl . Xn indeperden- variscle values are those of the test-

ing pericd data.

The eight primary assumptions required for applvinc
C £ P i PPLY C

the MLR model are described kelow. They must hold true if
the model is to be valid in explaining the variations of the
dependent wvariakle.

1. Similar Ranges of Data in the Control and Test
Periods. For the independent variables included in the
model, the values in the test group data should fall within
the range of values in the control group data for the model
to be valid in both groups.

2. Linearity. An approximately linear relationship
must exist between the dependent variable and the combina-
tion of independent variables. Since simple two-way scatter-

gram comparisons do not adequately describe a model with

multiple independent variables, another criteria must be

used. The R-Squared values indicate a strong linear
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relationship if they are significantly large; for example,

higher than 0.6

3., Constant Variance. The distribution of the re-

sidual terms should have a constant variance (homoscedastic-

ity). Scattergrams were plotted of the predicted values of

the dependent variable against the deviations (residuals) be-

tween the predicted and actual dependent variable values.

The sizes of the residuals should present a stable appearance

with no evident trends.

4. Independence of Residual Terms. The residual
terms should be independent of each other, which means that
no autocorrelation exists and that their covariance equals
zero. This assumption is satisfied if the Durkin-Watson
statistic calculated by SPSS falls within a desirabkle range
as outlined in Harnett (16:566-570,p.A-54).

5. Normally Distributed Residuals. The residuals
should be normally distrikuted. This is verified by an ap-
proximately normal distribution appearance of the SPSS plot
of residuals.

6. All Important Variables Included. All important
independent variables should be included in the model. This
is substantiated by significantly large coefficients of
determination (R-Squared). This means that a significantly
large proportion of variation in the dependent variable is

explained by the regression model.
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7. Few Outliers from the Regression Model. The
regression model should fit all observations with few out-
liers. This means that the number o0f large residuals should
not be significantly different from that expected from a
normal distrikution. For instance, approximately 5% of

the observations should fall ocutside two standard deviations.

This assumption can ke verified by inspection of eilther a
list or plot of the residuals.

8. No Linear Relationships Between Independent Vari-
ables. No independent variable should be a linear combina-
tion of any other independent variable, which would be multi-
collinearity. This can be verified in two ways. First, the
absolute value of the correlation coefficients (R) for each
pair combination of independent variables should be small
(approximately 0.2 or less). Second, the B coefficient values
should remain relatively stable throughout the regression

steps, also indicating insignificant multicollinearity bre-

tween the independent variables (73 16:546-571).
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CHAPTER 3

RESTULTS

Introduction

The first objective of this thesis was to develop
for each of the 12 bases a statistical model which predicts
energy consumption for that base. This was accomplished by
applying Multiple Linear Regression (MLR) to the independent
and dependent variable data in the control portion of the
eight-year analysis period. The important independent vari-
ables for the final models were chosen by their performance
in relation to the five selection-criteria factors descriked
in Chapter 2. Some additional subjective criteria will be
discussed in this chapter.

The second and third objectives were to test whether
the energy predicted by the above model equaled or exceeded
the actual energy consumption during the test period at
each base. For the four control bases, the MLR model was
validated if the predicted energy consumptions equaled the
actual energy consumptions (within a statistical confidence
interval). For the eight test (EMCS) bases, an energy
savings was confirmed and quantified if the predicted energy
was greater than the actual energy consumption by a statis-
tically significant amount. These objectives were achieved

by applying the developed MLR models to the independent
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 § variable data in the test portion of the analysis period.

The resulting predicted dependent variable values were then
compared with the actual values by using the matched-pairs
T-test. The results of these T-tests were sometimes gquite
sensitive to the selection of variables in the MLR models.
This sensitivity, in addition to some special problems re-
lated to individual bases, necessitated a separate analysis
for each base. The regression assumptions will also be
addressed in each base's discussion. The following analysis
will begin with discussion of some general results and assump-

tions, and then proceed with the base-by-base analysis.

ANALYSIS

General Results

The terms "control period", "test period", and
"eight-year period" are used frequently in this analysis,
and are defined in the following three paragraphs.

The eight-year period is the total period analyzed in
this study, which corresponded to the availability of data
in the DEIS II reports. The eight-year period included
October 1974 through September 1982, which also comprises
the fiscal years of 1975 through 1982.

The control period has different meaning for the con-
trol (non-EMCS) bases and test (EMCS) bases. For the con-
trol bases it is simply the first half of the eight-year

period, which is October 1974 through September 1978. The
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control period varies, however, for each of the test bases

t because it includes the time period from October 1974 to the

month when the EMCS was first considered operational. The
exact control periods are listed later in the analyses for
each base.,

The test period also has different meaning for the
control bases and test bases. For the control bases it is
the second half of the eight-year period, which is October
1978 through September 1982. The test period varies, how-
ever, for each of the test bases because it includes the
time period from when the EMCS was first considered opera-
tional through September 1982. The exact test periods are
listed later in the analyses for each base. ’

In addition to the five selection-criteria factors
discussed in Chapter 2, additional methods were necessary to
select the independent variables that would provide wvalid,
consistent results in the regression and T-test analyses.
One method for evaluating this consistency is described in
the rest of this paragraph. For all the variables that
exhibited statistical significance in the control period,
the regression and T-test analyses that utilized all of them
somet imes produced very erratic results. When this occurred
the data file was visually examined for irregularities in
the data for one or more of the variables. A variable re-
lated to irregular data could then be removed from the MLR
model, and the analysis reaccomplished to obtain a valid

result.
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Another useful variable-selection method was to run
a regression on the entire eight-year period. Since the
control-period model was assumed to also be relevant for the
rest (test portion) of the eight-year period, the variables
in the model should show some consistency when applied over
both periods. This did appear to be the case. The variables
that showed some similarity in their B coefficients and
significance levels between the control-period regression
and eight-year regression produced the most believable re-
sults in the test-period T-tests.

In this analysis, the term "B coefficient'" refers to
the coefficients of the independent variables in the regres-
sicn equation (MLR model) as in the following example:

Y = A+ B,*HD + B,*CD. The A in this equation is also re-
ferred to as the constant in the MLR model. The term
"significance levels" refers to the statistical significance
of the B coefficients of the independent variables, as com-
puted by SPSS in the MLR model development. As discussed

in the "Critical region" paragraph of Chapter 2, the sig-
nificance level of a B coefficient must be lessxﬁhan 0.1 to
allow its related independent variable to be included in a
final MLR model for this study.

Each of the five possible independent variables ex-
hibited significance in the MLR model for at least one of

the bases. Heating degree days (HD) was a significant vari-

able in all the models. Cooling degree days (CD) was
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significant in eight of the 12 models. These two exhibited

the most significance and consistency overall. The other
three, facility square footage (AREA), population (POP),

and the dollar value of energy projects (DPRJ), were involved
in one, two, and three of the final models, respectively.
These three variables were also involved in some of the
borderline models cons. iered, which often produced different
T-test results from the finally selected models. A sixth
variable, the energy value of the energy projects (EPRJ),
was tested in the MLR model development. When it was
employed in place of DPRJ, EPRJ usually produced similar
results to those of DPRJ. However, for the reasons ex-
pressed in Chapter 2, EPRJ was not utilized in the final
models.

In an effort to consider all possible relationships
between the dependent variable (energy consumption), the in-
dependent variables discussed above, and the effect of an
operational EMCS, a dummy variable was utilized for the
eight EMCS bases. The role of the dummy variable in regres-
sion analysis is described in Appendix C. The application
of the dummy variable in this study is also further ex-
plained in the base-by-~base analysis later in this chapter.
The dummy variable, PD, was set to zero during the control
period (before the EMCS was operational) and to one during
the test period (after the EMCS became operational). This

would have the effect of changing the constant in the MLR




model when EMCS came into operation. Further, PD was employed
in crossproducts with the other independent variables to see
if it would affect the B coefficient relationships (slopes)

of the MLR model. The dummy variable and its crossproducts
were then employed in regression runs over the entire eight-
yvear period. There appeared to be significant effects on a
few bases, which will be discussed later. The regression
analysis on the remaining bases showed no significant con-

tributions from the dummy variable or its crossproducts.,

Assumptions

The eight regression assumptions listed in Chapter 2
will be addressed here where the results can be generalized
for all the bases. Where necessary, further detail will be
included in the base-by-base analysis. The subparagraph
numbers below correspond to the numbers by which the assump-
tions are listed in Chapter 2.

1. Similar Ranges of Data in the Control and Test
Periods. The values of HD and CD cycle seasonally, so the
ranges of values are very similar for the control and test
periods. The AREA values for the test period were within
the range of control-period values for the base where AREA
was a significant independent variable. However, the POP
and DPRJ values did not always maintain their range between
the periods. The DPRJ, especially, was sometimes much higher

at the end of the test period than at any time during the
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control period. As discussed later, a few of the bases with
POP or DPRJ in their MLR model cannot satisfy this assumption.

2. Linearity. Nine of the 12 bases had Adjusted
R-Squared values above 0.8 in their MLR models. The other
three had values above 0.6. This indicates that approxi-
mately linear relationships generally exist ketween the de-
pendent variable and the combinations of independent varia-
bles for this MLR modeling format.

3. Constant Variance. The scattergram plots of re-
siduals showed a reasonably stable appearance for all bases,
thus satisfying this assumption.

4, Independence of Residual Terms. Two bases,
Keesler and Kelly, exhibited some significant autocorrela-

tion, while three others, Charleston, McGuire, and Scott,

T TTE-—— T
-

showed possibilities of weak autocorrelation. This will be
addressed further in those bases' discussions,

5. Normally Distributed Residuals. The residual
plots showed approximately normal distribution for all the
bases, thus satisfying this assumption.

6. All Important Variables Included. As discussed
for assumption 2 above, all bases showed that a significant
proportion of variation in the dependent variable, energy
consumption (NRGY), was explained by the MLR model.

7. Few Outliers from the Regression Model. Ten of
the 12 bases had 5% or fewer observations outside two standard

deviations (outliers), while two had more than 5% outliers.
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The lowest value was 2.44% based on one out of 41 observa-
tions, while the highest was 8.06% based on five out of 62
observations. These deviations from 5% are not unreasonable
considering the relatively small number of data points for
each base. Thus the assumption can be considered satis-
fied for all bases (31).

8. No Linear Relationships Between Independent
Variables. Both HD and CD were included as independent
variables for eight of the 12 bases. In the other four bases,
HD was a significant independent variable while CD was not
significant and was not included in the MLR model. For each
of those former eight bases, the correlation coefficient for
this variable pair was about -0.7, which indicates significant
multicollinearity between HD and CD. Also, when the second
of these variables entered the regression model, the B co-
efficient for the first variable increased significantly.

The increase ranged from 14% to 154% over the eight bases.
As mentioned previously in the background literature review,
Weck (30:64) concluded that this multicollinearity should
not significantly degrade the overall regression models be-
cause high values of HD and CD usually do not occur simulta-
neously. In the present analysis, the MLR models do seem to
produce good predictions with the HD and CD variables in-
cluded together. There was no significant multicollinearity
between any other variable combinations for the 12 bases.

In summary, the regression assumptions were generally

well satisfied in this study. The few individual problems
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related to assumptions 1 and 4 will be discussed later,
along with the impact on the results, in the base-by-base
analysis. This success, along with the previously discussed
conclusions from Tinsley's (25) and Weck's (30) research,
confirm the selection of MLR as the appropriate energy pre-

diction model for this study.

Takulated Regression Results

The following two tables summarize the regression
and T-test results of this study. Table 3-1 lists tle -e-
sults of the regression performed on the control period data
for each base. Also 1is;g§ are the results of the T-tests
performed on the test period data, with the percentages of
energy savings where applicable. The column headed by Con-
stant lists the value of the constant A in each base's
final MLR model. The columns headed by HD through AREA
list the values of the B coefficients of the variables that
are included in each base's final MLR model. A dash is shown
where a variable was statistically insignificant and not in-
cluded in the MIR model. The numbers in parenthesis kelow
the value of each constant and B coefficient indicate the
significant level of those values. As discussed earlier,
this significance level had to be less than 0.1 for the re-
lated variable to be included in the final MLR model. The

Adj R-Sqg column lists the Adjusted R-Squared values for

each base's MLR model. These values, which are all greater




m

than 0.6, indicate the proportion of the variation in the
independent variable which is explained by each base's LR
model .

The t column lists the t value computed by the T-tecst
between the predicted and actual energy values in the test
period. Positive t values indicate the average predicted
energy consumption was greater than the average actual
energy consumption. The Signif. column lists the signific-
ance of the t values in the T-tests. As discussed earlier,

a significance less than 0.1 indicated H, should be rejecte

Q,

while a significance greater than 0.1 indicated H, could nct
pe rejected. As indicated in the table, the significance
was computed in a one-tailed test for the test bases (=1-18:
and in a two-tailed test for the control bases (#9-12). The
percentage of energy savings was listed for the four test
bases that exhibited significant energy savings. The per-
centage means, with 90% certainty, there was an average
energy savings of at least the listed percentage, that was
not explained by the MLR model. The complete energy savings
computations are included later in the base-by-base analvsis.
Table 3-2 1lists the results of the regression per-
formed on the entire eight-year period data for each base.
These regressions were perfcrmed to investigate dummy vari-
able effects and to examine similarity in the B coefficients
between the control period MLR models and the eight-year

period regression results. The columns headed by Constant,
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Adj R-Sqg, and HD through AREA 1list the same tvpe ©f informa-

(&

tion as in Table 3-1. Three cther columns were hexde
the dummy variable PD, and dummy crossproduct Varian!e:

PDHD and PDCD. Those columns list the reliated B ooe: | -loo-
and significance levels, just as 1n the columns “cr - e

variables.

heesler AFB

For this test base, the control period was Gctokter
1974 through April 1981, with the test period being May 1981
through September 1982.

HD, CD, and DPRJ were the significant independent
variables in this base's MLR model. The Question-~1 model
is as follows: NRGY = 173484.486 + 114.612*HD + 147.013*CD
0.018*DPRJ. All the regression assumptions were satisfied
except the first one regarding similar ranges of data in the
control and test periods, and the fourth one regarding auto-
correlation. Regarding the first one, the value of DPRJ
increased by the end of the test period to 1.4 times its
value at the end of the control period. However, its B
coefficient in the control-period model had a significance
of 0.089, with a value consistent with the corresponding
value in the eight-vear regression run. Therefore, DPRJ was
retained in the model.

Regarding the fourth assumption, the Durbin-Watson
(D~W) test showed that significant positive autocorrelation

exists in the regression. This means the residual terms
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are not independent of each other, thereby diluting the

meaning of the regression results.

The T-test performed to test Hypothesis 2 produced &
t = 0.08 with a significance of 0.468. This failed to re-
ject HoZ’ indicating that no egergy savings occurred that
was not explained by the MLR model. The lack of conclusive
verification of the normality assumption for Keesler's data
is somewhat critical because only 17 observations were avail-
able for this T-test. These results, as well as the auto-
correlation problem, all contribute to the conclusion that

H_, cannot be rejected in order to accept H,, for this base.

02 A2
Another factor, however, does indicate some energy
savings occurred during the test (latter) portion of the ’
eight-year period. 1In the eight-year regression run, the B
coefficient for the PDHD dummy-variable crossproduct was
-58.,490. The negativity indicates that when PD equals one
(after EMCS became operational), an increase in HD will
cause a lesser increase in predicted energy consumption than
when PD equals zero. However, over the range of HD values
observed, this lesser increase in predicted energy was not
sizeable enough to cause a statistically significant dif-
ference in the T-test on the test period data. Thus, the
T-test result provides the most direct answer to the hypo-

thesis in question (31).
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Lackland AFB

For this test base, the control period was October
1974 through April 1979, with the test period being May 1979
through September 1982,

HD and CD were the significant independent variables
in this base's MLR model. The Question-1 model is as follows:
NRGY = 139862.474 + 144.206*HD + 181,386*CD., All the regres-
sion assumptions were satisfied by this model.

The T-test performed to test Hypothesis 2 produced a
t = 1.89 with a significance of 0.034. This rejected Hoo

and accepted H indicating an energy savings occurred that

A2’
was not explained by the MLR model. To compute the actual
amount of energy saved, the following T~test manipulation

was performed:

P((D-8)/SE < t q ¢ 1) = 0.90
where P = Probability,
D = mean difference from SPSS T-test,
A = energy savings to be calculated,

SE = standard error from SPSS T-test,

t = critical value from t-distribution table
(16:p.A-49),

40 = degrees of freedom, or the number of cases
minus one,

0.1 = significance level,
0.90 = confidence interval.
Rearranging terms:

P(A > D - SE*t = 0.90

40,0.1)
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P(a

v

5538.6724 - 2936.35*%1.303) = 0.90

P(a > 1713) = 0.90 ]

This means, with 90% certainty, there was an average
monthly savings of at least 1713 MBTU's that was not ex-
plained or predicted by the MLR model. This savings is for
the test period (after the EMCS operational date) as com-
pared to the control period (before the EMCS operational
date). The savings can be converted to a percentage by multi-
plying by 100 and dividing by the average monthly energy con-
sumption as follows: 100*1713/203370 = 0.84%.

Another factor also indicated some energy savings
occurred during the test (latter) portion of the eight-year
period. In the eight-year regression run, the B coefficient
for the PDCD dummy-variable crossproduct was -32.507. The
negativity indicates that when PD equals one, an increase in
CD will cause a lesser increase in predicted energy con-
sumption than when PD equals zero. This dummy-variable ef-
fect supports the T-test conclusion that a statistically

significant energy savings occurred in the test period.

Charleston AFB

For this test base, the control period was October
1974 through December 1977, with the test period being January
1978 through September 1982.

HD, CD, and POP were the significant independent

variables in this base's MLR model. The Question-1 model
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is as follows: NRGY = -98256.325 + 88.769*HD + 85.716*CD +
27.425*POP. All the regression assumptions were satisfied
except the fourth one regarding autocorrelation and a slight
problem with the first one regarding similar ranges of data
in the control and test periods.

Regarding the first assumption, the value of POP had
only a slightly different range of values in the two periods.
Its lowest value in the test period was only slightly less
(4%) than its minimum value in the control period. This
difference was judged by the researchers to be small enough
so the model would still be valid for the range of POP
values in the test period.

Regarding the fourth assumption, the Durbin-Watson
test was inconclusive since it produced a D-W statistic in
the range of possible positive autocorrelation. Although a
problem could exist, the inconclusiveness indicates the over~
all regression results should not be seriously affected
(16:567-570" .

The T-test perfcrmed to test Hypothesis 2 produced a
t = 0.52 with a significance of 0.303. This failed to reject
Hoo» indicating that no energy savings occurred that was
not explained by the MLR model.

Two other factors, PDHD and PDCD crossproducts, ex-
hibited some interesting effects in the eight-year regres-
sion run. The B coefficients were 16.857 for PDHD and

-37.664 for PDCD. The different signs mean that when PD
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equals one, an increase in HD will cause a greater increase

in predicted energy consumption, while an increase in CD

will cause a lesser increase in energy. Since the average
value of HD is slightly less than the average value of CD,

the net effect of the seasonal variations would indicate an
overall reduction in predicted energy consumption. This
dummy-variakle effect is similar to that described in Keesler's
analysis above. Since the effect was not sizeable enough to
produce a statistically significant t value, the T-test re-
sult provides the most direct answer to the hypothesis in

question (31).

McClellan AFB

For this test base, the control period was October '
1974 through December 1978, with the test period being Janu-
ary 1979 through September 1982.

HD and AREA were the significant independent vari-
ables in this base's MLR model. The Question-1 model is as
follows: NRGY = 264966.248 + 176.659*HD - 0.010*AREA. All
the regression assumptions were satisfied by this model.

The T-test performed to test Hypothesis 2 produced a
t = 0.09 with a significance of 0.464. This failed to reject
Hyp» indicating that no energy savings occurred that was not
explained by the MLR model.

Two other factors, PDHD and PDCD crossproducts, ex-
hibited some interesting effects in the eight-year regression

run. The B coefficients were ~27.039 for PDHD and 53.787
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for PLCD. The different signs mean that when PD equals one,
an increase in HD will cause a lesser increase in predicted
energy consumption, while an increase in CD will cause a

greater increase in energy. Since the average value of HD

is somewhat less than twice the average value of CD, the
seasonal variations in these effects will approximately can-

cel each other. This result supports the T-~test conclusiocn

that no significant energy savings occurred in the test

period that was not explained by the MLR model.

McGuire AFB

For this test base, the control period was October

1974 through December 1977, with the test period being Jan-

uary 1978 through September 1982. ’
HD and CD were the significant independent variables

in this base's MLR model. The Question-l1 model is as follows:

NRGY = 79952.768 + 136.213*HD + 81.615*CD. All the regres-

sion assumptions were satisfied except the fourth one re-

garding autocorrelation. The Durbin-Watson test was incon-

clusive since it produced a D-W statistic in the range of

possible positive autocorrelation. Although a problem could

exist, the inconclusiveness indicates the overall regres-

sion results should not be seriously affected (16:567-570).
The T~test performed to test Hypothesis 2 produced a

t = 2,90 with a significance of 0.003. This rejected Hy

2

and accepted H indicating an energy savings occurred

A2’
that was not explained by the MLR model. To compute the
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actual amount of energy saved, the following T-test mani-
pulation was performed:

P((D-2)/SE < t ) = 0.90

56,0.1

P(A > D - SE*t ) = 0.90

56,0.1
P(a > 4559.2801 - 1574.537*1.2974) = 0.90

P(A > 2516) = 0.90

This means, with 90% certainty, there was an average
mouithly savings of at least 2516 MBTU's that was not ex-
plained or predicted by the MLR model. This savings 1s for
the test period (after the EMCS operational date) as compared
to the control period (pefore the EMCS operational date).

The savings can be converted to a percertage by multiplyving
by 100 and dividing by the average monthly energy consump-

)

tion as follows: 100*2516/139648 = 1.8%.

Scott AFB

For this test base, the control period was October
1974 through February 1980, with the test period being March
1980 through September 1982,

HD, CD, and POP were the significant independent
variables in this base's MLR model. The Question-1 model is
as follows: NRGY = 74305.022 + 78.347*HD + 115.072*CD +
2.356*POP. All the regression assumptions were satisfied
except the fourth one regarding autocorrelation. The Durbin-
Watson test was inconclusive since it produced a D-W statis-

tic in the range of possible negative autocorrelation.
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Although a problem could exist, the inconclusiveness indicates
the overall regression results should not be seriously af-
fected (16:567-570).

The T-test performed to test Hypothesis 2 produced a
t = 2.50 with a significance of 0.009. This re jected Hyo
and accepted Hpss indicating an energy savings occurred that
was not explained by the MLR model. To compute the actual
amount of energy saved, the following T-test manipulation

was performed:

P((D-A)/SE < t 0.90

30,0.1)

P(A > D - SE*t )= 0.90

30,0.1
P(a > 3686.4852 - 1477.201*1.310) = 0.90

P(a > 1751) = 0.90

This means, with 90% certainty, there was an aver-
age monthly savings of at least 1751 MBTU's that was not ex-
plained or predicted by the MLR model. This savings is for
the test period (after the EMCS operational date) as com-
pared to the control period (before the EMCS operational
date). The savings can be converted to a percentage by
multiplying by 100 and dividing by the average monthly en-
ergy consumption as follows: 100%1751/136723 = 1.3%.

Another factor also indicated some energy savings
occurred during the test portion of the eight-year period.
In the eight-year regression run, the B coefficient for the
PD dummy variable was -3700.710. The negativity indicates

that when PD equals one, for a given set of independent
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variable values, the predicted energy consumption will be
less than when PD equals zero. This dummy-variable effect
supports the T-test conclusion that a statistically signifi-

cant energy savings occurred in the test period.

Alr Force Academy

For this test base, the control period was October
1974 through November 1979, with the test period being Decem-
ber 1979 through September 1982,

HD and DPRJ were the significant independent vari-
ables in this base's MLR model. The Question-1 model is as
follows: NRGY = 132748.346 + 85.203*HD - 0.007*DPRJ. All
the regression assumptions were satisfied except the first
one regarding similar ranges of data in the control and test
periods. The value of DPRJ increased in the test period to
one-third more than its maximum value during the control
period. However, its B coefficient in the control-period
model had a significance of 0.01, with a value consistent
with the corresponding value in the eight-year regression
run. Therefore, DPRJ was retained in the model.

The T-test performed to test Hypothesis 2 produced a
t = -0.44 with a significance of 0.332. The negative t
value resulted from a slightly negative predicted-actual
energy consumption difference. This indicates that no energy
saving was experienced that was not explained by the MLR

model. The negative energy difference, along with tne larze
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significance, shows that Ho, cannot be rejected in order to

accept H for this base,

A2

Offutt AFB

For this test base, the control period was October
1574 through February 1978, with the test period being March
1978 through Septemkber 1982.

HD, CD, and DPRJ were the significant independent
variables in this base's MLR model. The Question-1 model 1is
as follows: NRGY = 153578.077 + 107.051*HD + 209.91*CD +
0.058*DPRJ. All the regression assumptions were satisfied
except the first one regarding similar ranges of data in the
control and test periods. The value of DPRJ increased at
the end of the test period to more than twice its value at
the end of the control period. However, its B coefficient
in the control-period model had a significance of 0.014,
with a value consistent with the corresponding value in the
eight-year regression run. Therefore, DPRJ was retained in
the model.

The T-test performed to test Hypothesis 2 produced a
t = 2.70 with a significance of 0.005. This rejected Hoo

and accepted H indicating an energy savings occurred that

A2’
was not explained by the MLR model. To compute the actual
amount of energy saved, the following T-test manipulation

was performed:

P((D-2)/SE < t ) = 0.90

54,0.1
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P(y > D - SE*t54'O.1) = 0.90

P(a > 6388.6426 ~ 2368.669*1,2981) = 0.90

\

P(X > 3314) = 0.90

This means, with 70% certainty, there was an average

monthly savings of at least 3314 MBTU's that was not ex-

n

plained or predicted by the MLR model. This savings is for

the test period (after the EMCS operational date) as com-

pared to the control period (pefore the EMCS operational date).

The savings can be converted to a percentage by multipiving
by 100 and dividing by the average monthly energy consump-

tion as follows: 100%3314/233482 = 1.4%,

Kellv AFB

As discussed in Chapter 2, process energyv data was
obtained Zor the two AFLC bases and subtracted from the
monthly energy consumptions to produce the facility energy
data. For Kelly, however, process energy data was available
for only the last half of the eight-year periocd. To use
only consistent energy data, that latter four-vear period was
then divided in half to obtain separate two-vear periods as
control and test periods. For this control kase, then, the
control period was October 1978 through September 1980, with
the test period being October 1980 through September 1982,
Since less than 30 observations were available for the separ-
ate regression and T-test operations, meeting the normatlity

assumption becomes somewhat more critical. However, since

68




the number of availakle observations (24) 1is reasonably
close to the desired number (30), satisfactory results can
still ke expected (16:273).

Using this shorter analysis period, HD and CD were
the significant independent variables in this bkase's MLR
model. The Question-1 model 1s as follows: NRGY = 160451.040 -
210.126*HD + 116.830*CD. All the regression assumptions
were satisfied except the fourth one regarding autocorrela-
tion. The Durbin-Watson test showed that some positive
autocorrelation existed in the regrcssion. This means the
residual terms are probably not independent of each other,
thereby diluting the meaning of the regression results.

The T-test performed to test Hypothesis 1 produced a

t = -2.59 with a signiZicance of 0.016. This rejected Eoq

and accepted H indicating that the Question-1 model did

Al’
not adequately explain the actual energy consumption during
the test period.

Another unexpected characteristic of Kelly's data
was a high correlation between NRGY and HD, with a low cor-
relation between NRGY and CD. Conversely, the data for koth
of the other bases in climate zone 1 exhibited the highest
correlation between NRGY and CD, which is the most logical
relationship for those southern bases., This problem, the
T-test result, and the autocorrelation proklem all support

the conclusion that the Question~1 model cannot satisfactor-

1ly explain energy consumption for this bkase.
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Lanclev AFB

For thils ccatrol base, the control period was Octoker
1674 through Septemker 1973, with the test period keing
Cctober 1978 through September 1632.

HD and CD were the significant independent variakles
in this kase's MLR model. The Question-1 model 1is as fol-
lows: NRGY = 97456.299 - 149,171*HD + 122.349*CD. All the
regression assumptions were satisfied by this model.

The T-test performed to test Hypothesis 1 produced a
t = 0.92] with a significance of 0.367. This failed to re-

ject B indicating that the Question-1 model adequately

ol’
explained the actual energy consumption during the test

veriod. )

Moun‘ailn Home AF7

Fcr this control base, the control period was October
1974 through September 1978, with the test period being
October 1978 through September 1982.

HD was the only significant independent variabkle in
this kase's MLR model. The Question-1 model is as follows:
VRGY = £49609.342 + 57.,489*HD. All the regression assump-

b e 2 e
L5 wWer

e satisfied by this model.

ty

The T-test performed to test Hypothesis 1 produced a
t = 1,67 with a significance of 0.102. This failed to re-

ject H indicating that the Question-1 model adequately

ol’

explained the actual energy consumption during the test

period.
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Ellsworth AFB

For this control base, the control period was Octckter
1974 through September 1978, with the test period being
October 1978 through September 1982.

HD was the only significant independent variakle in
this base's MLR model. The Question-1 model is as Zollows:
NRGY = 94224,951 + 102.593*HD. All the regression assump-
tions were satisfied py this model.

The T-test performed to test Hypothesis 1 produced a

t = 4.99 with a significance of 0.0. This rejected Hop

and accepted H indicating that the Question-1 model did

Al’

not adequately explain the actual energy consumption during

the test period.




CHAPTER 4

SUMMARY, CONCLUSIONS, RECOMMENDATIONS

Summary

The goal of this research effort was to determine if
energy was being saved through the operation of Energy Man-
agement Control Systems installed throughout the Air Force.
This request for EMCS verification came from HQ USAF/LEEEU.
Congressional staff members have demanded proof that shows
that the Alir Force is saving energy through EMCS.

Several problems were discovered in the search for a
method to verify savings. The problems are: (1) historical
energy consumption data for buildings is not available; (2)
isolating the effects of EMCS is difficult because many other
energy projects have been accomplished during the time of
EMCS operation; (3) the installation of EMCS altered the
standard operation of most HVAC equipment so the actual im-
provements cannot be measured by simply turning off an EMCS;
and (4) comparing one yvear's energy consumption with ancther
is meaningless because the total heating/cooling degree days
can vary as much as 50% from one year to the next.

There were only 18 bases that had an operational sys-
tem at the time of this writing. Because of both limited
time for the analysis, and a desire for a representative sam-

ple of EMCS's that had been operating for a reasonable time,
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decision criteria were developed for rigorous selection of
the bases. The EMCS bases were selected according to the
following rules: (1) only two bases per heating zone were
selected; (2) energy consumption data had to be availakle

two years before EMCS operation and two years after EMCS

operation; and (3) the EMCS at each base had to have at least
500 monitor and/or control points. The control bkases (non-
EMCS) were selected according to the following criteria:

(1) one base was selected for each of the winter heating
zones that had two EMCS bases that met the above criteria;
and (2) energy consumption data had to be available for at
least the last four years. The EMCS bases selected were
Keesler and Lackland for heating zone one, Charleston and
McClellan for heating zone two, McGuire and Scott for heating
zone three, and the Air Force Academy and Offutt for heating
zone four. There were no EMCS bases for heating zones five
and six. The control bases selected were Kelly for heating
zone one, Langley for heating zone two, Mountain Home for
heating zone three and Ellsworth for heating zone four.

Data for these bases were received from various
sources. The Air Force Engineering and Service Center (AFESC)
provided the weather data, the ECIP energy projects and base
facility square footage. The base or its respective major
command provided the data on base population and energy pro-
jects other than ECIP. All the data for the EMCS and con-

trol bases were analyzed with the SPSS Regression program.
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One research question and two hypotheses were devel-
oped to analyze the EMCS verification. The question is what
statistical model will predict the energy consumption with
the given variables. The first hypothesis is whether the
predicted energy consumption matched the actual energy con-
sumption for non-EMCS bases. The second hypothesis is that
the predicted energy consumption is greater than actual en-

ergy consumption for EMCS bases.

Conclusions

Question 1. The literature review revealed that mul-
tiple linear regression (MLR) can provide accurate predic-
tions of energy consumption. The variables used in pre-
vious MLR energy consumption prediction studies were heating ’
degree days, facility square footage and base populatior..
This study added another variable to account for the effects
of energy projects other than EMCS. The measurement unit of
this variable was dollars spent on these energy projects.

Resolution of Question 1. MLR was found to be the

most appropriate statistical model for this study. The most
significant variables in descending order of importance were
HD, cD, POP, DPRJ, and AREA.

Hypothesis 1. The aim for the control bases was

that the predicted value compared to the actual value would
be insignificant or have a significance greater than 0.10
(no significant difference) using the paired t-test. For

the control bases the predicted energy consumption of
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Langley and Mountain Home were not significantly different

from the actual energy consumption. For the control bkases

of Kelly and Ellsworth the predicted value was significantly
different from the actual energy consumption. Upon further
examination of these bases, possible reasons for these were
discovered. Kelly, like McClellan, is an Air Logistics
Center with considerable maintenance process energy consump-
tion. As with McClellan, the process energy portion has in-
creased consistently during the period, apparently contrib-
uting to the differences. Ellsworth's predicted energy con-
sumption was also significantly different from the actual
energy consumption. A possible reason for Ellsworth's unex-
pected statistical results could be the effect of this base's
numerous missile silos. Another possible reason is related )
to the energy projects performed at Ellsworth. The amount

of money spent on these projects (DPRJ variable) near the end
of the test period was nine times the amount spent during

the control period. Although the DPRJ variable was statis-
tically insignificant, it could have been a factor in Ells-
worth's results.

Resolution of Hypothesis 1. The results show that

MLR seems to be a good predictor of energy consumption. Two
of the four control base energy consumptions were accurately
predicted. The other two control base energy consumptions
were not accurately predicted, but probably explanations

were found as noted above. The mixed results on these two
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control bases does not discredit the effectiveness of MLR,
however, because of the support described in the background
section of this study.

Hypothesis 2. The goal for the EMCS bases was to

have a significance of less than 0.1 using a paired T-test,
which would mean that the predicted energy value would be
greater than the actual energy value. The EMCS bases of
Lackland, McGuire, Scott, and Offutt had significantly 1less
actual energy consumption than was predicted. The bases of
Keesler, Charleston, McClellan, and the Air Force Acadeny,
though, had no significant difference between actual energy
consumption and predicted energy consumption. However, three
of these bases did have predicted energy values slightly
greater than their actual energy values. Instead of having
significance levels of less than 0.1 (significant difference)
their significance levels were between 0.30 and 0.47. The
fourth base had predicted energy values slightly less than
the actual energy wvalues.

There are possible reasons why these four EMCS bases
were not significant as determined from interviewing the
supervisors and/or operators at these bases. Keesler had
their EMCS installed in 1978, but it was considered opera-
tional for only the last 17 months of this study. The lack
of any significant energy savings could possibly be due to
the short operating period of the EMCS. At Charleston the

supervisor had said they have had an operational EMCS for
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nine years while the AFESC stated that it had only been
operational for five years. There should be no significance
then before EMCS and after EMCS since in actuality the EMCS
was running during the whole period. McClellan's problem is
that it is a major maintenance base where an enormous amount
of energy is used in maintenance processing. Every year

more and more of the total energy consumption is being iden-
tified as process energy. In order to clearly evaluate the
facility energy consumption trends, the process energy should
have been identified completely and consistently, since it

is not evaluated under the same energy policies as facility
energy. Further, McClellan's energy consumption has stead-
ily gone up which is the opposite of all non-maintenance
bases. The Air Force Academy did not use its EMCS for energv
management until the last six months. Because of lack of
operator knowledge and training, the system was used only

for monitoring until the present supervisor arrived and pro-
grammed the EMCS for energy management.

Resolution of Hypothesis 2. The results show that

EMCS can possibly save energy since four of the eight EMCS
bases exhibited less energy actually consumed than was pre-
dicted ky the statistical model. Although these results

were statistically significant, they represented only approx-
imately one percent energy savings. However, because of the
factors mentioned above and the minute calculated savings,

the regression and associated analysis could not conclusively

prove that the EMCS's are saving energy for the Air Force.
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Recommendations

Following are recommendations for further research
in the attempt to prove or disprove EMCS energy saving capa-
bilities:

1. Researchers should expand this effort by ob-

taining more complete data on base population, base sguare

footage, dollar value of energy projects and any other per-
tinent data that could have an impact on energy consumption.
2. Researchers using the same data as in 1 above,
should try other statistical models and variables to deter-
mine if better verification of energy savings can be obtained.
3. Researchers should begin metering facilities at
a base where EMCS is not operating but will be installed ap-
proximately two years or more in the future. This could pro-
vide accurate comparisons of before and after EMCS operation.
4. Researchers should visit each of the EMCS bases
to determine how well the EMCS's are operating, what they
really do, and the condition of the HVAC systems that the

EMCS's are controlling.
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APPENDIX A

DATA FILES FOR SAMPLE BASES




This appendix includes the data files for each of the
twelve bases analyzed in this thesis. The first page depicts
the format of the data files with definitions of the vari-

ables related to each column of data.
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0aTa FILE FORMAT

Ba FD YM AREA FOF HIv  CD LFRJ EFRJ NRCY

THE AROVE STRING OF NUMRERS INDICATES THE COLUMN NUMEERS OF
THE DATA ELEMENTS. THE UARIARLES ARE DEFIMED AS FOLLOWS:

BA = BASE NUMEBER, 1 THROUGH 12.

FO = FERIOD, CONTROL (0) OR TEST (1) FORTION OF THE
ANALYSIS FERIOD,

YH = YEAR-MOMNTH OF LATA RECORD.

AREA = SQUARE FOOTAGE RUILDING HREA‘OF THE RASE.

FOF = HASE FOFULATION, |

HIDY = HEATING DEGREE IAYS FOR THE MONTH.

Chr = COOLING DEGREE IAYS FOR THE MO&TH.

OFRJ = DOLLAR COST QF THE ENERGY FROJECTS.

EFRJ = ENERGY OF THE ENERGY FROJECTS IN MILLION ETU’S
(METU) FPER YEAR. THIS VARIARLE WAS NOT USED IN
THE FINAL ANALYSIS.

NRGY = EMNERGY CONSUMFTION FOR THE MONTH IN MILLION BTU'S
(METW .,




DATA FILE FOR KEESLER AFE

BA FD YM AREA FoF HIY  CL IFRJ EFRJ NIEGY

01 7410 08465452 00000 0002 L1746 0000000 000000.,00 220927

[ ]

0
01 0 7411 8465452 0 179 47 Q 0,00 224313
01 O 7412 B445452 o 344 K4 0 0.00 214170
01 0 7501 84454352 13404 282 16 0 0.00 198572
01 0 7502 8465452 194654 145 48 0 .00 200287
01 Q0 7903 8465452 154654 167 68 0 0.00 193224
01 0 7504 8485452 1546354 55 112 0 0.00 19027&
01 0 7503 8465452 1563 0 384 0 0.00 227003
01 0 7504 8465452 1354654 0 493 0 0,00 245557
01 0 7507 8465452 1546354 0 486 0 0.00 254214
01 0 7508 8465452 154854 O 484 0 0.00 261614
01 0 7509 8465452 15454 1 348 0 0.00 266776
01 0 7510 8545077 13454 7 189 0 0.00 204548
01 0 7511 545077 159654 176 118 0 0.00 2358279
01 O 7512 B83T45077 154654 324 23 0 0.00 2252907
01 0 7401 2545077 14088 4712 0 1Y) 0.00 238000
01 O 74602 8343077 14048 191 17 0 0.00 198385
01 0 7603 845435077 14068 87 79 0 0,00 1709011
01 0 74604 8545077 14068 16 178 0 0.00 1713529
) 01 0 7605 8943077 14068 0 283 0 0.00 201372
01 0 7606 83545077 140468 0 489 0 0,00 2243C4
01 O 7607 B8UAT0T77 14068 0 586 0 0,00 231064
01 0 74608 8545077 14068 0 532 20400 622,20 264547
01 0 7409 8545077 14048 0 378 20400 622,20 283918
01 0 7410 8570422 140468 134 357 20400 622,20 220857
01 0 7611 8570422 14068 419 0 113400 3700.20 233296
01 0 7412 8370422 14068 485 0 178400 $358.80 221207
01 0 7701 8L70422 13502 6839 0 178400 6358.80 2471488
01 0 7702 8S70422 13502 281 5178400 635R.80 199172
01 0 7703 8570422 13502 94 101 178400 63338.80 149128
01 0 7704 8570422 13502 10 190 178400 4358.,80 184018
' 01 O 77035 8570422 13502 0 418 178400 6358,80 204048
01 0 7706 8I7042: 13502 0 634 178400 6358.80 238436
01 0 7707 8570422 13502 0 4669 178400 6358,80 248581
01 0 7708 8I70422 13502 0 400 17840C 6358,80 258483
‘ 01 0 7709 83570422 13502 0 540 1784900 6358.,80 244352
| 01 O 7710 84?9776 13502 w7 146 38L37S 6358,80 Z0217Q
01 © 7711 8699776 13502 112 46 385376 6358.80 209630
, 01 0 7712 B699776 13302 394 6 IBE3YVo H35B.80 199423
01 0 7801 8499776 128593 64446 0 3838376 0358,80 248193
01 0 7802 B699776 12853 3529 0 389376 H35E, U0 2247027
01 0 7803 8699774 12353 231 10 385376 6336.80 191047
) 01 O 7804 8899776 12853 16 120 385374 63508.80 180023
01 0 7805 86997746 12853 O 323 38G37& 535,80 204703
01 0 7806 8899776 12853 0 A7S 388374 63LRL.BO 23La0T
01 O 7807 86997746 12853 0 488 389375 6358,80 629
01 O 7808 B699/7746 12853 0 H08  3BEIVe 358,00 0al
01 O 7809 B8&99776 12853 0 405 385374 o
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DATA FILE FOR KEESLER AFB CONTINUED

AREA

8699776
B699776
8699776
B699776
8699774
B699776
84699776
B699774
8699776
8699776
8499776
B699776
8711043
8711043
8711043
8711043
8711043
8711043
8711043
8711043
8711043
8711043
8711043
8711043
9253923
9253723
9253923
9253923
9233923
P253923
PA[3IP23
9253923
9253923
253923
2253923
233923
8983167
8983167
8983167
8983157
89831467
8983167
8983147
8983147
8983147
8983147
8983167
8983147

FOP

12853
12853
12853
13566
13546
13366
13556
13566
13566
13566
13566
13566
13366
13566
13566
15443
15443
15443
15443
15443
15443
15443
15443
15443
15443
13443
15443
14313
14313
14313
14313
14313
14313
14313
14313
14313
14313
14313
14313
14370
14370
14370
14370
14370
14370
14370
14370
14370

HI

22

66
330
589
378

138

S OOCOoOrrM

19
213
351
251

401

Ol
COOOO0O

38

351
541
330
217

= OO0 ON

81
372
414
280
151

>
COCOON

co

137
61
27

0
3
28

164

288

463

545

581

424

526
608
594
917
127

FRJ

385376
385376
385376
385376
385376
385376
385376
385376
385376
385376
385376
385376
385376
385376
385376
385376
385376
385376
385376
385376
385376
385376
385376
385376
582926
582926
582924
582926
582924
582926
582926
582926
582926
582924
582924
5829264
582926
582926
582926
636324
636326
636326
636324
820287
820287
820287
820287
820287

EFRJ

$358.80
6358.80
6358,80
6358.80
6358.80
6358.80
6358.80
6358.80
6358.80
6358.80
6358.80
6358,80
6358.80
6358.80
6358.80
6358.80
6358.80
6358.80
6338.80
6358.80
6358.80
6358.,80
6358.890
6358,80
6338.80
6358.80
6358.80
6358.80
6338.80
6358.80
6358.890
6358,80
6358.80
$358.80
6358.80
6358.80
6358,80
6358.80
$358.80
6358.80
6358.,80
5358.80
6338,80
6358.80
6358.80
6358,80
634%8.80
6358.80

NRGY

236115
187476
218696
245239
206101
159511
187011
193479
219949
257627
256679
245270
192037
197447
198799
190443
184404
156474
163027
181970
242905
261642
250189
272437
228172
203350
211772
215830
202336
187742
172519
210859
254219
262313
2786481
236315
221738
172267
183354
192017
184866

HE5E9
172071
172994
245133
242225
244055
240894




BRA

02
02
-
”

-

02

L)

02

2
02
02
02
02
02
02
]
02

el

02
02
02
02

<

2
2
2

02
02
02

”

-

02

o]

s
02

-~

02
02
02

2
02
02
02
02
02

2
02
02

2
&~
02
2
Py
o

s

02

FD

e N oY o NoNoRoReNoNoNoNeNoNoNoNoRoRoNeRoNoNoNoNoNoNeNeNoNoNoNoNoNeloRooNoleRoJaoRoleloNeNoNeNole Ne

YM

7410
7411
7412
7501
7502
7503
7504
7505
7506
7507
7508
7509
7510
7511
7512
7601
7602
7603
7604
76035
7606
7607
7408
7609
7610
7611
7612
7701
7702
7703
7704
77035
7706
7707
7708
7709
7710
7711
7712
7801
7802
7803
7304
7805
7806
7807
7808
7809

DATA FILE FOR LACKLAND AFB

AREA

09477539
?477539
9477539
477339
477539
P477539
9477539
Q477539
9477539
9477539
P477539
477539
?373542
95753542
9575542
P575542
PT75542
2575542
?575342
?575542
9575542
2575542
P575542
P575542
9776974
9776974
P7746974
9776974
9776974
9776974
97746974
97746974
@776974
9776974
@776974
776974
7886561
98865461
9886561
7886361
2886561
9886561
7888561
9886561
9884561
2886561
9886361
2886361

FOP HD
00000 0010

o 221

0 403

0 327

0 298

0 141

0 27

0 0

0 0
33851 0
33789 0
33450 1
33825 17
32751 200
33020 392
315699 466
32871 180
31808 148
30253 16
29941 17
31148 0
32897 0
33418 0
33172 0
32968 112
30623 325
29475 517
30330 653
31453 282
31052 1346
30034 30
28771 0
30846 0
32065 0
30639 0
30228 0
29926 19
28299 125
28401 337
29009 4604
29238 484
29239 1487
29182 13
28442 0
30240 0
31428 0
31997 0
31422 0

ch DFRJ EFRJ
172 0000000 000000.00
43 0 0.00
7 0 0.00
35 0 0.00
3 0 0.00
60 0 0.00
167 0 0.00
297 0 0.00
453 0 0.00
536 0 0,00
37 0 0,00
340 0 0,00
215 0 0.00
82 0 0.00
26 0 0.00
1 0 0.00
44 0 0.00
106 0 0.00
84 0 0.00
142 0 0.00
4468 0 0.00
486 0 0.00
590 0 0.00
440 0 0.00
64 0 0.00
4 0 0.00
0 0 0,00
0 0 0.00
2 0 0.00
47 0 0.00
97 0 0.00
307 0 0.00
491 0 0.00
619 0 0.00
6354 0 0.00
555 0 0.00
222 0 0.00
39 Y 0.00
? 0 0.00
4 0 0.00
9 0 0.00
42 0 0.00
210 0 0.00
472 0 0,00
581 0 0,00
715 0 0.00
572 0 0.00
420 0 0.00
85

NRGY

178385
184418
205304
197545
185186
195859
174458
207974
233164
244164
254556
214604
196943
194618
212446
214551
156452
162701
142178
165652
214037
225331
234948
215335
180768
196112
210067
234539
177609
173928
138294
197703
232722
242037
241895
229849
172017
159304
182557
221633
194399
173351
138354
215102
227181
251708
249342
333253



RA

02
02
02
2
02
2
02
hed

a

02

b

Y

02
2
2

bed

-
2
-—
02

02
”

-

2

4

2

02

2
o2
02
02
02
02
02
02
02
02
02
02
02
02
02

e

02
02
02
02
02
02
02
02
02

o
2
02

-~

S

FI

b s b s b b ek b b bk b gs b b bbb b b et ek b b ek b b b b b b b ek pd bk pd b i et et e S M OO OO O OO

YM

7810
7811
7812
7901
7902
7903
7904
7908
7906
7907
7908
7909
7910
77911
7912
8001
8002
8003
8004
8005
8004
8007
8008
8009
8010
8011
8012
8101
8102
8103
8104
81035
8106
8107
8108
8109
8110
8111
8112
8201
8202
8203
8204
8205
8206
8207
8208
8209

DATA FILE FOR LACKLAND AFB CONTINUED

AREN

9884561

9886561

9886561

9886561

9884561

9886561

9886561

9884561

9886561

9886561

98846561

9886561
10810053
10810053
10810053
10810053
10810053
10810053
10810053
10810053
10810053
10810053
10810053
10810053
10691644
10691644
10691644
10691644
10691644
104691644
10691644
10691644
10691644
10691644
10691644
10691644
10602260
10602260
10602260
10602260
10602260
10602260
10602240
10602260
10602260
10602260
10602260
10602260

FOF

30382
28517
28034
27475
27834
27363
26819
26232
28272
30114
30930
30865
30772
29405
28682
29075
29379
29479
28371
26724
29268
31208
32263
31589
30251
29558
29080
28796
30496
29804
28172
28417
29828
31239
32001
32768
32497
29494
29246
28827
30123
29430
27780
28010
29900
30242
30413
30322

HI

3
124

HPOOOOOCHN

60
133
377
394
359
114

S0

O O0OO0O O

ch

185
9?3
13

1
14
53

151

302

418

541

553

370

279
37
10
11
16
83

188

3353

649

730

641

553

249
33
26

49

Sé
283
396
497
593
588
400
2390

32

~

13
169
212
324
549
6463
667
470

86

IFRJ

e NeReNosNoloReRoNoNoNoNoloReoNoNoNoNoNoloRoNoNoRoRoRoRoNoNoRoNoNoReNeoRoRoNoNeoNoNoNoRoRoleoRoNoleN ol

EFRJ

0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0,00
0,00
0.00
0,00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

NRGY

163596
165273
193888
2337904
189686
175658
149617
172293
152624
177327
1985435
217623
189746
179623
191576
196404
196036
173739
152745
198382
231330
249309
238823
229808
194639
191533
194627
201111
184553
178947
180432
213094
234973
249731
253164
231092
191987
177948
205043
211117
165712
189674
168401
192115
253119
253149
254763
219323




DATA FILE FOR CHARLESTON AFB

FDYM AREA

0 7410 03733593
0 7411 3733593
0 7412 3733593
0 7501 3733593
0 7502 3733593
0 7503 3733593
0 7504 3733593
0 7505 3733593
0 7506 3733593
0 7507 3733393
0 7508 3733593
0 7509 3733593
0 7510 3739093
0 7311 3739093
0 7512 3739093
0 7601 3739093
0 7602 3739093
0 7603 3739093
0 7604 3739093
0 7605 3739093
0 7606 3739093
0 7607 3739093
0 7608 3739093
0 7609 3739093
0 7610 3744752
0 7611 3744732
0 7612 3744752
0 7701 3744732
0 7702 3744732
0 7703 3744732
0 7704 3744752
0 7705 3744752
0 7706 3744752
0 7707 37447352
0 7708 3744732
0 7709 3744732
0 7710 3733262
0 7711 3733262
0 7712 3733262
1 7801 3733262
1 7802 3733262
1 7803 3733262
1 7804 3733262
1 7805 3733262
1 7806 37332462
1 7807 3733262
1 7808 3733262
1 7809 3733262

POP

06110
6110
6110
6164
6164
6164
6164
6164
6164
61464
6164
5164
6164
6164
6164
6114
6114
6114
6114
6114
6114
6114
6114
6114
£114
6114
6114
6114
6114
5649
5649
5649
5649
5649
9649
5649
5649
5649
S4549
5649
35649
5649
9993
G993
5993
5993
5993
5993

chn

046
18

-

3
8
13

]

“~

74
318
414
449
516
361
171

58

RO

73

70
187
329
502
384
274

=

O

54
107
263
493
588
518
417

71

71

13
106
242
414
505
514
378

87

LFRJ EFRJ
0000000 000000.00
0 0.00
96340 0.00
96340 0.00
96340 0.00
96340 0.00
26340 0.00
96340 0.00
96340 0.00
946340 0.00
96340 0.00
141007 0.00
141007 0.00
141007 0.00
244107 0.00
244107 0.00
244107 0.00
244107 0.00
244107 0.00
244107 0.00
244107 0.00
244107 0.00
244107 0.00
244107 0.00
244107 0.00
244107 0.00
244107 0.00
244107 0.00
442507 17994.88
442507 17994.88
442507 17994.88
442507 17994.88
442507 17994,88
442507 17994.88
442507 17994.88
442507 17994.88
442507 17994.88
1765607 185102.41
17465607 185102.41
17465607 185102.41
17654607 185102.41
2601907 18%102.41
25601907 185102.41

2601907
2601907
2601907
2601907
2601907

185102.41
185102.41
185102.41
185102.41
185102.41

NRGY

081806
94248
105033
1083569
88736
874358
79235
92124
113175
120933
117456
1056909
86132
88652
109416
128357
102485
20786
78637
95137
98548
114836
104320
101087
88478
107C61
118411
139233
108577
21645
67781
71579
95333
100371
2386
89192
73374
83835
1082460
133799
125179
103424
96854
64527
75164
guese
?0911
78141




RA FI' YM

03 1 7810
03 1 7811
03 1 7812
03 1 7901
03 1 7902
03 1 7903
03 1 7904
03 1 7905
03 1 7906
03 1 7907
03 1 7908
03 1 7909
03 1 7910
03 1 7911
03 1 7912
03 1 8001
03 1 8002
03 1 8003
03 1 8004
03 1 800%
03 1 8006
03 1 8007
03 1 8008
03 1 80079
03 1 8010
03 1 8011
03 1 8012
03 1 8101
03 1 8102
03 1 8103
03 1 8104
03 1 8105
03 1 81906
03 1 8107
03 1 8108
03 1 8109
03 1 8110
03 1 8111
03 1 8112
03 1 8201
03 1 8202
03 1 8203
03 1 8204
03 1 820%
03 1 8206
03 1 8207
03 1 8208
03 1 8209

— R

DATA FILE FOR CHARLESTON AFB

AREA

3924473
3924473
3924473
3924473
3924473
3924473
3924473
3924473
3924473
3924473
3924473
3924473
3983100
3983100
3983100
3983100
3983100
3983100
3983100
3983100
3983100
3983100
3983100
3983100
4011184
40111384
4011184
4011184
4011184
4011184
4011184
4011184
4011184
4011184
4011184
4011184
4011184
4011184
4011184
4011184
4011184
4011184
4011184
4011184
4011184
4011184
4011184
4011184

FOP

5993
5993
5993
5993
5993
5993
5587
5587
5587
5587
5587
5587
5587
5587
5587
5587
5587
5587
5445
5445
5445
5445
5445
5445
5445
5445
5445
5445
5445
5445
5483
5483
5483
5483
5483
5483
5483
5483
5483
5483
5483
5483
5403
5403
5403
5403
5403
5403

HI

S7
83
399
602
503

241

N
COOOMNO

68
203
200
495

555

321

287
537
719
393
333

chn

86
40
21

0

~

4

9

71
241
335
533
514
354
105

DFRJ

25601907
2601907
25601907
2601907
2601907
2601907
2601907
2601907
2601907
2601907
2601907
2601907
2601907
2601907
2601907
2601907
2601907
2601907
24601907
2601907
2601907
2601907
25601907
2601907
2601907
2601907
29460392
2960392
2960392
2960392
2960392
29460392
2960392

2 29460392

2960392
2960392
2960392
2960392
2960392
2960392
2960392
29560392
3247392
3247392
3247392
3247392
3247392
3247392

CONTINUED

EPRJ

185102.41
185102.41
185102.41
185102.41
185102.41
185102.41
185102.41
185102.41
185102.41
185102,41
185102.41
185102.41
185102.,41
185102.41
185102.41
185102.41
185102.41
185102.41
183102.41
185102.41
185102.41
185102.41
185102.41
185102.41
183102,41
185102.41
185102.41
185102.41
185102.41
185102.41
185102.41
185102.41
185102.41
185102.41
185102,41
185102.41
185102.41
185102.41
185102.41
185102.41
185102.41
185102.41
185102.41
185102.41
185102.41
185102.41
185102.41
185102.41

NRGY

67747
58724
101947
129820
116083
95720
57185
619235
70019
85055
86118
75925
63234
87300
1144670
119331
121580
98748
53985
61875
74013
91509
85498
83151
62857
87760
105851
130779
1038510
93813
55884
97376
o971
88388
79990
734068
73981
?1163
120602
134582
119145
88330
55464
62324
86884
899242
44584
71877




DATA FILE FOR MCCLELLAN AFB

Ra FPD' YM AREA FOF HIt CID nERJ EFRJ NRGY

04 0 7410 10480848 00000 0047 088 0000000 000000.00 1359462
04 0 7411 10480848 0 354 0 0 0.00 2146086
04 0 7412 10480848 0 3576 0 0 0.00 254529
04 0 7501 10480848 0 641 0 0 0.00 261450
04 0 7502 10480848 0 397 0 0 0.00 253456
04 0 7503 10480848 0 353 o 0 0.00 227863
04 0 7504 10480848 0 294 1 0 0.00 214108
04 0 730 10480848 0 43 172 0 0.00 1740356
04 0 7505 10480848 0 3 250 0 0.00 169246
04 0 7507 10480848 0 0 368 0 0.00 156586
04 0 7508 10480848 0 0 334 0 0.00 158511
04 0 7509 10480848 0 0 336 0 0.00 162714
04 0 7510 10743275 0 131 33 0 0.00 167682
04 0 7511 10743275 0 391 0 0 0.00 235973
04 0 7512 10743275 0 3857 0 0 0.00 271949
04 0 7601 10743275 0 554 0 0 0,00 2562907
04 0 7602 10743275 0 391 v 0 0.00 231889
04 0 7503 10743275 0 345 1 0 0.00 208931
04 0 7694 10743275 0 219 11 0 0.00 1929390
04 0 7605 10743275 0 0 1359 0 0.00 1588384
04 0 7606 10743275 0 3 257 0 0.00 147113
04 0 7807 10743275 0 0 419 0 0.00 150285
04 0 7608 10743275 16829 2 266 0 0.00 160581
04 0 7509 10743275 17039 0 243 0 0.00 159708
04 0 7610 10763080 17009 AS 74 0 0.00 159943
04 0 7611 10763080 166335 285 0 0 0.00 213399
04 0 7612 10763080 16728 577 ) 0 0.00 2446780
04 0 7701 107463080 1466927 670 0 0 0.00 273332
04 0 7702 10763080 16689 339 0 0 0.00 211081
04 0 7703 107463080 16682 393 0 0 Q.00 263877
04 0 7704 107463080 16351 67 21 0 0.00 175093
04 0 7705 10763080 16326 148 36 0 0,00 171920
04 0 7706 107463080 16344 3 321 0 0.00 1350835
04 0 7707 107463080 15616Y% 0 380 0 0.00 150612
04 0 7708 10763080 16126 0 369 0 0.00 150987
04 0 7709 10783080 16173 7 196 Y 0.00 1444613
04 0 7710 11363846 16333 60 60 0 0.00 1446432
04 0 7711 11363846 16348 272 0 0 0.00 203260
04 0 7712 11363846 16311 437 0 0 0.00 227281
04 0 7801 113638446 16281 484 0 0 0.00 237373
04 0 7802 113463846 16242 400 0 0 0.00 2135419
04 O 7803 11363846 16369 196 0 0 0.00 200701
04 0 7804 113463846 16381 257 0 0 0.00 181023
04 0 7805 11363846 16451 56 88 0 0.00 1646201
04 0 7806 11363844 146520 0 198 0 0.00 18637465
04 0 7807 11363846 16599 0 379 0 0.00 163945
04 0 7808 113638446 16645 0 387 0 0.00 158574

0 0

04 7809 11363846 15529 30 133 0.00 157159

89




FO

bbb bk b b fh b bl b b (b b b bt ek Pk b b b b bt b e fd pd b b bbb bbb b el b bk bk b ek b b bt el e e O O O

YM

7810
7811
7812
7901
7902
7903
7904
7905
7906
7907
7?08
7909
7910
7911
7912
8001
8002
8003
8004
8005
8006
8007
8008
8009
8010
8011
8012
8101
8102
8103
8104
8105
8106
8107
8108
8109
8110
8111
8112
8201
8202
8203
8204
8205
8206
8207
8208
8209

DATA FILE FOR MCCLELLAN AFB CONTINUED

AREA

11356915
11356915
11336915
11356915
11356915
11356915
11356915
11356915
11356915
11356915
11356915
11356915
11289868
11289848
11289868
11289868
11289868
11287848
11289848
11289868
11289848
11289848
11289848
11289848
113054446
113035446
11305446
11305444
11305444
113054446
11305446
113054446
11305446
11305444
11305446
11305444
11305444
113054446
113054446
113035446
113054446
11305444
113054446
11305446
1130354446
11305444
11305446
113054446

FOF

16695
15700
16589
156460
16421
16382
16338
16338
16123
16076
15973
15906
15882
15880
15848
15779
158046
15736
1358146
15744
15731
15714
15101
15107
151472
15149
15190
15200
15382
15601
13642
15658
15820
15982
16238
16305
16342
16671
16712
16948
16948
17183
17271
1722%
17179
17165
17031
16896

HI

240
415
650
364
361

212
)

-~

10

18

ch

o3}

HiOC OO OD

(2N
N O
o 0

-

L.
>
wo

[}
0 >
(o)

IFRJ

OO OCQOCOOVDOOVOOO0OOCO0O0OO0O0OOCOOVOOCOCOOOOO0O O OO0 OO0 OOOO0

EFRJ

0,00
0.00
0,00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0,00
0,00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

NRGY

160854
216469
273267
245529
245289
193507
158403
144147
158113
2546357
153980
167052
146525
206399
221795
213986
218460
188744
160037
148364
1356541
157391
150910
150188
1561429
204506
212849
224520
215672
196146
163511
162665
157965
144909
171142
161378
1734622
210041
2348742
256495
220338
209907
199147
156148
158425
172631
167763
168508




DATA FILE FOR MCGUIRE AFB

Ba FI! YM AREA POF HD €D DFRJ EPRJ NRGY
05 7410 05810423 07344 0371 001 0000000 000000.00 129404
05 7411 5810423 7344 530 7 0.00 161338
05 7412 5810423 7344 827 0 0.00 196165 I
05 7501 5810423 7320 871 0 0.00 191656
05 7302 5810423 7320 820 0 0.00 210194
05 7503 5810423 7320 764 0 0,00 193668
] 7504 5810423 7320 517 2 0.00 162889
035 7305 5810423 7320 %4 88 0.00 109148
035 7306 39B10423 7320 14 180 0.00 935612
05 7307 5810423 7320 0 336 0,00 101239
05 7308 5810423 7320 2 293 0.00 110962
05 7509 5810423 7320 73 50 0.00 99187
035 7510 58046078 7320 216 18 0.00 94496
05 7311 5806078 7320 399 10 0.00 147857
05 7512 5806078 7320 828 o 0.00 191125
05 7601 5S8BCs078 7173 1130 0 - 0.00 254278
05 7602 35806078 7173 697 0 0.00 214035

035
03
05
05
05
035
03
05
035
0S5
05
03
05
05
035
05
03
05

0%

7603 5806078 7173 623 0
7604 5806078 7173 377 40
7605 35806078 7173 199 25
7606 3S8B06078 7173 34 251
7607 5806078 7173 0 220
7608 5806078 7173 14 252
7609 5B0&078 7173 97 60
7610 5820183 7173 392 3
7611 5820183 7173 687 0
7612 5820183 7173 1113 0
7701 5820183 7173 1385 0

0

?

0.00 179454
0.00 137429
0.00 105121
0.00 105315
0.00 115720
0.00 108732
0.00 98715
0.00 118006
0.00 186773
0.00 201749
0,00 249517
0.00 215010
0.00 148243
0.00 117158
0.00 89423

7702 5820183 7173 8935

7703 5820183 6678 594

7704 5820183 6678 376 17
7705 0820183 6678 112 73
7706 GB20183 6678 33 148 0.00 89524
7707 582018B3 46678 1 334 0,00 101190
7708 SB20183 6678 2 289 203000 4100.60 98415
7709 5820183 44678 33 154 203000 4100,60 24533

leNeNeNeoRoleNoNoNoRoNoNoNoNeRoReNoNoRoNeloNoNeeRoNoloNoNeoloNe ool

05 7710 58BUS630 6678 338 1 203000 4100.60 1034698
0S5 7711 35853830 44678 534 2 203000 4100,60 144413
05 7712 5855630 6678 960 0 203000 4100.,60 192220
0% 7801 5S58Y5630 6678 1094 0 203000 4100.60 229033
05 7802 5855630 6678 1124 0 203000 4100.,60 221997
05 7803 5895630 6678 828 0 203000 4100.60 191570
05 7804 5895630 7245 403 0 203000 4100.460 139355
05 7805 5835630 7245 161 48 203000 4100.60 1034611
05 7806 GBSSH30 7245 13 173 203000 4100.,60 90452
05 7807 3855630 7245 4 211 203000 4100.60 103541
05 7808 5835630 72435 0 346 203000 4100.60 99544

el el N N e e Yo RoReRoReNoNoNoReoNo e NoReRoNoNoNoRoRolloRe e RolloNe e oo Re o No ool e o oo

0S5 7809 358II630 7245 93 8% 203000 4100.60 96545

91




BA

05
05
05
05
05
05
(O]
05
05
05
035
05
05
03
05
]
05
05
05
05
05
05
0S
05
05
05
05
05
05
05
05
05
05
0S
05
05
03
05
05
05
o<
05
05
0%
05
05
(]
05

PD YM

T N g T o T S O g e S P O e N T S e e Y Tl

7810
7811
7812
7901
7902
7903
7904
7905
79086
7907
7908
7909
7910
7911
7912
8001
8002
8003
8004
8005
8004
8007
8008
8009
8010
8011
8012
8101
8102
8103
8104
8105
8106
8107
8108
8109
8110
8111
8112
8201
8202
8203
8204
8205
82046
8207
8208
8209

DATA FILE FOR MCGUIRE AFB CONTINUED

AREA

856434
5856434
5856434
5856434
58546434
5856434
9856434
856434
98546434
9856434
5856434
5856434
5944359
5944359
5944359
5944359
5744359
944359
SP44359
5944359
5944359
5944359
5944339
5944359
6191176
6191176
6191176
6191176
6191176
61921176
61921176
6191176
6191178
6191176
6191176
6191176
6191176
6191176
61911746
6191176
6191176
61921176
6191176
6191176
6191176
6191176
6191174
6191176

FOP

7245
7245
7245
7245
7245
7245
6397
6397
6397
6397
6397
6397
6397
6397
6397
6397
6397
6397
6306
6306
6306
6306
6306
6306
4306
6306
6308
6306
6306
6306
6274
6274
6274
6274
6274
6274
6274
6274
6274
6274
6274
6274
6274
6276
6276
6276
6274
6276

HD

311
504
856
981
1150
S92
441
116
32

é

13
30
303
451
783
1024
1023
750
312
70
16

40
335
662

1016
1237
771
751
312
151

44
323
527
888

1244
821
738
4469

82

25

13
S0

Ch

[4]

GHIPIOOCOCO O

R

3 Od
(R 2
a8 -4

Y

(O BN
N

PRJY

203000
203000
203000
203000
203000
203000
203000
203000
203000
203000
203000
203000
203000
203000
203000
203000
420400
420400
420400
420400
420400
420400
420400
420400
420400
420400
420400
420400
420400
420400
420400
420400

420400 .

420400
420400
420400
420400
420400
420400
420400
420400
420400
420400
420400
420400
420400
420400
420400

EFRJ

4100.,69
4100.60
4100.60
4100.,60
4100.60
4100.60
4100.60
4100.60
4100.50
4100.60
4100.60
4100.60
4100.60
4100.60
4100.460
4100.60
11424.98
11426.98
11424.98
11426.98
11425.98
11426.98
11426.98
11426,98
11426.98
11426.98
114246.98
11426.98
11426.98
11426.98
11426.98
11426.98
114256.98
114256.98
11426.98
11426.98
11426.98
11426.98
114246.99
11426.98
114256.98
11426.98
114256.98
11426.98
114246.98
11426,98
114246.98
11426.98

NRGY

113415
142671
175599
220491
224981
181892
1458586

95097

88615

99168

9392
100756
108163
157411
167152
209502
224945
188686
131318

93180

?1254
110857
105466
100203
102806
159985
174468
225446
192881
176724
123833

21418

?3093
111200

97884

93771
113886
146532
176408
216850
215543
1567031
144094

83935

92432
106356
100181

29449




DATA FILE FOR SCOTT AFB

EA PO YM AREA FOF HO CO LFRJ EFRJ NRGY
06 0 7410 035188320 07387 0225 030 0000000 000000.00 115324
06 0 7411 5188320 7387 579 1 0 0.00 125586
06 0 7412 5188320 7387 893 0 0 0.00 152205
06 0 7501 5188320 7363 929 0 0 0.00 174246
06 0 7502 5188320 73483 841 0 0 0.00 168627
06 0 7503 5188320 7363 726 0 0 0.00 147530
06 0 7304 5188320 7363 301 28 0 0,00 131815
06 0 7505 5188320 73463 24 173 0 0.00 113369
06 0 7506 5188320 7343 0 349 0 0,00 1263535
06 0 7307 5188320 7343 1 404 0 0.00 136290
06 0 7308 5188320 7363 O 437 0 0.00 147142
06 0 7509 5188320 7363 83 143 0 0.00 1254653
06 0 7510 5420424 7363 203 40 0 0.00 923945
06 0 7511 5420424 73463 489 S 0 0.00 128738
06 0 7512 5420424 7363 888 o 0 0.00 158471
06 0 7601 354204249 7366 1067 o - 0 0.00 173399
06 0 7602 5420424 7566 633 0 0 0,00 145029
06 0 7603 5420424 7566 AB4 7 0 0,00 130584
06 0 7604 5420424 78566 308 33 0 0.00 109931
06 0 7600 5420424 7566 168 29 0 0.00 92533
06 0 7606 5420424 73566 0 216 0 0.00 122177 R

) 06 0 7607 5420424 7366 0 447 0 0.00 136310
06 0 7608 5420424 7366 0 279 0 0.00 136572
06 0 7609 35420424 7366 37 82 0 0.00 119699
06 0 7610 DT263385 7566 450 13 0 0.00 125322
06 0 7611 35263365 7566 830 0 0 0.00 156721
06 0 7612 352633865 75866 1098 0 0 0.00 192289
06 0 7701 0263365 7366 1500 0 0 0.00 190384
06 0 7702 52863355 75466 827 0 0 0.00 173541
06 0 7703 3263345 B163 471 2 0 0.00 134327
06 0 7704 S263365 8165 178 40 0 0.00 1104688

i 06 0 7705 52863365 8145 36 224 0 0.00 1087460
06 0 7706 5263365 8165 2 302 0 0.00 129505
06 Q0 7707 5263345 8145 0 473 0 0.00 142395
06 0 7708 5263365 81465 0 358 0 0.00 123507
06 0 7709 52633465 81465 7 214 79000 6083.,00 124929
06 0 7710 5534269 8165 291 2 79000 6083.,00 104939
06 0 7711 35534269 81465 537 1 79000 6083.00 138415
06 0 7712 DS534269 8165 1012 0 79000 6083.00 171367
06 0 7801 5534269 8165 1338 0 79000 6083,00 208982
06 0 7802 US534269 8165 1179 0 79000 6083.00 184014 !
06 0 7803 5534269 8165 830 1 79000 6083.00 1588449 5
06 0 7804 5534269 9817 281 10 79000 6083.00 116571
06 0 7803 TS53426%9 9817 1469 110 79000 6083.00 1003550
06 0 7806 5534269 9817 8 257 79000 4083,00 13583446
06 0 7807 3ST34269 9817 0 398 79900 6083.00 143407
06 0 7808 5534269 9817 0 316 79000 6083.,00 140125

0

7809 5534259 9817 38 205 79000 6083.00 129524

93




]

BA FDYM AREA

06 0 7810 05571617
046 0 7811 5571617
06 0 7812 5571617
06 0 7901 5571417
06 0 7902 353571617
06 0 7903 5871617
06 0 7904 5G71617
04 0 7905 53571617
06 0 7906 5571617
046 0 7907 S571617
06 0 7908 5571617
086 0 7909 53714617
06 0 7910 5573514
06 0 7911 GS573514
06 0 7912 GS573514
06 0 8001 35473514
06 0 8002 5573514
06 1 8003 53573514
06 1 8004 5573514
046 1 8005 5573514
06 1 8006 5573514
06 1 8007 5573514
06 1 8008 5573514
06 1 8009 5373514
06 1 8010 5575411
06 1 8011 S3575411
06 1 8012 5575411
06 1 8101 55735411
06 1 8102 53573411
06 1 8103 5575411
06 1 8104 5575411
06 1 8105 5575411
06 1 8106 5575411
06 1 8107 53575411
06 1 8108 5575411
06 1 8109 53573411
06 1 8110 5588404
06 1 8111 55885604
06 1 8112 5588404
06 1 8201 5588604
06 1 8202 5588604
06 1 8203 3S5588604
06 1 8204 55884604
06 1 8205 S3588404
06 1 82086 3388404
06 1 8207 5588404
046 1 B208 5388404
06 1 B209 5588404

e

DATA FILE FOR SCOTT AFB CONTINUED

POF

9817
9817
?817
9817
9817
9817
2482
9482
2482
2482
2482
9482
2482
9482
2482
9482
9482
2482
9482
2482
9482
9482
9482
9482
?482
?482
2482
9482
2482
2482
93567
9567
9567
?967
9567
567
PL6T
9567
567

567

95467
9567
?738
2738
?738
9738
9738
2738

HI

332
o519
?26
1467
1131
649
363
113
(o]

0

4

446
274
681
848
1027
1102
744

382

Co

O OO O R

rJ
NN
N0

DOFRJ

79000
79000
79000
180200
180200
180200
180200
180200
180200
180200
180200
180200
180200
180200
180200
180200
180200
180200
180200
1453200
2326200
23256200
2326200
2326200
2326200
2326200
2324200
2326200
23246200
2326200
2373800
2373800
£373800
2373800
2373800
5814800
5814800
5814800
5814800
5814800
5814800
5814800
5814800
5814800
5814800

7 5814800

3814800
5814800

EFRJ

6083.00

6083.00
6083.,00
12347.28
12347.28
12347.28
12347,28
12347 .28
12347.28
12347.28
12347.28
12347.28
12347.28
12347.,28
12347.28
12347.28
12347.28
12347 .28
12347.28
12347.28
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08
32077.08

NRGY

1145932
140369

17242
£ o=\ e

204175
188718
1561861
142852
1114697
122804
152528
125883
121432
109679
152368
160797
17689
17947¢
16292¢
11922
9837
117204
157445
145932
127388
103253
132874
170870
173183
159123
1514518
115757
99106
133421
148199
130396
116724
108341
122843
178344
187735
1568315
197901
12577
115817
120135
140287
124631
123044




i
' DATA FILE FOR AIR FORCE ACATEMY
|

| Ba P YM AREA FOF HO  Ch LFRJ EFRY NEGY

07
07

7703 7360932 8854 297
7706 73609352 8654 20

?45000 1094858.00 143070
1098000 117914.70 173058

]
07 0 7410 97309528 0000C 0428 900 0000000 Q00000,00 191173
07 0 7411 7300528 0 8% 0 0 0.00 201337
07 0 7412 7300528 0 1165 Q 0 0.00 236145
07 0 7301 7300528 8794 1110 0 0 0.00 236283
7 0 7502 7300328 87946 1028 0 0 0.00 20@742
07 0 7503 7300528 87946 877 0 0 0,00 218488
07 0 7504 7300528 87946 700 0 0 0.00 1935931
07 0 7503 7300528 87956 4461 0 0 0.00 184705
07 0 7306 73003528 8796 49 0 0 0.00 94443
07 0 7307 7300528 8796 21 174 0 0.00 131282
07 0 7508 7300528 8796 30 160 0 0.00 144001
07 0 7509 7300528 8796 288 0 0 0.00 170170
07 0 7510 7358836 8796 526 0 0 0,00 18343%
07 0 7511 7358858 8798 943 0 0 0.00 2135202
07 0 7512 73588T8 8726 942 o 0 0.00 2048774
7 0 7601 73588386 8755 1044 o 0 0,00 223020
07 0 7602 73588%6 8755 825 0 0 0.00 198228
07 0 75603 7358856 87355 989 0 0 0,00 220113
07 0 7604 7358856 8735 429 0 45000 0.00 184125
07 0 7605 7358856 8755 443 0 45000 0,00 158480 ’
07 0 7606 7358856 8735 54 0 45000 0,00 109522
07 0 7607 7358836 87355 23 204 45000 0.00 137765
07 0 7608 73588356 8755 55 70 4530090 0.00 147521
07 0 7509 7338838 8735 143 0 115000 51002.00 154390
07 0 7610 73609352 755 4699 0 115000 &1002.00 204875
07 0 7611 7360932 795 205 0 183000 S59003.60 221346
07 0 7612 7360932 8735 1054 O 143000 S90L3.460 2144884
07 0 7701 7360992 8654 1121 8 201000 68454,00 237471
07 0 7702 7360952 8654 921 O 833000 109668.00 156288C
07 0 7703 7360932 88354 986 0 833000 109568.00 1359983
07 0 7704 7360952 8654 403 0 945000 109668.00 148051
0 0
0 0
07 0 7707 7360952 8634 16 1920 1098000 1179214.70 117830
07 0 7708 7360952 8654 36 108 1098000 117914,70 133711
07 0 7709 7360952 B4&54 173 0 1098000 117914.70 157041
7 0 7710 73617863 8654 S48 0 1098000 117914,70 148771
07 0 7711 7361763 84654 846 0 1098000 117914.70 194136
07 0 7712 7361763 8654 950 0 1098000 117914.70 208777
07 0 7801 7361763 8942 1191 0 1098000 117914.70 233709
07 0 7802 73617463 8942 1002 0 1098000 117914.,70 201114
07 0 7803 7361763 8942 801 0 1098000 117914.70 193505
07 0 7804 7361763 8942 582 0 1588000 117914.70 1867104
07 0 7805 7361763 8942 435 0 1388000 117914.70 183233
07 0 7806 73617463 8942 108 30 1452000 125115.40 109379
07 0 7807 7361763 8942 15 200 146869000 125115.460 134973
7 0 7808 7361763 8942 79 88 16469000 123115.40 139491
7 0 7809 7361753 8%42 201 2 1669000 125113.40 141434
85

> N
e e g —— . 4 N




DATA FILE FOR AIR FORCE ACADEMY CONTINUED

RA FIN YM AREA rFaF HDN  CIt DFRJ EFRJ NRGY

-
s

07

7810 7342580 8942 528
7811 7362380 8942 849
7812 7362380 8942 12466
7901 7362580 8751 1404
7902 7352380 8751 943
7903 7362580 8731 911
7904 73462580 8731 640 2449000 125115.60 163998
7905 7362580 8731 492 2449000 125115,.60 149424
79086 7362580 8751 79 24 2449000 125115.460 980791
7907 73625890 1751 31 56 2449000 125113.60 120737
7908 7362580 8731 107 40 2449000 1235115.40 126694
7909 7362380 8731 203 11 2449000 1251185.580 113337
7910 7371381 8731 544 0 2449000 125115,50 173088
7911 7371381 8751 1065 0 2449000 125115,60 2123578
7912 7371381 8781 1005 0 2449000 125115,560 196019
BOO1 7371381 8719 1183 0 2449000 125115.60 223819
8002 7371381 8719 932 0 2449000 123115.60 202934

0

0

0

15669000 125115.60 1813544
1669000 125115.60 203238
1669000 125115.60 215753
1662000 1231135.60 277569
16692000 125115.60 199028
1669000 125115.60 203493

-
s

QOO O0OO0OO OO

8003 7371381 8719 953 2449000 1235115.60 201342
8004 7371381 8719 730 3194800 152104.26 170887
8005 7371381 8719 442 3194800 152104.248 151053

[ T T T N T T T Tl - T v e T TN e Nl oNo N e NoN o NeNeNoReo No N o No)

8006 7371381 8719 32 44 3194800 1352104.26 91029 '
8007 7371381 8719 S 141 3194800 152104.256 109105

8008 7371381 8719 71 50 3194800 152104.24 117043

8009 7371381 8719 230 6 3194800 152104.26 129320

8010 7374448 8719 623 0 3194800 152104.,246 165718€

8011 7374448 8719 832 0 3194800 152104.26 177230

8012 7374448 8719 791 0 3194800 132104.246 182135

8101 7374448 0 999 0 3194800 132104,26 1786927 .
8102 7374448 0 893 0 31943900 1352104,26 187384 i
8103 7374448 0 920 0 3194800 152104.246 188503 '
8104 7374448 0 424 0 3194800 152104.24 149713 ;
8105 7374448 0 36 0 3194800 152104.246 145312 3
8106 7374448 0 30 24 3194800 132104.26 100573

8107 7374448 0 29 70 3194800 152104.246 114502

8108 7374448 0 23 30 3194800 152104.26 126329

8109 7374448 0 208 1 3194800 152104.2¢& 131929

8110 7371777 0 529 0 31924800 152104.25 159063

8111 7371777 0 644 0 3194800 152104.,26 1775614

8112 7371777 0O 908 0 3194800 1052104.26 1958147

8201 7371777 0 981 0 3194800 132104.26 210475

8202 7371777 0 966 0 3194800 132104.24 179443

8203 7371777 0 850 0 3194800 192104.286 197091

8204 7371777 0 643 0 3274800 152104.26 167786

8205 7371777 0 439 0 3294800 152104,26 133978

B206 7371777 0 252 6 3294800 152104.26 112314

8207 7371777 0 22 98 3294800 152104.26 110613

8208 7371777 0 18 73 3294800 152104.26 126320

8209 7371777 0 2446 12 3294800 152104.28 1458691

O
o)




DATA FILE FOR OFFUTT AFB

B FU YM AREA FOF HU CD IFRJ EFPRJ NRGY

7410 09121313 S5 009 0000000 000000.00 1827T3

o
o
[}
(o]
Lo
(=)
N ]
J 0

0 i}
08 0 7411 9121313 Q0 728 0 0 0,00 210175
08 0 7412 9121313 0 1112 0 0 0,00 262547
] 08 0 7501 9121313 0 1310 0 0 0,00 272777
: 08 0 7502 9121313 0 11995 0 0] 0,00 282710
08 0 7503 9121313 0 1040 0 0 0.00 2546927
08 0 7504 9121313 0 493 4 0 0.00 214225
5 08 ¢ 7503 9121313 0 7 ?4 0 0.00 174448
08 0 7506 9121313 0 17 186 0 0.00 2038462
08 0 7507 9121313 0 2 369 0 0.00 248943
08 0 7508 9121313 0 0 370 0 0.00 250904
08 0 7509 9121313 0 183 54 (o] 0.00 190149
08 0 7510 9664576 QO 284 30 0 0.00 197757
08 0 73511 9664576 0 741 0 0 0.00 209937
08 0 7312 9664576 0 1110 o . 0 0.00 27454618
3 08 0 7601 9664576 Q0 1269 0o 0 0.00 292337
08 0 7602 9664576 0 B8aé 0] 0 0,00 251827
083 0 7603 9664576 0 798 0 0 0.00 242236
08 0 7604 9664576 0 303 17 0 0.00 1794641
08 0 7505 9654576 33043 201 18 Q 0.00 173261
08 0 7606 965645746 35043 12 191 0 0.00 2144601 ’
08 0 7607 96645746 35043 0 366 0 0.00 2154190
08 0 74608 96645748 35903 0 339 0 0.00 235012
03 0 76Q092 96645976 350903 62 140 0 0.00 192191
08 0 74610 95659339 35903 488 24 1921500 17994.24 199448
08 0 7611 9459339 33933 <910 0 191500 17994.24 2469823
08 0 7612 94859339 33933 1219 0 191300 17994.24 293114
08 0 7701 Q659339 33933 15635 0 191500 179924,24 345942
08 0 7702 9659339 335233 884 0 1921500 17994,24 271794
08 0 7703 92699339 3523 605 0 1921300 17994.24 227343
08 0 7704 94659339 35235 211 38 191500 17994.24 188501
08 0 7705 9459339 35798 6 185 191500 17994.24 196766
08 0 7706 9659339 35798 0 321 1921500 17994.24 217885
08 0 7707 9659339 35798 0 479 191500 17994.24 232673
08 0 7708 9459339 346028 1 222 1921500 17994.24 228784
08 0 7709 9659339 36028 24 8% 191300 17994,24 193313

08 0 7710 Q790093 34028 343 0 1921500 17994,24 197333

08 0 7711 9790093 36562 7355 0 1921500 17994,24 254594

08 0 7712 9790093 36342 1188 0 1921500 17994.24 302345

08 0 7801 9790093 36362 1588 0 121500 179954,24 342594

083 0 7802 9790093 36562 1374 0 1921500 17994.24 315481

08 1 7803 9790093 346687 59 3 1921500 17994.24 260134

08 1 7804 9790093 38487 391 S 191500 17994.24 199700

08 1 7305 9790093 36687 166 75 191500 179924,24 208988

08 1 7806 9720093 36372 12 288 191500 17994.24 290850

08 1 7807 9790093 38372 0 305 171900 17994,.24 264841

08 1 7808 9790093 34372 4 277 19213500 17994.24 258043

08 1 7809 9790093 36095 45 204 191500 17994.24 139142

O
~J




-

DATA FILE FOR OFFUTT AFB CONTINUED

8112 10103847 33350 1150
8201 10103847 33350 13584
8202 10103847 33543 1102
8203 10103847 33543 845
8204 10103847 33543 497
8205 10103847 33892 8%
8206 10103847 33892 39
8207 10103847 33892 0
8208 10103847 34061 10
8207 10103847 34061 ?8

317600 21424,18 287300
317600 21424.,16 351267
3246600 21424.186 292743
326600 21424,16 267000
326600 21424.,15 220120
326600 21424,186 178729
325600 21424,156 219420
3256600 21424.,16 243030
428400 21424.,18 2198846
428400 21424,186 203230

RA PO YM AREA FOF HLI+ CI LFR EFPRJ NRGY
! 08 1 7810 9745897 36095 398 S5 191300 17994.24 185363
08 1 7811 9745897 35590 779 0 191500 17994.24 231235
08 1 7812 9745897 35590 1249 0 191500 17994.24 2838587
08 1 7901 9745897 35590 1708 0 191500 17994.24 374052
E 08 1 7902 9745897 35137 1410 0 1921500 17994.24 310074
t 08 1 7903 9745897 35137 874 0 191500 17994.24 251931
08 1 7904 9745897 35137 GSit 0 1921500 17994.24 20146469
08 1 7905 9745897 344671 181 41 191500 17994.,24 193612
08 1 7906 9745897 34671 25 183 191500 17994.24 193333
08 1 7907 9745897 344671 S5 264 191500 17994.24 223744
08 1 7908 9745897 340353 8 319 191500 17994.24 2260568
08 1 7909 9745897 34053 48 126 191500 17994.24 1773542
08 1 7910 10070330 34033 373 S 191500 17994.24 186286
08 1 7911 10070530 34053 821 0 1921300 17994.24 242890
08 1 7912 10070530 33321 1005 0 191500 17994.24 274815
08 1 8001 10070530 33321 1218 O 191500 17994.24 300324
08 1 8002 10070530 33321 1192 0 191300 17994.24 305359
08 1 8003 10070530 33590 936 0 191500 17994,24 268876
08 1 8004 10070530 3349 419 11 191500 17994.24 207119
08 1 8005 10070530 33288 136 68 191300 17994,24 172877
08 1 8006 10070530 33288 11 229 191300 17994.24 2084674
08 1 8007 10070330 33238 0 452 191500 179794,24 233303
08 1 8008 10070530 33158 1 343 191500 17994.24 2114636
08 1 8009 10070330 33158 84 132 191500 17994.24 197243
08 1 8010 10070330 33158 427 3 191300 17994.24 187029
08 1 8011 10070530 32744 486 0 191500 17994.24 215171
08 1 8012 10070530 32744 1121 0 1921500 17974.24 294164
08 1 8101 100703530 32744 1194 0 191500 17994.24 2819351
08 1 8102 10070330 329464 993 0 1913500 17994.24 278479
08 1 8103 10070530 32954 724 0 191300 17994,24 233666
08 1 8104 10070530 32964 196 34 191300 17994.24 178710
08 1 8103 10070530 33071 155 S22 191500 17994.,24 170449
08 1 81046 10070330 33091 0 302 317600 21424,16 213344
08 1 81907 10070530 33091 3 385 317600 21424.148 226207
08 1 8108 10070530 33340 0 236 317600 21424.16 205179
08 1 8109 10070530 33340 93 123 3174600 21424.16 204334
08 1 B110 10103847 33340 349 317600 21424.18 197324
08 1 8111 10103847 33550 634 317600 21424,16 227459
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DATA FILE FOR KELLY AFB

Ba FIUYM AREA FOF HL+ CI nRJ EFRJ NRGY

) 09 9 7410 133462853 00000 0010 172 0000000 000000.00 231923
09 @ 7411 133462853 QO 221 43 o) 0.00 243583
09 @ 7412 13362853 0 403 7 o] 0.00 234624
09 @ 7901 133462853 0 327 35 0 0.00 268145
09 9 7502 13362853 o 298 3 0 0.00 232229
09 9 7503 133562853 0 141 &0 0 0.00 247263
09 9 7504 133462853 0 27 147 0] 0.00 2272177
09 @ 7305 13362853 ] 0 297 0 0.00 235989
09 9 7506 13362833 0 0 453 0 0.00 258440
09 @ 7507 13362853 0 0 536 0 0,00 266590
09 9 7508 133462853 Q 0 937 0 0.00 264189
09 9 7509 133628453 0] 1 3490 Q0 0.00 246201
09 9 7510 134837250 0] 17 215 0 0.00 226409
09 9 7311 13483950 0 200 82 0 0.00 235974
09 9 7312 13483930 0 392 26 o) 0.00 2550586
09 9 7601 134839530 0 466 i 0 0,00 291697
09 9 2602 13483950 0 180 44 0 0.00 231439
09 9@ 7603 13483950 0 148 106 o] 0,00 258511
09 9 7604 13483950 0 16 84 o) 0,00 2204681
09 ? 7605 13483950 0 17 142 0 0.00 218157
09 9 7606 134837250 0 0 448 0 0,00 233369
09 9 7407 13483950 o] 0 486 0O 0,00 228850
09 92 7608 13483950 0 0 590 0 0.00 247878 ’
09 2 7809 134839350 21363 QO 4490 4] 0.00 227975
09 9 7610 134985874 21259 112 &4 Lo} Q.00 203484
09 9 7611 13498474 20799 325 4 ) Q.00 264342
09 9 7612 13498674 20327 S17 0 Q0 0.00 2735974
09 9 7701 13498674 20400 453 0 Q 0.00 315509
09 9 7702 13498474 20440 282 2 0 0.00 231464
09 9@ 7703 13498474 21208 136 47 0 0.00 286524
09 9 7704 13498674 21040 30 97 0] 0.00 2056020
09 9 7705 13498474 21039 0 307 0 0.00 223125
09 9 7708 13498674 20171 0 491 0 0.00 249471
Q09 9 7707 13498474 20137 0 619 0 0.00 239030
09 9 7708 134984674 19961 0 654 0 0.00 279156
07 9 7709 13498474 20202 0 555 0 0.00 243487
09 9 7710 13912709 20861 19 222 123300 3612.69 213908
09 9 7711 13912709 20872 125 39 123300 3612.692 211068
09 9 7712 13912709 20849 337 ? 123300 3612.89 240988
09 9 7801 13912709 2077% 604 4 122300 3612.89 312879
09 9 7802 13912709 20772 484 ? 123300 3612,4649 287363
09 9 7803 13912709 20803 167 42 123300 3612.69 252871
09 9 7804 13912709 20921 15 210 123300 3612,69 197071
09 9 7805 13912709 20944 0 472 123300 3612,69 254101
09 9 7806 13912709 20970 0 581 123300 3HL2.69 267028
09 @ 7807 13912709 20848 0 7215 123300 2612,.69 252685
09 9 7808 13912709 20819 0 S72 123300 3612,59 278177
09 9 7809 139127079 20877 0 420 636400 A0761.13 2354462
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7810
7811
7812
7901
7902
7903
7904
7903
7906
7907
7908
7909
79190
7911
7912
8001
8002
8003
8004
80095
8006
8007
8008
8009
8010
8011
go12
8101
8102
8103
8104
8105
8106
8107
8108
8109
8110
8111
8112
8201
8202
8203
8204
8205
8204
8207
8208
8209

DATA FILE FOR KELLY AFB CONTINUED

AREA

13702877
13702877
13702877
13702877

13702877

13702877
13702877
13702877
13702877
13702877
13702877
13702877
13718411
13718411
13718411
13718411
13718411
13718411
13718411
13718411
13718411
13718411
13718411
13718411
13874882
13874882
138748382
13874882
13874882
13874882
138748862
13874882
13874882
13874882
13874882
13874882
13375186
13875186
13875186
13875186
138735186
13873186
13875186
138735184
13875184
138751864
13875184
13875186

POP

20409
20266
20120
19971
19834
19807
197466
19766
19584
19512
19427
19608
19563
19658
19382
19312
19235
19078
1?2190
19759
20256
20238
19893
20073
20019
20019
19964
197350
19479
19791
19804
19843
20095
20347
202846
20122
20404
20492
20324
20307
20307
202990
203558
19347
18135
20938
20815
20691
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377
394
339
114
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185
93
13

1
14
33

151

302

418

S41

533

370

279
37
10
11
16
83

188

353

649

730

641

553

249
33
26

40

5S4
283
396
497
593
588
400
230

32
32

13
169
212
324
949
665
687
470

100

nFRY

636400

636400

6346400

636400

636400

6346400
1207400
1207400
1487500
1487500
1487500
14873500
1487500
1487500
1487500
1487500
1487500
1487300
1668200
1658200
1568200
15668200
15568200
1668200
2162200
2162200
2162200
2162200
2162200
2162200
28594600
2859600
2859500
2859600
2859600
2859400
2859600
2859600
2859400
2859600
2859400
2859600
28394500
2839600
2859600
2859400
28594600
2859600

EFRJ

40761.13

40761413

40751.13

40761.13

40761.13

40761.13

40761413

40761.13
102383.13
102383.13
102383.,13
102383.13
102383.13
102383.13
102383.13
102383.13
102383.13
102383.13
102383.13
102383,13
102383,13
102383.13
102383.13
102383.13
127379.53
127377.53
127379.53
127379.53
127379.33
127379.53
127379.53
127379.53
127379.353
127379.53
127379.53
127379.53
127379.53
127379.53
127379.53
127379.53
127379.33
127379,53
127379.353
127379.53
127379.53
127379.53
127379.33
127379.53

NRGY

204975
204975
229787
319314
255586
222431
193534
205167
211380
231795
241797
193880
205143
190964
186199
241057
224410
185070
165624
180747
230788
242680
222551
230789
198743
198291
21097

228917
213274
245777
195023
209017
234624
260339
276404
2287599
206724
19682

208452
240084
229710
238875
200399
206193
265848
249921

272856
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DATA FILE FOR LANGLEY AFB

EA FI YM AREA POP  HD CD'  DFRJ EPRJ NRGY

10 0 7410 04884354 00000 0242 024 0000000 000000.00 122065
10 0 7411 4884354 0 408 028 0 0,00 116767
10 0 7412 4884354 0 604 0 0 0.00 177876
10 0 7501 4R84354 9748 614 1 0 0,00 205488
10 0 7502 4834354 9748 S85 4 0 0.00 169444
10 0 7503 4884354 9709 =22 1 0 0,00 164566
10 0 7504 4884354 9709 343 19 0 0,00 144032
10 0 7505 4884354 9843 57 131 0 0.00 142256
10 0 75046 4884354 9843 0 325 0 0,00 125066
10 0 7507 4884354 9843 0 375 0 0.00 135488
10 0 7508 4884354 8268 0 444 0 0.00 147193
10 0 7509 4884354 8248 9 225 0 0,00 124927
10 0 7510 5699601 8268 110 56 0 0.00 106657
10 0 7511 5699601 8497 296 12 0 0,00 131552
10 0 7512 5699601 8497 664 O 0 0,00 191638
10 0 7501 5699601 9021 821 0 0 0.00 231350
10 0 7602 5699601 9021 428 8 0 0.00 198434
10 0 7603 5699601 9068 378 10 0 0.00 148834
10 0 7604 5699601 9048 226 69 6500 0,00 145545
10 0 7605 5699401 9496 79 86 6500 0,00 120120
10 0 7606 5699501 9496 10 288 6500 0,00 147721
10 0 7607 5699601 9496 0 422 6500 0.00 157413
10 0 7608 5499601 9958 0 352 6500 0,00 140561
10 0 7609 5699601 9958 13 143 6500 0.00 136948
10 0 7610 5972847 9958 322 10 6500 0,00 127943
10 0 7611 5972847 10081 650 0 6500 0.00 188649
10 0 7612 5972847 10081 801 O 6500 0.00 225370
10 0 7701 5972847 10111 1118 0 6500 0.00 267369
10 0 7702 5972847 10111 650 O 6500 0.00 192917
10 0 7703 5972847 10137 306 14 6500 23160.74 160417
10 0 7704 5972847 10137 151 53 21700 23160.76 135494
10 0 7705 5972847 10173 39 138 21700 23160.76 114945
10 0 7706 5972847 10173 3 294 21700 23160.76 131667
10 0 7707 5972847 10173 0 506 21700 23160.76 149247
10 0 7708 5972847 10211 0 491 21700 23160.76 170044
10 0 7709 5972847 10211 0 356 21700 23160.76 136493
10 0 7710 6166176 10211 135 36 21700 23160.76 123298
10 0 7711 6166176 10122 314 25 21700 23160.76 143419
10 0 7712 6166176 10122 659 0 21700 23160.74 209268
10 0 7801 61646176 10130 854 0 21700 23160.76 224379
10 0 7802 6166176 10130 956 0 21700 231460.76 218001
10 0 7803 6146176 10128 624 0 457900 23160.76 234080
10 0 7804 6166174 10128 244 8 457900 23160.76 121973
10 0 7805 6166176 10526 95 98 457900 23140.76 132540
10 0 7806 6166176 10526 0 311 457900 23150.7& 134442
10 0 7807 61646176 10526 0 374 457900 23140.786 144237
10 0 7808 6166176 10416 0 562 457900 23160.76 159504
10 0 7809 6146176 10416 9 257  A57900 23140.76 138149




DATA

FILE FOR LANGLEY AFB CONTINUED

FOF

10415
10628
10628
10618
10618
10666
104666
104680
10680
10480
10388
10588
10588
11782
11782
12014
10698
10698
10813
10813
10813
10813
10813
10813
10813
10813
10813
110548
11056
11096
110546
110356
11056
11036
11054

OCO0OOCOQOO0COOOTC OO0

BRA FD YM AREA

10 1 7810 41973346
10 1 7811 6197336
10 1 7812 6197336
10 1 7901 6197336
10 1 7902 6197336
10 1 7903 6197336
10 1 7904 6197336
10 1 7905 6197334
10 1 7906 6197336
10 1 7907 6197336
10 1 7908 6197334
10 1 7909 6197336
10 1 7910 6197336
10 1 7911 6197336
10 1 7912 61973346
10 1 8001 6197336
10 1 8002 6197336
10 1 8003 6197336
10 1 8004 6197336
10 1 8003 6197336
10 1 80086 6197336
10 1 8007 46197336
10 1 3008 6197334
10 1 8009 6197334
10 1 8010 6313411
10 1 8011 6313411
10 1 8012 6313411
10 1 8101 6313411
10 1 8102 6313411
10 1 8103 6313411
10 1 B104 6313411
10 1 8105 6313411
10 1 81048 6313411
10 1 8107 4313411
1001 B108 6313411
10 1 8109 6313411
10 1 8110 6372109
10 1 8111 4372109
10 1 8112 6372109
10 1 8201 6372109
10 1 8202 6372109
10 1 8203 6372109
10 1 8204 6372109
10 1 8203 6372109
10 1 8206 6372109
10 1 8207 6372109
10 1 8208 6372109
10 1 8209 6372109
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294
193

102

nFERJ

711300
711300
711300
711300
711300
711300
?79500
?79300
995300
9953300
993300
995300
95300
295300
93300
9935300
95300
?93300
295300
?95300
5300
?95300
925300
295300
93300
993300
?93300
993300
995300
?95300
F93300
?953300
925300
95300
?PE300
?95300
?95300
?95300
995300
995300
?95300
?95300
?95300
9953300
?95300
9953300
FPI300
?93300

EFRJ

23160.76
231560.76
23160.,76
23160.76
23160.76
23160.76
30268.,06
30258.06
30268.,06
30268.06
30268.06
30268.06
302568,06
30258.06
30268.06
30268.06
30268.06
30268.06
30268.06
30268.06
30268,06
302468,06
302568.06
30268.06
30268.06
30268.06
30268.064
302468.056
30268.06
30268.064
30268.06
30268.06
302468.06
30268.06
30268.06
30268.06
30268.046
30268.06
302468,006
302468.,06
30268.06
30268.06
30268.06
30268.06
30268,068
30268.08
30268.006
30258.06

NEGY

115414
121120
185950
209111
191037
261792
130735
118012
103625
142094
153786
124911
121322
130852
177009
208338
237827
184567
131046
113198
128929
133822
187490
1321532
117835
151482
210213
233177
202311
137437
125966
125103
105988
155407
155407
119943
110081
170129
193079
243515
200820
209284
153252
118325
106618
152348
143393
158495




DATA FILE FOR MOUNTAIN HOME AFB

BA FII YM AREA FOF  HDL CDI  DFRJ EFRJ NRGY
11 0 7410 041567902 00000 0429 000 0000000 000000.00 08265
11 0 7411 4167902 0o 720 0 0 0.00 101648
11 0 7412 4167902 4145 976 0O 0 0,00 115210
11 0 7501 4167902 4145 1129 0 0 0.00 140572
11 0 7502 4167902 4145 831 0 0 0,00 122654
11 0 7503 4167902 4145 736 O 0 0.00 105745

\ 11 0 7504 4167902 4145 615 0 0 0,00 105061
11 0 7505 4167902 4109 240 15 0 0.00 73319
11 0 7506 4167902 4109 50 95 0 0.00 71489
11 0 7507 4167902 4109 1 505 0 0.00 66988
11 0 7508 4167902 4267 24 174 0 0.00 70220
11 0 7509 4167902 4267 79 79 0 0.00 65328
11 0 7510 4254078 4257 432 7 0 0,00 86234
11 0 7511 4254078 4351 816 O 0 0.00 113497
11 0 7512 4254078 4351 1021 O 0 0.00 128673
11 0 7601 4254078 4238 1089 v ° 0 0.00 130955
11 0 7602 4254078 4238 921 O 0 0.00 131882
11 0 7603 4254078 4249 914 0© 0 0,00 11575
11 0 7504 4254078 4249 508 O 0 0.00 103092
11 0 7605 4254078 4281 157 16 0 0.00 75755
11 0 7606 4254078 4281 97 85 0 0.00 64945 ’
11 0 7607 4254078 4281 1 343 0 0.00 &7702
11 0 7608 4254078 4313 29 155 0 0.00 86587
11 0 7609 4254078 4313 75 61 0 0.00 65700
11 0 7610 4183558 4313 450 1 0 0.00 77282
11 0 7611 4183558 4270 763 0 0 0.00 107117
11 0 7612 4183558 4270 1133 0 0 0.00 130285
11 0 7701 4183558 4272 1352 0 0 0.00 135441
11 0 7702 4183558 4272 850 0 0 0.00 121439
11 0 7703 4183558 4269 799 0 0 0.00 100683
11 0 7704 4183558 4249 293 31 0 0.00 90406
11 0 7705 4183558 4569 346 10 0 0.00 63408
11 0 7706 4183558 4569 13 203 0 0.00 64268
11 0 7707 4183558 4569 6 249 0 0.00 64428
11 0 7708 4183558 4801 39 290 0 0.00 71315
11 0 7709 4183558 4801 157 45 0 0.00 86197
11 0 7710 4251433 4801 409 0 0 0.00 83858
11 0 7711 4261433 4432 759 0 307200 0.00 101799
11 0 7712 4261433 4432 928 O 307200 0.00 110348
11 0 7801 4261433 4773 903 0 307200 0.00 1246558
11 0 7802 4261433 4773 817 0 307200 0,00 107136
11 0 7803 4261433 4776 S14 O 307200 0.00 98291
11 0 7804 4251433 4774 456 0 335000 0.00 89370
11 0 7805 4261433 4751 298 S 335000 0.00 81348
11 0 7806 4261433 4751 63 84 335000 0.00 67002
11 0 7807 4261433 4751 4 286 335000 0.00 63901
11 0 7808 4261433 4714 36 236 335000 0.00 74484
11 0 7809 4261433 4714 165 72 335000 0.00 75193




FI
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M

7810
7811
7812
7901
7902
7903
7904
7905
7906
7907
7908
7909
79210
7911
7912
8001
8002
8003
8004
8005
8004
8007
8008
8009
8010
8011
8012
8101
8102
8103
8104
8105
81046
8107
8108
8109
8110
8111
8112
8201
8202
8203
8204
8205
82046
8207
8208
8209

DATA FILE FOR MOUNTAIN HOME AFB CONTINUED

AREA

4277485
42774685
4277463
4277465
4277465
4277465
4277463
4277465
4277465
42774565
4277465
4277465
4277455
4277465
4277485
4277465
4277465
4277465
A277465
42774565
42774865
8277465
4277465
42774465
4309111
4309111
4309111
4309111
4309111
4309111
4309111
4309111
4309111
4309111
4309111
4307111
4319334
4319334
4319334
4319334
4319334
4319334
4319334
4317334
4319334
4319334
4319334
4319334

FOF

4714
4578
4578
4575

4575

4609
4609
4579
4579
4579
4602
4602
4602
4564
4564
4548
4521
4621
4699
4699
4699
4699
44699
4699
4499
4699
4699
4703
4703
4706
4706
4706
4706
4706
4704
4966
4946
4966
4964
4355
4355
4355
4355
4119
4119
4119
4093
4093

HD

363
882
1212
1445
827
696
553
250
140
1

5

24
328
877
908
1065
756
744
426
305
145
1

39
118
422
778
1025
999
786
663
479
341
107
14

2
117
480
628
910
1252
999
742
601
318
85
15

0
161
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)

et B2
RO e

PRI

333000
335000
335000
335000
335000
335000
377200
377200
377200
377200
377200
377200
377200
377200
S77200
377200
377200
377200
377200
377200
377200
377200
377200
377200
377200
377200
377200
377200
377200
409100
5988200
853400
878200
1182800
1182800
1182800
1182800
1182800
1182800
1182800
1182800
1271800
1271800
1271800
1324900
1346900
1346900
1346900

EFRJ

0.00
0.00
0.00
0,00
0.00
0.00
0,00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0,00
0,00
0.00
Q.00
0,00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0,00
0,00
0,00
0.00
0,00
0.00
0,00
0.00
0.00
0.00
0.00
0.00

NRGY

77880
106294
132896
143707
125626
104747

882995

62200

65933

70587

68376

66301

70722
102716
1240383
127349
112448

28694

87529

63372

7035468

63939

72051

464507

730352
104586
122007
119461
111723

97836

87642

78619

63239

70325

8145

82229

78735

4889
125371
135873
1218488
110422

88804

77174

78918

70179

80447

78934




RA

2
12
12
12
12
12
12
12
12
12
12
12
12
12

2
12
12
12
12
12
12

12
bed

12
12

2
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

2
12
12

12

PI

OO0V O0OVORVOO0OOOCOROCOOOOCOVOOCOOOCOCOOOOOO0OVCOOVOO0OOOOCO0OTOO0

Y™

7410
7411
7412
7501
7502
7503
7504
7505
7506
7507
7508
7509
7510
7511
7512
7601
7602
7603
7604
7605
7606
7607
74608
7609
7610
7611
7612
7701
7702
7703
7704
77035
7706
7707
7708
7709
7710
7711
7712
7801
7802
7803
7804
7305
7806
7807
7808
7809

DATA FILE FOR ELLSWORTH AFB

AREA

058564054
5864054
S864054
5864054
58640354
5864054
5864054
5864054
5864054
9854054
9864054
58640354
S457026
5457026
5457026
5457026
5457026
5457026
5457026
5437026
S457026
5457026
S457026
5457026
S9775587
S775567
S775567

5775567

S775567
5773567
S775567
S773567
S775567
9773587
57753587
S775567
9723674
S$7238674
5723674
D723674
9723674
9723674
97234674
9723874
9723674
9723674
5723674
S9723674

POP

00000

OO OO OO OOOVOOCOOOSOOO0O0 O

15494
15494
15494
14417
14417
14417
14688
144688
14688
15002
15002
15002
15645
15645
15645
156499
156499
15499
156499
16629
16629
156629
16278
16378
156378
156213

HI

0341
781
1064

222
1304
1139

711

303

89
0
9

187

499

P42
1089
1278

895

980

533

306

96

116
985
261
1138
13935
839

]

LA

494
157

33
135
448
959

1387

1725

1443
897
559
289
103

an
22

33
111

ch I'FRJ EFRJ
004 0000000 000000.00
0 0 0,00
0 0 0.00
0 0 0.00
0 0 0.00
0 0 0.00
0 0 0.00
13 0 0,00
66 0 0.00
379 0 0.00
244 0 0.00
21 0 0,00
21 0 0.00
0 0 0.00
o ¢ 0 0.00
0 0 0.00
0 0 0.00
0 0 0.00
0 0 0.00
3 0 0,00
86 0 0.00
283 27100 1571.80
279 27100 1571.80
106 27100 1571.80
4 27100 1571.80
0 27100 1571.80
0 27100 1571.80
0 27100 1571.80
0 27100 1571.80
0 27100 1571.80
0 27100 1571.80
37 27100 1571.80
174 27100 1571.80
318 27100 1571.80
111 27100 1571.80
7 27100 1571.80
0 27100 1571.80
0 27100 1571.80
0 27100 1571.80
0 27100 1571.80
0 27100 1571.80
0 27100 1571.80
0 27100 1571.80
14 27100 1571.80
89 27100 1571.80
211 27100 1571.80
210 27100 1571.80
72 27100 1571.80

105

NRGY

129751
164587
197258
224098
232568
211299
173680
126852
101950

91711

97123
105592
136737
183078
214612
244164
194840
204414
159236
127375
107843

90703

P5500

93430
147125
182555
219843
251974
181580
181503
138242
113995

98210

92150

98909
107553
139858
194507
235396
252311
230478
200044
145215
125444

PADSYS
107102

99146
111150




EBaA

12
12
12
12

12
bl

s

12
12
12
12
12
1z
12
12

bl

s

12
12
)

~

12
12
12
12
12
12
12

2
12

12
2

12
12
12
12
12
12
12
12
12
12
12

12
lnd

a~

12
~

12
12
12
12

Fo

L T T T T S T O T I o T T O i S O e Py e

YM

7810
7811
7812
7901
7902
7903
7204
7905
7906
7907
7908
7909
7910
7911
7912
8001
8002
8003
8004
800%
8006
8007
8008
8009
8010
8011
8012
8101
8102
8103
8104
8105
8106
8107
8108
8109
8110
8111
B112
8201
8202
8203
8204
8205
8204
8207
8208
8209

DATA FILE FOR ELLSWORTH AFB CONTINUED

AREA

5589201
5669201
5869201
5669201
5669201
5669201
S669201
56469201
5669201
5669201
5669201
5669201
6208943
62089450
6208945
6208945
6208945
6208945
6208745
6208945
6208945
46208945
6208945
6208945
567468689
56746868
5674868
5676868
5676868
$676868
5676868
5676868
5676868
56768648
3676868
5676868
5673432
5675432
5675432
$9675432
5675432
5673432
5675432
56735432
9675432
5675432
9675432
5675432

FOF

16215
15862
15842
135862
13837

1558357

13537
15200
15200
15200
14899
14899
14899
14899
14554
14554
14554
14470
144790
14253
14253
14253
14078
14078
14078
14042
14042
14042
14237
14237
14237
14150
14150
14150
14029
14029
14029
14119
14119
14119
14554
14554
14554
14453
146353
14633
14401
14401

HI

425
1063
1428
1781
1401

P60

670

408

?9

8
40
81

445

?94

?71
13299
1122
1079

o118

250

91

14
135
486
704
989
PG
989
804
390
329

69

23

113
541
702

1151

1537

1168

1059
721
42
195

o sl )

rd
o

cn

g+ O OO0 OO0

385
183

—
O NOOC OO C OIS

]
fos
]

ey
(2.3
~J

37

106

UFRJ

27100
271090
27100
27100
27100
27100
27100
27100
27100
271900
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
27100
216800
223000
223000
223000
223000
223000
223000
223000
223000
2433500
243300

EFRJ

1571.30
1571.80
1571.,80
1571.80
1571.80
1571.830
1571.,80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1371.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.,80
1871.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
1571.80
15371.80
1571.80
1571.80
1571.80
1571.80

NRGY

136279
198977
213283
280578
229530
2034825
1564482
126548

24163

24879

?4668%

92379
123314
17221%
175851
2146209
1924522
179530
142362
113111

26868
1028846
104159
107284
1311464
153308
198833
185454
189424
123034
166084
109233

B7663

20842

22817

6477
128310
151907
191042
236009
199274
135569
160148
118550

28283

85739
1084658
101238




APPENDIX B

SAMPLE OUTPUT FOR LACKLAND AFB

107




This appendix contains sample output for Lackland
AFB from the Regression and T-test subprograms of the Sta-
tistical Package for the Social Sciences (SPSS). The FORTRAN
program used to compute the predicted energy consumption data
is also included. The following sections of output are in-
clused in the order listed:
1. Control period regression run with all variables
included.
2. Control period regression run with only the vari-
ables that were significant in the above run.
3. Scattergram plot of residuals versus the regres-
‘ sion model Y values for the second run above. )
4, FORTRAN program to compute monthly predicted
energy consumption values. This used the MLR model coef-
ficients developed in #2 above and operated on the data in
the test period.
| 5. Matched-Pairs T-test to compare predicted and
actual energy consumption values in the test period.
6. Eight-vear period regression run with all vari-

ables included.
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Y

VOGELEACK COMFUTING CENTER
H NORTHWESTERN UMIVERSITY

| S PSS - - STATISTICAL FACKAGE FOR THE SOCIAL SCIENCES

' VERSION 8,0 -- JUNE 18, 1979

% 1, NOTE: CONTROL PERIOL REGRESSION RUN WITH ALL YARIARLES., %

RUN NAME REGRESS LaCD

FILE NAME REGLAC

VARIABLE LIST ERA,FD,YM,AREA,FPOF,HD,CD,DFRY,EFRI, NRGY
INPUT FORMAT  FREEFIELD

MISSING VALUES FOF(0)

SELECT IF (FIL EQ 0)

REGRESSION METHCOD=STEFWISE/VARIABLES=AREA,FOF,HD,CO, OFRJ, NRGY /
REGRESSION=NRGY WITH AREA,FOF,HD,CH,IFRJ/RESIIUALS

OFPTIONS 2,11

STATISTICS ALL

XXX XXXY¥YHMULTIPLE REGRESSIONGIXXX XX XX

UARIARLE MEAN STANDARD DEV CASES
AREA 9709551.2545 167245,9083 55
Fop 30650.5217 1957.5157 45
HI! 150.0909 191.9357 59
cn 217.8000 225.3235 oo
IPRJ 0 0 99
NRGY 201012,3455 35766.,60584 9%

CORRELATION COEFFICIENTS.

A VALUE OF 99.00000 IS PRINTED
IF A COEFFICIENT CANNOT BE COMFUTED.

FOP -,75908 !

HD +13749 =.31067 i
cn -.03027 +41151 =.69435
IPRJ 99.00000 99.00000 99.00000 99,00000
NRGY -.02163 + 35891 -+01757 +60537  99.00000
AREA POF HD Cch LFRJ

XX X X2 X X*xMULTIPLE REGRESSIONXXXX X XX

e e — e




—

GEF. VAR... NRGY

MEAN RESPONSE 201012.3434% STh, DEV. 35756.60655

VARIABLE [FRJ IS A CONSTANT. INCLUSION LEVEL SET TO ZERO.
VARIARLE(S) ENTERED ON STEF 1

cn

MULTIPLE R +8054 ANOVA DF  SUM SQUARES MEAN SG@. F

R SQUARE <3665 REGRESSION 1. »2109E+11 21E+411 25,433
STD DEV 28789.8710 RESIDUAL 44, + J646E+11 «82E+409 SIG., 000

Al R SQUARE . 3521 COEFF OF VARIARILITY 14.3FCT

VARIABLE k S.E. K F SIG. RETA  ELASTICITY

ch 96,093 19.047 25,453,000 +60537 +10412
CONSTANT 180083.225 5933.333 920,549 0

XXX XXX XXX XXX XX X XX XXX XXX XXX XK XX X XX

VARIABLE(S) ENTEREL ON STEF 2
HI! ’

MULTIFLE R +82245 ANOVA IF  SUM SQUARES MEAN SQ. F

R SQUARE +6766 REGRESSION 24 «3B95EL1L J19E+11 44,934
STDh DEV  20807,1003 RESIDUAL 43, +1861E+11 +43E+09 SIG. 000
ADJ R SQUARE  ,64616 COEFF OF VARIARILITY 10.4FCT

UARIABLE B S.E. B F SIG. BETA  ELASTICITY
co 181,384 19.127 89.914 0 1.,14270 +19653

HI 144,206 22,454 41,238 0 77386 +10748

CONSTANT 139862.474 7591.,383  339.438 0

XXX x X xXMULTIPLE RKREGRESSIONIXXXXXXZX
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X NOTE: THE FOLLOWING TWO REGRESSION STEPS WERE NOT
UTILIZED BRECAUSE THE VARIAKLES THAT ENTERED
WERE NOT SIGNIFICANT. X

DEP. VAR... NRGY

VARIABLE(S) ENTERED ON STEF 3

FopP

MULTIPLE R +8347 ANOVA IF  SUM SQUARES MEAN SQ. F

R SQUARE +6967 REGRESSION 3, +4010E+11 +13E+11 32,159
STD DEV 20388,9428 RESIDUAL 42, »17435E+11 +41E409 SIG., .000
AllJ R SQUARE 4750 COEFF OF VARIARILITY 10,1PCT

VARIARLE R S.E. R F SIG. HETA ELASTICITY
cn 172,046 19.563 77.344 ,000 1.0838¢6 »18641
HI 145,603 22,021 43,719 ,000 + 78135 +10872
POF 2.844 1,705 2.782 ,103 » 15563 + 43358
CONSTANT 54532,254 51698.500 1,113,298

XXX XX XXX XXX XXX X KA XL XXX XXX X% ¥ KX ’
VARIARLE(S) ENTERED ON STEP 4

AREA

MULTIFLE R «B356 ANOVA DF SUM SQUARES MEAN SO. F

R SQUARE + 6982 REGRESSION 4, +A019E+1L +10E411 23,718
STDh DEV 20583.48111 RESIDUAL 41, +1737E+11 +4JE+09 SIG. 000
ADJ K SQUARE ,5688 COEFF OF VARIARILITY 10.2FCT

VARIAELE R S.E. B F SIG. BETA ELASTICITY
ctn 166,845 22,766 53.724 0 1.09122 +18080
HD 143,217 22,834 39.337 0 « 76835 » 10694
Far 3,993 3,045 1,720 ,197 «21852 + 60879
AREA 0195 »033 0209 L5650 + 070490 » 72890
CONSTANT -.125E+06 +39E+06 +100 . 754

ALL VARIABRLES ARE IN THE EQUATION.

COEFFICIENTS AND CONFIDENCE INTERVALS,

VARIABLE R 9% FCT C.1.

Ch 156,8649 120.8885 212,8413

HD 143.,2165 97.1013 189.3317

FoF 3.9924 =2,1563 10,1415

AREA 0151 -.0514 .0815

CONSTANT =, 1E404 ~+9E+04 +HEH0S
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T

XE XXX x¥xMULTIPLE REGOGRESSIONXXXX XXX
DEF. VAR... NRGY

VARIANCE/COVARIANCE MATRIX OF THE UNNORMALIZED REGRESSION CODEFFICIENTS.

AREA »00108

FOP .08254  9.27009

HO -.17180 -11,64343 521.41407

Ch -,37262 -38.,17081 346.16550 518.28052
AREA FOF HI Co

X* X x Xx XxxMULTIPLE REGRESSIONXXXXXXX
DEF. VAR... NRGY

SUMMARY TARLE.

STEF VARIARLE E/R F MULT-R R-SQ CHANGE R  OVERALL F SIG.
1 Co 3 25,452 L6035 368,366 463lE 254453 .000
2 HID E 41,238 .323 477 .310 -.020 44,984 ,000
3 FOP E 2,782 ,83% 697 .020 ,3357 32,159 .000
4 AREA E 0209 .836 .498 002 -,022 23,718 ,000

XX ¥Xx X XxMULTIPLE REGRESSIOMNIXY XXX XX




X 2, NOTE: CONTROL PERICD REGRESSION RUN WITH
SIGNIFICANT VARIARLES ONLY. X

RUN NAME REGRESS LACI

FILE NAME REGLAC

VARIARLE LIST Ea,FI,YM,AREA,FOP,HD, CL, OPRJ,EFRJ,NRGY
INPUT FORMAT  FREEFIELD

MISSING VALUES FOF(0)

SELECT IF (PD EQ O)

REGRESSION METHOL=STEFWISE/VARIARLES=HI,CII,NRGY/
REGRESSION=NRGY WITH HD,CI/RESIDUALS

OPTIONS 2,1

STATISTICS ALL

¥ XXX Xx xMULTIPLE REGRESSIONXIXX XX XX

VARIAELE MEAN STANDARD DEY CASES
HD 1500909 191.9357 - 55
ch 217,8000 225,3235 55
NRGY 201012.3455 357666066 55

CORRELATION COEFFICIENTS.,

A VALUE OF 99.00000 IS PRINTED
IF A COEFFICIENT CANNOT RE COMPUTELD.

Ch =.69435
NRGY -.01957 + 60537
HI co

XX XXX *x xMULTIPFPLE REGRESSIONXXXX XXX

DEF. VAR.., NRGY

MEAN RESFONSE  201012,34545 STh. DEV, 35766,60655
VARIAELE(S) ENTERED ON STEF 1
co
MULTIPLE R +5034 ANOVA DF  SUM SQUARES MEAN SQ, F
R SUUMRE + 3665 REGRESSION 1. W 2331E+1L »2T0E4LL 30,657
STh DEV 28735.4991 RESIDUAL 3. +4376E+11 +82E4+09 SIG. (000
ADJ R SQUARE .3545 COEFF OF YARIARILITY 14,3FCT
VARIABLE |3 S.E. R F SIG. RETA  ELASTICITY
Co 96,093 17,355 30,659 .000 16053 +10412
CONSTANT 180083.223 35412,987 1106.809 0
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XX X K X X %X x X X X X X% % x X

XXX X ¥ %X X ¥ X %X X X X XX«

VARIARLE(S) ENTERED ON STEF 2

HI

MULTIFLE R +8225 ANGYVA [tF  SUM SQUARES HMEAHM SQ. F

R SQUARE 16766 REGRESSION 2. «4674E+11 «23E+11 94.399
STDh DEV 20725.9185 RESIDUAL a2, $ 22338411 +42E+409 SIG. .000
ADJ R SQUARE .6642 CUEFF OF VARIARILITY 10.3FCT

VARIAELE k S.E. E F SIG. BETA  ELASTICITY
ch 181.386 17,395 108.7346 ,000 1,14270 + 195653
HE 144,206 20,421 49,859 .000 + 77384 »10748
CONSTANT 1398462.474 6905.293 410,240 0

ALL VARIABLES ARE IN THE EQUATION.

COEFFICIENTS AND CONFIDENCE IMTERVALS,

VARIABLE E 95 FCT
cn 181.3857 145.4808
HO 144,2083 103,22995
CONSTANT +1E4+06 +1E+06

XXX ¥ xXxXxMULTIPLE K
DEP. VAR... NRGY
VARIANCE/COVARIANCE MATRIX OF THE

HIt
co

416.99817
245,63824 302,57469

HI cro
XXX ¥ xx¥MULTIPFLE R
DEP, VAR... NRGY

SUMMARY TAERLE.

STEF VARIABLE E/R F HULT-R
1 cn E 30,659  .60%9
2 HD E 49.86% ,323
XXX ¥ Xy HULTIFLE R

c.I1.

2156.2907

185.1831
1E+06

EGRESSIONY Y XX X XX

UNNORMALIZED REGRESSION COEFFICIENTS.

EGRESSIOHNXY XX XXX

R-SQ CHANGE R  OVEFALL F SIG.
0386 368 603 30,459 .000
v 677 2310 -,020 94,399 .000

EGRESSIONXY XXX XX
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RESIDUAL FLOT,

) Y VALUE Y EST. RESIDUAL -250 0.0 +2SD
+17E+06 +17E+04 6382.11% I .

; +18E+06 +17E+404  4886,343 G

i » 20E+04 +19E+05  6056.680 I .

| +19E+06 +19€4086  4178.560 I .

! +18E+046 +18E+08 1805.887 I,
+19E+06 +17E+06 24780.291 1 .
+17E4+04 176406 410,537 I,
+20E+06 +19E406 14239,941 I .
+23E+04 +22E+06 11133.785 I .
+24E406 +23E+06  7078,749 1 .
+25E+04 +23E4+06 17289,383 1 .
+21E+06 +20E+06 12924,148 1 '
+19E1+06 +18E+04 15431,084 I v
+19E405 +18E+06 11040,632 : I .
+21E404 +20E+08 11338,621 1 ,
+21E406 +20E+06  73046,997 I .
+15E+06 178406 -,17E405 N I
+ 16E+06 +18E406 -,17E+05 . 1
+ 14E+06 +15E4+06 -, 1SE+0S . 1
+16E+05 +16E406 -2418.,757 o I
+21E406 +22E406 -, 10E+0S . I
+22E406 +22E+05 ~2684,944 o I
+21E+04 »21E408 ~4337.200 N §
+1B8E+04 »16E+06 13145.731 I .
+19E+04 +18E+06 8456.930 I N
+23E4046 +23E+08 509,802 I.
+17E4+04 +18E+08 ~3282,427 e I
+17E+06 +16E+06  5928.337 I .
+13E4+06 +16E+06 -, 23E+405 , I
+19E+06 +19E405 2155,103 I.
+23E4046 +22E+08  3799.127 I.
+24E+06 +20E405 -, 10E+495 . I
+24E404 +209E+08  -,16E+05 ' I
«22E4+06 +24E4+06 -~,10E+05 . I
+17E405 +1BE+046 ~,10E405 . I
+ 15E+046 +16E+06 ~5656,307 o I
+22E406 «22E406 ~-6055,632 o 1
+19E404 »21E408  ~,16E405 B I
+17E408 178406  1787,870 I,
136404 +18E+06 -,43E405 R I
+21E4+06 +22E406 -, 10E+05 . I
«22EH04 +24E+05 - ,1BE+05 . I
+25E+06 +26E4+06 -,17E+95 v I
+24E+04 +24E+08  4726,882 .
+33EH06 »21E406 +11E406 I R

115




+16E1+06 «17E406 -B255.455 . I
+15E+06 +17E+06 -9339.921 . I
+19E405 +19E4+06 330,043 I,
+23E4+06 +23E406  3585,987 I
+1BE+06 +19E4+06 -3043,879 o 1
+17E4+06 +16E+06 11184.,625 I .
«14E+06 +17E406 - 20E405 . I

NOTE - (x) INDICATES ESTIMATE CALCULATED WITH MEANS SURSTITUTED
R INDICATES FOINT OUT OF RANGE OF FLOT

NUMBER OF CASES PLOTTED NTS
NUMBER OF 2 S.D's OUTLIERS 2, DR 3,54 FERCENT OF THE TOTAL
VON NEUMANN RATIO 1.77920 [URBIN-WATSON TEST 1.74685
NUMEER OF FOSITIVE RESILUALS 28,
NUMBER OF NEGATIVE RESIDUALS 27
NUMBER OF RUNS OF SIGNS 18,
EXPECTED NUMKER OF RUNS OF SIGNS 28,
EXPECTED S.D. OF RUN DISTRIBUTION 3.67237
UNIT NORMAL DEVIATE-
Z=(EXPECTEI-OESERVELD)/S.IN, -2.72036
PROBARILITY OF OBRTAIMING .GE. ABS(2) +00326
RESIDUALS - S5 CASES WRITTEN ON FILE ECDOUT

X 3. NOTE: FROGRAM AND' SCATTERGRAM FLOT OF RESIDUALS FROM
AROVE REGRESSION RUN. X

RUN NANME SCATTERGRAM OF RESIDUAL

FILE NAME RESID

VARIABLE LIST Y,YHAT,RESIDUAL

INPUT FORMAT  FIXED{25X,2F18,7,F15.7)

ACCORD'ING TO YOUR INPUT FORMAT, VARIARLES ARE TQ BE READ AS FOLLOWS

VARIABLE FORMAT RECORLD COLUMNS

Y F18. 7 1 27- A4
YHAT F18. 7 1 45- 62
RESILUAL F13. 7 1 63~ 77

THE INFUT FORMAT PROVILES FOR 3 VARIAELES, 3 WILL BE REAL.
IT PROVIDES FOR 1 RECORDS (XCARDSY) FER CASE.
A MAXIMUM OF 77 ¥COLUMNSX* ARE USED ON A RECORD.

WARNING - A NUMERIC VARIABLE HAS A WIDTH GREATER THAN 14,
SMALL ROUNDING/TRUNCATION ERRORS MAY OCCUR,
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SCATTERGRAM YHAT WITH RESIDUAL
1 SCATTERGRAM OF (DOWN)  YHAT
i (ACROSS) RESIIUAL

-25875.12  9895.79 45866.89 81437,40 117208,50
e B e Rt St

-+
i
|
1
1

-+
|
|
1
1

~+
1
i
1
1

-+

269553.30 + x 1 1 + 269533.30
1 1 I 1
I I 1 I
1 I I 1
I 1 1 I
257092,51 + x 1 1 +  257092,51
I 1 1 I
1 X 1 1 1
H I 1 1 1
I I 1 1
244431,72 + X X I 1 + 244631.72
1 X1 1 1
I X 1 1 1
1 I x I 1
I X1 1 I ’
232170.93 $-----em—n K e e e + 232170.93
I X1 1 I
I 2% 1 I 1
1 2 1 1 1
1 1 I 1
219710.14 + ) 1 +  219710.14
I £ I 1 1
1 1 1 s1
1 X 1 1 1
I X 1 1 1
207249,36 + 1 I +207249.36
I X1 1 1
I I 1 1
I XX 1 I
1 X1 I 1
194788,57 t-=——mc—mmmmmm . +  194788.57
1 KX Ik I 1
I ¥ 1 1 1
1 X 1 1
1 1 1 1
182327.78 + XX X I +  182327,78
I¥ X x Ix 1 I
1 X1 I 1
I 1 1 1
1 X 2% X] 1 1
169866.99 + X X1 x I + o 169884.99
1 X XI% I 1
1 x I I 1
I X 1 1
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I X I 1 I
157406.20 + x I I +  157406.20
R e e e e e Raant SRR S e
-43760.57 -7989.67 27781,24 63552,14 99323,05

FLOTTED VALUES - 35 EXCLUDED' VALUES - 0  MISSING VALUES - 0
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X 4. NOTE: FORTRAN PROGRAM TO CALCULATE PREDICTED ENERGY VALUES
USING THE ABOVE REGRESSION MODEL AND THE DATA
FROM THE TEST PERIOD. X

PROGRAM ENERGY
C COEF’S FROM PO, OFERATE ON FL1
INTEGER BA,PD,YM,AREA,POF,HLD,CD,IPRJ,NRGY,I
REAL CONST,BAREA,EPOP,EHD, BCD, RDFRJ, REPRJ,EFRJ,CNRGY
CONST=139862,474
EHD=144,206
BCD=181.384
REWIND 10
0o 10 I=1,96
READ(10,%) BA,PD,YM,AREA,FPOF,HD,CL, PRI, EPRJ,NRGY
IF(PD.EQ@.1)THEN
CNRGY=CONST+RHDKHO+RCLkCD
WRITE(11,%)CNRGY,NRGY
END IF
10 CONTINUE
STOF
END

X 5, NOTE: T-TEST COMFARISON OF FREDICTED! ANDN ACTUAL ENERGY
VALUES FROM TEST PERIOD. ¥

RUN NAME T-TEST LACD FI1 FROM FIO

FILE NAME TTEST

YARIABLE LIST CNRGY,NRGY

INPUT FORMAT  FREEFIELD

T-TEST PAIRS=CNRGY ,NKGY
I T-TEST-=-=-~--+=---==-
UARIABLE NUMEER STANDARD  STANDARD

OF CASES MEAN DEVIATION ERROR
CNRGY

41 208908.9163 29388.978  4589.787
41 203370.2439 29093.213  4343.909

NRBY

(DIFFERENCE) STANIARD  STANDARD 2-TAIL T DEGREES OF 2-TAIL
MEAN DEVIATION ERROR CORR, PROE. VALUE FREEDOM  FROE.

5538.6724 18801,816 2936,350 W793 000 1,89 40 <067

" ——— — - S " " — - W~ -’ 2 P A - o o - e -
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X 6. NOTE?

EIGHT-YEAR PERIOI REGRESSION RUN WITH

ALL VARIABLES. X

RUN NAME

FILE NAME
VARIABLE LIST
INPUT FORMAT
COMFUTE
COMPUTE
COMPUTE
COMPUTE
CONPUTE

MISSING VALUES

REGRESSION

OPTIONS
STATISTICS

XX XXX xxMULTIPFPLE

REGRESX LACD

REGLAC

BA,FL, Y™, AREA,POF,HD,CD, IFRJ,EFRJ y NRGY
FREEFIELD

PUAREA=FPUXAREA

POPOF=PIXFOP

PIIHD=PDXHL

PLCD=FDXCD

PLDPRJ=PDXIFRJ

POF(0)
METHOI=STEFWISE/VARIARLES=FUAREA,FUFOF, FIHD,FOCT,
PROFPRJ,AREA,FOF, KL, CL, [IFRJ, NRGY, P/
REGRESSION=NRGY WITH FDAREA,FUFOF,PLHDO,FLCDH,
PODOFPRJ,AREA,FOF,HDLCO,DFRI,PT

o

- 4

1,2,7

REGRESSIONYXXXXXXZX

VARIABLE

PIAREA
FOFOF
PDHD
FOICD
FIDFRJ
AREA
FOF

HD

co
IPRJ
NRGY
PD

MEAN

4527919.6771
12701.2917
43,8021
127,7500

0
10088391,7500
30221,2414
129.7917
252,5313

0
202019.38446
4271

STANDARD DEV

5275005.5934
14817.,6313
104,2459
215.,3348

0
498001,35323
1783.6473
172.,52359
233.9846

0
32938.7564
14973
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94
?5
26
94
?4
?4
87
98
94
9?5
24
24




CORRELATICON COEFFICIENTS,

& VALUE OF 99.00000 IS FRINTED
IF & COEFFICIENT CANNOT BE COMFUTED.

FOPOP + 997485
FOHD +49692 47787
PLCD + 68324 »70670  ~,17830
FIDFRJ 99.00000 99.00000 99,00000 99.00000
AREA «90724 +89384 0522582 + 56531 99.00000
FopP -.25402 -.21961 ~-.,21476  -,01830 99.00000  -,33549
HIt -.13207 -.14310 v 39250 -.,40651 99.00000  ~-,04221
cn 0146812 »18850  -,39054 +60070 99.00000 +100435
DFRJ 99.00000 99.00000 99.00000 99.00000 99.00000 %9.00000
NRGY +04006 .05472 -,14029 « 30727 99.00000 +07485
P + 79940 + 99800 +48921 169067  99.00000 +89306
FIOAREA FOFOP POHD [$Un FOOPR AREA
HD -+22786
cn +34198  ~,73357
IPRJ 99.00000 99,00000 99.00000
NRGY «39672  -.11361 1625615 99.00000
Fh -.25641 -+134699 »17282 99.00000 + 035460
POF HD ch IPRJ NRGY

XX X x x ¥ xMULTIFLE REGRESSIONXXXY X XXX
DEF. VAR... NRGY
MEAN RESFONSE  202019.35458 STh. DEV. 32938.75640

VARIAELE PDDFRJ IS A CONSTANT., INCLUSION LEVEL SET TO ZERO.

VARIABRLE DIFRJ IS A CONSTANT. INCLUSION LEVEL SET TO ZERO.
VARIABLE(S) ENTERED ON STEF 1

con

MULTIFLE R +6261 ANQUA OF SUM SQUARES MEAN SQ. F

R SQUARE + 3921 REGRESSION 1. +3658E+11 J6E+11 54.81%
STD DEV 23833.,173%9 RESIDUAL 83, +O672E+11 +66E+09 SIG. 0
ADJ R SAUARE ,3849 COEFF OF VARIARILITY 12.,8FCT

VARIARLE B S.E. K F SI1G., BETA  ELASTICITY
ch 88.145 11,708 24,814 0 162615 »11018
CONSTANT 179760.106 4087.734 1733.844 0

XXX XXXxXMULTIPFPLE REGRESSIONXX X XX XY
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LEP.

VAR. .. NRGY

VARIABLE(S) ENTERED
HIu

MULTIFLE R +80467
F SQUARE . 56508
STD DEV 19694.1775
AllJ R SQUARE ,6423
VARIARLE R

cn 165,440
HO 142,904

CONSTANT 141692.848
¥ X X ¥ X X ¥ X x X

UARIABLE (S) ENTEREI
POF

MULTIPLE R .8257
FE SQUARE 6818
STDh DEV 18912,3190
Al R SQUARE 6703
VARIARLE B

co 155.448
HI 141,121
PoF 3.463

CONSTANT 39798.939

Y¥Xx X ¥ xxxMUL

ON STEF 2
ANCUA IF SUM SQUARES MEAN SQ. F
REGRESSION 2, +4072E+11 +30E+11 78,284
RESIDUAL 84, «3258E+11 »38E+09 SIG. .000
COEFF OF VARIARILITY e 7FCT
S.E. H F SIG. BETA  ELASTICITY
13.355  153.443 0 1,17522 » 20681
18.112 62,251 ,000 + 74850 »09181
5743,700  608.573 0
¥R X KX X X X XX ¥ KX XX ¥ XX XX XX
ON STEP 3
ANOVA IF SUM SQUARES MEAN SQ. F
REGRESSION 3. «6381E+11 +21E+11 99,290
RESIDUAL 83, +2968E+11 +3GE+09 SIG, 0
COEFF OF VARIARILITY 9.4FCT
S.E. B F S1G. BETA  ELASTICITY
13,297 136.664 0 1.,10425 + 19432
17.404 65,745 0 73916 + 09067
1.218 8.089 .006 +18731 .51801
36248,543 1.205 .275
TIPLE REGRESSIONXXXXXX
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DEP. VAR... NRGY

UARIARLE(S) ENTERED
PLCD

: MULTIPLE R 8284
f SQUARE . 6865
STD DEY 18886.5283

A R SGUARE 6712
1 VARIABLE B

co 154,974
‘ HD 142,510
* FOP 3.037
; POCD -13.767

CONSTANT 51810,466

X% ¥ X X ¥ XX X%

VARIAERLE(S) ENTERED
AREA

MULTIFLE R +8385
R SQUARE « 7030
STD DEV  18495.4544
ADJ R SQUARE .6847
VARIARLE R

co 170,350
HI 141,475
FoF 3.812
FLOCh -32.507
AREA +012

CONSTANT -86545.071

XX X X % x x M UL

ON STEP

ANGVA

REGRESSION

RESIDUAL

IF SUM SQUARES MEAN SQ. F
4. +6405E+11 16E411 44,8964
2. «2924E4+11 «35E40? SIG. .000

COEFF OF VARIABILITY 9.3FCT
S.E. R F SIG. RETA ELASTICITY
15.821 108,739 0 1.17191 220622
17.433 66,923 .000 + 74695 v 09162
1,275 5675 .020 + 16448 +45440
12,429 1.22 271 -.,09001 -,00871
37788.4626 1.880 .174

XX KX ¥ K K ¥ %K X XX X XK K¥ X KX K K

ON STEF

ANOVA

REGRESSION

RESIDUAL

DF  SUM SQUARES MEAN SQ. F
S «6559E+1L 13E411 38,344
1. «J2771E411 +34E+09 SIG, 0

COEFF OF VARIAERILITY 9.2FCT
S.E. K F 51G. BETA ELASTICITY
15,700 117,730 0 .21010 $21294
17.078 68,819 0 + 74207 +09102
1.301 8.584 .004 + 20442 +57025
13,043 4,570 .,034 21283 -,02056
. 005 4,495 037 + 17401 v 07474
75020.675 1,331 .252
TIFLE REGRESSIONIXIXIX XXX X

|
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X NOTE: THE FOLLOWING THREE REGRESSION STEPS WERE NOT
UTILIZED RECAUSE THE VARIARLES THAT ENTERED
WERE NOT SIGNIFICANT. X

DEF. VAaR... NRGY

UARIARLE(S) ENTEREIt ON STEF 6

FOFOF
HULTIPLE R +8421 ANOVA OF  SUM SQJARES MEAN SQ. F
R SQUARE +7092 REGRESSION 6. bO16E+HLL +11E+11 32.510
STD DEV  18417.9658 RESIDUAL 80. »2713E+11 +33E409 SIG. 000
Al R SQUARE ,6873 COEFF OF VARIARILITY 9.1FCT
VARIAELE k S.E, H F SIG. BETA  ELASTICITY
cn 163,540 16,487 98,395 0 1.16172 220443
4Ir 137,727 17,275 63,365 000 « 72139 .08B4%
FOF 4,148 1,321 ?.859 ,002 022461 + 62052
FICh -19.019 18.218 1.090 .300 -, 12435 -.01203
AREA .022 »010 S.111 ,0256 » 33430 1.10417
PIPOF ~+496 »382 1,492 197 -.22330 -.03121

) CONSTANT  -.196E+06 +11E4064 3,034 ,085

¥ XX XX ¥xxMULTIPLE REGRESSIONIKXX XX XXX
LEP. VAR... NRGY

VARIABLE(S) ENTERED ON STEF 7

FIAREA

MULTIPLE R +8428 ANOUA If SUM SQUARES HEAN SQ. F

f SQUARE +7104 REGRESSION 7. +H628E+11 +F4E+10 27.681
STD DEV 18495.2775 RESILUAL 79, «2702E+11 +34E+09 SI1G6. 0
ADJ R SQUARE  , 6847 COEFF OF VARIARILITY ?.2FCT

VARTARLE K S.E. R F SIG., KETA  ELASTICITY
con 162,913 16,591 96,416 0 1,15728 ¢20365
HL 138.4676 17,425 63,337 0 + 72634 »08%910
For 4,531 1,483 ?.328 ,003 «24535 + 67781
FoCo -13.211 19.450 612,437 -.09943  -,00982
AREA 020 »010 3.872 .,033 + 30684 1.01347
FOFOF ~-1.989 2.61% 378 4449 -.89468 -.,123504
FIAREA .004 +Q07 333 386 + 584610 +09602
CONSTANT -.190E+Q4 +11E+06 2.810 .098

XX XXk XX xMULTIFLE REGRESSIONIXXXXXXX




[IEF. VAR..,. NRGY

VARIABLE(S) ENTEREL OM STEP 8

FDHL

MULTIPLE R +8433 ANCVA I'F  SUM SQUARES HMEAN SQ. F

R SQUARE +7112 REGRESSION 8. 66TTEHLL «82E+10 24,009
STh DEV  18587.1967 RESIDUAL 78, «2694E+11 +34E409 SIG. .000
Al R SRUARE ,68146 COEFF OF VARIARILITY «2FCT

VARIARLE 3 S.E. B F SI1G. BETA  ELASTICITY
Cco 1565.032 17,273 91,290 0 1,17232 + 204830
HI 142,608 19.419 93,983 000 ' 74679 209162
POF 4,594 1.497 9.419 .,003 +24878 168729
FICD -25.649 29.598 731,389 -.16770 -.01622
AREA +021 +010 3.940 ,091 + 31175 1.02970
FLFOF -1.876 2.640 +505  ,480 -+34375 -.11792
PIAREA »004 +007 +353 .354 +71120 109954
F‘I‘HD "200691 440056 o221 +640 -006548 -,00449
CONSTANT ~-,197E+06 +11E405 2,926 091

F-LEVEL OR TOLERANCE-LEVEL INSUFFICIENT FOR FURTHER COMFUTATION.
XXX ¥ XX ¥YMULTIPLE REGRESSIONXX XXX XHX
DEP. VAR..., NRGY

SUMMARY TAELE.

STEF VARIABLE E/R F MULT-R R-5@ CHANGE R  QVERALL F SIG.
1 CI E 54,816 626 392 392,428 94,818 0
2 HI E 62,251 ,807 .,631 ,259 -.,114 78,284 .000
3 FOF E 8.089 .826 .682 ,031 .397 99.290 0
4 FIDCD E 1.22 «829 .487 005,307 44,894 ,000
5 AREA E 4,495 .838 .,703 .,016 .073 38,346 0
6 FIPOP E 1,692 .842 .,709 .006 0S5 32,510 .00
7 FDAREA E 2333 .842 ,710 .,001 ,040 27,5881 0
8 FIHD E W22 .843 .,711 .001 -.140 24,009 .000
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APPENDIX C

DUMMY VARIABLES IN REGRESSION ANALYSIS
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The most familiar variables used in regression analy-
sis are quantitative variables, which represent guantities
that can be measured or counted. Another type of variable
which can be helpful in some types of problems is a gualita-~
tive variable, which indicates whether a certain condition
exists. This qualitative variable is also called a dummy
variable or a zero-one variable. As the latter implies,
when the dummy variable is included in the regression equa-

tion, its value 1s set to either zero or one.

Y-Intercept Effects

Consider the following example regression equation
where X2 is a dummy variable:

Y = A+ B1X1 + B2X2.

In this equation, the constant A is the Y-intercept value
when the independent variables (X1 and X2) equal zero, If
the condition of interest does not exist, then X, = 0 and
the equation reverts to:

Y = A + Bl 1°

where A is still the Y-intercept. If the condition exists,

then X2 = 1 and the equation is changed as follows:
Y = A+ lel + Bz(l),
Y = A+ B, X, +B

171 2’

<
]

A+ BZ + Bl 1’




Y = (A + BZ) + lel.

The last equation shows that the effect of an exist-
ing qualitative condition (X2 = 1) is to change the Y-inter-
cept from A to (A + B2). Note that the slope (Bl) of the

f ) regression line is the same for both of the above situations.

Slope/Crossproduct Effects

The interrelationship between a dummy variable and a
guantitative independent variable can also affect the slope
of the regression equation (line). The regression equation
must be structured differently, as in the following example,
to allow for this effect:

= +
Y A+ BX1 CX2X1.

Again, X, is the dummy variable with possible values of

only zero and one. The apparently second order nature of

the last term in the equation does not, in reality, destroy
the linearity of the regression equation. Even though the
crossproduct X2X1 appears to be of second order, the zero-one
nature of X, merely serves to change the coefficient of the
variable X, in the regression equation. Two alternative

1
equations result, depending on the value of the dummy vari-

able Xz:
If X2 = 0, then
Y = A + BXl, which has slope B.
If X2 = 1, then
Y = A+ BX1 + C(l)le
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Y

+ +
A BXl CXl,

Y = A+ (3 +C) X,, which has slope (B *+ C).

1°

The crossproduct of the dummy variable (X2) with the
guantitative independent variable (Xl), then serves to change
the slope, or "B coefficient," of the regression equation
(1ine). In the above example, if both B and C are positive
and X, =1, an increase in X1 would produce a greater in-
crease in Y than if X, = 0.

The two dummy variable effects described above can be

combined in the same regression model to allow for changes

in both the intercepts and slopes of that model (16:571-573).

129




APPENDIX D

INTERVIEWS WITH EMCS SUPERVISORS
AND OPERATORS (23 JUNE 1983)
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The present supervisors at the eight selected EMCS
bases are given in the following table. This information
was obtained from Mr., Larry Strothers and from making phone

calls to the numbers he provided.

] Base Supervisor Autovon no. Office Symbol
Keesler John Breal 868-4179 DEMC
Lackland Jerry Smith 473-2568 DEMLC
Charleston George Albright 583-3367 DEME
Scott John Avolio 638-~3463 DEMC
McGuire Pete Servidone 440-2578 DEMU
Offutt Dean Sunde 271~3945 DEMC
McClellan Dick Steele 633-2210 DEMD '
Air Force Academy Capt. Ramsey 259-4426 DEMAE

Each of these bases were called on 23 June 1983 to
talk to experienced personnel on the different EMCS's at
each base to obtain their subjective opinion on the past and
present status of their EMCS. When the word operator is
used it means the personnel that run the EMCS while the use
of the words shop personnel means the personnel that repair,
calibrate, or replace any parts on the EMCS. The EMCS super-
visor is the same as the EMCS systems engineer in this
appendix.

The chief operator contacted at Keesler was Mr. John
Breal, who is temporarily filling the supervisor job until a
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new one is hired. The supervisor's job is a GS-12 position.
The svstem operates under the Operations branch of Civil
Engineering. During the last two years the system has been
running at its 100% intended facility capacity which is 115
buildings. The two vears before that the system was opera-
ting in only 60% of the 115 buildings. The system became
operational four years ago. At present the system is onlv
down two hours a month. Before two years ago it was down
a considerable amount of time. John believes that the system
is now running guite well.,
; At Charleston the supervisor, Mr. George Albright was
i contacted., Mr. Albright holds a GS-12 position and has been
i there three years. The system operates under the Operations

branch in Civil Engineering. The system became operational

nine years ago but it didn't operate at full capacity until

five years ago. Since it became fully operational the sys-

tem has had very little down time. Out of 1200 points being
monitored only about 30 points are operating incorrectly on

an average. George is quite pleased with the system opera-
tion.

At Lackland Mr. Jerry Smith was contacted. His job
is a WS-11 position. The EMCS operates under the Operations
branch of Civil Engineering. Lackland is under the San
Antonio Real Property Management Agency (SARPMA). The sys-
tem was only at 50% of its intended facility capacity when

it became operational in 1979. The system did not operate

132

, _ | d




at full facility capacity until February 1981. The system

monitors 7,500 points of which on the average 1%-3% are
estimated to be operating incorrectly. The system down time
averages only one hour a month. There are at present four
operators and five shop personnel. There are four vacant
positions in the shop which contribute to the number of in-
operative points. The supervisor believes the number of
points down should be less than one percent, but he is satis-
fied with the present operation of the EMCS itself.

At McGuire, Mr. Pete Servidone was contacted. His
job is a GS-12 position. The system is under the Operations
branch of Civil Engineering. The system was operating in
1975 with Honeywell operating it under contract until 1978.
From 1978 to 1981 the base had several small business con-
tractors run the EMCS. There were many prcblems when small
business contractors ran the system. They did not maintain
the system and because the contract was so badly written
there was no way to enforce proper functioning of the system.
In October 1981, the EMCS was changed to being run in house
but was only operating at 50% of its intended facility ca-
pacity. The system did not run at full facility capacity
until August 1982. The original CPU was a Delta 2000
(Honeywell), for which the programs could not ke either
changed or upgraded. A Delta 1000 (Honeywell) was installed
in October 1981 which was programable. Another problem is

that many of the 1000 points are receiving erroneous
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information because many of the HVAC local controls have
been bypassed by HVAC shop personnel. The EMCS supervisor
is slowly getting these bypassed controls corrected as they
are being discovered. He needs more money to really have
the system operating properly. Pete believes the best way
to operate the system is to Keep it in house where the Air
Force would maintain control of the system. This base is
scheduled to receive another more modern computer this year.
He has only one operator so the system only runs during the
day. There are seven shop personnel of which two are fully
qualified computer technicians (WG-11 positions) which are
recent acquisitions. He now has the akility to maintain the
system. The operators and shop personnel received little
training until recently. Pete was glad to share his problems
and he believes things are heading in the right direction.
Since August of 1982 he believes the main system has been
running well,

At Scott, Mr. John Avolio and the EMCS contractor
were contacted. Mr, Avolio, the supervisor has had the posi-
tion for two and a half years. The EMCS contractor believes
the supervisor is the one that has been instrumental in
bringing the system up to proper operation. His job is a
GS-12 position. The system operates under the Operations
branch of Civil Engineering. The system became operational
four years ago but did not operate at intended capacity until

two years ago. The system monitors approximately 2400 points.
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The system only operates during the day. Before John no one
really knew how to operate the system. There are five opera-
tors with a chief operator and seven or eight shop personnel.
The base personnel did not like the system because they lost
control of the temperature they wanted. Some of the base
personnel learned how to bypass the controls. Most of these
bypassing problems have been taken care of now. The system
has very little down time.

At Offutt Mr. Dean Sunde (supervisor) and Mr. Joe

Hamlin (chief operator) were contacted. The supervisor has
a GS~11 position. The system operates under the Operations
branch of Civil Engineering. The system became operational
in March of 1978 at 60% facility capacity. It had many com-
) munication line problems which took to November 1981 to cor-
rect. The telephone lines originally transmitted at 300
baud which is what caused the problem but when the lines were
changed to 600 baud the problem was corrected. Mr. Joe
Hamlin is the only operator so the system only operates
during the day. The system is maintained under a service
contract. The computer is a Delta 5100 (Honeywell) which is
fully programmable. There are approximately 1500 points of
which an average of only 12 points are believed to be oper-
ating incorrectly. The system 1is down less than one hour a
month. Both Mr. Smith and Mr. Hamlin agree that they think
they have had a properly operating system since October 1981.

They would like to do more but they are undermanned.
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At McClellan, Mr. Dick Steele, the supervisor was
contacted. He has a GS-12 position. The system operates
under the Operations branch of Civil Engineering. The sys-
tem became operational in 1977 but not at full capacity un-
til late 1978. There are 4000 points in 20 pbuildings being
controlled. The system is down less than one hour a month.

On an average there are five points operating incorrectly.

There are 21 shop personnel who are also WG-11's. The
original computer was a Johnson JC~80 but on 25 March 1983
they went to a Johnson Modcom 720. Both systems have keen
good according to Dick. His system 1is different from other
systems in that the base fire alarm system is connected into
it rather than a separate fire alarm system.

At the Air Force Academy, Capt. Ramsey, the present
supervisor was contacted. The supervisory jok has been either
filled by a GS~12 civilian or a military person. There has
been seven different supervisors since the system became
operational in March of 1978. It 1is scheduled to go back
to a civilian position this year. The system has operated
under the Engineering branch and the Operational branch of
Civil Engineering. Presentlv it 1s operating under the
Operations branch. The original computer was a Delta 2500
(Honeywell) which monitored 2500 points in five buildings.
There were many problems under this system. In March of
1979 the computer was replaced with a Digital 11 which moni-

tors 3500 points in 22 buildircs. He believes there are
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1

only 20-30 points operating incorrectlv on an average. There
are six operator positions of which only four are filled.
There has teen a 100% turnover in operators since 1978. The
operator positions were used to hire female and minority
persons to give them upward mobilitv. The problem has keen

: that many do not like the job and quit or transfer. Three
shop personnel maintain the system. The past and present
system up until January 1983 did not use any of the energy
controls. This means the system has not been used for energy

management for the duration of the period covered for this

thesis. The present system is down only three or four hours

a month.
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