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March
10th,
i81s.

Honorable Chairman and Members of the
Public Service Commission,
State of West Virginia,
Charleston, West Virginia.

GCentlemen:

I respectively submit herewith, a report upon
Tunnel Ventilation in connection with the Investigation
of the Baltimore & Ohio Railway Tunnels, between Park-
ersburg and Grafton, Weet Virginia, in accordance with -
your request of February 4th, 1918.

It has been the endeavor to pursue such lines
of investigation, as seemed necessary toc a broad consid-
eration of the subject.

I wish to express my appraciation of the val-
uable co-operation of Mr, Winters, of your staff, in
carrying on this investigation.

Throughout this investigation, the Company and
its employees have assisted and co-operated in the work
whenever requested and I take this opportunity of acknow-
ledging the courtesy extended by the Company and its em-
ployees towards solving the problem.

Respzactfully submitted,

FIB/GAU



T

TABLE OF CONTENTS

Introduction

Bigtorical

Tunnel Sections

Ventilation

0 ~30 U 0

WO 30U & o

. LI

[
<O

. Gases of the Atmosphere

Carbon Dioxide Gas

Symptoms of Carbon Dioxide Poisoning,
Carbon Monoxide Gas

Symptoms of Carbon Monoxide Poisoning
Heat to be Eliminated

. 0f Subways

0f Steam Railway Tunnels
Construction Costs of Tunnel
Ventilating Plants
Operating Costs of Mechanical Ventilation

Reaults

. Collection of Data
. Gas Analysis

. Coal Analvsis

. Temperatures

Respirators

Locomotives Cab Ventilatoras
Labratory Tests on Birds
Tonnage

Conclusions
Recommendations
Avpendix

Index of Tables

Index of Drzwings

PAGE
1
3 -7
8 - 15
16
17
18
18 - 19
20 - 31
31 - 23
23
23 - 34
35 - 38
37
38 - 39
40 - 43
43
44 - 47
48 - 49
50 - 52
53 - 54
55 - 57
58 - 60
61
63 - 65
66
87




. INTRODUCTION

A complaint received by the West Virginia Public
Service Commission from the employees of the Baltimore and
Ohio Railroad, operating trains between Grafton and Parkers-
burg, states the natural ventilation in several of the tun-
nels iz insufficient. This question was taken up informally
by the Public Service Commission with the officers of the
Railroad, without obtaining satisfaotéry working conditions,
it is allesed by the employees.

The object of this study is to determine whether
the complaint as to improper ventilation is just and what
action should be taken to remedy the alleged conditions,
should they be found unfit fof the men tc perform their dut-
ies with safety and reasonably free from the extreme discom~

forts from the heat and gases, said to exist.




HISTORICAL

' funnels on the Baltimore & Ohio Railroad between
Grafton and Parkersburg were constructed and put in service
about 1866. These tunnels, as constructed, can be said to have
made reascnable provision for sufficient space for the small
locomctive then cperated. Topograrhy of the ccuntry through
which the railroad is built is rether rough, and the grades, es-
pecially at that early date, were as good as could be reasonably
built with the capital availaﬁle and the traffic that was then to
be handled. Since the construction, the sections of the tunnel
Lave not been enlarged nor the grades improved.

Locomotives used in the early days in freight ser-
vice did not exceed from 40 to 50 tons in weight and hauled 450
size of the loccomotives have taken place. The size and tractive
power of the locomctive has increased twc fold or more until at
the present time a 100 ton lccomotive with a tractive power of
-48,168 pounds, hauling 1000 to 1050 tons of freight, is cperated
in this district. |

Tonnage handled by the freight trains has kert pace
with the size of the locomctive. In the early days it was not
a question of the capacity of the facilities of a railroad and
the then small encines easily took care of the traffic offered.
Yodern methods of operation have brought about a maximum train

lead, until trains now are cperated with twe one hundred ton
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locomotives, one at the head and one at the rear.

Such opération has increased the intensity of the
heat on account of increased steam pressure and the amount of
gas brought about by the greater consumption c¢f fuel with less
volume of space between engine and tunnel walls for the dilution
of the gaases.

In order to zive some idea of the space occuried by
loccomotives blue print figures 1 - 2 - 3 and 4, pages 4, 5, 6,
and 7 show a section of four of the twenty three tunnels in which
conditions were found pocrer than the average, by thevwriter. The
tunnels in question show the present day locomotive outlines in
red and the early day locomotives in vellow. Locomotives now op-
erated and the srace they occupy will indicate to some extent the
conditions produced in the operaticn of this modern motive rower.

As a result of the growth of the train’ load and in the
size of locomotives, methods of veniilation of tunnels have been
undertaken, so that asphyziating gases are being removed and ex-
cesaive temperature reduced. Steam Railway mechanical ventilation
seems to have been first put in operation in 1201, in this ccuntry.

It will be noted that the space in the section of these
tunnels has ‘been almcst wholly filled bty the present day locomo-

tive.
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TUNLEL SECTIONS

In order to give concise information as to the di-
mensions of the twenty-three tunnels under consideration, the
statement given in Table #1, page 15, shows the tunnel number,
location, area and grades, approaching the tunnels. A study
of this Table shows that tunnels+#l, #8 and #21, by their great-
er lengths, would have the poorer ventilation. Trips through
these various tunnels on locomotives found these conditions to
be verified and, in addition, tunnel #1S was also found to have
unusual gas and heat conditions. By comparing the area of these
tunnels, with published information regarding tunnels that have
been ventilated, it is found that their sections are considerably
smaller than other single track sections usually constructed. In
addition to the area of the section of the tunnel, the sufficien-
cy of the natural ventilation seems to be dependent on the length
and percent of the grades apprecaching the tunnel and the grades
through the tunnels,

Tunnel #1, east of Clarksburg, is 2707.6 ft. iong, be-
ing the longest tunnel covered in this investigation., The area
does not vary greatly from the other tunnels in this district,
but it will be noted from Figure #5, page 1l, that its area is
considerably less than the area recommended for single track tun-
nels by the American Railway Engineering Association in their

Manual of Recommended Practice of 1911. Cross gsection of tunnel

#1 is shown by white lines: the section recommended for single

track by the Armerican Railway Engineering Asscciation by dotted




red lines. Arga provided by the American Railway Engineering
Association section is 314 greater than that rrovided by tunnel
#1.

Tunnel #1 is located at the summit of a 1% grade,
west bound, the grade being approximately two and one half miles
in length. This grade is one of the ruling ones for the whole
district and on account of its length heavy tonnage trains have
congiderable difficulty handling their trains and consume more
time in passing throush the tunnel at reduced gpeed, on account
of its location at the summit of the grade,

Tunnel #6, it will be noted, is 23313.5 ft. long
and is at the summit of a grade varying from .77% to 1.38%. In
fact, the summit of the grade meets in the tunnel, which no doubt,
contributes to the poorer natural ventilation than would ¢other-
wise be obtained. The section of the American Railway Engineer-
ing Association is 314 greater than that provided by tunnel #6,
as shown by Figure #6, pare 13.

Tunnel #19, commonly known as Silver Run Tunnel,
is 1495 ft. long and is at & summit of a three mi;p'l% ascending
grade, west bound. The American Ruilway Engineering Associations
recommended area is 32% larger than that of tunnel #19, as shown
by Figure #7, page 13,

Tunnel #31, commonly known as Eaton Tunnel, is at
the summit of another ruling grade, aprroximately three miles in
length, the grade varying from .5% to a 1.2% ascending grade, east
bound. The American Railway Engineering Association Sectional
area is 33.5% greater than the sectional area of tunnel #31, as

shown by Figure #8, page 14.
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It is considered that the section of the four
tunnels above mentioned with information recarding grades and
other dimensions, is sufficiently representative of the condi~
tions met with when supplemented by information under Table #1,

rage 15, showing tabulated information regarding all the tunnels.
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VENTILATION

Atmosphere contains only cne constituent that
is useful to living things and that is oxygen. Gases nmay per=-

form other uses in nature and vet not be immediately necessary.

Gases are not chemically combined with one a-
nother in the atmosphere, but are mechanical mixtures. Oxygen
- | may be used or taken from a sample without effecting the other
- 1’ constituenta. Other constituents may be added =z2nd yet not effect

the oxygen. When oxygen is taken up in breathing a producticn

of carbon dioxide takes place.

The atmosphere has been found the same on the

ccean, at various elevations and in country Jdistricts.

The following composition, by velume, of pure
atmospheric air, free from aqueous vapor, may be taken to have

- the following composition.

TABLE # 2
* Oxygen 2094 rer ten thousand parts
Nitroren 7800 " " " "
Argon g4 " " " we
Carbonic Acid o3 ¢ " "
Hydrogen s " " " "

In a study of ventilation the gases to be con-

sidered most seriously are oxygzen, carton dioxide, carbon mono-

*See report of a Parlimentary Committee cn Ventilation of
Factories and Torkshope, London, 1912, Page #93
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xide and water vapor.

Carbon diocxide is a product of respiration and
of combustion of fuels and at the same time varies little in
uncontaminated air. Little difference of carbon dioxide is
found in pure country air whether in forests or over the ocean.
Accﬁrate analysis made in Scotland of coﬁntry air
shows 3.13 to 3.36 volumes of carbon dicoxide per 10,000 volumes.*
In the parks of London, Angus Smith found 3.01 vol-
umes of carbon dioxide per 10,000 volures and 3.80 in the streets.
In the differentparks of Londcn averages of his samples were 4.39,
from Manchester, 4.03, and from Glasgow, 5.03.
Records kept of the amount of carbon dioxide in
the air of Paris since 1880 was found to be as follows:

TABLE # 3.

Carbon Dioxide in the Air of Paris Dur-
ing Day & Night: 1891 to 1900(Inclusive)

Mountsourias Park Center of City
Day 3.10 3.34
Night 3.18 3.21
24 Hour Average 3.14 3.37

In the streets of New York City, George A, Soper
made some observaticns for the Rapid Trénsit Commission of Hew
York and found the carbon dioxide was 3.87 parts per 10,000, as
a result of 30% analység.

From a study of the above results, the amcunt cf
carbon dioxide met with, where air has a free circulation, can
te taken to vary from 3.0 to 4.0 parts by volume per 10,000.

*See report of Angus Smith, J.S. and E.B. Haldane and
G.F. Armstrong. (PHYSIOLOGICAL MACAZINE OF 1890, page 308)
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In order to show the effects of respiration in pro-

ducing carbon dioxide, the following table, taken from Foster
Phyaiology Text Book, 1906, page 440, shows the difference be-

tween the principzl geses in inspired and expired eir, per

10,000 parts:

TABLE # 4
Inspired Alr Expired Air
Oxygen 2081.0 | 1800.3
Nitrogen 7215.0 7658 .9
Carbon Dioxide 0004.0 432.0

*nThis gas exists both as natural and artifi-
fial product. As the former, it is found
in volcenic caves end mines of =21l kinds,
where, occurring with mersh gas, it is
known se "Choke damp®", at the bottom of
deep wells, in sewers and tunnels. "

QYMPTOMS OF CARBON DIOXIDE POISONING

Qymptoms of carbon dioxide (C02) poisoning may be
acute or chronic. In acute cases where the victim has been
suddenly exposed to a large volume of the gas, he falls to the
ground unconscious with complete muscular relaxations, deep,

difficult breathine, a deep blue color and a feeble quickpulse .

CARBON MONOXIDE GAS

Carbon monoxide is an extremely poisonous gas
end is known to csasuse death by destroying the oxygen carrying
power of the 1884 by entering the blood corpuscles in the
longg. Most common of the deaths csused by this gas have
been from ordinary illuminating css, where such gases heave

been accidently or purposely left turned on. Cerbon monoxide

*"THUE OCCIPATIONAL NICEASES" by ¥. Gilman Thompson, M.D. Pro-

feasor of Medicine, Cornell University in New York City, 1914.
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forms 7 to 10% of the ordinary illuminating ges.

*The statement following gives information regard-

ing the amounts in parts per 10,000 of the various gases that

effect the life of animals.

TABLE #5.
PARTS PER TEN THOUSAND
Names of Gases Rapid and Bear§?£e for
Dangerous 30 to 60 min-
Injury utes without
g===,.---_--:::”'_‘====....wm__,.._._,,..==:=::.35939.Eiissﬁﬁéﬁ
Hydrochloric Acid 1.5 to 2.0 0.05 max. Q.1
Sulphurous Acid percent 0.4 to 5.0 0.05
Carbonic Acid percent about 30.0C 6 to 8
Ammonia 3.5 to 4.5 0.3
Chlorine Bromine .04 to .06 .004
Jodine =000 seeeseeeee- ) .003
Hydrogen Sulphide 0.5 to 0.7 3 t0 .3
Carbon Disulphide 0.1 ' 003
Carbon Monoxide 3 to 3 «5 to 1.0
Composition of pure atmosrheric air is as follows:
TABLE_#6.

PARTS PER TEN THOUSAND

»

Oxygen 3094
Nitrogip 7800
Argon _ 94
Carbon Acid 3
Hydrogen 9

10,000

*L,EEMAN METH. PRACTICAL HYGIENE, 1201, pege 174.
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SYMPTOMS OF CARBON MONOXIDE POISONING

*uPrsgence of such small quantities as 0.1%
cause unpleasant symptoms such as headache. When
the percent rises to 0.4%, the atmosphere becomes
drngerous to animal life.

Carbon Monoxide gas he? the following effect
on tro blest furnacemen:

®In the case of these men there was at first
great sleepiness and headache, followed by incomplete
loss of power in the lower limbs and on subgidence of
the acute symrtoms it was observed that spcech was effect-
ed much in the seme way as in general paralysis. There
was & distinet articulation defect when I examined the
men, two or three months after the commencement of their
i1lness. The power of wslking properly had not been re-
gained, the geit wss slow 2nd stepping, the grssp of the
hands feeble and the pupils dilated. One of the patients
would burst into hilarious laughter now and zgain without
the slighest provocation. The simplest question addressed
to him seemed to cause amusement. Although the general
physique of these men is good, their nervous system hag
been so thoroughly poisoned by the blast furnace gas, that
they are likely never to do sny further work. In confirm-
ation of this statement I have recently learned that the
mental condition of these men remeins the same, although
it is now fully two years since their illness begen. That
the particular constituent of the blast furnace gas which
poisoned these men wes carbon monoxide, there is little
doubt, when attention is given to the analysis of the gas.

Analyeis of the ges on two occazsions from the
blast furneces at which the men worked, showed large
qugntities of carbon monoxiie.

A. _B.
Carbonic Acid 4 7
n Monoxide 36 32
Bydrogen 2 5
VAresenic 00.
Sulphur trace
Nitrogen 58 55.3

In severs csses there may be convulsions and
loss of conscioneness and when the gas enters a bedroom
and is inheled by the persons who are asleep, the sleep
6nly becomes desper. In many instances there is no
awmakening.

*NISEASES OF OCCUPATION® by Thomas Oliver, M.D. Physician
Royal Victoria Infirmary, New Castle on Tyne.  Professor
of Physiology, Dunham University, 19C8 Edition.




One of the mecst important effects is alter-
ation or loss of speech."

Poor ventilaticn in tunnel‘constructicn has been fcund
to not only reduce the working cap=city of the labcrers, but
rany have died, where the air was nct skilifully suprlied. The
constructicn and maintenance of some of the modern tunnels has
beén possible only by a proper air supply. During the construc-
ticn cf the St. Gothard Tunnel, 800 of the workren died through
defective air suprrly, while the Simpleon Tunnel was constructed
under much more sericus conditicns, with the hospitals empty.

Many employers have fcund in wine and tunnel constructicn
work that the indirect savings that can be made by supplying fresh
air for the men to work in, have been considerable, as much more
work is done on account of the better health of the employees.

On account of the increased size cf the fire box, the
increased steam pressure and the almost completg filling c¢f the
tunnel by the increased cross section of the locomotive, the con~
ditions have gradually chansed in the tunnels. Heat that is rad-
izted from the locomctive has increased very materially with the
gize of the locomotive, so that the heat met with in passing thru
the tunnel s a vsry important factcr, in addition to the pocison-
ous gases. Steam pressures of the early locomotivés operated
were 150 }ounds, the steam being at a temperature' of 358° Fé.hren-
heit. Present day locomotives operated in this &istridt carry 300
pounds steam pressure with a temperature cf steum of 381.9° Fah-
renheit. As will be shown later from testas c?nducted while pass-
ing through‘the tunnels and later in the labrgfory, the norﬁal
temperature in the engine cab was raised from 55° Fahrenheit to

from 128 to 143° Fahrenheit, and, on & hot summer day, the rise

- 31 -
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in temperature probably reached a maximum of 150° Fahrenheit.

Ventilation has alsc become necessary in rail-
#ay tunnels on aczcount of excessive heat from the greatsr volume
end higher temperatures of the steam from tbe exhaust, as well as
from the heat radiated fror the much larcer beciler and fire box
surfaces. Heat has become more intense from the above causes and
on account of less volume of air between the locomotive and tunnel
walls, through which medium the heat is radiated and is thus reduc-

ed.

P o




VENTILATION OF SUBTAYS & STEAM RAILWAY TUNKELS. - 23 -

In this country the Boston and New York subways
have been ventilated, although electric motor cars have been
operated. Subtways have been ventilatéd‘as follows:

I. By the introducing or exhausting air =2t varicus
poinﬁs by means of fans.

2. By forcinz a current of air from one end to the
other of the wholie line by fans.

3, By so called natural ventilation.

. 4, By piaton action of trains.

Beneficial results have teen produced by this methed
of ventilation by doing away with disagreeable odors and conditions
have been produced in subways very nearly approaching the atmos- |
rhere outside the subway.

Steam railwav tunnels in America have been ventilat-
ed as followsﬁ

I. By blowinz the current of air with a fan in the
direction the train is mcving and with sufficient velccity to
remove the smoke and cther combustion gases ahead of the engine.

3. By blowing with a fan, a current of air against
the direction of the train with velocity and volume sufficient
to dilute the smoke and combustion gases to such an extent as
not to bve uﬁ!omfortable to the operating crews.

Steam railway tunnel ventilation, while not as dif-
ficult as subway ventilation, is much morz seriocus to those sub-
jectad to the gasea. On the one hand, it is a problem largely
of removing disacsreeable odors, requiring constant renewal of
the air, while on the other hand, a sufficient volume of air is

necessary to reduce the high temperatures and remove sufficient
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of the gases so they will not be dangercus to the health and
lives of the employees.

The list of tunnels ventilated under the plans of
Charles S. Churchill and C. C. Wentworth are ziven in the state-
ment following and it is understood in most cases with good results.

TABLE # 7.
RECORD OF TUNNEL VENTILATION,

UNDER PLANS OF CHAS.S, CHURCHILL & C.C., WENTWORTH

Location of Tunnel Date of In- Rate of Location Length Section
stallation Grade of fans of Square

Tunnel Teet.

N, & W, Ry. v *1.47E Lower

Elkhorn, Ccaldale, 6 - 1201 2/3 length End 3000 S. 235
West Virginia

Cc & O. Hy'

Big Bend, E.Hinton, 13 - 1903 *0.4% E Upper 6500 S.T.250
Teast Virginia End

P. R. R, Tubes 4050
Washington, D.C. 12 - 1907 *0.13%S Upper Track 760 S.T.R60
Station End 2-68 tracks

P. R. R,

Callitzin, Altoona 4 - 1905 *0.5% W Lower 3600 S.T.324
Pennsvlvania End

Penn., North & Vent. 325
Fast Rivers, 9 - 1210 Special installation of 14 fans

New York for emercgency uses of tubes that

are 4135 ft. and 4357 ft.
B. & 0. R. R.

Kingwood, Tunnleton,12 - 1910 *1,040 E  Lower . 4138 8.T.352
West Virginia End

C. & 0. Ry.

Lewis, Allegheny, 6 - 1911 *0.14%W  Lower 4026 S.T.318
Virginia . End

N. Y. C. Line 9 - 1911 *0.35%2E Lower 4365 D.T.469
%¥eehauken, N.J. End

P. R.R. Tunnel 9 - 1911 *1.324S  Upper 4963 D.T.433

Paltimore, MD. End




RECORD OF TUNNEL VENTILATION CONT'D.
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Location of Tunnel Dats ¢f In- Rate of Location  Length Section
stallation  Grade of Fans of Square
Tunnel Feet,

C.G.M.R.Rs _ Lower

¥inston, Ill. 5 - 1811 *1,00%E End 2500 5.T.283
Va. Ry. Lower

Allegheny Tunnel in progress *],22%E End 5148 S.T.369
N.P. Ry. Lower

Mullen, Mont. in progress *2.00%% End 3899 S.T.283
No £¥W. Ry. : Upper

Horseshoe in progress *0.18%E End 3291 8.T.300
N¥.P.Ry.

Stampede, in progress *0.74%E  Lower

Tashington *0,230%%  End 0844 S.T.310

Plans for ventilating steam railway tunnels by

Charles S. Churchill and ¢. C. Wentworth are extensively used in

the ventilation of American railway tunneis, and where adopted,

have given gocd relief.

Designa of the fans in most general and recent
use, are the multivane type of blade, arranced as shown in the

side and end views on page 26-7, Figures 9-10-and 1l.

It will be

noted that the fan is made up of a larse number of narrow blades,

riveted‘to the side of the plates.

Inlet area obtained by narrow

blades, it will be noted by the arrows, is large and would seem to

bring about most efficient results. The direction of the outlet

to the air duct is indicated by the vertical arrows.

Blades of the fan are made up of plates of steel,

curved radially, which contain several cup shaped depressions which

tend to confine the air until the blades reach the outlet.




Figure ©

SRS ERRY

Figure 10
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Air is delivered by the fan to an air duct, which de-
livers the air into the tunnel through a nozzlie. The nozzle is
also designed by Messrs. Churchill and Wentworth, general lines of
1 3which are shcwn py Figure 12, page 38. Air delivered through the
nozzlie takes the directicn indicated by arrows and, of course, at-
taining very high velocity at the nozzle. Average velocity of the
air, judging from the speed of trains that fecllow the gasss through
the tunnel, is from ten to twelve miles per hour. The ventilation
of the tunnel is caused by blcowing the current of air in the direct—
ion in which the train is mcving on the ascending grade, thus blow-
ing the gases ahead of the engine. |

Previously descrited fans are similar to one that has
veen installed for the ventilation of a tunnel some 4,000 ft. long,
that has been investigatedby the writer. Fans used for ventilat-
ingmare 9 ft. 8% in. in diameter, propelled by a 350 H.P. alternat-
ing current motor. The fans are cpérated a2t 180 revolutions a minute
with a moter capable o% making 580 revolutions a minute.

A night and dayloperator is cn duty and the fans are oniy
operated while to&%age freirsht trains operated on a long 1.14% as-
cending mountain grade, with Mallet locomotives carrying 300 rounds
steam presgsure.

\ These Mallet locomotives have a tractive power of 79,626
pounis, use super-heatsd steam, which at a steam pressure of 300
pounds feaches a temperature much higher than saturated steam. In
addition, these locomoctives have autcomatic stokers, so that theres
is continuous firing during the time the locomctive passes through
the tunnel. In the case of hand fired locomotives, it is the prac-

tice not to do any firing while the locomotive is passing throuch
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or juat previous to entering the tunnel, but with these auto-
matic stokers the firing, of course, is continucus. Fan oper-
ators receive instructions as to trains that need ventilation
from the operator at the telegraph office, near approach to tunnel,
by telephone.

Obzervations made by the writer, 925 ft. from the

lower end of the tunnel, between the train and wall of tunnel, at
a height of 6 ft. abcve the top of rail, while the train was pas-
sing, showed s very excellent result obtained by the ventilating
fans. Diluted gases blown ahead of the locomotive seemed about
normal tempesrature of the air in the tunnel before the locomotive
entered and the gases were not as extremely obnoxious as experienc~-
ed in some naturally ventilated tunnels. The atmosphere in which
the locomctive actually travels, just following the gases a%e not
at all obnoxiocus. Temperature changes observed while locomotive
was in the tunnel, showed only 20° above the normal and the Analy~
sis of the sample of the gas taken just as the truck wheel of the

engine passed shows result as follows:

TABLE # 8.
Sample of Gas in Compesition of
Ventilated Tunnel, Pure Atmospher-
Engine #700 ic Air.
Carbon Dioxide 30
Carbon Monoxide ' none
Oxygen 18€0 2094
Hydrogen trace 9
Nitrogen 7990 7800
Argon 24
Carbonic
Acid : 3

In the secondcolumn, the composition of pure
atmospheric air is civen and it will be noted that the analysis

of the composition of the gases in this tunnel shows practically




the same proportion of oxygen, nitrogen and hydrogen, with no

carbon monoxide and some carbon dioxide gas and confirms the im-
pressicn had while in the tunnel as the train passed, that it was
almost an ideal condition for train operation, with one of the
heavieast locomotives with a train load of / tons, on a mountain
grade.

A sample of gas taken where the method of ventila-
tion was by blowing current of air to the oppcsite direction that
the train was mcving, thus diluting the air, provides relief from
the poiscnous gases and heat. Aprarent advantages seen in this
syatem cf operation is that it is more economical. This is espec-
ially true where the section of the tunnel is large, requiring
larzer volumss of air, with larcer fans and more power to operate.
Wnere the secticn of the tunnel is srall, it is probable that this
method would not prove more econcmical than the method of blowing
the gases ahead of the locomctive.

Biue print, page #32, Figure #13, shows the cross
section and grades approaching the ventilated tunnel and in which
the Mallet engine is operated. Outline of the locomotive is shown
in red and the smaller section shows a rather restricted area. Yet
the results from the mechanical ventilation was rcood, as can te

seen by consulting Table # 8, Page 30.
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A sample of ges from a tunnel having only natural
ventilation, on the Chicago & North Western Railroad, known as
tunnel #3, at Summit, Wisconein, was takem by the writer and

the analysis of the composition showed th: following:

TABLE 9
Parts per 10,000
Carbon Dioxide 20.00
Carbon Monoxide 30.00
Oxygen 1935.00
Hydrogen 10.00
Nitrogen 8015.00

It will be noted that both of the dangerous gases,
carbon dioxide and carbon monoxide, were found in this tunnel,
the carbon monoxide being in sufficient quantity to produce ser-
ious effects, and the carbon dioxide in sufficient quantity to
be near the danger point. This can be seen by compering the
quantities given as dangerous, Table 5, page 18. The sample was
taken July 8th, 1815, during the passing of an east bound passen-
ger train, hauled by one locomotive, at & height of 7 ft. 6 in.
above the top of rail, between the train and wall of the tunnel,
at a distance of 1500 ft. from the east portal of the tunnsl.

This investigation was instigated as the result of
a locomotive engineer in the service of the Chicago & North West-
srn R. R., having been overcome while on the second engine of &
double header passenger train, while passing through the tunnel
on the ascending grade.

There seems little doubt but what the overcoming




of the Chicazo & Northwestern locomotive engineer was what
§ night be expected from the gases found in this tunnel, and

- probably resulted in his death.
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CONSTRUCTION COSTS OF TUNNEL VENTILATING PLANTS

The kind of power to be adopted for opreration of
ventilating plants largely depends upon lccal conditions. If the
tunnel to be ventilated is in & district where cheap electric pow-
er may be obtained from a hydro-electric plant relastively nearby,
electric power would seem to be most advisable. Except where a
very heavy and dense traffic may exist, a steam power plant is not
economical for operation, as it is necessary to keep a head of
gteam and fire in the boiler at times when it is not necessary to
operate the ventilating apparatus. Even where low priced fuel is
available it has been found that electric power from hydro-electric
developmentsAwas more economical then the steam power plant, this
for the reason that in sddition to the power not being used, it
was possible to operate the plent with less labor, as the fireman
wgs done &away with. By this reduction in force it was possible to
make a reduction in operating expenses.

It ie deemed advisable to have two unite, whether
steam or electric power is used, which makes it possible to keep
the plent in operation while repairs may be necessary on one of
the fans or engines.

Where the cost of electric power equals the cost
of operation by steam, an electrically operated fan requires a
smaller construction cost. The following is the approximate cost
of an installation complete with steam plant and fens, compared

with the cost of en electrically operated plant complete with fans.




# Tese costs represent complete cost of the steam power with all
connections to the boiler in the one case, and the cost of mot-
crs, switchboard and apparatus necessary for taking power from
the transmission line, including necessary transformerse and re-
gulators.
Total cost of steam power plant, includ-

ing engines and steam connections from

boiler to engines, for the operatiog of

two units of ventilating fane, 9'x83"

in diam. and operated at 180 revolutions
per minute ........... et e ve.e. $33,845.00

Totel cost of installation of fans includ-
ing fittings and nozzle .....cciveerenas 30,900.00

- 36 -

GRAND TOTAL evvvvnnnnnnnn e ceeeereees $53,745.00
| Totgl Cost of Electrically Operated Ventilaeting
Fans

Total cost of installation of two direct
connected, 350 H.P. alternating current
motors with necessary switchboard and
regulators for operation of two ventila-
ting fans, 9'x84i" in diam. operated at

180 revolutions per minute ........... ee. $10,890.00
Total cost of installation of fane includ-
' ing fittings and nozzle ......... e . 30,900.00
GRAND TOTAL ....... e teeeeeeeenaeneeeeaes $41,790.00

Local conditions may meke some variation in the cost
of installation of the plants, but the above figures are consid-

ered reasonable for the average conditions met with.




OPERATING COSTS OF MECHANICAL VANTILATION

Consideration of the expemse of correcting condi-

tions 1nvestigated by Public Bodies and required by law, does not
necessarily involve strict attention to the cost, except to deter-
sine the reasonableness of the method to be pursued in correcting
the conditions.
| Data available as to the coet of operating fans
Mr'ventilating tunnels, varies somewhat with the kind of power
jused and the number of trains, eepecially since in most cases, the

fens are only opsrated for heavy tonnage trains, operating in the
direction of the ascending éa;aés and therefore, are only operated
for & portion of the tinme.

Statistics available show an average cost of

$23.70 per day using electric power, supplied by a utility com-
pany at 2%¢ per kilowatt hour and imcluding &ll labor and meterial
for meintenance and operation. Cost of operation, using & steam
plant at this same point, averaged $28.00 per day, coal costing
$1.00 per ton. This does mot include the depreciation or investmnt
charges in either case. Electric power, where available at reason-
sble rates per kilowatt hour, from some power utility company, seems
to usually brove to be most economical, especially where traffic
through the tunnel is light, as fuel would not then be burned when

the tunnel was not used by the trains.




RESULTS

In makxing the study of the conditions in these
tunnels it has been the endeavor to know conditione and the facts
by observing first hand from personal experience in making the
trips through the tunnels. In addition to observations, data
gathered wes studied im connection with iabratory analysis and
experiments. To obtain actual operating conditions, was the aim,
in carrying on the investigation. Tonnage handled and the make
‘up of the trains was noted, tests were made on head engine and
rear engine of double header train, ss well as on light tonnage
traine. Trips were also made on an engine equipped with & locomo-
tive ventilator provided in a few cases to supply better ventila-
tion to the engineer. Respirators, for sele and available to all
members of the train and engine crews were also used. These de-
vices are sald to provide relief from heat and the gsses.

One of the principle features of the complaint by
the employees has been the excessive heat. From a study of the
effects described by the men in these tunnels, it occurrsd to the
author that poisonous gases given off, as a result of combustion,
might have a greater effect in cﬁééing them to be overcome than
the tempsrature.

Gss samples were, therefore, taken in the engine
cab while locomotives were passing through the tunnels. Contain-
ers for taking gas samples, filled with distilled water and pro-
vided with a valve on each end, were used in taking samples of

gas. After the locomotive had entered the tunnel, both valves
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| ¥Were opened and a sample of the gas was drewn into the container,
a8 the water ran out. Use of thes distilled water eliminated any
possibility of the gas sample being conteminated. Seamples of geas
a8 taken, are fairly representative of the conditions under which
the men have to work. As the sample was tzken in the engine csab,
with all the available windows and doors closed, conditions obtain-
ed in the engine cab would not represent the extreme conditions
which would be encountered in case the engine should be stopped on
account of breaking in two, or having been stalled. Considerable
protection is afforded by the engine cab. In case it became neceg-
sary for a member of the crew to get out in the tunnel to examine
the train, conditions met with would be more serioug.

In order to have absolute knowledge of the quality
of the cozl being fed into the fire box at the time of pessing
through the tunnel, a sample of the coal being used was taken in
three éases. This with the iiew of determining any unusuzl fuel
conditions, which might be surmised wes the cause for excessive
amounts of certain gases. A representative sample of the coal wag

taken for labratory analysis.
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GAS ANALYSIS

The following Table gives the results of the
analyses of the samples of gases taken in the tunnels in which
conditions observed were in need of mors complete investigation.
In addition to these results of analyses, additional information
is given of the analysis of ordinary atmospheric air. One of the
samples of gas taken in #8 tunnel, it will be noted, corresponds
very closely with the analysie of atmospheric air. The seal on
this container was broken and may have been tampered with by some
one curious to know about the apparatus. It will also be noted

that this train was a quick dispatch train, handling light tonnage.

TABLE # 10
»
H
o R ©
PARTS PER TEN THOUSAND. 854 28,4
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< < < 0N O U O S UJ(\)(\‘.’E:!) mgm U)gl:?i'l
Tonnage
Hauled by
Locomotive
Adjusted Tons 816+ 1890 104z 1910
Carbon
Dioxide 3 438.0 10 10 10 150
Oxygen 2094 1600.3 2050 1850 1390 18920
Carbon
Monoxide none none 10 20 30
(Hydrogen e trace 7 13 13
Nitro%en, ete 7200 7088 7240 8323 8587 7917
Argon . 4

* A quick light distatch tonnage train.
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Results of anelysis of gases from tunnel #19, com-
monly known as Silver Run Tunnel, the percentage of oxygen was
found to be the lowest of any test.samples, with double the amount
of carbon monoxide and the same quantity of carbon dioxide a&s found
in tunnel #6 and sample taken from locomotive operating single train
through tunnel #21. These smeller quantities of carbon dioxide and
| cerbon monoxide gas, howéver, are in sufficient quantities to result
in repid and dangerous injury.

When riding through this tunnel, the writer pleaced a
{ handkerchief saturated with water over his nostrils and mouth‘and a
very uncomforteble trip was expsrienced. Breathing was difficult,
but not as difficult as when riding on pusher engine #3834, while
passing through tunnel #21, but the trip was decidedly uncomforteble.

A sample of gas teken from Tunnel #31, known &s Eaton
Tunnel, on the engine #3834, cf a double header train, shows very
unusual condition with exceptionally large comparative quantities
of carbon dioxide znd a larger proportion of carbon monoxide than
usually met with. The percentege of oxygen in the sample wes more
favoreble in Eaton than in Silver Run tunnel, in tests previcusly
mentioned. Parts of carbon monoxide gases were in sufficient quanti-
ty to cause rapid and dangerous injury, according to information giv-
en by Table 5, page #12. Tests described later in this report of a
canary bird being placed in an actual sample of this tunnel gas, con-
firms results found by variovs investigators. 1In fact, the writer
in passing through this tunnel experienced conditions that were as
nearly unhearable as it was possible for him to realize. Although,

before entering the tunnel, he had saturated a handkerchief with
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weter end placed same over his ncse and mouth, by the time he
wvag half way through the tunnel, he was gasﬁing for breath and
felt as if there was a question whether he would Burviye the
ordeal. Bresthing was exceptionslly difficult and he féiié he
wvould not care to undertake a trip on a double header engine

more often than could possibly be avoided. Men should not be

asked to work under such conditionsg, as it is about the limit

of human endurence. At the time this test was made, the writer
wvas free from colds or any apparent rhysical condition that would
agerevate his bresthing end there were no other unusual conditions
that would not bhe met with in ordiinery operation of a double head-
er train. Coal furnished on this trip was excellent, being almost
entirely free from sleack eand dirt and from its analysis it will be
gseen, and the later discussion will show it to be &an excellent
grade for such purvoses. There was a full head of steam upon en-
tering the tunnel, no firing being done just rrevious nor while
rassing through the funnel. Condition of the fire in the fire box
wes cood. Speed attained throuvgh the tunnel, according to records
wee at the rate of 7.6 miles per hour, which I believe is as fast

as is usvally made by a tonnage train. It will be noted that

steam pressure only dropped 3 pounds while passing through the

tunnel, which would indicate a good condition of the steaming gual-

ities of the boiler.

Representative z=zmples of cosl were tezken in order to

determine from the usvel coal analyvsis, the value of the coal as
a fuel and whether there were any unusuel ingredients in the coel,
which micht made it unfit for vse in a lccomotive operating thru

g tvnnel. Results of the analysis of the three samples taken are

given in Table #11, page 47,

d
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TARLE # 11.

COAL ANALYSIS OF SAMPLES

Sample Coel of En- Sample Coal of Sample Coal
gine Tender #2824 Engine #2885 Engine #2833
2/5/16. Eaton Tun- 2/¢/16, Tunnel - 2/6/1916
nel, #21. #6 Eston Tunnel
Moisture Elim. Elim., Elim.
Volatile |
Combuatible 32.14 40.15 41.02
Yatter
Fixed Carbon 52.19 ~ B3.58 | 51.06
Ash _ 7.95 6.37 7.92
Sulphur 2.97 2.66 4.23

Heat Valve
(B.T.U.) 14026 14281 14004

Analysis shows the coal to be uniforﬁ.in‘quality and as
having a high comperative hest value. Percentage of eash in the
coal is low, which would tend to allow cf keeping & good fire and
the volatile matter is not so high but what good combustion cen be
obtained in an ordinery fire box.

The coal supplied engine #2884 on Februery 5th, when it
made the trip through tunnel #21, appeared to be an excertionally
good coal, as it was unusvelly free from dust, dirt, glete and
slack, better than vsually obtained where run of mine cosl is used.

Coal supplied engine #2832 on February 6th, while pesssing
through tunnel #21, known as Fatons Tunnel, would run about one
thirdi slack and wovld be considered only fair coal where run of
mine is sﬁpplied.

Cozl suprlied engine #2P85, Feb. “th, while passing through

Eatons Tunnel, wculd he considered good coal where run of mine is used.




TEMPEPATIIRE

In thes collection of date regariing temperature,
normal omtdoor tempesr=tures, normal tempsratures in the engine
cab and temperatures while passing throuzh the tunnels on the
locomotive, were taken. There was a2 certain error invoelvedin
reeding of the tempera%ures in the tunnels, owing to the fact
that the temperaturss could not be read until after lesving
the tunnel on account of the steam and gas interfering with
seeing the mercury. The error involved, account of not being
able to read the thermometer until reaching daylight ocutside of
the tunnel, would tend to get lower than the actusl temperatures.
These temperatures were taken with thermometers whose readings
were checked with the reading of the U. 8. Westher Bureau at
Parkerasburg, ™. Va., 2s well as compared with a cslibrated lab-
raztory thermometer. Comnarisons of these reedings are given
in Table 15, pa~e 84 , of the aprendix. On account of the com-
paratively short time consumed in passing through the tunnel,
1t wes the opinion of the avthor, confirmed by the following
labratory tests that the maximum temperature wss not obtained
on account of insufficient time elapsing in which %he change
of temperature of from 37C to 5320 zo0uld be regigtered while

the engine was pe=gsine throveh the tunnel.

TABLE #_12.

Time in Minutes Steam Calibrated Lebratory Temperature of Field
Thermometer (Fehrenheit) Thermometer (Fahrenheit)

0 32 O 36°
30 48 0

1:00 53 0 5609
1:3C 61 © 65°
2:00 g5 C 750
3:0C 71 © O
4:00 750 7g0
5:00 77

“
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In order to obtain temperatures thet were actually
existing in the locomotive ceb, & series of tests were conducted

in which the renge of temperature found in the locomotive cab,

were used, the thermometers being pleced in a furnace whose tem-
rerature could be meintained at any desired degree. The furnace
consisted of a metzl box, lined with asbestos, the insuletion as-
eigting in maintaining uniform temperature. Heat was supplied by

2 Bunson Burner and a calibreted thermometer immersed im mercury
recording the temperature of the furnace. Field thermcometer as
well &8s the labratory thermometer were brought to the normel temper-
ature of the engine cab and then placed in the furnace and the tine
wes recorded in which the range of temperature, experienced in the
tunnel, wes taken. By a number of triels, the temperature of the
furnzce wes brought to such a degree that the range of temperature
in the engine cab as teken in the tunnel was recorded in the same
time that it took the locomotive to pass through the tunnel. By
this means the temperature of the furnace would represent the tem~
peraturebactually resched in the engine cab.

In the following table, results of the labratory tests

mede are recorded.




TABLE # 14.

STATEMENT OF RESULTS OF LABRATORY TESTS TO DETERMINE COREECT
TEMPERATTRES IN TUNNEL INVESTIGATIONS.

Test Number Time Temperatures (Fahrenheit)
Consumed Initial Final Furnace

1 3 min.0 sec. 550 820 17¢°.8

2 g2 * 0 . 58° g7° 142°.5

3 T » 0 " 550 220 128°.0

4 2 n30 " 209 106° 130 to 131°

5 2 "3 " 80° 106° 131°

8 2 "3 " 80° 104° 124 to 136°

7 2 "3 " 80° 112° 141 to 142°
Note:

An initial temperature of 80° Fahrenheit was used in tests
4 to 7 inclusive, as the thermometer was brought to that
temper=ture just before entering the tumnel, with the en-
deavor of obtaining nearer the actual temperature in the

tunnel.

It will be noted in tests #3 and #7 the conditi-
cns metwithas to renge of temperature and time consumed in the
tunnel, were duplicated and the resulting temperature of the fur-
nece of 128° and 142° respectively, represent the temperatures
experiencedin the engine cab while in the tunnel. Just what temper-
ature would be recoried on the hottest dey in summer is, of course,
something of comjecture, but it is the opinicn of the writer that
at lesst a tempersture of 1500 would be met with onvé hot summer
dey. Suvch a temperature 1le very near the meximum tempersture which
cen be inheled without dangsr to the party inheling seme. A temper-
sture of 1870 Fahrenheit usvally causes inflemmation of the skin of

an adult.




RESPIRATOR.

Respiretors are furnished members of the engine and train
crew desiring them at & cos* of $1.C0 each with the view of reliev-
ing the employees while operating trains through the tunnels. The
regpirator consisté of 2 rubber mesk which fits over the nose and
mouth, provided with a sponece which is intended to be saturated with
water before entering the tunnel through ~hich the gases.of the tun-
nel are inhaled. Fxhaled breath passes out throuch a smell valve,
shown on photorraph at point merksd A. The whole apperetus is strap-
ped around the heed, shown by Figure 15, page 51«

One of these respirators were furnishéd for test in this
investigation and provided relief in breathing to a considercble ex-
tent. To the parties using s2me it affords relief from the particles
of soot and cools the temperetuvre of the gas before being inhaled.

Weter does not absorb carbom monoxide or cerbon dioxideﬁ
gases, therefore, the effect of inkaling geses through the wet sponge
would not redvce any effecte of the poisonous gases except when sol-
utions were used that would absorb the geses. It might be possible
to vse a solution that would absorb carbon dioxide gas, but cuprous
chloride, the absorbent of carbom monoxide gas, is a deadly poison
and could not be inhaled with safety. So it would seem that this
resplrator would only afford partial relief, inasmuch as the carbon
monoxide gas cannot be removed by the respirator,it only partially

serves ag a relief to the emplovees.







ENGINE VENTILATOR

Ventilators have beeam provided om several of the

| locomotives. These ventilators consist of two furnels connected

| by a pipe, the cenmter of the lower funmnel being located about 16
inches from the top of the rail on fhe engineer's side of the lo-
comotive. This funnel is connected with the other funnel, located
in front of the engineer's seat by a two inch pipe which delivers
air, taken from the lower pert ‘of the tunnel, to the engineer. Air
supplied from the main air regervoir and tapped into the apreratus
gets up a current through same. The engineer can obtain a supply
of air from the bottom of tunnel by opening the valve when he needs
fresh air. The device described is shown in & photograph on page
49 , Figure 14 . Funnels gshown at A and B on the photograph are
84 and 73 inches in diameter respectively. Experience of the writ- ~

er, in trying one of these ventilators through the tunnel, was to |

ohtain considerable relief by securing much better air, but along

with it came considerable dust and dirt which was distributed by

the moving train and thrown into ones face through the ventilator.

This, we are advised, could be eliminated by pro-
viding a screen with 1/16 inch holes. Whether gsufficient air
would be provided is not known, but in any event this only pro-
vides relief for the engineer. In case the train breaks in two,
no relief is provided by this devicé to employees who must walk
along train in the tunnel to investigate. No provision, 28 yet,
‘has been made for firemen or head-brakemen of helper engines.

Further, in cese of trouble, which may occur when the train is

e
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|

| broken in two or gtalled, no provision is made for relief from
gases even in the engine cab. Carbon monoxide is heavier than
the other gases and after the encgine hed stopped, the ventilat-

or would supply this heavier gas.




1 . - 53 -

LABRATORY TESTS OF EFFECT OF TUNYEL GAS ON BIRDS.

It is quite a2 common practice for exploring parties
to carry a cenary bird in mines where dangerovs gases are encount-
ered, a3 an indication of cas becoming dangerouszs to man. 2As a
canary bird hes a very much greater lung capacity and consequently
rreater absorption of poisionous gases then men, it is especially
adaptable to serve as a warning to men working in mines for they
show symptoms of poisoning far sooner.

In order to determine whether the samples of gas tak-
en in this study were dangerous, a sample of gas from the Eaton Tun-
nel, taken on February 5th, on a pusher engine #2824, was transfer-
red into a gless container having 2 capacity of 515 cubic centimet-
ers. A canary bird was placed in the container znd after one minute
and fifteen seconds showed evident signs of distress; after two min-
utes and fifteen seconds the bird wes gessping for bresth having itse
mouth open continually. In seven minutes the bird was very much
exhausted and distressed and wesk. Usual evidence of livliness was
not shown by the bird after the first minute, but it dropped down
on the bottom of the container and rartially closed its eyes, altho
it was not wholly ovesrcome.

When air was 2llowed to enter the containér, the bird
revived in a short period of time and seemed to return to normal
coniition in from five to ten minutes. After normal condition was
again reached the bird was placed in a container having a capacity
of 515 cubic centimeters with ordinary atmospheric air and remasined
in the closed container for eleven minutes without showing any dis-

tress for want of air, which indicates that the container was of

]
i
;5




sufficient size for the time consumed in this test.

After the bird had again revived, gas samples, taken
from Silver Run Tunnel, from engine #2737, train #43, were placed
in the container. While the effect of the gases on the bird were
indicated by the unususl breathing, it did not open its beak and
gasp for breath until after nine minutes had passed, whiéh indi-
cates that the gasss were less dangerous than test made with the

bird when samples from Eston Tunnel were used.
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TONNAGE

I+ may be somewhat beyond the scope of this investi-
gation to make & study of the economies of operation, as the quest-
iomn involved is as to whether the conditions complained ofvére un-
safe and unreasonable and to determine the most reasonable and just
meens of overcoming these conditions.

ODperation of hesvy tonnage trains, no doubt, has
increased the infensity of the heat and gases.

| Previous to this complaint, the tonnzge of a double
header train for an E 27 B class engine was 2100 edjusted tons. A
reduction to an adjusted tonnage of 1900 tons has besn taken gince
the ventilestion question has been at issue.

It has been stated thet by operating trains without
using the helper engine would eliminate to a considzrable extent,
the seriocus effects from the geses, as the helper engine at the
resr of the train undergoes much worse conditions than the head
engine of the train. There is no déubt that the effects of the
gases sre much worse in the aecond engine than in the head engine,
as is shown by the anslysis of the gases in each case. This can
be seen by 2n examination of Table 10, page 40- It is a2lso custo-
mary for the firemen 2nd head brakeman on the head engine to get
out on the engine pilot while pessing through the tunnel and thus
obtain good air, which air cannot be obtained on the second engine
of = double header train. Of course, the engineer cannot leave his
rost 2t any time while his *rain is in operation and cannot getl

_aw=v from the gsses =2nd hest.
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Operatinemen in the past have not been agreed ag to
the economy of operation to be brought about by handling higher ton-
nage on their trains. No stated rule can be applied to 2ll condi-
tions as the extent of the facilities such ss the amount of double
track, number of passing sidings, amount of business offered and
terminal and yerd capacities and other local condifions, must be
congsidered in each individusl case. A railroad, in order to contin-
ue %o obtain new business must operate ite passenger trains on time,
make quick and prompt delivery of freight offered for time or Juick
Digpetch movement, move its gslow freight with reasonable regularity
as offered sc as to meke reasonable deliveries. The rercantage of
each class of commodities it is necessary to handle, requires con-
sideration in each indivilual case so that the business may be hend-
led with the facilities 2t hand and with the dispatch that hss been
represented, will be given the commoiity and s desired by the ship-
per.

In connection with the freight rate hearing before
the Interstate Commerce Commission, representatives of the Commis~
sion contended in some of the earlier hearings that the railroads
were not applying 21l the efficiency'that it was possible to attain
and one of the points brought out strongly emphasized in the decis-
lon of this high tribunal was that the railroads had not produced
the economies and efficiences that it was possible to bring about
by loading the locomotives and cars to nearer their capacity. It
1s a known fact that gteam engine worke 2t its greatest efficiency
when loaded to its fullest cepacity. Since the decision by the In-
teratate Commerce Commission, resilroads that have incressed their
train loads are actuallv increasing their earnings per ton-mile .

Some reesonable method should be adopted promptly
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of correcting the unsafe and extreme discomforts from gasgses and

heat without reducing the trzin load, if such a method is avail-

able.
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CONCLIISIONS.

1. Tunrels congidered in this investigation served very
well for a number of yezrs after their construction, but'their cross
gection is not sufficient td answer present day conditions.

2. Locomotives have increassed in size until the cross
sectionel srea of the tunnel is about tesken up by the locomotives
operated at pregsent, leaving a comparatively small s-ace for the re-~
dvcing of the temperature of the steam and the dilution of the gezses
by natural ventilation.

3. Steam pressures have increzsed as well as the ares
and intensity of the radiatinge svrfaces, thus cesusing the temperat-
vres reached to be hicher,

4. Grate areas have been considerably increased with
grester fuel consuvmption and so prodvcing a grester volume of gases.

5. Intensities of héat and gss in these tunnels ie pert-
ly derendent upon the length of the tunnel and upon the percent of
the ascending grade and its lengcth approaching the tunnel.

6. Amount of tonnage hauvled together with lengths and
percent of ascenling predes céuse trains to consune unusual lengths '
of time in some of the tunnels, with increzsing effects of heat and
gases on the employees. Heavy tonnage trains mbre often break in
two, making it necessary for crews to couple up trai;s, exposing
them to the gasges.

7. Results of field and labratory tests, show temperat-

ures were attained in four of the longest tunnels of from 128%to

1420 Fahrenheit, when the normal ouvtdoor temperature ranged from

S __..u.M d
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41° to 42° Fahrenheit. Probably tempsraturses of 1500 to 180° sre

reached in these tunnels during the hottest summer deys.

2, Analysis of coel being fired on severasl of the
locomotives, the gases from which were sampled while passing thru
*he tunnels, showed the cozl to be good uniform quelity end would
not be diréctly reapongible for the conditions found to exist.

9. Expasriences while riding locomotives through the
tunnels, anelysis of the gases, tests on & bird in the labratory,
uveing =ctval samplez of the gases, and *he fact that employees
have been actuslly overcore 2nd incapacitated in operating trains,
all indicate that the gasas are dangerouns.

10. Tests with the respirstors which employees can
purchase from the Rsilway Company, afford relief from the excessive
heat, which is cooled by the water in the sponge and particles of
soot iﬁ the gases 2re separated from the air in passing through the
gponre. Yater does not absorb either cerbon dioxide or .carbon mono=-
xide gas. Cuprous chlecride, which absor®bs carbon monoxide gas, is
2 deadly poison and would be extremely dengercus if inhaled. The
respirator ceannot be said to be effective in preventing men from be-
ing overcome by the gases.

11. Engine ventilators provide purer air for the engi-
neer on the trains operated with a single engine, but dust and dirt
on those in use made them unsatisfzctory. Proposed improvement by
adding a fine wire screen in the ventilatcr may be effective in pre-
venting dust entering the ventilator, but its effectiveness in pro-
vidine air after the screen is applied is dovbtfull. In either
case, on the helper engine of & double header train, little imprer—
ment in the sir could be obtained, on account of the head engine
filling the tunnel with gases. In case it would be necessary to
examine the train, while in the tunnel with train stalled or broken
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in two, train or engine crew would be little benefitted.

12. Mechanical ventilation of tunnels where conditions
require such action, involves considerable expense for power, labor,
interest on investment &nd depreciation. However, sufficient econ-
omieg may be possible through operating heavier power and mede rcs-
sible by the ventilating systems, to provide additional earnings.

13. Mechanical ventiletion has proven effective in
reéducing heat conditions approsaching the normal, and diluting the

gases to very near that of atmospheric air.
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RECOMYENDATIONS

1. It is recommended that tunnels #1, #6, #19 and
#21, be ventilsted bv forced draft furnished by fans, the geses
to he hlomn zhesad of the encine vhen pulling its train on an as-
cendine gréde.

2. 1mtil tunnels #1, #8, #19 and #21, are ventilated
by mechanical forced draft, double header freight trains shall not
be operated throuvech these tunnelas, except when a locomotive shall,
throneh acme fsilure while on the line of roed, be unable to handle
its train.

3. Q%inele tonnage freizht trains shall handle such a
tonﬁage that the heat and gas conditions shz2ll not be injurious or
dancerous until such time zs mechanical forced draft is provided
in tunnels #1, #8, #12 and #21. .

4. Ventilation shall be provided by blowing a current
0f air with a mechanicel forced draft in the direction the train
is moving. Sufficient velocity shell be provided to remove the
amoke and other cazses ahead of the locomotive.

5. @ix monthe is Considereda réasonable time in which

to complete inastellation of ventilating apparatus.




APPENDIY

Fmplovees met with, while meking this investigation,
were questioned regardine th=ir experience while operating treins
through the wvarious tunnels and the following stetements give in
substance the conditions experienced:

1. One engineer was overcome in #21 tunnel, commonly
known as Eatons Tunnel, when his train was broken in two in the
tﬁnnel. This encineer had no recollection when he came out of
the tunnel, but resmined consciousness at east switch at Eatons.
He wss relieved and taken into Grafton by a passenger train. Three
Aays elszpsed before he wsag able to lesve his bed, bveing off duiy
for seventeen i»ya. Mt seven p. m. of the day he was overcome his
temnerstire weg 104° Fahrenheit. Sympitoms of the effects of the
geges were that his arms 2nd legs were numb for about 15 minutes
after recainine conscliousness, he was nauseated, very nervous and
hia muscles were very score and s+iff and he was unable to walk up-
on arrivine at Grzfiton. P s*stement mede by the conductor ﬁith
this encineer was that he stagrered while moving about after re-
covering consciousnegs. The engineer felt the effects of being
overcome for three vesrs. He was also cvercome in tunnel #1, east
of Clarksburg. His skin was blistered on his face, even though he
tad his coat ovar his head, in addition to some wet waste over his
movth and nos*rils.

5. Another engineer, while prlling his train through
tunnel ¥21, known as Fatons Tunnel, had a much more serioué exper-
‘ience “han zny of the others. His train had stalled in the tunnel

on sccount of something wrong with the air. Before the trouble
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was corrected, the engineer was overcome and the engine was cut off
from the train, and enginesr was taken out of the tunnel on the engine.
As a result, this encineer hasg worked very little since being overcome.
He is very pale and has lost considerable weight and has been drawing
employees' insurance benefits for over & year. On the day this oc-

curred, it wes extremely hot but otherwise the men was in & normal
condition. He is a man about 35 years of ace

3. Another enginesr was overcome in #6 tunnel, while a
fireman. When he was brought out of the tunnel, blood was cozing from
vores of his scalp. This engineer has given up his road run and is
working in one of the yeards.

4. Another engineer was overcome in Eatons Tunnel, (#21)
on account of the train stalling. It was necessary to cut off the
engine to get him out of the tunnel. He has permanently given up his
engine.3 |

5. Information furnished indicates that another locomotive
engineer had to give up his run, as he could not stand the gases.

. 8. Another engineer was overcome and made sick in Eatons
Tunnel (#21) when his train was stalled.

7. Another employee was overcome in tunnel #1, east of
Clarksburg.

8. A conductor advised +that it is quite common for treins
to breek in two in Silver Run Tunnel, meking it necessary to couple
up trains, wherz gases test ones endurance.

. During hot weather, a brakeman waas overcome in #1 tunnel,
on account of engine not being able to handle train and engine drivers
8lipping on rail, causing unusual heat and gas conditions.

10. A weat bound train, some time last summer, was stalled
in Silver Run Tunnel, with 1050 tons, about 10 p.m. Fireman was over-

come and engineer thought he was dead, he was so completely overcome

by the hest and gases. *
NP -
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TABLE #15.

TEMPERATURES COMPARED WITH WEATHER BUREAU

PECORDS AT PARKERBURG, W. VA.

Out of Door Temperatures - Fahrenheit.

Peather Bureau

__.Dete ... ...Test Thermometer Record _
Feb. 5th, 1918 410 440

" @&th, " 48° 44°

"n 7th, " 30° 39°

* 8th, " 28° 28°

" - 9th, " | 410 340
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