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alumni events calendar 

Feb. 9—Alumni Day 
Center, CSM Campus 

College, Green 

Feb. 9—FOUNDER'S DAY BANQUET, Den­
ver Athletic Club, Denver, CO, 6:30 a.m. 

Feb. 26-28—Cent. Ed, "Maintenance Man­
agement for the Mining Industry," Denver, 
CO, For further information contact K.M. 
Barbour, CSMAA. 

Feb. 27—AIME National Meeting, Las 
Vegas, to be announced. 

March 18-20—Cont. Ed, "Maintenance Man­
agement for the Mining Industry," Denver, 
CO, For further information contact K.M. 
Barbour, CSMAA. 

April 8-10—Cont. Ed. "Maintenance Man­
agement for the Mining Industry," Key­
stone, CO, For further information contact 
K.M. Barbour. CSMAA, 

April 11-12-E-Day 

May 10—COMMENCEMENT 

June 3-5—Cont. Ed. "Maintenance Man­
agement for the Mining Industry," Key­
stone, CO, For further information contact 
K. M. Barbour, CSMAA, 
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ipresentative on c a m p u s J a n . 25 
Our Denver Division has many new op­
portunities awaiting recent college 
graduates. Major facilities are located at 
Denver, CO; New Orleans, LA; Santa 
Maria, CA. Currently ttiere are 365 con­
tracts that involve work in such exciting 
areas as Space Launcti Systems, De­
fense Systems, Command and Informa­
tion Systems, Payload Integration, Space 
Satellites, Solar Systems, Space Shuttle 
and the new generation Missile System. 

Opportunities Now 
Within these areas are many entry-
level growth positions that offer prac­
tical experience In the advanced state 
of the engineering art. Such fields as • 

Software • Test • Propulsion • Ther-
mophysics > Structures • Mechanisms 
• Dynamics • Stress • Materials • Mis­
sion Analysis • Product ISevelopment • 
industrial Engineering • Logistics • in­
tegration • Systems • Guidance & Con­
trol • RF Systems • Communications • 
Data Handling > Power Systems • 
Payloads & Sensors > Quality > Safety 
and Manufacturing. 

Careers Begin Here 
If you're considering a career In aero­
space, you won't find the challenge 
greater nor the work more rewarding than 
at Martin Marietta. 

In addition to job opportunity the com­

pany's comprehensive program of em­
ployee benefits has a financial value 
equivalent lo approximately forty percent 
of the employee's income. Included are; 
Company-paid insurance, performance 
sharing plan, retirement plan, vacation, 
education reimbursement and long term 
disability plan. 

Interested graduates please contact 
Martin Marietta Aerospace. Attn: College 
Relations, RO. Box 179 (#06310) Denver, 
CO 80201. 

Martin Marietta Is an Affirmative Action 
Employer actively seeking the Handicap­
ped and Veterans. National Security regu­
lations require United States Citizenship. 

G O i n m e n t s . . . 

by Pa t r i c i a 

For those of us associated with the 
energy industry, the days of the ignoble 
hostage holding and humiliation at the 
hands of the Iranian students and 
government have had a spec ia l 
meaning. As Americans, or friends of 
the United States, we have been 
indignant, worried, frustrated and dis­
mayed by the events in not only Iran but 
other Moslem nations. As alumni of the 
Colorado School of Mines, faculty or 
other associates of the School, we have 
been perceiving these uprisings and re­
vulsions against the U.S. in another 
manner, one which fills us with long-term 
forebodings. 

At last, to our sorrow, the prophecies 
of knowledgeable persons in the petrol­
eum and natural gas industries have 
begun to come true. While just a short 
time ago the fortunate inhabitants of the 
United States enjoyed alt the benefits of 
oil and Its many byproducts, we are now 
facing shortages. These were foretold 
by many of the industry, and result not 
only from the disturbances and rising 
nationalism in the predominantly Moslem 
oil producing countries, but from our 
own governmental policy deficiencies. 
For years, the petroleum industry has 
been urging more new development, 
secondary recovery, and exploitation ot 
tar sands and oil shales within our own 
borders. These have been slow in 
coming, heavily burdened with restric­
tions and priced beyond the means of 
most companies. Now, we are in the un­
enviable position of cut-backs in pro­
duction by even friendly oil producers, 
elimination of some sources of supply 
and an inevitable upsurge in petroleum 
prices. 

Other fuels are available to take up the 
immediate shortfall, but they, too, are 
hemmed about with restrictions on pro­
duction. The uranium industry is faltering 
in the wake of the inept handling of the 
Three Mile Island near-disaster, and is 
facing new challenges in every direc­
tion. It is not at present a viable alter­
native to oil-fired power plants, for 
example. 

Coal mining, while being touted as a 
great short-term saviour, is also laboring 

Cur t i s P e t t y 

under difficulties imposed by govern­
mental regulations and the public's per­
ception of its usefulness. 

Let's take a look at the realities of our 
situation now. 

There are several givens which we 
must face in the energy industry. The 
most dramatic of these at this moment is 
the dismal prospect for imported oil and 
gas. If a miracle should occur and an 
unlikely change of heart take place in the 
Near East, the damage done by even a 
relatively short cessation of production 
and exportation in that area wil! be sig­
nificant. The very least of the impact 
which we can expect will be of greatly 
increased costs, and this at a time when 
inflation is into, and projected to remain, 
double-digit. We are looking, then, at 
the given which says that not only 
wholesale but retail prices for all petro­
leum- re la ted p r o d u c t s wil l r ise 
dramatically. 

After the recent wave of anger, en­
couraged by such learned oil men and 
economists as Jimmy Carter and Tip 
O'Neill, against the oil companies' 
"excessive" profits, little or no under­
standing on the part of the public will be 
found for these rising prices. The petro­
leum industry is in for a tough time as 
these prices and shortages begin to 
affect the country. 

Another given. With the number of 
constraints on building new installations, 
opening up new mines, putting power 
plants on line, there is very little, near-
term relief at hand. How many years 
does it take to put a new refinery into 
operation? Five, six years—once the 
permits are all in hand? How long will it 
be from the first permit filing until the 
new mine is producing coal? Seven 
years—probably a conservative esti­
mate. Lead times for nuclear plants bring 
one into even more terrifying projec­
tions. We are looking at some real short-
te rm h u s t l i n g — a n d s i g n i f i c a n t 
shortages. 

The United States has been, for many 
years, suffering from a down-turn in pro­
ductivity. There are many reasons 
advanced by those who study these 
p h e n o m e n a , inc luding educa t ion 

factors, the "me generation" syndrome, 
where individual pleasure supersedes 
societal needs, and the lack of stimula­
tion of the economy by capital investors. 
The causes may be many, but the 
results have been obvious as this 
country has recorded the lowest rate of 
productivity among the developed 
nations. This is a matter of world-wide 
concern, but affects the U.S. dramat­
ically at this time when we are finding 
ourselves in an extremely tight bind in 
worker output and worker involvement 
with productivity. It is not unreasonable 
to suppose that this low productivity 
factor, already a matter of deep 
concern, wil! be even more depressed 
by the rise in oil prices and the accom­
panying drop in available capital invest­
ment. This is a given already with us, 
and one which is likely to become more 
important very soon. 

The list goes on. And on, we fear. 
What are some of the things which we 
might begin to do, as concerned citizens 
and as engineers? 

Top on the iist of priorities is the effort 
to enlist the public on the side of the 
energy industry. We must forget our 
intramural differences and pull together 
as a team to convince people of the 
United States that we do have the tech­
nology and the will to accomplish much 
to alleviate our energy woes. I have 
deep-seated reservations about the 
applicability of solar power to our larger 
power needs—but I'm willing to put 
those aside and beat the drums for solar 
development if that's going to help keep 
a few Americans warm! Compromises 
will have to be made on many fronts if 
we are to accomplish all that is essential 
in the next few years to insure that we 
do have enough fuels to keep us warm. 
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our automobiles, trucks, buses, trains 
on the roads and tracks. We cannot do 
this if each segment of the industry is 
contending with the other. 

I believe in competition. I do not mean 
to imply by cooperation that competition 
should or could be abolished. I do mean, 
however, that we must, as a relatively 
unknown segment of the U.S. economy, 
unite to present our factual case to the 
nation. The negatives have been pre­
sented and presented and presented— 
now we need to work together, as never 
before, to present the positives of 
energy and its benefits to the country. 

The people of this country have his­
torically risen up in times of great danger 
to the nation and performed near-
miracles of productivity. I do not know if 
this spirit still exists in a country divided 
as we were, then patched back together 
after Viet Nam. I am heartened, how­
ever, by the positive response in recent 
weeks to the violating of our diplomatic 
privileges overseas, the general pulling 
together of the country at these acts. 
One of Carter's phrase-makers came up 
with the statement, "A moral equivalent 
of war." Thus far, the Administration has 
failed to act on the energy problem as a 
moral equivalent to a pie-throwing con­
test, let alone war. "Throwing money" at 
the problem will not solve it. It is now 
up to the energy industry to do the job 
for the government—and ourselves. 
Can we convince the country that we 
need the productivity of our workers, 
that we need relief from unrealistic 
requirements and permits, that we are 
not only desirable corporate neighbors 
but essential corporate partners? 

{ think we have the capability to ac­
complish these goals. They must be 
accomplished, and soon. The ability, of 
the United States to survive as a com­
petitive member of world trade, the con­
tinued enjoyment of our population of 
the benefits of energy production, the 
position of our nation as a great and 
unified entity in the family of nations will 
all be greatly enhanced by the positive 
actions of our industry, 

—mm— 
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by Pro f . R o b e r t L. K e s s l e r 

Western utility companies currently 
receive and consume large volumes of 
western coal in their existing power 
plants. They have additional plants 
commited to using western coal in 
various stages of construction, which 
will result in a tripling of their con­
sumption by 1985, Current western 
coal supplies for existing plants were 
secured welt in advance of the time coal 
shipments began by means of long-term 
contracts with mining companies. The 
only practical means currently available 
for transporting the large volumes of 
western coal that the utilities will need 
for their plants over the long distances 
between the power plants and the par­
ticular mines serving them is by unit train 
service. Adequate rail transportation 
is therefore as essential to the effi­
cient operation of these existing and 
committed power plants as the fuel 
itself. 

The western electric utility companies 
alt attempt to meet the electricity needs 
of their customers at the lowest possible 
cost. They chose western coals as the 
fuel for their plants oniy after their 
economic analyses of other possible 
fuels, inciuding coals from other 
sources, indicated that the delivered 
price for western coals and the capital 
and operating costs of converting these 
coals to electricity in compliance with air 
quality and other environmental laws, 
resulted in the lowest overall cost for 
producting electricity. 

Choosing western coai was by no 
means an easy decision on the part of 
these utilities. By and large, they 
selected low-sulfur western coals over 
higher-sulfur mid-western or eastern 
coals to avoid the necessity of installing 
sulfur dioxide removal equipment to 
meet the requirements of air pollution 
laws. Such equipment was perceived as 
being too expensive to install, too costly 
to operate, and too unreliable. However, 
because most available western coal 
deposits were lower in heating value and 
located at greater distances from their 
power plants than the higher sulfur-

content coals, they realized that the 
choice of western coal would result in 
the need to transport more coal over 
longer distances to produce equivalent 
energy. Freight costs for transporting 
the coal have generally exceeded the 
price of the coal itself for each piant 
using western coal, and make up the 
most substantial part of delivered fuel 
costs. The decisions to build western 
coal fired plants reflected, in many 
cases, negotiations with railroads as to 
what the rates for hauling various coals 
would be when coal shipments began. 

The utility companies which decided 
to build new plants to burn western coal 
entered into long-term contracts with 
mining companies for specific coals of 
known characteristics well before plant 
construction was begun. Their purpose 
in doing so was not only to secure long-
term reliable coal supplies for their 
plants (one of the many prerequisites for 
regulatory approvals to construct), but 
to enable them to design and build their 
boilers and other facilities to burn 
specific coal supplies over their useful 
lives at the lowest possible cost. 

Having contracted for particular coal 
supplies and commenced construction 
of power plants to burn them, these 
utility companies effectively became 
committed to the particular railroad lines 
avaiiable to carry the specific coal for 
the entire life of the plant. Their coal-
fired generating stations could not 
readily be converted to alternative fossil 
fuels due to exist ing regulatory 
constraints, and combustion of coals 
from other areas of the country would 
have been extremely difficult in boilers 
designed to be suitable for particular 
western coals, tn other words, their 
western coal traffic became captive to 
the railroad lines running between the 
various mines and the plants, which 
they serve, and utilities had to rely on 
the willingness and ability of these 
railroads to provide transportation 
service, at reasonable rates, to keep 
their plants in operation and their 
electricity prices at reasonable levels. 

Interest of Western Coal 
Producers 

Western coal producers must likewise 
d e p e n d on par t icu lar ra i l roads ' 
willingness and ability to supply trans­
portation services once they have 
obtained the rights to mine coal 
deposits, executed sales agreements, 
and opened their mines. Their only 
practical means of making their product 
availabie to their customers is via rail­
road. Indeed, the availability of rail 
access to a coal deposit at a reasonable, 
cost is a significant factor in determining 
whether a mine can be opened at all. 

The relative cost, and quality, of the 
rail services available from their mines 
are extremely significant to each of the 
western coal producers. Mining com­
panies must depend on adequate rail 
service to meet their obligations to 
deliver coal to their existing customers. 
Moreover, they cannot compete effec­
tively to sell additional coal to the utility 
market if utility customers perceive that 
they cannot be assured of receiving coal 
deliveries in accordance with reason­
able schedules. Mining companies 
served by railroads which provide poor 
service or charge high freight rates can 
do little to compete with other coal pro­
ducers by cutting their coal prices. 
Utilities require reliable coai supplies, 
not unfulfilled promises of delivery of 
inexpensive coat. Moreover, since 
freight rates are so often far more signifi­
cant than coal prices to a potential cus­
tomer's delivered fuel costs, cutting coal 
prices will do little to offset the delivered 
price of coal. 

Adequate Rail Service 
Western coal producers and utilities 

have invested enormous amounts of 
capital in specialized plant and equip­
ment in an effort to assure they will re­
ceive the rail services they require. 
Mining companies have spent millions 
for rail spurs to mines, rail loops, train 
load-outs and coal storage facilities so 
that unit trains can be loaded efficiently 
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in four hours or less. They conduct their 
operations so that trains can be loaded 
whenever they arrive, without delay, as 
required by railroad tariffs. Utility com­
panies supply and maintain approximate­
ly two-thirds of the rail cars currently in 
service for hauling western coal, and 
have constructed rail lines and unit train 
handling facilities to serve their power 
plants. 

These coal producers and utilities had 
no choice but to make these enomious 
investments in specialized coal transpor­
tation and handling equipment if 
adequate rail service were to be pro­
vided for the large volumes of coai they 
produce and consume. These invest­
ments cost the railroads nothing, al­
though they received substantial benefit 
from the expenditures. 

Utility companies which are subjected 
to large freight rate increases after 
having made financial commitments to 
build power plants burning western coal 
may see their fuel cost calculations for 
these plants go awry, but they currently 
are not able to switch from western coal 
to other fuels in response to these cost 
increases. Utilities must therefore seek 
to charge higher prices for electricity to 
cover their increased costs, and they 
may experience delays in recovering 
their increased cash outlays. Electricity 
rate increase proceedings are lengthy. 

and delays in receiving increased 
revenues to cover expenses will occur 
even if a utility can pass higher costs on 
to consumers through the mechanism of 
a fuel adjustment clause. Such "auto­
matic pass through" mechanisms are 
coming under close scrutiny by state 
utility regulatory commissions because 
of the serious impacts of rising costs on 
consumers, and it is likely that utility 
companies will experience more difficul­
ty in recovering fuel cost increases in 
the future. 

Poor rail service is likewise costly to 
utility companies. A new coal fired 
power plant is designed to bum relative­
ly constant quantities of fuel to produce 
"base load" electrical power year in and 
year out. If a utility experiences signifi­
cant delays in receiving coa! deliveries, 
it must compensate by putting more rail 
cars in service {at an approximate cost 
of 5 million dollars per unit train set), and 
by increasing the amount of coal it 
keeps on hand at the plant. Unit train 
cycle (turn around) times for western 
coals well in excess of those initially 
projected by railroads have been 
common, with the result that utility 
companies have been forced to pur­
chase greatly increased numbers of rail 
cars and to buy and store coal in stock­
piles well in excess of their projected 
levels. 

If poor rail service results in frequent 
failures to meet delivery schedules, 
even with additional car purchases and 
coal stockpiling, utilities may be forced 
to reduce their coal fired plant 
operations and incur additiona! operating 
costs through purchases of power, or 
through use of peak load power plants 
which burn more costly fuels to produce 
"replacement" electricity. 

Coal mine operators are also adverse­
ly affected by poor rail service. Once a 
western coal mine's coal storage capa­
city is full, it must halt various mining 
operations until trains arrive to haul coal 
away, thus permitting coal mining to re­
sume. Coal mine operators build ade­
quate coal storage facilities to permit 
them to meet reasonably regular train 
schedules, but because of the enor­
mous daily tonnages produced at most 
western mines they cannot build enough 
storage to prevent a mine shutdown if 
rail service is interrupted for more than a 
few hours. Coal stockpiling and stor­
age In the pit cannot tie used to keep 
mines in operation because air quality 
laws generally preclude storage of 
coat except in enclosed facilities. 

Furthermore, both coat companies 
and utility companies are affected by 
poor unit train scheduling Information. 
They have undertaken to load and un­
load unit trains whenever they arrive at 
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their mines and power plants, and are 
required to pay penalties for any delays 
which they cause. Incorrect information 
or a tack of information about train arrival 
times often results in overtime wori^ on 
the part of the mine and utility plant 
employees, with accompanying cost 
and morale problems. Such cases 
sometimes seem to be the norm rather 
than the exception. 

The effects of the dominance of the 
transportation service market in the 
Powder River Basin are being seen in 
the marketplace today. The current 
round of unit train rate increase letters 
sent by Burlington Northern, Inc. (BN) 
suggest increases to Western coal 
users of 40 -60%. 

The rate picture is only the more 
apparent of the two major issues in unit 
train movements from the Powder River 
Basin. The other issue is service. The 
BN has indicated its inability to supply 
sufficient locomotive power to serve 
customers which have supplied their 
own cars. Turn around times, as meas­
ured against the freely given times by 
the BN, have become scandalous. The 
BN has yet to show that massive rate in­
creases are the cure-all for the problem. 

A study of Western Coal Transporta­
tion Association (50-60 corporations) 
member experience in service from BN 
in the Powder River Basin conducted 

this year shows that turn around times 
experienced versus originally promised 
times to be typically: 

utility movement a. - 1 8 % 
utility movement b. -1-45% 

utility movement c. +35% 

utility movement d. +140% 

utility movement e. - 1 3 % 

utility movement f. - 1 4 % 

utility movement g- + 1 1 % 

utility movement h. + 19% 

utility movement i. +24% 

utility movement j- + 4 0 % 

utility movement k. +40% 

utility movement 1. +82% 

utility movement m. +60% 

utility movement n. + 4 5 % 

utility movement 0. + 74% 

(+greater, —less) 

This service record indicates that 
there is room for a competitive carrier in 
the Powder River Basin. The recent 
events on the enegy front indicate that 
an increase in demand for Powder River 
Basin coal should be forthcoming unless 
the rail transportation picture continues 
in its present course. 

At the other end of the spectrum in 
coat car usage is the experience of one 
of our utility members with a unit train 

operation. One of the bases for the cal­
culation of the required number of train 
sets to be supplied by the utility is the 
turn around time for the unit train opera-. 
tion. That is, the time it takes the carrier 
to return the unit train to the mine for 
another load. Under the terms of most 
published unit train tariffs, the burden is 
upon the car supplier to provide a 
certain number of cars {and spares) to 
accomplish the movement of a specified 
amount of coal over time. The turn 
around time for this utility in the last year 
has doubted causing it, on relatively 
short notice, to provide twice the 
number of cars. In this case, more than 
an additional train set. Cars run from 
$30 -35 ,000 per copy with 110 plus 11 
spares commonly required for a unit 
train set. This is a great extra burden on 
the utility and Its rate payers. 

A recent survey conducted by our 
operations committee found that of 
those members presently engaged in 
unit train movement of coal, 7 5 % have 
experienced worse turn around times 
than originally cited by the carrier during 
negotiations on tariff proposals. Of 
those, 6 1 % of the operating problems 
have occurred en route from mine to 
destination. Further, in many instances 
the mine load sheets have not corres­
ponded with delivery sheets at destin­
ation point. This is often caused by the 
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Our full-time staff of 180 people is 
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to minerals and energy problems. 
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environment, CSMRI can provide it. 
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"bad ordering" of cars and the removai 
of tliose cars from the train. In eigint out 
of nine instances, the railroad has not 
notified the consignee or consignor 
promptly wlien a car Inas, for some rea­
son, been removed from thie train. At the 
end of this iong story is the simple con­
clusion that the lack of expeditiously 
conveyed detailed information as to car 
location, condition, availability and 
spares requires the inordinate expendi­
ture of funds to relieve the problem 
when the management system built 
through accurate and swift data reduc­
tion and recovery might very well avoid 
the problem. 

With the sharpening of service and 
rates, there is no question that this 
market will be profitable for two 
competing carriers. 

sentative of the Secretary of Transportation 
and Chief Counsel, Federal Railroad Admin­
istration, From 1965 to 1970, he served as 
Generai Counsel and Attorney for the Colo­
rado Public Utilities Commission. 
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Professor Robert L, Kessler teaches in the 
Graduate School, University of Colorado at 
Denver. He is a professor of Civil 
Engineering (Transportation). He is the Exec­
utive Director of the Western Coal Transpor­
tation Association, and the foregoing article 
was an outgrowth of commenls made before 
the Federal Railroad Administration for that 
organization. Professor Kessler's back­
ground Includes a stint as Regional Repre-
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by R o b e r t C a s e 

Alternatives Reducing 
Transportation Energy 
Consumption 

Transportation—of goods and people 
—accounts for 35 percent of all fuel 
used in Colorado. Much of the recent 
concern over saving fuel focuses, then, 
on conserving energy used for trans­
portation. In general, Coloradoans use 
substantially more gas for their cars than 
do residents of most other states, and 
rail fuel consumption in Colorado is 
slightly higher, perhaps because little 
water-borne transportation exists. High­
way transportation figures greatly in 
terms of overall fuel consumption , since 
automobiles and light trucks use nearly 
90 percent of the fuel spent in highway 
travel (autos alone use 65 percent). 
Urban commuting by both autos and 
light trucks accounts for about 13 per­
cent of ali highway gas consumption; 
urban trips between home and school, 
personal business, and places of rec­
reation account for another 16 percent. 
Finally, buses use a nearly negligible 
quantity of fuel in highway travel when 
compared with other transportation 
modes in the state. 

Attempts to conserve transportation 
fuel nationwide have been made by 
improving vehicle design, developing 
new or alternative fuels, reducing travel 
needs, and getting the most mileage 
from each unit of fuel consumed. 
Federal and local governments, most of 
the transportation industry, and trans­
portation users are involved in these 
conservation attempts. 

Based on historic trends, total "energy 
consumption for all end uses in Colorado 
has grown about 6 percent annually the 
past few years. In 1975, total energy 
consumption approached 0,75 Quads, 
or the equivalent of about fifty barrels of 
oil for each person in the state. Oil 
represents about 35 percent of ail fuel 
sources; natural gas, 40 percent; and 
coal and hydroelectric power, the re­
maining 25 percent. Nearly all the oil 
consumed in Colorado is used for trans­
portation; only small amounts of it are 
used for residences or industries. About 
one-half of all natural gas is used for 
residential and commercial purposes, 
and the rest is divided between elec­
trical generation and industrial uses. 
Coal is used primarily for electrical 
generation, with a small amount used in 
industry. Transportation accounts for 35 

percent of all energy use in Colorado; 
residential and commerc ia l uses 
account for 40 percent; industry uses 
about 20 percent; and miscellaneous 
uses account for the remaining 5 
percent. 

Transportation Energy Use 
As noted, 35 percent of all fuel con­

sumed in Cotorado is used for trans­
portation. In absolute terms, this con­
sumption equals about 0 .26 Quads, or 
the equivalent of about 8 0 0 gallons of 
gasoline for each person in Colorado. 
Highway transportation dominates the 
state picture, making up nearly 82 
percent of the energy consumption. The 
remainder is made up by air transpor­
tation (about 8 percent of total transpor­
tation energy), pipeline (6 percent), and 
rail (4 percent). Based on this summary, 
Coiorado follows the national pattern of 
fuel consumption, except: there is no 
significant water-borne transportation; 
rail fuel consumption is slightly higher, 
and the per capita auto fuel consumption 
is substantially higher. 

Because highway transportation 
dominates the consumption pattern. 
Figure 1 was developed to illustrate 
highway energy use (percentages are 
based on the assumption of total high­
way transportation use at 100 percent). 
Within the highway mode, Figure 1 high­
lights the following trends: 

Alternatives to Reduce Energy 
Use 

Many alternatives can be devised to 
reduce fuel consumption. Colorado's 
legislature, regulatory bodies and local 
governments are already considering a 
large number of such alternatives. Cur­
rent fuel shortages will increase the at­
tention paid to alternatives reducing 
energy use. 

The large number of alternatives to 
reduce fuel consumption can be traced 
to three approaches; (1) increasing the 
amount of travel from each gallon of fuel 
burned, (2) reducing the need for travel, 
and (3) increasing the supply of alter­
native fuels. 

Fuel Savings 
The alternatives vary sharply with 

respect to their ability to conserve fuel. 
Viewed as a fraction of total energy use, 
most alternatives considered are weak, 
saving less than one-half of one percent 

of the state's total transportation energy 
consumption. On the other hand, even 
this fraction of total fuel use is a 
substantial amount (10 million gallons), 
representing the annual consumption of 
about 10 ,000 cars in the state. 

One explanation for the often dis­
appointing fuel savings is the limited part 
of all statewide travel affected by a par­
ticular alternative. This is especially true 
of alternatives increasing the occupancy 
of vehicles, such as car and van pool in­
centives, alternatives that affect only 
commuting travel in cities. Even if suc­
cessful, these actions would affect oniy 
a small portion of energy use. 

• Automobiles and light trucks use 
90 percent of all energy consumed 
in highway travel. Autos alone use 
65 percent of that energy. 

• Urban commuting makes up 13 
percent of all highway energy use. 

• Highway fuel use is divided nearly 
equally between urban and rural 
areas. 

• Bus travel accounts for an almost 
negligible percentage of the state's 
fuel consumption. 

Cost for Each Gallon of Fuel Saved 
The costs of alternatives to reduce 

energy use vary sharply. At one 
extreme, some alternatives not oniy 
save fuel but produce other benefits as 
well (safety, for example) and a total 
savings accompanies the action. At the 
range's other end, some alternatives 
have high costs for each gallon of fuel 
saved because they involve expensive 
facilities or maintenance and do not yield 
many related savings, such as safety. 
These alternatives tend lo need large 
administration and affect many vehicles 
and operators on a continual basis. 

Other Transportation Effects 
The travel time effect varies sharply 

among alternatives. Some alternatives, 
especially those that improve traffic 
flow, reduce travel time. On the other 
hand, other alternatives increase travel 
time, including the shift to higher-
occupancy vehicles, actions to restrict 
parking, and the measure enforcing 
speed limits. 

A few alternatives produce a "volun­
tary" reduction of the number of person-
miles of travel. These are usually 
measures reducing the need for travel, 
A few actions result in "involuntary" 
travel reduction. This effect typically 
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