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inder the California Steam Bus demonstration project, Rankine Cycle external com— |
bustion propulsion systems were installed on three conventional motor coaches, re- |
{ placing the original diesel engines. This report presents survey data collectead
among bus passengers, transit managers, and bus drivers concerning attitudes toward
the steam-powered vehicles.
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| For comparative purposes, passengers were surveyed on both conventional diesel and
modified steam huses. Characteristics of the survey samples and methodology are
described. The findings revealed a high public concern for the problems of air
pollution and an evervhelmingly favorable response to the steam buses. All rele-
vant data and major crosstabulations are presented.

The survey of transit managers focused aon the role of steam bus technology as an
attractive anti pollution measure. Respondants emphasized economic factors and

| the need for continued research and development. Lastly, in-depth persomal in.

terviews were conducted with sach of five operators of both diesel and steam

buses. Comfort, cperating, and general attitude factors were stressed. Findings
are presented with reference to guietness, smoothness, power, odor, smoke, safety, |
pollution, handling, operation, and passengers' reactions, All fiwe drivers ex-
pressed a preference for the steam bus.
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External Combustion Engina; Steam Bus; i Distribution Unlimited. Available :
Surveys; Bus Riders; Transit Managers; | from National Technical Information |
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To evaluate public reaction to the innovative concept of steam powered
public transportation vehicles, 546 bus riders were interviewed by a Scientific
Analysis Corporation field team that went riding on standard city routes. During
test runs under actual transit conditions, 239 passengers of the three experimental
steam buses were asked about their reactions to the bus itself as well as their
opinions on public issues in the environmental realm. A similar interview was
conducted with 307 passengers of conventional diesel vehicles traveling the same
routes at the same times. The results of these field surveys consistently show
strong public acceptance of steam as an energy scource, Detalled distribution sta-
tistics appear at the end of this section.

Due to the carefully cnntrnliedlselectiun procedure, the two groups -- steam
and diesel riders -- were virtually identical in sociodemographic characteristics,
an important point that helps insure reliability between the two populations.
Slightly over half of the total sample were women. There was 'a good age distribution
with roughly half of the respondents under forty. Almost three-fourths were white,
with a relatively large number (17.0%) cf blacks. A broad range of professions
were represented, from the unemployed to upper administrative personnel.

Some 41.8% of the interviews were collected during early morning commute
runs, 25.1% during late morning and the remaining 33.2% in the early afternocn
prinr to rush hourl This allowed us to include reqular dally riders as well as
more casual users. About three-fourths of the subjects were daily riders --
expericnced riders whose opinions on transit matters would be crucial to mass-accept-
ance of technical innovations.

To determine general attitudes about pollution and environmental issues, we
began by asking the respondents how deeply they we}e concerned about air polluticn.
As would be exprcted, virtually all subjects expressed concern about this much

puhlicized problem. Tn the total sample, 5A.6% said they were “"deeply concernerd”



_about air pollution, with an additional 29.9% prafessing to be “"somewhat concerned.”
the 9.9% that said they were "not very concerned” included a small number of persons
who seemed resistant to the interview situation generally, and perhaps expected

the interviewer to vanish when lack of concern was expressed., Conservatively, then,
roughly 90% of the bus riders have definite awareness of air pollution as a cause
for puhlic concern.

When asked to list what they Ffelt were the most significant sources of air
pollution, a variety of opinions emerged. The most frequently mentioned source
{72.7%) was automoblle exhaust emissions -- not a surprising finding in urban
settings, Second place went to "industry” in general (52.,9%). Bus exhaust emissionn
and aircraft followed in third and fourth places respectively (35.5% and 30.2%1).

At the bottom half of the list of concerns were fireplaces (5.3%), backyard burning
(9.0%), ail refineriea (23.84) and diesels (29.9%). Generally speaking, thias

gives a picture of mass pollution on a grand scale -- millions of autos coupled with
"big business™ that most riders felt little or no ldentification with., It is a
depersonalized view of an overwhelming problem that the man in the street (or man
on the bus) can do little or nothing about,

Whon asked to liast the measures they felt would be most effective in controlling
the air pollution problem, the most freguently mentioned step (47.6%) was to contrel
automobila exhaunt-emiunicns. in line with the earlier concern about this source
of air pollution, Next came control of chemical wastes (41.2%), use of public
transportation and mass transit systems (37.2%), use of smoke control devices (36,3%)
and complete abolition of the internal combustion automcbile engine (28.94%). With
the exception of use of public transit resources, all these approaches involve
technical innovations that weald require Euhntﬂnti;l changes in many industrial an:
public practices, The continued concern over the internal combustion engine reveals

a strang undercurrent of public feecling thar could qgive steam wehicles a hefty push



if thelr advantages could be made clear to the general bus patron. Less frequently
mentioned control optiong included moving industry to the suburbs (13.0%), formatinn
of car pools (17.0%), education of the publie¢ (20.0%), control of rubbish burning
(20.0%), careful study and research (20.9%) and strong enforcement of anti-pocllution
legislation (26.4%).

Against this backdrop of concern, how did riders of the steam bus like their
experimental vehicle? Acceptance was gquite high. Sixty-four-and-nine-tenths
percent said they noticed some difference in performance, mainly identified as a
smoother ride. Some patrons were uncertain whether this was due to improved per-
formance or some difference in the way the driver handled his ruﬁ == from the engineer
point of view, the slightly slower speed was the maln contributing factor.

The modern, clearly designed interior of the bus drew many compliments.
Forty-three-and-five-tenths percent mentioned the carpeting as a desirable factor
and 26.4% praised the new vehicles' cleanliness. In fact, the unusually attractive
Beats were a source of some concern among some riders who despaired at the threat of
vandalism. An additional 41.8% of the steam bus patrons made further approving
remarks of various kinds., A common theme was the increased roominess and special
seating arrangement. In sum, 77.4% of the steam ridérs found the bus more attractive
than regular diesel models,

Most riders felt that the bus had a smoother ride, produced less smoke and
would generate less smog than a diesel bus. There was some uncertainty as to the
power level of the steam engine; 40.6% thought the bus had less power, despite
engineering information to the contrary. The noise level was pretty much undecided,
with a slight tendency to rate the steam bus as quieter than diesel. Almost half
the patrons found the steam bus to have less odor. There was little concern over
safety probilems; 68.6% rated it as safe as a diesel bua and enly 2.5% considered

it lesa =nafle.



On the crucial issue of the contribution steam powered publiec transportation
vehicles would make to helping the air pollution problem, 3B.5% of the total sample
felt the steam bus would help "a great deal,"” with another 44.0% believing it would
help "somewhat." Only 4.4% felt it would have no impact, and 13.2% had no opinion.

Public awareness of the effort to develop a steam vehicle has increased in
recent months, bringing the number of respondents who had read about or heard of
plans to operate a steam bus te 55.5%, a new high.

Oof all respondents, an overvhelming 94.0% had no reservations about riding a
bus powered by steam, Only 2.2% would not ride such a vehicle, and 3.8% had no
opinion. We conclude that public acceptance of this innovative transportation
concept is extremely strong. Steam has a good public image -~ riders view it as
clean, efficient and ecoleogically sound. We see no attitudinal barriers to mass
use of such vehicles at this time,

We move now to a comparative analysis of public reaction to the three vendor
vehicles. The Lear and Steam Power busses were prototypes . with actual marketing
potential, while the Brobeck effort was essentially a feasibility project that did
net concern itself as extensively with its public interface. Due to technical
problems, only nineteen interviews were conducted on the Steam Power bus, in contrast
to the 112 and 108 for Lear and Brobeck respectively. All comparisons should take
this difference in'sampla size into account.

There were sociographic differences between the three groups of steam riders,
primarily due to the fact that not all runs were made at the same time of day. The
Lear runs were made in the early morning on commute routes, Steam Power was surveyed
in the late morning on a general purpose route and Broheck samples were taken about
fifty-tifty in the late morning and early afternnon., Lear riders were somewhat
more fully employed, particularly in private entroprenurial situations, a greater

number of retired persons on Steam Power runs and a more mixed distribution, with



relatively many students, on the Brobeck bus, There were no significant differences
in the sex of the riders. Lear riders had the broadest aje distribution. Steam
Fower respondents tended to be older and Brobeck riders clustered somewhat in the
twenties and over sixty categories. Lear riders were uniformly white; Brobeck had
the largest proportion of non-whites and Steam Power fell somewhere between these
extrames .

Lear riders were somewhat more worried about pollution issues, with only
1.8% indicating no real concern in that area, compared with 15.8% and 12.0% for
Steam Power and Brobeck respectively. As would be expected from the time periods
of the runs, 96.4% of the Lear riders were daily bus users, nakiﬁg twenty or more
trips a month. This figure compares with 68.4% of Steam Power riders and 50.9% of the
Brobeck patrons, .

Given the fact that the Brobeck wvehicle was designed more as a technical
exercise than a marketing trial, it is not surprising that it had the smallest
percentage of riders considering it to be more attractive than a regular bus (66.7%
as opposed to B31.9% for Lear and a striking 1008 for Steam Power), Brobeck's use
of music was mentioned as an attractive feature by only 17.6% of the riders. Wwhen
asked specifically to describe their reaction to the music, only 53.7% of all riders
said they liked it, with the remaining patrons split about fifty-fifty between dislike
and no opinion. darpating was much more frequently volunteered as a positive design
component (32.1% for Lear, 48,1% for Brobeck, B4,2% for Steam Power), When asked
specifically about whether they liked having carpeting in buses, B85.7% of Lear
riders, 85,2% for Brobeck and fully 100% for Steam Power said yes., Brobeck's chrome
fare box drew compliments from 6.5% of the patrons. All three busses drew about the
same reaction to the cleanliness of their 1ntaziu£a, with 20.5%, 26.3% and 32.4%
commenting on tﬁe Lear, Steam Power and Brobeck vehicles respectively. The absence
of advertisements was mentioned fairly infreguently -- only 7.1% for Lear, 5.6%

for Brobeck and not at all for Steam Power. Assorted other positive volunteered



comments were made by 10.5% of the Steam Power riders, 12.4% for Brobeck and a large
68.8% of Lear patrons. One major theme in these remarks was the spaciousness of the
ssating arrangementa and references to the uae of separate seats for each person.

Patrons showed definite trends in their evaluations of performance. When
asked whether the bus seemed to perform better than a regular bus, 51.9% of BHrobeck
patrons, 6R.4% for Steam Power and 76.8% for Lear said yeas. Since patrons were com-
paring their exparimental vehicles to local conventional busses, these and all the
following figures do not represent genuine comparison statistics between the three
steam buses, since riders never actually rode all three of them. Opinions were
divided on the noise question. For the Lear bus, 49.1% said it was quieter and 28.6%
said it was nolser. Comparable figures were 42,1% and 5.3% for Steam Powar, and
26.9% and 37.0% for Rrobeck.

When asked if the ride seeamed smoother than normal, "ves" responses were
given by 73.2% of the Lear riders, 57.9% for Steam Power and 52.8% for Brobeck,
with almost all other patrons saying there was un noticeahle difference. As to the
igsue of the bus power, 10.7% of Lear riders felt it had more power than a regular
bus and 64.3% felt it had less, For Brobeck the figures were 7.4% versus 22,2\,
and Steam Power had 21.1% and 5.3%,

Forty-four-and-six-tenths percent of the Lear riders said the bus had less
odor than a requla; bus, while 57.9% and 46,3% of the Steam Power and Brobeck riders
paid the same about their vehicles. On the essential pollution guestion of whether
the bus p}nduced more or less smoke, BS5.7%, 73.7% and 62.0% of the Lear, Steam Power
antd Brobeck riders felt it would generate less than a regular bus and 91.1%, B4.2%
and 75.0%, respectively, felt it would produce les= smcg on the whole,

Az for safety, all buses were perceived abnﬁt the same, with about two-thirdn
of the patrons considering the buses about equivalent to conventional wehiclen, Thors

warn litt le diflerences in the number of riders who hard heard about 1he steam Lus



concept -- about a third of the patrons were unaware of the project until actually
on the bus {tself. Approval of the steam bus concept and willingnens to ride such
a vehicle was about the same for all three buses.
In summary, despite sociodemnqraphic differences, all riders tend to favor
the idea of steam powered public transmortation vehicles and demonstrate considerable

concern over pollution guestions in general.



A. Concern About Pollution

deeply somewhat not very no
concer ned concerned goncearned oplnion
Steam 66.5 25.5 7.5 0.4
Piesel 52.4 33.2 11.7 2.6
TOTAL 58.6 29.9 9.9 1.6
B. Pollution Sources
Steam Diesel Total
Alreraft, {ets, airports 2.2 28,7 30.2
Auto exhaust 74.5 71.3 72.7
Pus exhaust 41.0 J1.3 5.5
Diesel trucks 31.0 29.0 29.9
Industry and f[actories 55.6 63.2 59.9
0il refineries 21.4 24.1 23.8
Backyard burning 10.5 7.8 9.0
Fireplaces 4.6 5.9 5.3
Other 33 6.5 5.1
€. Most Effective Control Measures
Steam Diesel Total
Find way to control auto ex-
haust, develop a new fuel 4a.s 46.9 47.6
Do away with gasoline engine 33.1 b S 28.9
Control chemical and indus- 39,73 $2.7 41.2
trial wastes 39.3 42.7 41.2
Move industry to suburbs or
other places 8.8 16.3 131.0
Smoke cuntrol devices, filters 171.7 35.2 36.3
Contral burning rubbish or
garluge 16.0 21.5 20.0
Enforee law, pasn new legisla-
tion 23.8 28.3 26.4
Careful study, resecarch 19.7 21.8 20.9
Educatye public 16.7 22,5 20.0
Use publlic transportation,
rapid transit 35.6 8.4 37.2
Form car pools 18.4 16.0 17.0
Other a.8 f.0 7.3



SURVEY SAMPLE POPULATION CHARACTERISTICS

Steam Diesel TOTAL
Male 46.4 40.4 43.0
Female 53.6 59.6 57.0
10 = 19 years 6.7 15.3 11.5
20 = 29 23.4 29.0 26.6
30 - 39 14.2 16.9 15.8
40 - 49 15.5 12.1 13.6
S0 - 54 _ 16.7 14.0 15.2
60+ 23.4 12.7 17.4
hsian 4.2 5.5 4.9
Black 15.9 17.9 17.0
Caucasuian 76.2 68.1 71.6
Latino 2.9 6.8 5.1
Other ethnicity 0.8 1.6 1.2
Unemployed 3.3 i.6 3.3

Executive, large
concerns, major
professionals 4.6 2.3 3.3

Managers, medium sized
business, lower pro-
fessionals 9.6 4.6 6.8

Administration, per-
sonnel large concerns,
owners small indepen-
dent business, semi-
professionals 10.9 9.4 10.1

Owmers little bysinesn,
clerical, sales, tech-
nicians 27.6 27.4 27.5

Skilled workers, artisans,
craftsmen 6

Semi-skilled workers 3.

Unskilled workers 1.

Housewives 7

Students 12

Retired 13



A. Performance Characteristics (Steam Riders Only)

better same Yo opinion
Quiet? 38.5 25.5 5.4
Smooth? 62.8 28.9 5.1
Power? 10.0 3.l 16.4
odor? 46.4 33.5 8.7
Smoke? 74.1 8.8 15:5
Safe? 14.2 6B.6 14.6
. Smog? B83.3 6,7 9.2
B. Would Steam Help Reduce Air Pollution?
great deal somewhat not much no opinion
Steam 47.3 LT 7.5
Diesel 31.6 6.5 17.6
Total is.5 4.4 13,2

€. Heard about Steam?

Steam
Diesel
Total

60.3
51.8
55.5

no opinion

e
Ll
oW

D. Would You Ride a Bus Powered by Steam?

Steam
Diesel
Total

b = B
B D

no opinion

Lar LA =
@ O W




100" >4

“3°P O WATA T6L°09T = X

s s | s
g 8 &
-~
-~ L= ] [=]
R = s Unemp loyed
Executive,
- - > |i1arge concerns,
i e * |major professionals
- n = Managers, medium
o o > |sized business,
- lower professionals
=
- o ¥ | Administration
= (=] L
= - Owners little business,
- e > clerical, sales,
» - * | technicians
Skilled workers,
= o = artisans,
o w ® | craftsmen
- o 2 | semi-skilled
e L] L -] Sers
5 & © | unskilled
> s - workers
- —
» - 2 | Bousewives
Lo ] un L=
[ 8] [
=4 . T | student
[ un m
o o] o
. . . Rotired
e ds uiy

2ToTYRA UBATE W3 U0 SIePTZ jo sabwiuaciad se umoys aaw sembyj

NOIIVANDODO A6 EOONIA 10 NOILVINEYLSSCHD



=12-

TR1PS PER MONTH

20+ 10 - 19 -9 under
Steam 73.6 7.9 8.8 9.6
Diessl 73.0 - 9.4 6.5 11.1
TOTAL 73.3 8.8 7.5 10.4

CROSSTABULATION OF VENDOR BY RACE

figures are shown as s of riders

Vendor: . wWhite Black Oriental Latino | Indian
Lear 92.0 1.8 5.4 0.9 0.0
Steam Power 73.7 15.8 0.0 10.5 0.0
Brobeck 60,2 30.6 1.7 1.7 1.9

x2= 45.130 with 8 d.f.

< .001



CROSSTABULATICN OF VENDOR BY SEX

-]

%s of riders

Vendor: Male Woman
Lear 19.1 60.7
Steam Fower 52.6 47.4
Brobeck 52.8 47.2

x2= 4.341 with 2 d.f.

P = n.s

CROSSTABULATION OF VENDOR MY AGE

tigures are shown

as %= of riders on the given vehicle

Vendor : 10-19 20-29 30-139 40-41 50-51 60+
Lear 2.4 21.4 17.9 20.5 26.8 10.7
Steam Power 0.0 15.8 15.8 5.3 5.3 57.9
Brobeck 12.0 26.9 10.2 12.0 B.3 30.6

y*= 48,550 with 10 d.f.

[re. r}ﬂj
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CROSSTABULATION OF VENDCOR EY RELATIVE ATTRACTIVENESS

figures are shown as s

Vendor: Yes No No Opinion
Lear 8i.9 7.1 9.0
Steam Power 100.0 0.0 0.0
Brobeck 66.7 9.3 24.1

x2= 24.261 with 6 d.f.

p<.001

CROSSTABULATION OF VENDOR BY “PERFORMS BETTER"

figurea are shown as %8 of riders

Vendor: Yes No

Lear 76.8 23.2
Steam Power 68.4 31.6
Erobeck 51.9 48,2

x?= 16.974 with 4 d.f.

p<.0l



CROSSTARULATION OF VENDOR
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{LESS ODOR)

figures are shown as \s of riders

Vendor : Leas odor Same More odor No opinion
Lear 44.6 28.6 18.8 8.0
Brobeck 46.3 38,0 5.6 10.2

%= 13.60934 with 8 4.f.

pe.10
CROSSTABULATION OF VENDOR (LESS SMOKE)
figures are shown as \s of riders
Vendor: Less smoke Same More smoke Mo opinion
Lear 85.7 0.9 0.9 12.5
Steam Power 73.7 5.3 0.0 21.1
Brobeck 62.0 17.6 2.8 17.6

x?: 24.,752%0 with G d.1L.

p<.001
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CROSSTABULATION OF VENDOR BY "MORE POWER"

figures are shown as percentages of riders

Vendor : More Power Same Less Power | No Opinlon
lLear 10.7 8.9 64.3 16.1
Steam Power 21.1 63.2 5.3 10.5
Brobeck 7.4 52.8H 22.2 17.6
xi= 72.118 with B 4.f.
p<.001

CROSSTAEBULATION OF VENDOR BY "LESS SMOG"

figures are shown as percentages of riders

Vendor: Less Smog Same More Smog No Opinion
lLear 91.1 1.8 0.9 6.3
Steam Power B4.2 5.3 0.0 10.5
Brobeck 75.0 12.0 c.9 12.0

x%= 14.572 with 8 d.f.

p<.10
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CROSSTABULATION OF VENDOR BY "IS QUIETER"

figures are shown as

percentages of riders

Vandor : Quieter Same Noisler |No Opinion
Lear 49.1 17.0 28.86 5.4
Steam Power 42.1 42.1 5.3 10.5
Brobeck 26.9 31.5 37.0 4.6

x2= 21,333 with 8 d.f.

p<.01

CROSSTABULATION OF VENDOR BY "SMOOTHER RIDE"

figures are shown as percentages of riders

Vendor: Smoother Same Rougher No Opinion
Lear 73.2 19.6 3.6 3.6
Steam Power 57.9 36.8 0.0 5.3
Brobeck 52.8 37.0 3.7 6.5

xZ= 13.427 with 8 d.f.

p<.10
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CROSSTABULATION OF VENDOR BY "STEAM WOULD BE GOOD DEAL"
figures are shown as %s of riders
Vendor: Great Deal Some Not Much ;| No Opinion
Lear 48.2 42.9 0.9 8.0
Steam Power 63.2 26,3 0.0 10.5
Brobeck 43.5 47.2 2.8 6.5

x2= 4.935 with 6 d.f.

p=n.s.

CROSSTABULATION OF VENDOR BY "WOULD RIDE A STEAM BUS"

percentages of riders

Vendor: - Yes HNo No Opinion
Lear 96.4 3.6 0.0
Steam Power 94.7 0.0 5.3
Brobeck 95.4 2.8 1.9

x2= 4.875 with 4 d.f.

p=n.s.
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CROSSTABULATION OF VENDCR (SAFER)

figures are shown as %s of riders

Vendor : Safer Same Less safe No opinian
Lear 9.8 69.6 i.6 17.0
Steam Power 21,1 6B.4 0.0 10,5
Brobeck 17.6 67.6 1.9 12.9

= 6.5596R with & 4.f.

P = n.85.
CROSSTABULATION OF VENDOR (HEARD AROUT STEAM BUS)
figures are shown as “s of riders
Vendor Yes No No opinion
|
|
—
Lear 61.6 38.4 0.0 |
I
|
1
Steam Power 63.2 il.6 5.3 *
!
i
Brobeck 58.13 8.0 3.7

x2= 4.72921 with 4 4.f,

p=n.s,



STEAM BUS PATRON ATTITUDE SURVEY

Sclentific Analysis Corporation
4339 Californip Street

San Francisco, California 94118

Interviewer :

Time/Date:

() [17] steam Bus

(2-5) Subject #

(6=7) l | 1_' Route §
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Hello, I'm working for Sclentific Analysis Corporation on a
study of new developments in bus transportation. And we are ask-
ing passengers for their opinion. May I ask you a few questions?
1. You may have heard or read claims that air pellution or smog

has reached a point where it is dangerous to human health.

How concerned are you about this == deeply concerned, somewhat
concerned, or not very concerned?

R - [::T 1, Deeply concerned
'.‘. E:] 2. Somewhat concerned
v E 3. Mot very concerned
E:] 0. Don't know, no opinion
2. What do you personally think are the main causes of smog or air
pollution?
1. Alrcraft, jets, alrports
2. Auto exhaust
3. Bus exhaust
Diesel trucks
5. Industry and factories
6. ﬁil refineries
7. Backyard burning

8. Fireplaces

5.
lanoouooofl

9. Other:
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3. In your opinion, what can be done to reduce air pollution or smog?

(18) D l. Find way to comntrol auto exhaust, devclop a new fuel
(19) L___j 2, Do guay with gasoline engine

(20) D 3. Control chemical and industrial wastes

(21) D 4, love industry to suburbs or other places

(22) D 5. Smoke control devices, filters

(23) D 6. Control burning rubbish or garbage

(24) D 7. Enforce law, pass new legislation

(25) [ ] 8. careful study, research

(26) D 9. Educate public
(27) D 10, Use public transportation, rapid transit
(28) [ ]11. Form car pools

(29) [ ] 12. Other (urite in):

4. In your opinlon whieh causes more alr pollution, a car or a bua?l

oy [] 1. car
Ej 2. Bus

D 3. Don't know, no opinion

5. llow often do you ride the bus?
{31) [:] 1. Daily, (20 trips per mwonth or more)
SKIP TO QUESTION #7
] 2. Frequently (10 to 19 trips per month)
[ ] 3. Occasionally (3 to 10 times per month)

D 4. Rarely or never (less than 3 times a month)
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IF FREQUENTLY, OCCASIOMALLY, RARELY OR HEVER:

6. Why don't you use the bus more often?

(32) z [ 1, Use own automobile

(33) D 2, Use friend/relative's automobile

(34) I:l 3. Bus not close to home

(35) L_..l 4. Bus pnot routed for travel needs

(36) D 5. Bus too expensive

(37) D 6. Dus touv slow

(38) I:j 7. Waiting for bus takes too long/service infrequent
(39) I:l B. Bus too nolsy

(40) |:| 9. Bus has unpleasant odor

(41) E]lﬂ. Bus too crowded

Oy
42) i:l 11. General or vague dislike of bus

(43)
{.ﬂﬁ) D 13, Other f“itﬁ in):

[

12. Generally "no need for bus"

7. Does . this. bus make bus riding more attractive than othor
busea you hava ridden?

sy [] 1. Yes

L] 2. w0 skir TO QUESTION #9

! ! 3. Don't know, no opinion



(46)
“7)
(48)
(49)
(50)
(51)

(52)

8. liow do you find this bus more attractive?

1. Jdusic

2. Carpeting

3. Chrome fare box
4. Clean, looks new

5, o advertisements on the walls—leoks geod

ooonood

6, Other (write in):

9. As you may have noticed, the f'cor in this bus is carpeted, Do
you like having carpeting in buses?

D 1. Yes
[ 2. #

D 3. Don't know, no opinion

10. This bus also has recorded music piped in. Do you think this is

(53)

4 good [eature?

! I 1, Yes == SKIP TO QUESTIOH #11
[] 2. o — co 1O quUESTION d10A

[] 3. bon't know, no opinion -- SKIP TO QUESTION #11

10A. Way is that?

(54)
(55)
(56)

(57)

L] 1. Too loud
| | 2. Don't like the type of nusic

[::] 3. Don"t like music on buses or in public places or conve:

|;_I s Other (wricte in):
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11. Does this bus icem to parfom
any differently from the buses you usually ride?

8) [ 1. Yes
Ej 2, o

12. How would you compare the performance of this bus to that of a
regular bus in the following ways:

A. Would you say this bus is quleter or nolsier?

(59) 1. quieter
[::] 2. abrut the same

[ 3. woister
[:]ﬁ. Don't know, mo opinion
B. Is this a smoother ride or a rougher ride?
(60) [J1. smoother ride
D 2, About the same
G 3. Rougher ride
D 4. Don't know, no opinion
C. Does it seem to you that this bus has more power or less power?
(61) - [J1. dore power
Ej 2, About the same
[ ]3. Less power
th. Don't know, no opinion
D. Do you notice less odor or more odor?
(62) [_J1. Less odor

I ]2. About the same

[j 3. dore odor

l ' '-’-’o. Don'"t know, uo opinion



E. Do you

(63) il | X
) 2.

g

[Cls.

F. Do you

(64) 1.
=12,

LxFy

N

=-2G=-

think this bus produces less smoke or more suoke?
Less smoke

About the sane

tlore amoke

Don"t know, no opinion

feel this bus ie safer or not as safel

Safer

About the same

Mot as safe

Don't know, ne opinion

¢. Do you think this " bus will cause less pollution or more
pollurion?

(65) Fla
[-.
| Bl
L Ja.

13. nave you

Legs pollution
About the same
clore pollution

Don't know, no opinion

heard about plans to use a bus powered by a steam -

engine in this city?

66) [ 1. ves
L1 2. %
EI 3. pon't know
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14. Do you think using steam buses would help reduce air pollu-
tion in this city a great deal, some, or not much?

(67) [11. A great deal
[__i 2. Some
i. l 3. Not much

[] 4. pon't know

15, Would you ride a bus powered by steam?

(68) [] 1. Yes s«Ip TO QUESTION #17

E:] 2. No

[] 3. pon't know

16. Why would you be unwilling to ride a steam bus?

(69) [ 1 1. Afraid to ride a steam bus

(70) {_]2. Too unsafe; it could blow up and cause serious personal
= injury

(71) [ 3. steam bus not dependable; it might breakdown

{(72) f::l 4, Steam bus is not progressive; it's returning to the ways

of the past

(73) [ 5. other:




(74)

(75)

(72)

17. What is your occupation, please?

And in what industry is thae?

1.

2,

0000000 000

[

Exscutive, large concernma, major professionals

danapgers, wedium sized business, lower professionals

Administration, personnel large concerns, owners small
independent business, zemi-professionals

Owners little business, clerical, sales, tuimicun:
Skilled workers, artisans, craftamen

Seni-skilled workers

Unskilled workers

llousewives

Student

etired

Unemployed

18, Position on bus:

s
] a
AR

19. Sex
s
s

Front

diddle

Beck

dale

Female



20. Ape (Estimate)

(77-78) l ] I

21. Race
79 [] 1. whice

[ 2. mlack
[ 3. ortental
D 4. Hexican-American

(] 5. American~Indian

m 6. Other

22, Time Period
[: s} D 1. Commuter--early morning

D 2. Late morning
I:l 3. Early afrernoon
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ATTITUDES OF TRANSIT MAMAGER

TOWARD ALTERNATIVE FPOWER SYSTEMS TO COMBAT AIR. POLLUTTION

Innovations in bus transportation must be acceptable not only to the
public, but to the transit industry as well. In the United States, both pri-
vate industry and puhliﬁ service join efforts in the publiec transportation
system. Most urban mass transit systems involve a working partnership of both
groups. Therefore, in our survey of attitudes regarding the use of steam power
as a viable alternative to the internal combustion engine, we contacted transit
managers of all major bus transit districts in this country. We asked transit
maAnagers several gquestions about their concerns with air pollution, strategies
for controlling or reducing air pollution and its ralatinnship to bus usage and
the costs of innovation in the bus industry. How much would they be willing
to pay for a new way of combating air pollution? What should be the role »nf the
government in controlling air pollution? These and similar questions form the
basis of this stud*.

During the spring and summer of 1972 the survey staff of Scientific Analysis
Corporation mailed questionnaires to all Transit Systems Members of the General
Signal Corporation to all districts who had a fleet of more than 100 buses in
operation. These include privately and publicly owned hus.systems in the United
States. FReturns for this mailing procedure reflect the attitudes of transit managers

of 75% cof the buses now In operation. Forty-eight of the 65 questionnaires were



returned. Twenty-six public transit districts and twenty-two private districts
are represented and these include the larger districts as well as several small
firus., This is an exceptionally ygood return rate and allows us to treat this
data as being both representative and reliable.*

Forty-five transit managers stated that they were concerned about
air pollution and that they considered it to be a serious preblen. In fact,
over B80% (39) of the manayers felt that ailr pollution had reached such a high
level that they considered it to be dangerous to human life. Given this de-
gree of awarenoss and concern, what do the transit managers feel is the role
of buscs in creating smog?

We asked these transit mmanagers what they considered to be the main
causes of air pollution, and to rank these causes according to their sa;inus—
nes;. The wain cause for smog, of course, was the automobile, Three-fourths
of the respondents ranked automobile exhaust as the primary cause of air pollu-
tion, while industries and factories were ranked second by two-thirds of the
gfnup.' Third was the oil refineries, 5o, while the transit managers in general
recognized tnat other activities are the major causes of air pollution, over
one-haltf acknowledged exhaust fumes from buses also contributed to the poison-
ing of the aimnsphere. Interestingly, as is reflected on the chart on the
following page, the transit managers rank bus exhaust as the last preference

of causes to air pollution.

*  According Lo moﬁ?héuxvey methodalogists, a return rate of 40% to 6€0N% for
mailed guegtionnaires is the uwsual exvected return,  Our return rate uncoubht-
edly reflects a pigh uecree ol active awareness and interest adsong transit
managers ol the air pollution probleowm,
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TRANSIT IIMIAGERS: HMAIL _(‘.AUSI-.'.S OF AIR PEEiL_UTIDiI OR SMOG

Ranked IQ?EEEE£=2£=£EEE§£EEE§S. "} 2 3 R 3] 7 B
Auto cxnaust 40 3 2 1 2
“Industries and factaries s 25 3 2 1 3
“oil refineries 3 12 6 3 3 1 1
Mrerate, jets, aizpores 3 6 10 5 3 2 1
“rruck exmause 6 5 7 10 4 1 2
‘Pus exhaust S s Tl e 2 1
:"‘"“"""""'"""_‘""““""‘—....‘:.‘._‘.': """""""""" evair} e g e e = M = vl = s

A feaw of tne questionnaires did not rank all eight items, only
the first three, hence no totals,

Given this concern, what would they feel a proper selution to be?
Wa asked these respondents about what they thought could be done to reduce
air pollution. OUne-third of the transit managers responded that the best solu-
tion to this problem would be the develepoment of rapid transit systems and the
wider use of public transportation (16). Another third felt that the first neced
to control air pollution would be to find a way to control auto exhaust and to
develop new fuels (14), Others suggested a broad approach to the problem, in-
cluding other public controls and careful study and research as well as find
a clean alternaté nropulsion systen,

h; shown on the following table, nearly all mentioned the necd to
increase the use of punlic transportation as one of th» ways to control air
pollution, Althouch they indicated that autongbiles are the nunber one cause
of air pollution, these nmanagers scen fully aware of the important role of
public trunuportation wialle buses are a less ecrucial source, ranking ‘hehind

industry, ol l rovriners, arreratt and truek ezhanst.
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TRANSIT NMIAGLRS: PRIORITY OF SOLUTION TO AIR POLLUTION

Ranked in Order of Priority®* 1 2 3 4 5 6 7 8
———————— =

- o d LR = F o T T wew—

Use Public transportation, rapid le 19 5 4 1 1
1 transit

Control auto exiaust, develop new 14 15 7 3 1

fuels
Control chewical and industrial 7 8 8 5 3 2 2
waste
Careful study and research 6 2 3 3 4 5 3 3
S S e S ——— - - T S S S . O O o g W T 5 o S o o o " . . - -
Find clean alternate propulsion 4 7 7 3 2 2 4 10
systeill
Enforce law, pass new legislation 1 3 3 4. 5 3 3 3

-—— e

T L T A T S L M e e R s S e,
" A few listed only tihree priorities

What would transit managers recomnend to implenent these opinions?

We asked if Lhey would favor spending gasoline tax money for research on air

pollution, This question is an important one in the fact of the continuing

sbntroversy about diversion of these funds from highway construction., Hearly

;;l (45) of the transit managers favor spending some casoline tax money for
research on air pollution or smog. This opinion seems fully consistent with
their attitude about the seriousness of the problems of air pellution..
Since nnafthird of the transit managers had stated that one of tne
:bﬁét ways to coubat air pollution would he to increase the usa of bhus trans-
portation, we asked the respondents what they believed would increase bus
.3 MBage by the public, The responses to this qun??ion indicated that thut onge =
half felt bus usage would be increased by haVinq more buscs with better (more

frequent) service, wiile another 28% felt that lower or free fares would



greatly increasc bus indulgence. In other words, transit mwanagers still feel,
in spite of public concern about automobile smog, the rules of the free market
still operate. Feople will ride buses because they are efficient and free,
not because buses night be made to run smog-free, This is an important factor
in the whole problew of how to get people to make decisions for the good of
all--rather than on the basis of personal convenience and cost,

VWie then questioned the transit managers if they felt there was a
real neod for the transit industry to find and adopt a clean propulsion
systen, Two thirds (32) responded yes, while one-third did not indicate there
was such a neecd. We then asked if steam buses were fuieter and ecleaner than
diesel buses, would their ogranizations consider purchasing them? This is a
crucial question, Would the develonment of tlhie steam bus meet with acceptance
by the transit oryanizations? Over one-half (26) of the transit nanagers in-
dicated thelr orcanizations would consider such purchases, while 13% (G) re-
sponded no and 33% (16) had no opinion at this tine,

We asked the Er-nait managers 1if they felt the usc of steam buses
would help reduce air pollution and found that over one-halfl (26) did not
think steaa bus usage would help much in reducing air pellution in their dis-
trict, altiowpin 27% (13) [elt the steam bus would have Egﬂg_affact. unly 2%
(1) felt the wider use of steam buses would have a strong inpact on air pollu-
tion., Thies finding is consistent with the transit managers attitude that they
do not bhelieve that the buses are very important a8 a cause of air pollution.

Wa then asked if they felt that stean buses would increase bus usage

in their transit arcvag, Ten percont (5) said its use might incrensc bus usann
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a little, while over half (25) did not feel it would have an impact and 33% (16)
were undecided while 4% (2) indicated that it would not increase bus patrons
at all.

Given these stated opinions, we wore then confronted with a dilemma.
That is, over one-hall of the transit managers had stated thelr organizations
might counsider purchasing steanm buses, although they also felt the steam bus
wauld neithoar decrease air pollution nor increase bus usage significantly.
Pepshaps this is an indication of these respondents® awareness of the complexity
&f the air pollution problem and reflected their realization that there would
I.:m no sitple solution to such a complicated phenomenon.

We then asked the transit mapagers a hypothetical question: If steanm
buses Lecane commercially available, the purchase price might be more than that
paid for diesel buses. How twch of a premium would your transit district be

williny to pay? The responses are as follows:

TRAUSTT (LCIAGERG:  WILLING 'O PAY P'IUYIIUN

Ten percent wmore 10 {214)
Twanty-1ive percent rore 2 [ 4%)
No comaent at this cine 1l (23%)
Fifty percent more - -
Mot willing to pay any

premiwa 16 (33%)
lio response 9 (191)

48 (1o0w)

As ecan be scen, three-fourtiis of the transit nanagers are either
awdvivwalent or unwilling toe pay a higher precdws for slearm buses, (Unly one-
Toprth wl tw regponuents imdicabted that thedr triunsit systeus would nay

addivionul eutls foar o steass bas, In short, they ao not e Lo view the
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steam bus as the solution to air pollution problems if it would be more expen-
sive., Once ajain, we See the philosophy of the market place still operating
in spite of the transit wmanagers' expressed concern about air pollution, This
finding appears to reflect the seriousness of the entire problem of mobilizing
the public in combatting air pollution. All agree that it is a problem. Few
are willing to sacrifice convenience or financial gain in order to control it.
This finding may indicate a need for government control or regulation in order
to create a wore viable environnent,

We, therefore, asked the transit manauers what role they thought the
federal government should take in helping te fight air polluticn. Only three-
fourtiis (39) of the respondents answered the guestion, indicating a reluctance
on the part of one-fourth of the transit managers to respond regarding this
policy issue. Of those that did not respond to this question four were public
owned, averaging a@bout 580 buses, five privately owned averaging 180 buses,

Amony those who responded, 56% {(20) felt the federal governuent should
provide operating subsidies to public¢ transportation, to provide assistance
for purchase of a clean propulsion system; 15% (5) felt the federal government
should fund a massive research effort for a clean propulsion system; 15% (6}
felt the t]c:vcrrl.r.!e:']t should encourage private industry to develop clean pro-
pulsion systens and the balance 14% (9) [elt the government should increase
the cost of private transrortation to force the use of public transnortation,
In short, the tronsit sanaters saw the role of the federal governnent as a

source vf financial assistance, research effort and legal nower,
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In sunmary, the resoonses to the questionnaire indicate that transit
managers are aware of andd concerned about air pollution, but see their parti-
cular effort to combat air pollution to be less than central, In fact, they
feel innovation and cnange from diesel to steam buses could be accorplished
only il steam buses werc competitive in price, or if there are adequate finan-
gial subisidies [row the federal governnent. They indicate interest in a massive

and continuous research effort in this field, showing their awareness of tue

gomvlexity of the air peollution problem,
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TRAISIT MNNAGERS ATTITULE SURVEY

l. As far as you personally ure concerned, do you feel air pollution or smog
is very scriow;, laiily woeriow or not o serious problem?
l. Very scrious
2, Fairly scrious
3. Dbot serious
4. No opinion

2., Do you think air pollution or srog has reached a point where it is a danger
for normal, healthy pocple?

l. Yes
2. Maybe
3. Ko

4. bo gpinion

3. What do you, personally, think are the main causes of smog or air pollution?
(Please rank in order of sericusness,)
l. Adrecraft, jets, airports
2. Auto exhaust
3. Badkyard larming
4. Truck exhausts
5. bus exhausts
6. Industry and facwories
7. 0il refineries
8. Other (please write answer)

4. 'In your opinion, what can be done to reduce air pollution or srog?
(Please rank in ordur of priority,)
l. Find way to control auto cxhaust, develop new casclines
2. Do avay with intermal conlustion engines
3. Find a clean altermate propulsion systam
4. Control chordcal and 1nuustrial westes
5. Enforce law, pass new legislation
6. Careful stwly, research
7. Control buming rubbish
8. Use public transportation, rapid transit
9. Other (please write answer)

5. Would you favor sponding sane gasoline tax noncy for smoxg or air pollution
rescarch?
L, Yoes
2. Mo
3. No opinion

6. In your gpinion wlich of the followina sources causes rore air polluticn?
(Mlease rank in order of igportance,) '

l. Cars

2. Tnucks
J. Lares

44- .IHLILL ;L'[}'

5. I o Lnion



7.

9.
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what do you believe will increase bus usage?

1.
2-
3.
4-
Je
6-

More buses and rore frecuont service
low, attractive buses

Clean and quiet pover systons

uther mass transit vehicles

Free fares

Other (please write answer)

Do you feel therc is a real need for the transit industry to find and adopt
a clean propulsion system?

2,
3.

Yes
o

It is expected that steam buses would be quieter and cleaner than diesel
buses, If they were available, would your organization consider purchas-

-'ing steam buses?

1.
2.
3.

Yes
o
No opinion

If steam buses became conrercially available, the purchase price might be
more than paid for aicsel buses. low much of a premium would your transit
district be willing to pay?

1.

L B

Ten percent rore

Twenty-five percent more

Fifty porcent moru

Mot willing to pay any premium

Do you think a wider use of steam Luses would help reduce air peollution in

your district?
* L]

o L B

A great deal
Same
ot much

Don't know

Do you think that steam Luses would increase bus usage in your transit arca?

l-
2,
3.
4.

A great deal
sScme

hot nucih
Don't kross
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DRIVER ATTITUDE SURVEY

An in-depth, personal interview was conducted by a trained interview-
or with each of five operators of both diesel and ateam busea, Two wera
inatructors, while three were reqular drivers. Four of the operators wera
from the Bay Area -- three employees of AC Transit and ona employed by San
Francisco Municipal Railway -- and the fifth from SCRTD in Los Angeles.

These five men we interviewed all reported that they enjoyed being operators.
They are experienced drivers -- having driven buses between nine and forty-
three years. |

The interviews consisted of a basic set of gquestions in which drivers
compared the éperation of the steam and diesel buses. The questions were all
of the open-ended variety and were complemented with systematic probes by the

interviewer.

The basic informational categories dealt with in the interview can be

summarized as follows:

Comfort factors, e.g., smoothness of ride, noise level and degree
of adeor.

Operating factors, e.g., overall power, handling and safety of
bus, and emissions.

General attitude factors, e.g., personal opinions from driver's
point of view about driving the steam bus and their percep-
tion of passenger reactions.

The responsces were reccorded manually and on tape, and transcribed.
Then the rasponses were categorized by item of information and by response.

Finally, the data was content analyzed. A discussion of the findings follows,
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The drivers were asked how the steam bus compared to diesel buses in
terms of guietness. All the drivers mentioned that the steam bus was gquiet-
or. One of the drivers pointed out that "On the diesel you have a contin-
vation of noise from the motor, but on the steam bus you can't hear anything."
T™wo of the drivers mentioned that it was qguieter both inside and out, while
#wo others said the interior noise was the same or "sometimes noisier" than
the diesel, but that the steam bus was gquieter outside.

They were alsoc questioned on comparative smoothness of the ride.

Here again, all the drivers stated that the steam bus was "definitely smoother".
Three of the five drivers explained this improved smoothness by the slight
increase in weight and the more even weight distribution of the steam bus.
T™wo of the drivers mentioned a "smoother shifting transmission" as adding

to the increased smoothness.

. The drivers' opinions concerning the relative power of the steam bus
were more varied than on other issues. Responses ranged from "it [steam bus]
has more power all the way through than the diesel bus does" to the feeling
Ehnt the steam bus has "less power because of less horsepower™, with three
of the five interviewees indicating that there is less power on the take-off.
Two of these three drivers did, however, seem to feel that the steam bus
does have more power after shifting gears.

When asked about the odor produced by the steam bus, all five drivers
emphatically agreed that there is "a lot less odor". In general, the drivers
were enthused about this noticeable difference in odor because it makes trav-
“£]lling on a4 steam bus "that much nicer to ride" .for both themselves and

_their passengers.
Onee again, the steam bus operators were in agreement in their ohser-

vaLions —-- this time on the guestion of smoke, All five drivers felt that
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considerably less smoke was emitted from the steam bus than from diesel buses
they had driven.

The drivers were also asked to comment on the safety of the steam bus
in comparison to the diesel. They felt that there was no difference in the
safety factor of the vehicle itself for the passengara, except for cne driver
who commented that "It would be harder I would say to clear an intersection.
you can't take off as fast." Three of the operators pointed out that saféty
is dependent "mostly [on] the man behind the wheel"”. It is interesting to
note, however, that three of the drivers did mention that the buses could be
considered safer, to the general public, in terms of the reduction in pollu-
tants they emit.

When questioned on the effect steam buses will have on pollution, all
of the drivers had much to say, indicating thelir concern over air pollution
and their hopes for steam. The general feeling among the drivers was that if
steam buses replaced diesel buses there would be "considerably less" air pollu-
tion; e.g., one driver stated, "I think they're on the right track as far as
cleaning up the air is concerned." Four of the five operators did cite the
automobile, however, as the major producer of air pollution.

From their experiences, all of the drivers felt that thée fteam bus
handles “very much the same" as the diesel buses they usually drive. while
two of the five did mention that steering is "a little harder", none of them
noticed any difference in the stopping distance of the steam bus.

When asked about learning to operate the steam bus, "adjustment rather

than real difficulty" was reported by the five drivers. Three of the drivers
referred to the different guages they needed to watch, while twe of the drivers
pointed out starting the bus up as "a slight problen”. An average of three

hours of training way tyiven to sach of the operators. They werc acrcompanied
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on their runs by their instructor and/or a crew of engineers who usually
started up the bus.

When asked to comment on their passengers' reactions to riding on a

steam bus, all of the drivers noted that there was general interest and that
the public had a lot of questions. While a few riders were not aware that
they were riding a steam bus, many had read about it in the newspapers. One
driver reported that “they [the passengers] would let the diesel buses go by
and wait for the steam bus. I had people hanging out the windows almost, just
to get a ride on the steam bus. People went out of their way to take the
steam bus. They enjoyed it."

We also questioned the drivers about which bus -- the steam or the
,diesel -- they would prefer driving on a daily basis. All five of the
‘drivers indicated that they prefer the steam bus because it provides a smooth,
quiet ride and is a less polluting vehicle, but with some improvements. It
was their general feeling that it will be difficult "to maintain the schedules
that we have with the steam bus the way it is set up now. ., .With improvements
and if the performance standard were brought up to what our diesels are, I'd
prefer the steam bus."

A second interview was conducted with one of the dirvers of the Brobeck
bug after several changes of that bus were made. The changes were so dramatic

that our driver told us, "I completely forgot that I was driving a steam bus --

we were moving along that smooth.™ He noted considerable improvement in the

noigse factor, the power, the odor and the overall handling of the bus as well
as the smoother ride. The enthusiasm of the passengers matched that of the

driver; according to the driver, "the passengers said they hoped to ride the
[

eteam bus in the future -- the really liked 1t."\

|

l
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Corporation.

California steam bus project
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