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PREFACE

The United States Air Force is not only a sizable consumer of
energy but also a conspicuous one, since most of its energyv use is
related to flying. If the Air Force should desire to reduce its
energy consumption, what is the best way to do it? How is future
energy consumption by the Air Force related to the programmed activities
of the force? How can alternatives to programmed activities be
examined with regard to their energy use? At present, questions such
as these cannot be answered without laborious calculations and
estimates.

This report discusses a computer model that can be used to prnject
future energy needs for the Air Force based on force posture elements
and operational activity. The model gives Air Force planners a rapid
method of systematically comparing the energv impact of present and
alternative programs, the effects of changed flving activities, and
current and hypothetical weapon svstems. It should thus be particularly
useful to those who are responsible for long-range planning decisions
affecting energy consumption by the U.S. Air Force, the dominant
consumer of petroleum products within the Department of Defense.

This research was performed as part of a Rand study of energv
availability and national security, sponsored by the Defense Advanced
Research Projects Agency. The computer model is being used by Rand
in this ongoing research. In addition, a preliminary copy of the

computer program was sent to the Computer Applications Group Office,

Assistant Chief of Staff/Studies and Analysis, Hq USAF.
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SUMMARY

The computer model discussed in this report was specifically de-
signed for Air Force planners and uses program information as inputs in
a format familiar to them. The outputs appear in prcgram format, with
each program element identified. The energy estimates are made in the
c .tegories of direct energy (that used by the prime mission equipment),
direct support energy (that used by ground support and other related
equipment), and ancillary support energy (that used on bases). The di-
rect energy in the output format is identified by program element, pro-
gram, and type of fuel. Direct support and ancillary support energy is
estimated for the entire Air Force in terms of Btu and type fuel, so
that the results may be examined in terms of total energy (Btu) or in
terms of the physical quantities of each type of fuel (tons of coal,
gallons of jet fuel, etc.).

The design of the model allows the introduction of hypothetical
weapon systems as well as existing systems, so that estimates may be
made for future forces. Provisions were made to accommodate conven-
tionally fueled weapon systems as well as those which might us2 uncon-
ventional fuels. The fuel consumption of hypothetical weapon systems
may be input directly, if known, or may be internally estimated by en-
ergy estimating relationships (EERs). A set of typical EERs was dev .-
oped in the course of the study and either it or another of the ana-
lyst's choice may be used.

The work which preceded the development of the model showed that
the Air Force presently uses about 1000 trillion Btu of energy per year.
0f this, about 75 percent is direct energy, 6 percent is direct support,
and 18 percent is ancillary support. Energy use is strongly related to
flying hours, but the relationship is often subtle, due to the differ-
ent consumption rates of the various aircraft. For example, the stra-
tegic forces account for about 13 percent of the flying hours, but con-
sume 31 percent of the direct energy. The largest energy users are
cargo/transport, followed by fighter/recon and bomber/recon type air-
craft. The three single largest users of energy in 1972 weve the C-141,
B-52, and F-4 aircraft.
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I. INTRODUCTION

Modern warfare inherently requires large amounts of energy for op- 1
erating military weapon systems. The ability to use these weapon sys-
tems etfectively in times of war requires that military proficiency be
maintained during times of peace--a process that in itself constitutes
a continuing use of energy. The Department of Defense (DoD) accounts
for about 28 percent of the U.S. governmental budget expenditures, and
the Air Force accounts for about 9 of this 28 percent. It is thus rea-
sonable to expect that the amount of energy used by these organizations
is significant in terms of the total use of energy in the United States.
The data for 1971 show that almost 4 percent of the total U.S. petrol-
eum consumption was used by the DoD, including 53 percent of the total
U.S. jet fuel consumption. Of this, the Air Force accounted for approx-
imately half of the total. The Air Force thus has been and probably
will continue to be a significant consumer of energy in the United
States.

Recent events in the United States and elsewhere have demonstrated
that our domestic supplies of energy, particularly petroleum, are insuf-
ficient for present demands. The establishment of a Federal Energy Ad-
ministration and the subsequent results of their work and others emphasized
that future energy use must be carefully planned in order to be in ac-
cord with national objectives. The energy demands of the wide planning
options open to the Air Force have probably never assumed the importance
that they have today. For example, airborne alert requires more fuel
than the conventional ground-alert configuration; a strategic offensive
force of missiles, dormant in their silos, requires less fuel than
either form of bomber alert; and forward basing implies different uses
of energy than strategies which rely upon quick responses from the U.S.
mainland.

While these qualitative assessments may be easily made, the quan-
titative effects may be calculated only with difficulty at the present

time. What is required is a tool by which simple and systematic com- E

parisons betweea alternatives may be made so that their effects upon




==

energy consumption may be evaluated. With such a tool, planners would
be better equipped to plan for an effective Air Force in an energy-
constrained environment, while being more aware of their options should
a requirement for decreased energy use be levied upon them.

This report addresses the need for a tool to deal with the energy
demand aspects of alternative force postures and describes a computer
model which was constructed to systematize the method and facilitate
the projection of energy demands by the Air Force. It has been de-
signed for use by planners and others familiar with dealing with USAF
program information, permits the rapid estimation of the energy require-
ments of any program, and allows the energy demands of alternative pro-
grams to be compared. The model can answer many types of questions
related to both the short-term and long-term use of energy. These may
be as simple as estimating the energy effects of a change in training
flying hour schedules or substituting one design aircraft for another
on a specific mission, to as complex as analyzing the long-term energy
effects of a propused new weapon system or changes in the ratios of
strategic and general purpose forces. In general, the energy effects
of any program change which involves modifications in the type, number,
or activity rate of the weapon systems may be estimated,

The model estimates only the energy consumed in operating the Air
Force; it does not include energy requirements for the manufacture of
aircraft or for any other civilian industries which operate in support
of Air Force activities. The question of how much energy is used, and

by whom, is covered in detail in R-1448-ARPA, Energy Consumption by

Industries in Support of National Defense: An Energy Demand Model, by

C. C. Mow and J. K. Ives, March 1974. 1In that report the pervasiveness
of the needs of the Department of Defense upon the civilian economy is
demonstrated, and the indirect energy demands of DoD upon the civilian

suppliers are estimated.




II. HISTORIC USE OF ENERGY BY USAF

This seccion provides information on data sources, describes the
practical limitations of some of the data, and gives a perspective of

the Air Force's use of encrgy.

SOURCES OF DATA

Prior to the events that precipitated the recent enerey crisis,
data on energy and fuels used by the Air Force were routinely reported
by the Defense Fuel Supply Center (DFSC) and the Air Force Directorate
of Civil Engineering. The DFSC received Quartecly Petroleum Products
Status and Program Reports from each of the three services--Army, Navy,
aad Air Force--in a standardized format known as Form 531. Eight tyres

of petroleum products were reported:

0 Aviation gasoline--all grades

o Jet fuel--all grades (JP-4, 5, 6, etc.)

0 Motor gasoline--all grades

o Distillate fuels--all grades of diesel fuel, kerosene, #1 and
and #2 fuel o0il, but excluding Navy distillate fuel oil

0 Residual fuels--all residual fuels, including #4, #5, and #6
fuel oils and equivalents, but excluding Navy special fuel oils

o Navy special fuel oil

o Navy distillate fuel oil

o Other (RP-1)

Early reports gave data on the actual or estimated quarterly status
of petroleum products in terms of inventories, receipts, and utilization
for the current fiscal year plus a summary of actual consumption for
the previous fiscal year. In addition, a projection for the next fis-
cal year's requirements was made. The data from these quarterly re-
ports(l-a) were used to determine historical energy consumption for the
Air Force. Quantitative data for these petroleum products are given

later in this section for fiscal years 1968 through 1973.

¥
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The Air Force Directorate of Civil Engineering compiles cost and
quantity data on energy use according to Civil Engireering cost account
codes.(s) Included in this compilation are quantitative data on ancil-
lary support energy consumption. The four energy forms of interest
here are purchased electricity, natural gas, solid fuel, and fuel oil.
Quantitative data on these energy forms were obtained from the Director-
ate of Civil Engineering* and are given later in this section for fiscal
years 1968 through 1973.

During 1973, the Defense Fnergy Information System (DEIS) was set
up to monitor all facets of energy supply, inventory, and use for the
Department of Defense. This is an extremely detailed system normally
capable of supplying all of the information required for a study such
as th.s from a single source. Unfortunately, the historical information
required for this study was not available from DEIS, and the data needs
had to be satisfied from the traditional sources which the DEIS now
replaces. The advantage of DEIS is that it combines a variety of inde-
pendent data gathering functions into a single integrated activity,
with all information being collected and reported on a consistent basis.

Future studies of this type will benefit markedly from the system.

DATA LIMITATIONS

Although detailed data on all forms of energy consumed by the Air
Force were doubtless recorded at some time in the past, in the absence
of an "energy crunch," it was not generally important to specify the
actual end use of a particular product. Whether jet fuel was used to
fly airplanes or heat a barracks at a remote airfield was of little
consequence. Projections of future needs were often based on past ex-
perience, and detailed breakouts of end use, when available, were aggre-
gated to a high level such as a command or military base, which in turn
would report to even higher authority. Frequently detailed supporting
input data that were used for the aggregated totals were recorded only

temporarily and then became unavailable for later in-depth analysis.

*Reference 6 and personal communication on cost data, FY 1972-
1973, purchased and generated energy, received from Systems Engineer-
ing Branch, Directorate of Civil Engineering, Department of the Air
Force, October 1973,




The data base for the model discussed here spans fiscal years 1968
thrcugh 1973. These years were chosen because DFSC could provide data
cn petroleum products consumption over this period of time. Also, the
major source of energy (direct energy) for the Air Force is jet fuel
and aviation gasoline for aircraft operations, all of which is accounted
for by DFSC.

Although consumption data for petroleum prcducts other than jet
fuel and aviation gasoline are also reported by DFSC, the actual end
use of these products is not nearly as clear-cut as that of aviation
fuels. Consequently, the allocation of energy quantities to direct sup-
port or ancillary support was a matter of deciding which category used
the major portion of the energy.

Data for ancillary support energy was rarticularly difficult to
determine. The lowest level of aggregation available was at the com~
mand level. For example, purchased electricity data were reported for
the larger consumers, such as the Strategic Air Command and Logistics
Command, down to the smaller consumers, such as the Aeronautical Chart
and Information Center and Communication Service Command. 1Ia all,
there are 20 commands on which data were obtained from the Air Force
Directorate of Civil Engineering over the six years from 1968 through
1973 for purchased electricity, natural gas, solid fuel, and fuel oil.
There were a number of holes in this data matrix and it was necessary

to estimate the missing values,

ENERGY CONSUMPTION

Figure 1 illustrates the historic use of energy by the Air Force
from 1968 through 1973. The graph illustrates the consumption of en-
ergy by each major type, as well as the total. It is apparent that the
largest single form of energy used is jet fuel, and that the various
other forms of energy contributed in much smaller amounts to the total,
Consumption of all energy forms has been approximately constant in the
last three years at about 1000 trillion Btu, down from a prior level
of about 1200 trillion Btu.

The same information is displayed in Fig. 2 as a percent of total
USAF energy, and is plotted cumulatively, for each year, so that the
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share of total energy con:ributed by each form is more clearly illus-

trated.

While it is informative to examine the historical consumption cf
each energy form, this provides little insight into the reasons behind
the use of the energy and insufficient background to coastruct a model
for projecting demands. Consequently we have restructured the energy
consumption data in a more useful format, according to end use.

Energy is used by the Air Force in a wide variety of applications
that include the fuel for operating aircraft, trucks, cars, and ground
equipment, fuels for space and hot water heating, electricity for lights
and air conditioning, and even fuel for boats. Tor the purpose of de-
scribing the use of energy | ' the Air Force, we have devised three cat-
egories which are based upon the purpose for which the energy is used.
Within each of these categories it is possible to subdivide according
to the type of fuel used, and this has been done to the extent that the

data allow. A description of the categories follows:

Direct energy is energy used by prime mission equipment (PME),
e.g., aircraft and ballistic missiles.

Direct support energy is energy consumed in direct support of the
PME, e.g., AGE and motor vehicles.,

Ancillary support emergy is energy required by bases and other

facilities in support of the PME, e.g., heating and lighting.

Use of this categorization simplifies the analysis of energy being
consumed aad focuses on the role of the prime mission equipment as the
major energy consumer. Further, it correctly stratifies thz energy
use. Direct energy is that used by the weapons; other categories of
energy are used only in support of the use of the weapons.

The definitions of direct energy, direct support, and ancillary
support are clear. However, some problems are encountered in dealing
with the data as well as with th. philosophy of division among the
categories. For example, the data 1. port the total consumption of

diesel fuel, but do not report what it is used for. We find that most

of it is used for motive purposes, and consequently this portion may

P




be considered direct support energy. However other portions are used
for heating (ancillary support) and electricity generation. This last
purpose could be classed as ancillary support, except that in the case
of supplying ICBM complexes, the energy falls into the direct category.
We have attempted to make the divisions where possible, and where it
was not possible to apportion between direct and ancillary support, the
energy was included under the category where most of the fuel form ap-
peared. Errors of division in this way are not large and have little
significance in the context of total energy demand projections.

Having defined these categories, we can now replot the information
in Figs. 1 and 2 according to the end use of energy. Figure 3 shows the
absolute amounts of energy used and indicates what might be expected--
the direct energy category is the largest. This is further quantified
in Fig. 4, where the data are displayed in percentage form. From Fig.
4 it is apparent that th¢ relative distribution of energy among the

three end uses has been relatively constant over time. This observa-

tion has been extrapolated to the assumption that the distribution not
only will remain constant in the future, but also that both forms of
support energy are a function of the direct energy. Making this as-
sumption provides a simple basis for projecting the demands for sup-
port energy once the demand for direct energy is known. Conceptually,
relating support energy to direct energy is satisfactory in aggregate
terms. It could be argued that the ancillary support energy might be
more precisely related to other factors as well, such as the number

of bases, manpower levels, base locations, etc. While this may be
true, projections of ancillary support energy made by a simple relation
to the direct energy may only be nominally different from those made
using more inputs. Again, the objective of this effort was to provide
a tool by which energy comparisons of alterna*ives could be systemat-
ically and rapidly compared. The need for unnecessarily complex inputs
was to be avoided, and the simple relation of support energy to direct
energy satisfied the criterion for simplicity, while maintaining a con-
ceptually sound basis for making comparisons between cases of interest.

The data allow the information in Figs. 3 and 4 to be disaggre- o

gated by fuel type. Tils diseggregation appears in Figs. 5 and 6,
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where the irformation has been plotted as a percentage of the direct
energy. The smooth and steady curves of Fig. 2 are not repeated when
the energy forms are disaggregated. Since the totals are relatively
constant, one might speculate whether fuel substitutions were not par-
tially responsible for the variations of the individual curves. This
possibility exists between distillate and motor gasoline in Fig. 3,

and between electricity and solid fuel (coal) in Fig. 4. There may be
other reasons, such as the increased 'creature comforts'" that are being
designed into living and working quarters. These comforts, especially
air conditioning, generally require electric power, which could account
for some of the observed increase in the use of electricity.

The discussion thus far has concentrated on the amount of energy
used and the categories and forms of its use. Air Force planners wo.k
in terms of programs, with each program describing a functional activ-
ity of the force. At present there are ten Air Force programs; the
distribution of energy consumption among them is as shown in Table 1.
Three programs accounted for almost 80 percent of the energy consump-
tion in .972, and five programs accounted for almost 94 porcent. The
remaining five programs (III, VI, VII, IX, and X) accounted for only
6.1 percent. An examination of these large differences not unexpecte:lly
reveals that they are due to flying activity. Strategic, general pur-
pose, and airlift and sealift forces are all heavily oriented toward
aircraft, the heavy users of energy.

To examine further the relationship between flying activity and
energy use, Table 2 was prepared to disaggregate the total USAF flying
hours by program. We have already seen that Programs I, II, and IV
consumed almost 80 percent of the energy; however, the information in
Table 2 shows that these programs accounted for only about 50 percent
of the flying hours. Even more striking is the fact that while Program
IV had 8.4 percent of the flying hours, it used 20.1 percent of the
energy; also, the four "other programs" which used 6.1 percent of the
energy had 22.4 percent of the flying hours. These large differences
are due to the types of aircraft which are being flown, and the dis-
parities between the fraction of flying hours and fraction of energy

consumed only underscore the inadequacy of simply relating these frac-

tions without further clarification.




Table 1

USAF ENERGY CONSUMPTION BY PROGRAM: 1972

Percent
of Cumu-
Pioaram Total lative

1. Strategic forces 31.3 31.3

II. General purpose forces 27.0 58.3

IV, Airlift and sealift forces 20.1 78.4

V. Guard and reserve forces 9.0 87.4

VIIl. Training, medical, and other
general personnel activity 6.5 93.9
All other programs 6.1 100.0
X Total 100,0
Table 2
USAF FLYING HOURS BY PROGRAM: 1972
Percent
of Cumu-~
Program Total lative
I. Strategic forces 13.2 13.2
II. General purpose forces 28.1 41.3
ITI. 1Intelligence and communications 5.0 46.3
!. IV. Airlift and sealift forces 8.4 54.7
V. Guard and reserve forces 10.1 64.8
. VI. Research and development 1.0 65.8
VII. Central supply and maintenance 0.6 66.4
VIII. Training, medical, and other general
personnel activity 17.8 84,2
IX. Administration and assoc. activities 1.5 85.7
X. Support of other nations 14,3 100.,0
Total 100.0
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Table 3 disaggregates these data by aircraft type rather than pro-
gram, thus giving a somewhat different perspective. We see that the
single largest user of aircraft fuel is cargo/transport aircraft, at
32.6 percent of the total, in contrast to 20.1 percent of the total for
Program IV, airlift and sealift forces. From this we can conclude that
the single largest aircraft energy-consuming function is the transport
of people and materiel, but that only about 'wo-thirds of this trans-
port is conducted under Program IV. The balance of the transport func-
tion is distri»ated u.mong the other programs, and is mainly in the gen-
eral purpose forces (Program II).

Table 4 lists the energy consumption by aircraft, and identifies
not only which aircraft are the largest users of energy, but also indi-
cates that a fairly small number of aircraft consume most of the energy.
This fact is of extreme importance in analyzing the use of energy by

aircraft, and eases the task of the planner, as we shall see later.

Tables 3 and 4 consider only the direct use of energy. The energy
used for direct support and ancillary support cannot be apportioned in
the same fashion to programs, types of aircraft, or individual aircraft.

Part of the reason for this is that the data are simply too aggregated

to allow such an apportionment. Ir addition, attempting to apportion
the heating and lighting energy used on bases to programs or aircraft
is very complex, and even if it could be estimated, the results would
not be particularly useful in the context of understanding energy use

in the Air Force.




Table 3

ENERGY CONSUMPTION BY TYPE OF AIRCRAFT: 1972
(Programmed)
Trillion Million Cumulative
Type Btu Barrels Percent Percent
Attack - 9.75 1.91 1.5 15
Bomber/recon 122.71 24.13 19.0 20.5
Tanker 82.13 16.13 12,7 33.2
Fighter/recon 157.95 30.99 24.4 57.6
Cargo/transport 211.00 41.40 32.6 90.2
Helicopter 5.68 1.14 .9 91.1
Trainer 56.60 11.05 7 99.8
Miscellaneous 1.57 0.25 0.2 100.0
Total 647.39 127.00 100.0
Table 4
ENERGY CONSUMPTION BY SPECIFIC AIRCRAFT: 1972
(Programmed)
Trillion | Million Cumulative
Aircraft Btu Barrels | Percent Percent
C-141 114.19 22,40 17.64 17.64
B-52 94.82 18.61 14,65 32,29
F-4 94.30 18.61 14.57 46,86
KC-135 76.13 14.94 11.76 58.62
C-130 48.51 9.51 7.49 66.11
T-38 27.49 5.40 4,25 70.36
C-5A 16.77 3.29 2.59 72.95
EC/RC-135 14.14 2.77 2.18 75.13
F-111 "1.38 2.63 2,07 77.20
All others 147.66 28.84 22.80 100.00
Total 647.39 127.00 100.00




IIT. FRAMEWORK AND OPERATION OF THE USAF ENLERGY MODLCL

The type of information discussed in Sec. II forms the basis for
constructing a USAF energy projection model. The objectives of the
model are to translate force posture information(7) into energy require-
ments and to provide a tool for rasily and quickly analyzing the effects
of force changes on energy requirements. This model, part o: a DoD en-
ergy model, is designed to estimate the Air Force portion of DoD energy
consumption under a wide variety of conditions chosen by the analyst.
The model is designed for use by force planners and others who tradij-
tionally work with the size, composition, and activity of the USAF,

It uses input information structured in terms familiar to force plan-
ners; that is, inputs and outputs are related to programs insofar as
this is desirable and practical. An idealized and simplified diagram
of the model's function is shown in Fig. 7. The inputs themselves are
described in terms of aircraft and ICBMs. The mcdel operates on a
yearly basis, and the analyst may select any number of years up to ten
for examination. This feature allows the force to be changed over time
as desired, with old weapon systems phasing down, or out, and new sys-
tems building strength as they are introduced and become operational.
To augment this capability and to extend the model's flexibility to
analyze the energy needs of future forces, energy effects of hypothet-
ical as well as current systems may be estimated. Thus the analyst
may estimate the annual energy requirements of a USAF that introduces
B-X, F-X, C-X, or other aircraft i.. the future.

Weapon system activity rates, such as aircraft flying hours, may
also be varied at will, again providing the analyst with the ability
to test the effect upon energy requirements of varying this key param-
eter. Technological improvements, such as engine modifications, en-
gine retrofit, and improved aerodynamics, are reflected in fuel con-
sumption rate inputs to the model.

In addition to calculating the direct energy requirements for the

prime mission equipment, the model estimates the direct support and

ancillary support energy requirements and sums them for yearly totals.




INPUTS OUTPUTS

[ YEAR N | YEAR N
[ YEAR 2 | YEAR 2
USAF FORCE STRUCTURE USAF ENERGY CONSUMPTION
YEAR 1] YEAR 1
PROGRAM | — STRATEGIC PROGRAM | — STRATEGIC
FORCES FORCES
Weapon System | Activity Rate Fue! Type Amount
B-52 ) MODEL = [ o Fuel
Minuteman etc.
etc. N
PROGRAM Il — GENERAL PROGRAM [l — GENERAL
PURPOSE FORCES PURPOSE FORCES
Weapon System | Activity Rate Fuel Type Amount
/J po’
| ETC. ‘__’J L. ETc. o7

Fig.7 — User's view of USAF energy model

These totals, while strictly estimates, are expected to be very close
to the actual values which have been historically observed if the his-
torical inputs are used. The outputs are in terms of Btu, so that the
various forms of energy may be combined in this common unit of measure.
Tiey also appear disaggregated by form of energy, displayed in commonly
used physical units (gallons, tons, kWh, etc.), so that the analyst may
see how much of each energy form is estimated. A table of factors for
converting from energy units to physical units is given in Appendix A.
Figure 8 is an aggregate flow diagram of the USAF energy model,
depicting its major elements and the sequence of execution. The model
is separated into two major subsections, which are programmed to per-
form the necessary calculations to estimate the total direct energy
consumed by the PME and the direct and ancillary energy consumed in
support of the PME. The first subsection deals with direct energy

consumption by weapon systems (W/S in the figure) such as aircraft and

ICBMs. The second subsection deals with direct support and ancillary




ESTIMATE DIRECT REPEAT ESTIMATING
e oamaron 1 ENERGY REQUIREMENTS CALCULATION FOR  —+()
FOR WIS FOR PROGRAM | EACH YEAR DESIRED
SUM WIS SUM PROGRAM
ENERGY REPEAT FOR ENERGY giﬁkfﬁg
(®—>| REQUIREMENTS | —{ REMAINING WIS REQUIREMENTS |—
PROGRAMS
OVER NO. OF YRS IN PROGRAM FOR EACH YR Al 1wl
ANALYZED ANALYZED
SUM ALL DIRECT ESTIMATE DIRECT ESTIMATE ANCILLARY
(B)—» ENERGY REQUIREMENTS +—{ SLIPPORT ENERGY —»] SUPPORT ENERGY  —#(0)
FOR EACH YR ANALYZED REQUIREMENTS REQUIREMENTS
SUM TOTAL ENERGY CONVERT ENERGY
©_...‘ REQUIREMENTS -»| T0 OUTPUT o PRINT OUTPUT
BY ENERGY TYPE UNITS DESIRED
‘ | —

Fig.8 — Simplified model structure

support energy consumption based on the results from the first subsec~-
tion.

Three alternative methods are provided to estimate direct energy
requirements for aircraft so that both existing and hypothetical air-
craft may be treated in the model. Thus, for analytical purposes, a
force may be examined which begins as a programmed force of existing
aircraft, but as time goes by, gradually phases in new aircraft which
may be completely hypothetical. For the known aircraft, actual fuel

(8)

consumption rate factors are used; for the hypothetical aircraft,
two options are available. The first option is to assume a consump-
tion rate factor for the aircraft of interest. The second option is

to compute (within the model) a fuel consumption rate using an energy

estimating relationship (EER) based on certain aircraft characteristics
such as weight and speed. This feature allows the analyst to examine
the energy requirements of a changing force while imparting to the

process the historical certainty of the fuel consumption of existing
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aircraft and the flexibility to examine the effects of hypothetical air-
craft by using EERs.

The type of EERs to be used are the choice of the analyst, who may
hiave access to a reasonable selection of them. For the purpose of dem-
onstrating the use of the model, we developed a cet of simple EERs by
relating the fuel consumption to the weight and speed of the aircraft
by multiple regression techniques. An example for fighter/recon air-
craft appears in Table 5, together with a comparison of the actual data
to the results obtained when using the EER.*

The method used to compute ICBM energy consumption roughly paral-
lels the estimating procedure for aircraft. The direct energy require-
ment for missiles is estimated as a function of the number of missiles
in the force. Direct energy consists of that required for missile en-
vironmental control and the operation of those missile systems which are
kept active, both in the missile itself and in the launch control cen-
ters. The estimates are based upon data from existing systems.+

After the computations have been completed in the first subsection
for each weapon system, the direct energy for each year 1s summed. This
sum is then used as the basis to compute the energy requirements for
direct support and ancillary support of the PME.

Other program elements are less susceptible to treatment by the
same type of estimating technique because they are not consumers of
energy in the same way that aircraft or missiles are. Communication
and electronic (C&E) systems, for example, are not fueled in the same
sense that aircraft and missiles are. Because of this, and because
these systems are not subject to changes in force size or actlvity in
the same way as aircraft and missile systems, they have been included
as part of the ancillary support energy requirements. Their energy
source 1s largely electricity, which appears under ancillary support
and for which data do not exist which would allow identification of

the amounts required for the C&E systems.

*
Additional EERs appear in Appendix C.

+Personal communication from Frank N. Bousha, Deputy Director,
Missile Facilities, DCS/Civil Engineering, Department of the Air Force,
regarding Minuteman electricity and diesel fuel consumption factors.




Table 5

FUEL CONSUMPTION RATES--ACTUAL AND COMPUTED?

Speed Weight Actual F.C. Computed F.C.
Aircraft (kn) (1b) (gal/hr) (gal/hr)
F-4 1221 49,311 1400 1320
F-5(A) 565 13,663 560 539
F-84(D) 481 16,827 600 606
F-86(A) 522 15,876 580 589
F-89 489 36,824 1140 1004
F-100(C) 713 32,536 1000 961
F-100(D) 775 38,048 950 1071
F-101 873 48,000 1250 1257
F-102(A) 557 28,150 735 856
F-104 1145 22,145 825 785
F-105(B-20) 750 46,998 1400 1223
F-106(A) 1136 34,239 1020 1037
F-111 1196 92,655 1875 1975

aFighter/recon B

where F.C.
\Y
W
R2
SE

2

(R

0.657 V0‘09’-0w0‘6‘42
0.951, SE = 99.7)

fuel consumption rate (gal/hr)
cruise speed (kn)
gross weight (1b)
multiple correlation coefficient
standard error of estimate




While this results in a model in which the level of detail of the
estimating process is greater for aircraft than it is for C&E systems,
the utility of the model is not impaired. As mentioned above, C&L sys-
tems tend to be less subject to changes in force planning than aircraft,
for example, and many, such as BUIC, NORAD, and 465L, are of such char-
acter than neither their size nor their activity rate will be likely to
change. On the other hand, the type, number, and activity of aircraft
are subject te frequent change.

The model is built so that its operation is casy for analysts who
are perhaps more familiar working with force structures than with com-
puter models. The main inputs consist of force structure information
describing the size, composition, and activity of the force for each
year to be analyzed. In addition, the energy intensiveness or energy
consumption factor (i.e., gal/hr) for each of the energy consuming
program elements is required. In the case of aircraft, this means that
the inputs include the type of aircraft (such as B-52C), the number of
them in the force, the fuel consumption factor, and either the annual
flying hours per aircraft or the total flying hours for that type of
aircraft. This information is supplied for each year, so that changes
in the force size, composition, or activity rate can be expressed.

This type of information is regularly used in force planning and force
costing exercises, and thus should present no problems to those using
this energy model. Once the input information is listed, it is key-
punched and the punched cards submitted to the computer together with
the deck of program cards. Running time on the computer is very short,
and the results are printed in a format that identifies the quantity of
energy required for each program element, together with the direct and
ancillary support energy requirements and the yearly totals. This for-
mat permits the analyst to quickly identify major users of energy, so
that, if he desires to change the amouvni of energy used, he will know
where the greatest leverage exists. Printing of the computer output

on a year-by-year basis facilitates plotting the results and visualiz -
ing temporal energy trends that result from specific time-phased ac-

tions in the force. Thus, it is possible to see the effect on energy

requirements of introducing new weapon systems into the force, building




their numbers, and iucreasing their activity rate. The projected energy
needs may then be compared with the projected availability of energy.
If conflicts are found, the sensitivity of energy needs to the force
size, composition, and activity may be tested, and adjustments made ac-

cordingly.




IV. EXAMPLE OF MODEL USE

In Sec. II, the use of energy by the Air Force in the early 1970s
was shown to b: about 1000 trillion Btu per year. As a part of this
study, ener,y requirements in the near-term future were estimated by
using the model developed here, with detailed input data from the USAF
Force and Financial Program (F&FP) for fiscal years 1974 through 1978.(7)
The major aircraft and their programs are illustrated in Table 6. In

addition to the force size and activity rates in the F&FP, fuel consump-

tion factors from AFM 173-10 were used.(8) The results of these esti-
*
mates appear in Fig. 9 It is apparent that energy demand is almost

constant throughout this period. This may be due to several possible

L S

reasons. Force posture changes are relatively slow, and the phasing
in and out of aircraft requires several years. Also, flying hours re-
quired for proficiency and training tend to remain relatively constant

in order to maintain an acceptable level of readiness.

*Note that the programmed direct energy consumption is about 625
trillion Btu for 1974. If one were to extrapolate the data for actual
direct energy consumption shown in Fig. 1, the value would be about
640 trillion Btu. This difference of about 2.4 percent could be due
to an increase in actual flying hours, larger fuel consumption rates,
or both.

It is also interesting to note that this model could be used to
test the validity of past experience in planning for future energy
needs. Typically the F&FP is revised yearly, with each issue contain-
ing projected flying hours for USAF aircraft for the next 5 or 6 years.
Also, fuel consumption factors (AFM 173-10) change periodically based
on USAF experience. One would expect the near-term (1 to 2 year) pro-
Jections to be more accurate than the far-term (5 to 6 year) projec-
tions. By using the flying hour data contained in past (5 to 10 year)
issues of the F&FP along with the corresponding fuel consumption fac-
tors, the model could be used to generate the programmed energy consump-
tion for each year over a 5 or 6 year period. These results could then
be compared to actual energy consumed as reported to DFSC. It might
then be possible to determine the error in projected energy consumption
as a function of the number of years in the future for which the pro-
jection was made. Such a comparison was made for a one-year projection
for FY 1971 and FY 1972. The results show that the actual consumption
differed from the projected consumption by less than one percent in
FY 1971 and by over seven percent in FY 1972.

EPp— B =




MAJOR ENERGY-CONSUMING USAF AIRCRAFT:
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Table 6

FY 1974-FY 1978

Alrcraft

Program

Il

v

VIII

I11,VI,VII,IX,X

C-141
B-52
F-4/RF-4
KC-135
c-130
T-38
C-5A
EC/RC-135
F-111
T-37
F-106
F-100D/F
F-101
F-105
T-33
FB-111
T-39
C-124
c-135
T-29
A-37
F/TF-102
A-7
c/vc-123
B-57
F-100A/C
c-118
B-66
KC-97
c-9
F-15A
A-9/A-10
E-3A
UH-1
F-5
T-43

oKX X X

>

>

oM M X X X

Eo - -

>

P> X X X

Eo T - I

P X X X

Eo - - ]
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Fig.9 — USAF aircraft programmed energy consumption
FY 1974 - FY 1978

Given the relatively constant level of projected energy consumption,
one might question what kinds of changes might have an effect upon en-
ergy consumption. To show how the model can be used to examine this
question, we have chosen an example for the purposes of illustration
only. In this example, we propose to reduce the size of the B-52 bom-
ber fleet by phasing out all nonnuclear B-52s between 1975 and 1978,
and reduce the KC-135 tanker ileet proportionately. The change that
the planner sees is that the B-52D/F fleet is reduced from its currently
programmed size to zero in three years, and that the number of KC-135
tankers that are required for support of the B-52D/F aircraft are also
phased out. This reduces the flying hours in Program I, thus reducing
the direct energy requirements and the corresponding support energv re-
quirements.

The results of this exercise are illustrated in Fig. 10, along
with pertinent comparative information from Fig. Y. As might be
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Fig.10 — Change in energy requirements resulting
frem B-52D /F phase-out

expected, this force change produces a relatively small change in total
Air Force energy consumption., As was shown in Sec. II, Program I con-
sumes about 31 percent of the total direct energy, and the B-52D/F fleet
represents only a small proportion of the Program I consumption. Thus
the total USAF energy consumption is reduced by only about 5.5 percent
in 1978, This is a fairly small percentage; however, it represents
about 34 trillion Btu in programmed energy consumption in 1978.

Several lessons can be drawn from this exercise. The first is
that attempts to make sizable changes in Air Force energy use must be
directed towards those areas where a great deal of energy is used. The
areas with the most potential appear to be Programs I, II, IV, and V
(see Fig. 9). Ancillary support energy would also appear to have po-
tential, but its nature makes it less susceptible to analysis regarding
energy conservation. Much of the energy consumed in ancillary support
is for creature comforts, such as heating, lighting, hot water, etc.,

and while changes in the amounts of such energy consumed per person are
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certainly possible, they cannot be analyzed with this model because the
model is designed to use programming information concerning the PME as
inputs and because support energy is estimated as a function of direct
energy. As a result, the model will only show changes in support energy
due to changes in direct energy, and not changes in support energy that
result from structural changes in the use of energy for support.

The second lesson is that desired substantive changes are difficult
to realize by making changes that are relatively cosmetic. The data in
Table 4 show that six aircraft consume about 70 percent of the direct
energy in the Air Force, and that the next largest consuming aircraft
uses less than 3 percent. Thus, if a reduction of more than 3 percent
in energy use is desired, the planner is faced with the choice of al-
tering the flying activity of either a few of the top six aircraft or
many of the remaining aircraft. This is demonstrated quite clearly in
the B-52D/F exercise used here as an example.

To carry this further, program changes which result ia the substi-
tution of nonflying activities for flying activities should lessen Air
Force energy consumption, particularly if any of the '"big six" energy-
consuming aircraft are involved. The use of simulators as a replace-
ment for flying would reduce energy use, particularly if they could be
used outside of Program VIII and with the C-141, B-52, F-4, or KC-135.
The substitution of satellites for reconnaissance aircraft would also
save energy, as would the replacement of bombers by ICBMs. These qual-
itative assessments are easily made. However, in order to quantify the
energy changes and to assess their long-term effects, it is necessary

to use the model. This is particularly true if changes are made in

more than one program and in more than one year.




V. GUIDE TO USE OF THE MODEL

As previously indicated, the model is designed for use by force
planners and others who are concerned with projections of force size,
composition, and activity rates for the Air Force. A description and
listing of the FORTRAN IV computer program are given in Appendix A.

In this section, a hypothetical example is given illustrating the use
of the model. Inputs required for the model are described, followed
by illustration of the output of the model. A complete set of data
used to produce the output results for the hypothetical example is ap-

pended to the FORTRAN IV program listing in Appendix A.

MODEL INPUTS
The data cards (exclusive of job control cards) for the input deck

are:.

Card 1: Run title (72 columns)

Card 2: Base year (4 columns)

Card 3: Program name (72 columns)

Card 4: Program element name (12 columns)
Program element data cards

End designator cards (3 columns)

Each program element data card contains six data entries. Each
entry on the data card is identified by an index number ranging from
001 to 079. Trlhe number of program element data cards is dependent on
the number of program elements to be analyzed. It is open-ended in
the sense that the number of program elements that are entered is un-
limited (within the bounds of practicality).

There are four end designator cards. They signal (1) the end of
a program element, (2) the end of a program containing one or more

program elements, (3) the end of a run, and (4) the end of the session,

indicating all input data have been processed.

¥




The definition of each of the indexes used in the model is given

in Table 7 and two samples of input data are shown in Figs. 11 and 12.
Each input sheet contains exactly the same data. Both illustrate that
the order in which the data are entered is immaterial. The index is
coded in the first three columns followed by the data value for that
index in the next eight columns. Each field of data is separated by
one column space. If a data value repeats itself for several consecu~
tive indexes, it need not be entered for each index. A value of (-1)
may be used as the data entry value for the first index of repetition
and the model repeats the initial value for the remaining indexes. A
value of (-2) as the data entry value tells the model that this is the
last index of repetition. The (-2) may be omitted if the data values
are repeated for the remaining indexes in the category. Examples of
this procedure are shown in Figs. 11 and 12. If an index and data value
are not provided for a program element, the model uses the last read
value associated with the index, or 0 if ncne has been read.

Most of the index definitions given in Table 7 are self-explanatory;

however, the following comments may be helpful.

Index Comment

001-060 These are divided into six sets of 10 each with the
first and last number in each set corresponding to the
first and last year being analyzed.

062  Whenever the fuel type is changed, a corresponding
change must be made for index 063.
063 See 062,

064-066 Tuese are values for the coefficients in the equation
for calculating fuel consumption rate. They may also
be used for other similar equations having three or
less coefficients.

069 The value entered here is unity if all program elements
that contribute to direct energy consumption are in-
cluded in the analysis. However, as we have seen, a
few program elements are major energy consumers and snc- R

count for the bulk of the energy used. There are also

(continued on p. 35)




—12-

Table 7

USAF ENERGY CONSUMPTION MODEL INPUT INDEXES

001-010
011-020

021-030

031-040
041-050
051-060
061

062

063
064, 065, 066

067
068

069

070

071

072
073
074
075
076
077
078
079

Afircraft unit equipment (UE) or missile UE

Type of flying hour input (1 = flying hour per UE, 2 =
total flying hours)

Flying hours per UE or total flying hours for each type
UE

Fuel consumption rate per flying hour

Speed of hypothetical aircraft?

Weight of hypothetical aircraft®

Identification of program element type (1 = real aircraft,
2 = hypothetical aircraft, estimated fuel consumption
rate, 3 = hypothetical alrcraft, calculated fuel consump-
tion rate, 4 = missile)

Type of fuel for aircraft (1 = jet fuel, 2 = other type
fuel)

Conversion factor--gallons to Btu

Coefficients for hypothetical aircraft fuel consumption rate
equation [e.g., F.C. = F(0b4)*speed**F(065)*weight**F(066)
C.ear designator (0 = do not clear, 1 = clear all data)
Input dump designator (0 = do not print iaput dump,

1 = print input dump)

Direct energy modification factor, Total Direct kEner-
gy/F(069)

Electricity consumption facto: for missiles (350,000

kWh per missile per year)

Diesel fuel consumption factor for missiles (1165 gal

per missile per year)

Consuniption factor for motor gasoline, %, direct support
Consumption factor for distillate fuel, %, direct support
Consumption factor for residual fuel, %, direct support
Consumption factor for Navy special fuel, 7%, direct
Consumption factor for electricity, %, ancillary support
Consumption factor for diesel fuel, %, ancillary support
Consumption factor for coal, %, ancillary support

Consumption factor for natural gas, %, ancillary support

End Designators:

666 = end of program element
177
888 = end of run

999 = end of session

end of program

“Used to calculate fuel consumption rate when rate is not estimated.
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Index Comment
a large number of program elements that individually use
very little energy. For example, if there were a total
of 65 program elements and 25 of them consumed an esti-
mated 95 percent of the direct energy, a value of 0.95
would be entered. This adjusts the model output for the
remaining 5 percent of the direct energy consumed by the
other 40 program elements and greatly reduces the quan-
tity of input data required in order to make reasonable
estimates.

070-071  These are direct inputs to the model based on the aver-
age yearly requirements for each missile.

072-079 Input values are entered as a percent of direct energy

use,

MODEL ouTpUY

An illustration of energv consumntion for program elements 1in a
strategic program, general purpose program, and an airlift and sealift
program, is shown in Table 3. The output shown includes an alrcraft
and an intercontinental ballistic missile of current design, designated
the B-99 and CC-III, respectively, and two hypothetical aircraft desig-
nated the LB-1 and LB-2. (Designations used in Table 8 are fictitious
and are given to demonstrate the model.) The fuel consumption rate for
the LB-1 is specified by the analyst as input values (indexes 031-040).
The fuel consumption rate for the LB-2 is computed by the model based
on inputs of speed (041-050), weight (051-060), and EER coefficients
(064, 065, 066).

Subtotals of energy consumption by each program are glven, followed
by the total direct energy consumption for all three programs. Follow-
ing the output data for direct energy are tables of direct support and
ancillary support energy consumption. The direct support energy tables
glve the energy consumption by type: motor gasoline, distillate fuel,
residual fuel, and Navy special fuel oil. The ancillary support energy

table also gives energy consumption by type: electricity, natural gas,

fuel oil, and coal.
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A summary of all energy consumed by the Air Force is given on the
final page of Table 8. It shows the yearly and cumulative 1l0-year to-
tals for tne three categories of energy plus the total of all three.

The primary unit of measure used throughout the program is Btu.
All direct energy is calculated in this unit of measure by converting
gallons of fuel consumed to Btu. Direct support and ancillary support
energy consumption are computed as ratios of direct energy consumption.
For the convenience of the analyst, output results are given in both
energy units and physical units. For example, consumption of electric-
ity is expressed in kilowatt-hours, coal in tons, natural gas in cubic

feet, and petroleum products (fuel oil, motor gasoline, etc.) in gallons.
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Appendix A
COMPUTER PROGRAM

COMPUTER MODEL

One main routine and several subroutines are used in the computer
program. A brief description of each follows.

Main. The main routine primarily does the bookkeeping for the
model. It sets up the initial conditions and performs the executive
function of calling for the appropriate subroutines.

Subroutine Read. Reads irput data for the program element to be

analyzed.

Subroutine Element. Calculates direct energy consumption based on

flying hours and consumption rates for each program element and accumu-
lates direct energy consumption for all program elements. This accumu-
lated direct energy sum is used to calculate direct support energy and
ancillary support energy. Definitions of the terms used in this sub-

routine follow (I = year):

Aircraft

G(1,I) = aircraft fuel, gal, for each aircraft, each year
G(2,1) = aircraft fuel, Btu, for each aircraft, each year
Sum (1) = aircraft fuel, gal, for each aircraft, all years
Sum (2) = aircraft fuel, Btu, for each aircraft, all years
Missiles

G(1,I) = electricity, kWh, for each missile, each year
G(2,I) = diesel fuel, gal, for each missile, each year
G(3,I) = diesel fuel, Btu, for each missile, each year
Sum (1) = kWh, for each missile, all years

Sum (2) = gal, for each missile, all years

Sum (?) = Btu, for each missile, all years

Sums for Each Program

Sums (1,1I) = jet fuel, gal

Sums (2,I) = other type fuel, gal

‘ | U
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Sums (3,I) = electricity, kWh
Sums (4,I) = diesel fuel, gal
Sums (5,I) = diesel fuel, Btu

Sums for All Programs

Sums (6,I) = electricity for missiles, kWh converted to Btu*
Sums (7,I) = diesel fuel for missiles, gal converted to Btu*
Sums (8,I) = jet fuel, gal

Sums (9,I) = other fuel, gal

Sums (10,I) = electricity, kWh

Sums (11,I) = diesel fuel, gal

Sums (12,1I) total Btu

Subroutine OQutl. Prints tables of direct energy consumption by

program and total direct energy consumption for all programs.

Subroutine Supp. Calculates direct support energy consumption
and ancillary support eneigy consumption as a percent of total direct
energy consumption by all program elements.

Subroutine Out2., Prints tables of ancillary support energy con-

sumption, direct support energy consumption, and a summary of total
Air Force energy consumption.

Subroutine Dump. Printe ~ut all input data for each program cle-

ment if so requested.

*
Separately acccunted for and subtracted from ancillary support
energy totals.




1 KMNUNTs LINFS. NELFM, NMPAGEF, NPRNG, NR[IN,

7 PROGELB) . RUN(]R)
C
C MATN ROUTINE FIR ATR FORCFE FNERGY CONSUMPT TN MIDEL
C
C PRINT HEANING 1IN SFPARATE PAGFK,
10 WEkITF (A, 20)
20 FORMAT (N\HY/ /77777177777 T4, *A ] R FORCE ENERGY '
1 'C NN SuUMPT I ITON MDD EF Ly )
C, SET 0N CNINTER TN 7ERN,
MRIN = 0
@ SFT CLFAR DESIGNATNR T 1.
FiAkT) = 1,
C START OF RUN LOfp,
G SET PAGFE NIIMRER M1 1.
30 LMPAGE = ]
" STEP RN COUNTER RY 1.
NMRUN = NRUN + ]
C SET VARTOUS NIRECT FNERGY TOTALS TN 7ERNO,
N 40 I = A, 12
o35 g o= 1, 11
SIMS{T40) = 0,
'\ 35 CONTINIE
40 CINNT INGE
C READ RIIN TITLF.

READ (he &O) (RIUNIT)y [ = 1, 1R8)
S50 FNORMAT (1HA4)
r REAND HKHASF YFAR,
READ (5, A0) NYFAR(T)
A0 FORMAT (14)
C CALCULATF RFMAINING NINF YFARS,
nn 7T 1 = 2, 10
NYFAR(CT) = NYFAK(I-1) + 1
70 CUNT InIE

C SET PROGRAM C NINTER TN 7ERN,
MPROG = 0
C START Lk PROGKAM [ One,
C REAN PROGRAM NAMFE CARD,
HO READ (5, &50) (PRNGIT), | = 1, 1R)
' I PRINT HEANDINGS (N NEW PAGF,
\ WRITF (A 90) (RUNCT )y T = 1, 1R), NPAGF, (PROGLT)

1 INYRAR(T)Y T = 1, 10)
Q0 FERMAT (1HL/ T3, 1804, T122, 'PAGE 'y 13 // THA,

L]

1 'RATESY / 738, Y(GAL IN MILLINNS, KwH [N BILLTONS,

7 2 YTRILLLINS)Y // T3, 18AG /// T25, 10014, 6X), T127
C STEP PAGFE NUMBRER HBY 1.
MPAGF = MpAGE + ]
r SET LINFS COUNTFR Tn 10,
LINES = 10
C STEP PROGRAM CMNUNTER RY 1.
NRRUG = NPROG + )
G SET VARTLNS PRIOGRAM TOTALS Ta 7ER(1,
D TIN T = 1. v
hi 100 ) = 1. 11

SUMSETLJd) = oy
100 CONT INIIE
110 CONTINIF

FLEM(3),

I = 1, 18),

PCHNSUMPTTUN
BTUYIS N o
v VTNTALY)

Reproduced from
best available copy.
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c SFT PROGRAM FLEMENT CMINTFR 510 7ERM,
NFLEM = D
START OF PROGRAM FLFAENT LNDOP,
o CURAR ALL INOUT VARTARLFS IN COMMON [F DESIGNATED,
120 1TF (FIAT) JMF. 1.) G T 140
N 130 1 = 1, a0
Ftiy = 0,
130 CONTINUE
C STEP PRUOGRAM FLEMENT COUNTER KY 1.,
14N NFLEM = NFLFM 4 |
C READ IN DATA
CALI RFAD
C CLLCHILATFE T2l KRy PRIGRAM FIEMENT
CALL FLFMNMT
C PRINT RESILTS RY PRNOGEAM FLFMENT,
CALL 0Tl
G HRANCH NFPFNDTNG DN FND DESTGNATIR,
| IF (TFND JFN, AARAY GO TN 120
TF (TEMD o0, 777) 60 TN KO
o CALCHLATE NIREGT SHEPNORT, AMGTLILARY SUPOHRT 4ND ATR FOKCE TOTALS.
150 CALL SupPp
. IF CTRND (F0. “R8s) G 70 30
L) C PRINT TERMINATION STATEMFNT NR MEW PAGE,
WRITE (hy 160)
10 FORMAT (1HT1/TIDGYALL DATA HAVFE HEEN PRNCESSEDN == JIB TERMINATED, V)
CALL EXIT
FNDY
SURRIITINE READ
L OMMIIN FIRO)y GUReT1)e SUMITL), SHMS(12,11)e NYFAR(LID), TEND,
KONTy LINFS, MRELEM, MPAGE, NPRR(Ge MRIN, FL-=™M(3),
? PRIGGITR)y RINITR)
NTAENSTON  Flihde 1T110R)

il

oy

SURPHNITINE FOR #FADTING T DATA

laNeNeNeal

READ PRUGRAM EL-mFENT MAME,
1O READ (Hy 20) (FIFG(E)s 1 = 1y 3)
70 FORMAT (3A4)
I =0
' G PEAD DATA CARDS,
r AN READ (Hy 60) (T1(K)s F1IK)y K = 1, A)
40 FORMAT (A(13, Fu,0, 1X))
O 50 K = 1, A
TF (T1(K) JGT. RODY Gii Tir A0
TE (T1(K) &0 0 B84, FLI«) JFED, D,) GO TH 50
TE CTLEKD) wFOL 0 gaND, FLIK) JNE, 7. ) G0 T 110
TF (T1(K) LT 0) G Ter 110
I = 11(K)
FOT)Y = F1i(K)
Y CIWT INIF
G T 3N
A TEND = T11(X)
T CTEMD NF . ARA JAND . TEMDY (NF . TTT JAND, TEND JNF, KSH . AN,
1 TEMD (NEg 9gu) Gy T 110
TE (FI69) ko, n,) FlAY) = 1,0
C RIMITINE FOw RFEPELTIANG [MPODT DATA
K =1

-
K




el eke]

O

O

L n

R .+ 10

K K + 1

TF (< JGT, 60) RETIIQAN

TF (K JFN L) 61y TN 70

TE {F{K) WMF. (=140} GIV TIo 8O
nty an J o= K, L

TR (RED) (RO, (=2.)) G TN 100
FOJY = F(J=-1)

COMNTINIF

K = L

GILLTN 7n

FOJY = F(J-1)
K = |}

GOV T ®vD

PRINT FRRIR MFSYAGF
WRITF (hy 120) ]
FORMAT (1HO/ The YAY [MOEX FOR AN [NPUT VARTABLE HAS NUT HEEN o,
I "ENTERED PROPERLY. THE LAST CORRFECT TRDEX 9AS vy 13, vt /4 Ty,
2 'THIS JUK HAS KFEN TFRMIWATED, ' )

CALL FXJi

iy

SHUKRONTINF FIFMNT

COMMON FIRD) s G(Ha11)y SUMOLL1), SUMS(12,11), NYEAR(1Q), TEND,
1 KNUNT,y (CINFSy NFLFM, NPAGF, NPROG, NRIIN, ELFEM(3),
2 PRUOGILIR) e RIN(1IR)

SUBROUTINE FNR CALCULATING ENERGY CIISUMPTINN BY PR(IGRAM FLEMENT

SFT VARTWUIIS TOATALS To 7FR0.

SIMIT) = 0,
StiM(2) = n,
Sum(3) = 0,

CONSTANT T CONVFRT PHYSICAL ONITS 71y MTILLTIINS
AND RTUYS T TRILLTINS

Dl = 10, 5% (=p)

CONMSTANT TO CONVERT KWH T RILLINNS

D2 = 10, %% (=9)

TEST 1F PROGRAM ELFMENT 1§ MISSILF,

IF (F{ALl) 6T 3.) 60O TO 4

START Lnup TN CALCIHLATE AIRCRAFT ENERGY CONSUMPTI(ON BY YFAR.

DA 3N 1 = 1., 10

IF HYPOTHETICAL ATRCRAFT AND NN FC/FH ESTIMATED, CALCULATE FC/FH.
IF (F{61) JFD. 3,) F(I+30)=F(64)*F(I+40)**F(65)*F(I+50)**F(6b)
GALLONS CONSUMED

TEST FOR TYPF (IF FLYING HOIR INPUT,

GIT+1) = F(I420) = FI1+30) * N1

IF (FUI+10) LFO. 14) Gll,1) = GEL,1) = F(1)

RTU'S CONSUMED

GE2+1) = G(14s1) % F(63) % D]

SUM GAL'S AND RTII'S FQOR ALL YEARS AND ALL PRNGRAM ELFMENTS,
SUMIEL)Y = SUM(L) + G(1,1)

SUMI2) = SUM(2) + GI2,1)

SUMS(5,1) = SUMS(5,1) + Gl2.1)

SUM FNR ALL PROGRAMS,

SUMS(1241) = SUMS(1241) + GI241)

ITF HYPOTHFTICAL ATRGRAFT, NETFRMINF FUF( TYPE
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DO D

2N

25

30

40

HhN

HN

N o—

In

1

1
1R

IF

(F{AT)
SIS, 1)
eS8, 1)

GHETE 3N
T (F(A?)
SUMS (T, 1)
SHMS{ R, )
(00 T 2N
SIHMS(?2.1)
SIMS{9, 1)
CHINT TN
NNE FNR
RETHRN
STl
CONST?
START |,
N HN I =
FLECTRICI
{1s1)
HRTUK s+
NTESEL
LE2e1)
HTHNSIT,
G3,1)
SH KYWH
SHM(1)
NS
SiM(3)
SIMS (3, 1)
SUIMS (4, 1)
SHMS(5,1)
SliM
SHMS{ALT)
SIMS({741)
SHAS{ 1N, |
SIMS({1T1]
SHMS (1241
CONTINLIF
nNE FOR
RETHRMN
FNN

F1l
]

N

SURRINIT INF

CIIMMIIN

NIMENSTON

P T0 CALCIU ATF

IR ALL

MEL 14) 6
SHEAS (1, 1)
SIS (K1)

T 20 1
+ GUTL1)
+ BGl1.1)

e

Flrg 743 131
SHMS(1.1)
SHY SR, )

S S{2,1)
SHMS (Y, 1)

([

ATROVAIRTY RFETHIRN,
10500,
135000,
MISSTLE FREREGY CORSUABTTNM Y YRAR,
Te 10
TY COMSHMEDN, KWH AND RTHI1S,
FLT) o) = n2
GETe 1) = LANSTI]
FIL COSHMEID,
FLT) = F(771)
G2 1) = LUNST?
RTHKNH 4+ KRTIHNSL
v GALYS AND HTHYS
SUMET) + G(1.1)
SHME2) 4+ 6(2.1)
SUM{3) + R(3,1)
SHMS(3,1) +
SHUMS (4, 1)
SHAS (6, 1)
PRNDGRAMS,
STMS (AL T) +
SHMS{T741) +
SHIAS{1041)
SHMS(]11.1)
SHMSE1241)

L1001
GALLYS Atny dvpgvs
bR

SRR
FOOALL YERALY

AR 8L Priradati LEMRMTS,

GElel)
+ 60241
+ G(3,1)
KTHKBH
BTHNSIL
+ G{1.1)
+ (241)
+ G(3.1)

)
)
)

mou n

MISSTLFSs RETURN

nuTl

FLHO)Y, G(R,11)s SHM(TI1),
KOIINTy LINFSy NFILLFM,
PROGITIR)Yy RINM{1R)
TOUE(TIO)y TFH(10)

SHAS(12e11 ),
MPAGE, MDROG,

NYFEAR(L10)
MRUN, FLEW(3),

[EnND,

SURRONTIME FOR PRINTING DIRFCT FNRFRGY SUMMARY TAKRLIES

TEST
IF (FlA1)
PRINT AIR
T (F{A?)

(LE6(T40),

IF (F(A2)

(C{GETe0)

FORMAT (1

[F PRNGRAM FILFMENT

IS MISSILF.
oGTe TO 30
CRAFT
JEO,
J
«Fl.
)=
T5,

3.) GO
NATA.
l.) WRITE (Ay 18R) (FILFM{T), | Iy 3},

1y 10)y SUMET)), 1 1. 2) 2
2¢) WRITE (Ay 20) (FLFM{T)y | 1. 3),

Te 10)s SUMIT))y 1 e 2)

AAG / T1ly "GAL=-JFT'y 7234 I0(FR.3, 2X),
Reproduced from

best available copy%
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Fa.3)
70 FNRMAT (1HO, T5, 344 /7 T11, 'OAL=OTHYy T23, 10(FR,3, 2X), Ti74,
1 FOo3 / Tit. 'aTUY, 123, LO(FRL3, 2X), T124. Fu,.3)
(. STEP LINFS COIINTER Ry 4,
LTwES = JINFS 4+ 4
I (F(AR) JNFy O,) G TN 46k
nn22 1 =1, 10
THECL)Y = £( 1)
TERIT) = F(1+00)
22 CHINT INIIE
WK TF (ho?“) (“”‘(I)v | = b 1), (l"H(I)- I =1, 1n)
24 FIRMAT (1H / T12, viev, 173, LOCIR. 2x) /7 112, vEur, 723,
1 10014, 2x))
LINFS = [ InFS + 3
GOr Tit 50
C PRINT ®ISSTILE HATA,
30 WRITF (& 40) (FLEMO1) W T = 1, 3), (((G(I.q). Jo=le 10)y Sim(1)) .
11T = 1. )
40 FORMAT (1HO, TS, 3A4 /T s YRKeH=FLRGCY, T3, lo(ra.3, »x), T124,
V' F9.3 /7 T, YCAL=OSLY, T23, 10(Fr 3, 2%)e 1124, F9.3 / 111,
2 tHTHY, Tp13, 10(FR.3, 2x), T124, F9,3)
i, STHFP LINES CrlINTER Ry &,
FPIWES = [ INFES 4 4
TF (FIAR) JNE, O.) oIl T 4a
N4 1 = 1, 10
THF(T) = F(1)
42 CONMTINNE
WRITE (A, 44) CTHRELD)e 1 = 16 1)
44 FIRMAT (1v / T12, viiEY, T23, 10(1R, 2x))
LIMES = [[INFS 4+ 2
GO T 50
3 PRINT INPUT Dijiap | E DESTGNAT -,
GhH CALL hiMp
r CHECK PHSTTION (0 pAGE,
S50 1F (ILINFS LT, Y1) G T 70
G PRINT HEADINMGLG (10 NEwW PAGF ,
WRITF (g H0) (RIN(]), ' = le 18), NUAGE, (PRUGIT )y T = 1, 18).
D NYEARCLY. 1 = 1, 1)
A0 FIIRMAT (IH]1/ T3, I8hs, T122, YPAGE ‘e 14 7/ ThARLVCONMSUMPT [y ',
1 "RATESY / T2k, Y{GAL 1 MILLTHNS g KWH N FTLLTORS,, KTrves I Ve
2 VTIRTLLIONS)Y /7 T3, 1RAG /7 Tow, 10014, AX), T127, YTO0TALY)
g RESET LIMF CoipaTer,
L1MES = 10
(3 STEP PAGE Gl KR,
MPAGK = MPAGE 4+ |
G RETHRM AW CALCULATE NEXT PainiRAM FiRMENT,
TO  Tr (IFNIL JFO, AAR) RFETIRN
r CALCHILATE Culkertkbw THToILS,
nn an | = 1, %
AL KO = 1, 10
SHMSTETA1T) = SOMS(],11) + SOMS (], ))
8O COnTIhe
90 CrmTINOF
[} PRINT PRUOGRAM TOTALS
WRITE (ae 1N00) ({SHWS{]40), | = le 11)s 1 = 1, %)
INO FHRMAT (1M 7/ T, PSOSSTHTALY / T1Y  vGal=g-To, T?3, 10(FR,3, 2X),
1 T124, Fu .3 /7 T11, YRAL-OTAY, T23, Jia(-8,3, 2X)e 11244 9.3 7 (11,

~49..

1L FQ.3 7/ T11, 'ATiIr, 1213, 10(FR.3, 2X), T1724,




]

[eleRale RN

D

2 YKWH=-FLECY, T22%s JU{FReRs 2¥), T124, 1-9,3 / T1ll, 'GAL=OSLY, [/3,
3 I0(FRG3, /X))y T126s FYe3d / Tlle "WTHV, 1723, LOGFRG 3. 2%)y 1174,
4 F9,3)
EInES = LInFES 4
ITF CIRNGD (LT, HHH) RETHRN
DL 120 1 = K, ]2
Ny 110 ) = 1, 10
SUMSETSTE) = SHMS{T411) + SHMS([,)
TN CUNTINNE
120 CHNTINIF
1F CLUINFS LLT. 4®) Gt Ti1 140
WRITF (he 130) (WUNTT)e 1 = 1, 1H), MRAGE, (MYFaR(]1)e 1 = 1e 10)
130 FORMAT (1HY1/ T3, 1HA04, 127, YOAGE Yo 13 /7 TAR, YCONSHUMETINN 0
POPRATESY / T3H, V(GAL IN MILLTIMS, Xyd [N PTLLTONS, KTeeg oo
2 VIRTLLINNSYY /77 T25, 10014, AY), T127s YTUTALY)
NPAGE = NPAGFE 4+ )
PRINT TUTALS FOR ALL PRIGRAMS
Lan we 1T (hy 150) (ISHMSETed)e ) = 1y 11)e | = 8,4 172)
150 FORMAT {1HO/ Ta2, Vi o5 o o8 oo oo o g ow ow ol ol zg BE
Vi mb ) TRA, VINOTALS FOR OALL BAOGRAMS /7 T11 VOGAL=JFT,
T23s 100ERL3, 2X)e T126¢ +9,3 / T11l, "SHAL=IN[HY, T23, 10(FHL3,/2X ),
T1244 FOGe3 / Tlly VYKWH=FLECY, 123, T0(=8,4, X)), 11726, FY. 3 /
T1lye 'GAL=NSLYy T23, 10(FR.3, 2X), T124, Fu,63 / T1l, '&lIUY, 1273,
100FR,3, 2X)s T124, Fy,3%)
RETHRN
N
SHRRONTINFE SHLiIpp
CHIMMIIN Fis0)y LAY IT)e SUMILIL)y SUMS(12,11)y NYFAR(1IO)W TEND,
1 KitiinTy  LIMFS, NFILEM, NPAGF, NPROG, MRIIN, FLEM(3),
? PRINGEIK)y RIIN{]IR)

*

*

@ EATR T £ S S A ',

[ S R

SURRNOUTINFE FOR CALCHLATING ANGILLARY At NIRECT SUPPHIRT AND
AR FORCFE TOTAL ENFRMGY CONSIHIMBT]ON

CLEAR VARIONIIS TOTALS.,
10 DN 20 1 = 1, 11

SIMS(1s1) = O,
SUMS(2,1) =,
SUMS({3,1) = 0,

SIM{])y = n,
20 CONTINIIF
COMSTANT TO COMVERT PEFRCENT TO NDFEGIMAL,
ny = N1
MOTOR GAS CONVERSINDN FACTNR = BTU'S TRILLIONS TO MILLINN GALYS.
CONSTY = ,125
DISTICATF CONVERSION FACTOR = HBRTHYS TRILLIONS Tt MILLTON GA' 'S,
CIINSTZ? = .139
RESTINDUAL CONVFRSTON FACTOR = HTU'S TRILLIONS TO MILLION GAL'S,
CINST3 = ,18%
NAVY SPECTAL CONVFRSINN FACTOR = RTU'S TRILLINONS TU MILLIMAN GALS,
CINST4 = .15
MOINTFY DIRFCT ENFRGY AS PFRCENT OF TUTAy FORCF
nth 25 1 = 1, 11
SUMS({12,1) = SUMS{1241) /7 F(69)
25 CONTINUF
CALCHLATF DIRFCT SHPPNRT FNFRGY.,
n 30 1 =1, 10

e -




O

D

O

C

30

4Ln
50

60

-5]1-

TOTAL BTHYS 1 ALL PROGRAMS KY YFAR,
TEMP = S1IMS(12,1)

AUTOR GASIT =g GALYS AND WTIHINS

G(26e1) = TEMP = (72) = 1Y

Gllel) = ii(2e01) / CONSTL

NISTILLATE NTLe GALYS AND RTHS

GClael) = TEMp = F(T73) % D2

GUE3e1) = Glael) / CONSTZ

RESTIDLAL FIIFLy GAL'S AND RTHIVS

Gloel) = TEMP = F(76) % N2

Gloel) = ClAe]) / CONSTR

MAVY SPECIAL FUFLe GAL®S AND wMTH0S

GlReT) = TEMP % F(75) = D2

lTel) = iRty /4 CONSTe

SUM KIS FNOR DIFCT SHPPHRT WY YFEAR

SUMSTT.T) = SHMS(Lol) + GI2:1) ¢ (lba]) + GUAsI) + G(ARALT)
ComTINNE

Nl SN ) = 14 10

SEMSIT411) = SUMS(Ls11) + SUYS()old)

Stiv FOR DIRECT SHPROKT ACROISS ALL Y=ARS,

NIt O [ = 14 =

St 1) = SHHAtT) + (1ed)

CrimTINYE

CONT INUE

SET FORMAT COUNTER FUR DIRFCT SUPPORT PRINT ROUTINF
KOUNT = |

PRINT RESULTS
CALL DnT2

SET FORMAT COUNTER FNR aNCILLARY SUPPNRT PRINT ROUTINF

KINNT = 2

FLFCTRICITY CONVFRSION FACTNR = RTH'S TRILLIONS TO BILLIUN KWH
CINSTS = 10,8

FUEL OIL CONVERSINN FACTOR = ATH'S TRILLINNS TO MILLION GAL'S.
CINSTh = L1139

COAL CONVERSINN FACTOR = ®WTH'S TRILLINNS TO 4ILLION TONS
CONSTT = 25,

NATURAL GAS CNONVERSION FACTOR = BTU'S TRILLIONS TO KILLION Cl. FT.
CONSTR = 1,03

CALCHLATE ANCILLARY SUPPIRT FNFRGY

N e 1 = 1e 10

SuM(1) = 0,

TEMP = SUMS(12,1)

FLECTRICITY, KWH'S AND BTU'S (SUBTRACT OUT MISSILE ENERGY)
GL2e1) = TEMP = F(T7A) % D2 = SUMSL6,1)

Gllel) = G(241) /7 CONSTS

FUEL DILe GAL'S AND BTU'S (SURTRACT OUT MISSILFE ENERGY)

Glaol) = TEMP = F(TT) % N2 - SIMS(T,1)

Glasl) = Glael) / CNNSTH

CNALs TONS AND KTU'S

Glhel) = TEMP = F(TR) * N2

Gl5e1) = GlBy 1) /7 CONSTT

NATURAL GASy Clle FT. AND KTU'S

G(Re[) = TEMp = F(T79) * D2

GlTel1) = GI(ARGI) /7 CNNSTR

SUMS(241) = SUMS(241) ¢ Gl2.1) # Gl&ol) + G(6sT) + GIB,])

CONT INUE

SUM ANCILLARY SHPPORT ENFRGY & TOTAL AIR FORCE ENFRGY HY YEAR

Reproduced
b:!rovaﬂnbkr::un




e R o= 1. 10

SUMSE340) = SUMST3,J) + SHMS({L.Jd) + SIMS{2,0) + SHUMST124.0)
SUMSI24,11) = SHHMS(2,11) + SUMS(2,.0)
. S ACRLSS YFARS
N 70 1 = 1, R
SUMITY = SUMIT) 4+ G(ed)
70 COMTININIF
A0 CIinT INUE

C AlR FURCFEF FNFRGGY COMSUMPTINN THTAL FOIR AL YEARS
SUMSE3411) = SHMS{L1411) + SUMS(2,11) + SHMS(12,11)
f] PREINT RESIHLTS
CALL, 0012
RETIRN
F i
SHRROINTINE N7
CMMEN FIROYe GCURWTIT)y SUM{ITIL)s SUMS{12411) NYFARTIO) y tENIY,
1 KOUNT o LINFS, NELEM, NPAGE, WPRIM, NRIY, FLEA(3),
? PROGILIAR) s RUN(]R)
C
C SURRUIMITINE T PRINT ANCTLLARY AN BIRFCT SHUPptRT AYD Tutagr AIR
(, FORGCE SI1TAMARY TAKILFS
¢
C FUIRMAT CININTFR

F 4

10 TF (KOUNT RO, 2) GIE T a
WRITE (he 20) (RILICT)e 1 = 1y 18), MPAGFe (NYEARIT), 1 = 14 10)
200 FIIRUAT (1H1/ T3, 18AG, T177, '"PACGF Ve 13/ T30, Y {GAL. TUN, YV,
TVTIR MITLLTONS s Kby CHIFT TN RTLLTONS . MTUSES Tr0 TRTILLTONS)Y// T26 .
2 10014 AX)e T12Ay YTOTALY /7 T3, 'DIKECT SHPEIKRT V)
HRTTE (A, 30))
30 FIRMAT (THY The YMOTHR GASHILTiHFY)
PRITE (Ae a0) (IGETy )y 0 = 1, T0), SUH{T))y T = 1, 7)
40 FIRMAAT (1H  Tlae YOALYy T27%: 100183, X))y T1726, r9.3 /7 114,
1 "MTNv, T23, IN0(F8,3, ?2X)y T174, F9,3%)
HRTTE (Ae 50)
S0 FHRMAT (1HN, The "NISTILLATF FULFLY)

BRI TR (e 40}y ((IGITed)y 4 = 14 10), Sl y)e 1 = 3, 4)
WRITE (A, AD)
A FORMAT (THDY, The YRESTHUAL FIHFLY)
WRTITFE (hy 40) (LIGITed)y J = 14 10), ST ))e T = by h)
WRTTH (Ay (1Y)
¢ Ty FIWMAT (1HO, ThHe YHAVY SPECTAL FUFL )JL0Y)
F W TTE (he 40) ((IATTed)e J = 1y 10y S )Ys T = /4 K)

MRITE Ay HO) (SHMS (T el )e T = 1,4 11)
BO FUReMAT (1HO, THe YTHTALY / Tla, 'WTUY, T23, 10(FHA.3, 2X), Tl74,

Fue3)
E G ]hlwrcT Stippfie T BRINTEND = RETURN TO CALCHLATE ANMCTLLARY SUPPURT
LETHRN
(.
¢ PRINT AnCTLLARY SHPpNRT TARLFS

90 ' ITk (A, 10NN}
100 FORMAT(LIHO// T3, VANCTLIARY SUPPHRT V)
R TTE (4, 110} ((IGTTed)e o = 18 10), SHIM{] 1)), I = 1. 2)
11O FRMAT (THO, T8, VELFCTRICITYY / Tla, '« NHV, T23, 10(FH.3, 2X),
1 7124, FGL3 / Tlae 'RTUY. T23, 19(F8,.3, 2X)y Tl24, F4,.3)
WRITE (hAe 120} (00T 0 = 1y 10}, SHE{T))Yy T = 3, &)
17200 FHRMAT (110 The YFORL DILY /7 Tlae "NALY, T2, 10(FR,3, 2X)y T1l24,
1 FAe3 / Thay V4TIV, T23, 10(FR,3, 2X), T124, FY,.3)
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WRITF (Ay 130) (((RlT4d)y J = Lo 1)y SOUY{T))y 1 = He A)
130 FNRMAT (1HO, The YCOALY /7 Tla, ‘Tuw', T3, IN(FR 2, 2X)e T124,
1 F9.3 / Tl4, 'RTUY, T213, INTFF L3, 2X)y T174, FYy.3)
VRTITE (Ay T40) ({601 ed)y g = Ly 10)s SUM(T))y I = 7, #)
140 FIRMAT (1HN, T8, INATHRAL GAS' / 114, WCHET Yy T23. 10(FRe%e 2X) s
I 71244 F9,3 / Tl4, YHTHY, T23, 1OCF].3, 2X)s Tl724, +9,.3)
WRITE (As 180) (SIMS(24,1)s T = 1, 11)
150 FURMAT (1HN/ TS, 'TOHTALY / Tla, ‘BT, T23, 10(FR.3, 2X), T176,
1 Fa,?)
PRINT TOTAL FNFRGY SUMMARY TAYLF
WRITE (Ay16D) (NYFARIT), | = 1y 10)
LA FNRMAT (VHL////7777 T3A, VA 1 R F R (CF FNFRIG Y LS
L'CONSDOMPT T ON MO E LY gy TH5, 'S M M AR Y 0,
2 'T AP L FY /7 THT7, YIRTUYYS N TRILLINNSYY /777 T2%, 10014, aX),
3 T127, 'TNTALY)
WRITE (64170) (SUMS(12,1)s | = 1, LL)s ((SUMSTdWsT)y 1 = 14 11),
1 J =1, 3)
170 FORMAT (1HO, T3, 'TOTAL DIRECT ENERAYS // T23, 10(FR.3, 2%}
1 T124, F9,3 /// T3, YTUTAL NTRECT SUPPIIRT FNERGY /7 173,
2 10(FR .3, 2X), T126, FY.3 /// T3, '"TOTAL ANCILLARY SUPPIRT 0,
3 YENFRGY! // T23, INCFR.3, 2%X), 1174, FO9.3 /777 T3, YUSAF TOTaL ¢
4 VYENERGY CNONSIIMPTINNY /7 T73. 10(FR,. 3, X}y T124, F9,3)

O

*

RETURN

FND

SUBRMDUTINFE NIMP

CIMMON F(Bo‘v G(val)v S”""(ll)v SU"S(].?vll)v '\'YEA‘{‘].D)' TEND .
1 KOUNT, LINFS, NFLFM, NPAGEy NPRIIG, MRIN, FILEM({3),

PROG(1AY, RHUNI1R)

SUBROUTINFE FNR PRINTENG [NPHT DIMP [F DESTGNATEY,

OO0

10 WRITE (6, 20)
20 FORMAT (1HN, Tlb, 'INPUT NUMPY, T12A, VINDEXES?Y)

c PRINT INPUT AND INDEXFS,
NN 50 1 = 1. 840y, 10
J=14+9

WRITF (6, 40) (F(K)e K = T4 J)y 1,y J
40 FDRMAT (1H , T21, 10(F9.2, 1X), T127, 12+ 1=ty 12)
50 CONTINUF

c STFP LINF CNUNTER,
LINES = LINFS + 10
RETURN
FND

0499

Reproduced from
best available copy.
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TEST RIN Ni),

1972

1

STRATFGIC PROGRAM 1

R-99
0A1
n77
001
nn9g
nzs
n1s
hhh
R-7R
0OA1)
N0OA
017
N1y
n3?
AAA
LR=-1
0OAk]
nz2
HAA
LB=2
NAl
nz?
N3z
21214
Co=-111
0A1
nog
nin
011
(4]
NAR
hRA
XX=V
nA1
NNA
NKHA
777
GENFRAIL
F=-79
NA1
N0k
017
777
ATRILIFT
C=A0
NA1
nnA
012
NAR
[2Ya¥a)
I_R=1
NA1
n22
Ahh
LR~?
0A1
Nz
037
999

1 n72 2.11 N73
4o2Ah DTH ?2+.R1 N79
400 002 -1 0ns5
320 N10 310 021
9nn 0724 1000 027
1 N01A -1 nN31
1 00 500 002
400 007 IR0 NNA
-1 n21 500000 022
-2 N1A 1 017
-1
7 nnj Q0 nNnp
-1 N3] 17200 03
3 NN\ 400 0P
~1 04] 700 042
-1 NAKY 1 063
4 D70 3RN000 0T
L YARRATIY 9680 N0NA
900
N 012 -1 921
N 04?2 -1 Nvh]
0
4 001 500 0N
450 NN7 440 ONR
1
PURPNOSKF PROGRAM T1
1 001 500 00?
400 nn7 IRN O0K
-1 n21 1000 027
AND SFALTFT PROGRAM
1 00l 4ann nn?
350 007 340 NNAK
-1 N1 1000 022
0
2 0Nl 90 002
-1 031 1200 032
2001 4n00 002
-1 04) 700 042
=1 062 1 0A3

S5

5671
.37
4
400000
-1
3500

480
3A0
4RONN0
-1

~1
-1

-1
~1
119000

1165
9410

0
0

490
430

4RO
360
-1

|RY

390
33()
-1

-1
-1

~1
~1
113000

n74
062
006
072
011
032

nn3
nng
0?23
N2hA

011
0h2

nl1
051
Nhe4

001
007

022
0572

0n3
009

003
009
031

an3
nnN9
031

011
Nh2

011
051
N64

1.23

1

350
390000
2

-1

4LA0
340
460000
1000

7
40000
«h5T

950
930

-1
-1

480
420

460
340
1R00

38R0
320
2500

?
40000
o657

075
(A3
007
623
01

004
010
024
027

n1ez
063

012
(V-
(L. %)

00?7
OOR

031

004
010

0ns
010
03y

004
010
032

012
D)

017
062
A5

o b1
119000
240
380000
-1

440
320
440000
-1

-1
476000

-1
-1
.NYG

QR0
920

470
410

440
320
~1

370
310
-1

-1
4760030

-1
.94

n7h

NNAR
nz2a4
Nnls

onbs
011
nes
n3l

Nn21
0AR

021
031
0h6

no3
009

037

nos

nos
011
N6R

0ons
011
0AR

021
0AR

0721
031
né6h

13.12
330

370000
-2

420

?
420000
1800

1R5000
1

570000
0
e 647

970
Q10

-1

460

420

360

0

185000
n

570000

«h42

Py
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Appendix B
CONVERSION FACTORS

Listed below are the factors used in the model to convert energy
units into physical units and vice versa. Data were obtained from a

variety of sources that included Bu Mines, ASTM, API, and the Air Force.

Item Divide By To Obtain

Jet fuel Btu 119,000 gal

. Aviation gas Btu 114,000 gal
Motor gasoline Btu 125,000 gal
Distillate fuel Btu 139,000 gal
Residual fuel Btu 150,000 gal
Navy special fuel oil (NSFO) Btu 150,000 gal
Electricity Btu 10,500 kWh
Fuel oil (heating) Btu 139,000 gal
Coal Btu 25,000,000 tons
Natural gas Btu 1,030 cu/ft

T N T WP TR 44 -
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Appendix C
ENERGY ESTIMATING RELATIONSHIPS

Energy estimating relationships (EERs) are given for bomber/recon,
cargo/transport, and fighter/recon aircraft. Tables of the fuel con-
sumption rate, both actual and computed, are given for each category
of aircraft along with the data used to generate the EERs using multiple

regression techniques.

Table C-1

BOMBER/RECON AIRCRAFT EERs?

F Fuel Consumption,
; Cruise gal/hr
Speed, Gross

| Aircraft kn Weight, 1b Actual | Computed

[ B-47 490 200,000 2,100 2,000
B-52E 520 450,000 3,715 3,289
B-57 418 58,800 830 829
B-58A 538 163,000 2,400 2,162
B-66B 496 83,000 1,300 1,347
EC-135C 523 301,600 2,130 2,748

) @F.C. = 5.45 x 10~5y1°874y0"476

R2 = 0,93, SE = 459.8, and

where F.C. = fuel consumption rate, gal/hr

V = cruise speed,

W = gross weight, 1b

R? = multiple correlation coefficient
SE = standard error of estimate
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Table C-2

CARGO/TRANSPORT AIRCRAFT EERs?

Fuel Consumption,
Cruise gal/hr
Speed, Gross
Aircraft kn Weight, 1b Actual | Computed
'y C-5A 490 719,000 3,550 2,958
£=9 503 10,800 1,075 734
C-10A 241 14,600 75 97
l C-130A 330 124,200 800 510
| C-135B 523 248,000 2,000 2,460
C-140A 473 40,470 680 976
| C-141 496 316,600 2,180 2,299
4 KC-135A 522 300,800 2,200 2,617
k 8F.C. = 4.43 x 10"7y2°89y0+35
R? = 0.936, SE = 454.4.




Table C-3

FIGHTER/RECON AIRCRAFT EERs®

Fuel Consumption

Cruise gal/hr

Speed, Gross
Aircraft kn Weight, 1b Actual | Computed
F-4 1,221 49,311 1,400 1,320
F-5A 565 13,663 560 539
F-84D 481 16,827 600 606
F-86A 522 15,876 580 589
F-89 489 36,824 1,140 1,004
F-100C 713 32,536 1,000 961
F-100D 775 38,048 950 1,071
F-101 873 48,000 1,250 1,257
F-102A 557 28,150 735 856
F-104 1,145 22,145 825 785
F-105B 750 46,998 1,400 1,223
F-106 1,136 34,239 1,020 1,037
F-111 1,196 92,655 1,875 1,975

3F.C. = 0.657 v 09ty=642
R? = 0.951, SE = 99.7.
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Appendix D
ENERGY REQUIREMENTS FOR ICBMs

ICBMs use energy in far different ways than do aircraft. VWhile
training and maintenance of flying proficiency require that aircraft b:
flown, and thus use jet fuel, the ICBM fleet is never flown, for all
practical purposes., Instead, the missiles are maintained in a state of
readiness for that iime when they will be needed. This state of read-
iness requires that the missiles rcmain in an environment in which the
temperature and humidity are controlled and that certain of the elec-
trical components of the missile be kept activated. 1in addition, an
electrical system monitors the missile systems and the crew operates

in an underground control center. These activities require energy which
is largely supplied by local electrical utilities; however, diesel fuel
is used at the missile complexes for heat, the operation of emergency

electrical generators, and certain other eq ,ment.

Data were obtained on the consumption of electricity and diesel

fuel during 1972 for the six Minuteman bases which house the entire

fleet of 1000 missiles. These data were then used to derive averar

values per missile for the electricity (350,000 kWh) and diesel oil

(1165 gal) consumption of the complexes. (See Tables D-1 and D-2.) This

energy is completely separate from energy consumed at the bases which sup-

port the complexes. This latter energy falls into the category of ancil-

lary support and is estimated in a different section of the model,
Derivation of the ICBM electrical energy requirements was done by

simply stmming the 1972 requirements for the six Minuteman bases and

then dividing by 100D to obtain the average consumption per missile.

This procedure averages a number of peculiarities of the individual

bases, such as increased floodlighting and varieties in basic design

that are not of interest at the degree of aggregation at which the

model will be used.
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Table D-1

1972 ICBM ELECTRICAL ENERGY CONSUMPTION

ICBM Base Consumption, kWh
Minot ciiiiennenennnans esesesss 55,334,040
Whiteman ..ievevieeecrceeannnnss 51,484,100
Malmstrom ..... ol SESRSPSRRSRSRSReReR) ¥ oS 60,343,447
Grand Forks o ewm «soovess veess 80,854,755
f. E, Warren ....... oo 000000 66,041,760
Ellsworth ...0uus o0 U JBEE 34,571,411

Total 348,629,513

or about 350,000 kWh per missile

Table D-2

a
1972 ICBM DIESEL 0OIL CONSUMPTION

ICBM Base Consumption, gal

MineH RERRER.BIABEES FINLALTNG o eees 179,014

Ellsworth seevevvevienevanennnaess 170,235

Total 349,249
or 1164 gal per missile
8011 consumption data includes oil used for heat,

djesel motor generator set testing, and other equip-
nent,
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