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(üommomucnltl) af Jllassntljusttts.

In Senate, May 12, 1866.

Ordered, That the written statements made to the Commit
tee on the Hoosac Tunnel and the Troy and Greenfield Rail
road, upon the subject of completing the road and tunnel, and 
of constructing a temporary road over the Hoosac Mountain, 
be printed for the use of the legislature.

S. N. GIFFORD, Clerk.
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• Boston, May 11,1866.

Hon. Tappan W entworth, Chairman o f  Committee on Troy and 
Greenfield Railroad and Hoosac Tunnel.

Sir ,— In compliance with your suggestion, in regard to a 
want of correct information about the Hoosac Tunnel, I submit 
the following statement in relation to some points which, from 
one cause or another, are objects o f inquiry.

The Commissioners, in making their first report in 1863, 
entered quite fully into the character of the work required, 
and the whole merits of the enterprise.

Feeling that so important a work should not be undertaken 
without first collecting all the information that was reasonably 
attainable, to the end that an opinion might be formed which 
should, as far as practicable, be founded upon the basis of all 
prior experience, influenced by the views of those who from 
their position, practice and character, were best qualified to 
have sound views, they employed Charles S. Storrow to exam
ine all the long tunnels in Europe, and to collect from those who 
constructed or were using them such information as could be 
relied upon in aid of their investigations.

His report to the Commissioners, printed in connection with 
their own, contains a great amount of information and the 
views of many intelligent men of much practical experience.

From the light thus collected, and what they were able to 
gather in this country, added to their own careful examination 
of the subject, they made their report, since which they have 
seen no cause for giodifying the conclusions therein arrived at.

Copies of that report have become very scarce, and the facts 
collected, upon which its conclusions are based, have thus 
become to a certain' extent locked up from public inspection.

Since the State has undertaken the work, a very large num
ber of pamphlets have been issued, from motives as various as
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their reasoning and conclusions are widely asunder; some 
attempting to prove that the difficulties are so great that it is 
doubtful if the work can ever be accomplished ; some that it is 
so simple that the great preparation made by the Commission
ers was wholly unnecessary ; some that it cannot be used when 
it is made ; and some that it will be so clear and free from 
smoko that the plans of the Commissioners for ventilation are 
entirely uncalled for ; some that the work will cost a fabulous 
sum ; and some that if their authors were entrusted with it, 
they could do it for a very small amount.

Some of these gravely put forth papers have brought with 
them something of mirth to many of their readers. In one 
pamphlet much labor is spent to prove that it was almost, if 
not quite impossible, to pass through the demoralized rock, or 
porridge, as it was derisively termed, at the west end, when at 
the very time, we suppose of course unknown to the writer, 
these difficulties had been surmounted and the work there had 
reached solid rock. These difficulties, already past, were made 
the ground for estimating the cost of the west end work at 
four, and possibly six millions, while at the same time the 
Commissioners had an offer from an experienced contractor to 
do it for less than a fifth of the smallest sum, which offer 
they regarded as too high to accept.

The public were gravely advised that we had made no pro
gress toward inventing or making a drill, after some of the 
Hoosac drills had been fully completed at Fitchburg. Another 
writer kindly advises the public that our success in working 
with the vertical drills at Fitchburg is no guarantee that any 
progress can be made in a horizontal direction ; that it would 
be well to test one at least in this direction before constructing 
a very large number, without knowing, as we suppose, that the 
first one made and tested was for horizontal work.

The managers of the works at Mt. Cenis told Mr. Storrow, 
as stated in his report, that their work was “  exposed to criti
cisms, sometimes ignorant, sometimes sincere, and sometimes 
malevolent, on the part of politicians and professional men.”  
We should not allude to this but for the fact that quotations 
from such criticisms are republished here in promulgating 
errors in respect to the Hoosac.



4 HOOSAC TUNNEL. [May,

It liad been the choice of the Commissioners to remain 
entirely silent, and to let the transparent guise of these few 
writers of numerous papers expose the errors they were attempt
ing to promulgate; but we recognize your view, that the scarc
ity of our first general Report and other causes have rendered 
it difficult to obtain correct information, and will state the facts 
as briefly as we can in relation to such points as we suppose 
may not be fully understood.

In order to correct some errors, a portion of which are 
many times repeated in more or less of these constantly recur
ring papers, we shall make short quotations from them, 
but, as our object is simply to correct the errors and not to 
criticize their authors, we shall not give the source of the quo
tation, except in this general statement, that they are from 
papers circulated in one form or another at the State House 
during the session of the general court.

W est End.
Much has been written to show that the Commissioners were 

taken by surprise at the difficulties developed at the west end. 
It is not possible to foresee, with any degree of accuracy, the 
causes which may effect the progress of a work through such a 
geological formation as that.

That the character of this work was appreciated quite early 
by the Commissioners, the following quotation from page 55 of 
their first report will show:—

“  Raising the grade 25 feet at the west end, might make it 
practicable to extend the open cutting about 988 feet, and 
shorten the tunnel thus much.

“  This would bring the deepest open cutting to about 85 feet, 
the lower portion of which would be rock, and the upper part 
earth.

“  There would then remain to be excavated and arched 
through that very bad material, perhaps 1,350 feet, before 
coming to the primitive formation, where the rock would be 
firm enough to stand without lining.

“  The distance is, of course, to a great extent conjectural, 
-and can be at best but an approximation.”



1866.] SENATE— No. 289. 5

From pages 58 and 59 :—

“  The time required to construct the work through the dis
turbed formation at the west end, is apparently more uncertain 
than that of any other part. Fortunately this is but a small 
portion of the whole work.”

“  It may in practice be found expedient not to work from the 
west shaft any further to the westward than the primitive forma
tion extends. At all events, it will not be wise to work so far 
in that direction as to let into this working much of the water
from the wet material overlaying the rock in this locality.”*

In one of these numerous pamphlets, and repeated in part in 
several others, occurs the following:—

“  They (meaning the commissioners,) changed the plan of working 
at the west end; spent enormous sums of money ; came to a dead halt, 
and are now trying to get one of the former superintendents at the tun
nel to take the work by contract, and relieve them from the necessity 
of devising plans to work through the demoralized rock or porridge.”

This “  demoralized rock or porridge ”  had been passed 
through several weeks before the paper was printed, from which 
this quotation is made.

Before commencing the work, the grade at this point was 
determined at a point about thirty-five feet per mile above 
North Adams, which would allow an easier route at the North 
Adams depot and the tunnel entrance, without exceeding the 
maximum of forty feet per mile between. This work, from its 
commencement, has proceeded with no indication that a change 
o f plan from that suggested in our first Report will become * 
expedient, and the difficulties about which so much has been 
said and written, whether over or under estimated, have been 
surmounted.

With the consent of the governor and council, we have let 
by contract about 374 feet in length of the west end, (including 
the entire section spoken of as “  demoralized rock or porridge.” )  
The average cost, where arching is required, will be from $275 
to about $320 per foot, depending on the thickness of the lining 
masonry, which can best be determined as the nature of the
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material it passes through is developed in the progress of the work. 
Where no lining is required the cost will be $120 per foot. The 
offer of the contractor was for the whole of that end at the same 
rate to the heading from the west shaft, a further distance of 1,735 
feet, but the Commissioners thought the prospect of decreased 
taxation upon the industry of the country, and the large 
immigration and other causes, would so reduce the cost of labor 
and materials by another spring, that letting the whole at this 
time would not be judicious. The contractor, however, has the 
right to complete as much more, at the same rate, as he can by 
the 30th of June 1867, which may be from- 150 to 200 feet 
more, and will bring the termination of his contract to a 
favorable time of year for another letting.

Central Shaft.

In relation to the central shaft, the wisdom of constructing 
which we have never heard questioned, except from a single 
source, we make from one of these pamphlets the following 
quotations:—

“ Of all the mistakes committed by the Commissioners, the most seri
ous is the central shaft. I f  the machinery succeeds, the headings of the 
tunnel can be driven through before the shaft can reach grade by hand 
labor, and, at best, there pould be but very few months’ work from it— 
certainly not enough to justify such a work simply for the purpose of 
facilitating progress.

“  The effect of a shaft is to allow a portion of the air compressed in 
front o f the advancing train to ascend the shaft, and after the passage of 
the train to return again ; but the shaft will not establish any current 
tending, with any regularity or certainty, to ventilate the tunnel, unless 

» fires or other artificial means are resorted to.
. “  It may well excite surprise, that when no provision has been made
to ventilate the Mt. Cenis Tunnel by means o f a shaft, the Commis
sioners should decide that a shaft was indispensable in the Hoosac Tun
nel, which is very little more than half the length. The inconsistency 
is so glaring that an explanation was attempted, but it was a very 
unfortunate attempt.

“  Even if an opening in the middle of the tunnel, for the removal of 
material or for ventilating, were assumed to be necessary, another 
Jnistake was made in adopting a shaft rather than a slope.”
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“ A  shaft is a vertical opening like a w ell; a slope is an inclination of 
45 degrees, more or less.”

There is much more upon this subject, but we can quote 
only a small proportion of such voluminous papers.

The author of the last paper quoted from was at the Fitch
burg exhibition, when it was shown that the machine drills 
were intended for the shaft as well as the tunnel.

The following is quoted from page 49 of the Commissioners’ 
first R eport:—

“  Great care ‘ has been taken to obtain the opinions of the 
best authorities in England and on the Continent, among those 
of the most enlarged experience, both as to the construction 
and use o f long tunnels; and while they have been found to 
differ in some respects, in regard to minor details, the opinion 
is universal, and without a single exception among them, that 
the present section of the Hoosac is altogether too small and 
that the area of the original design is the least that should be 
counted on as promising any success to the enterprise. These 
authorities are all as perfectly agreed that a shaft in the centre 
is indispensable.

“  On these points Mr. Storrow obtained the views of many 
more persons qualified to judge than he has named in his 
report.”

On page 78 of Mr. Storrow’s report is the following:—

“  The tunnel, (meaning Mt. Cenis) of course, can have no 
shafts. At the summit of the mountain its depth below the 
surface is almost exactly one mile. Where the work is now 
progressing it was said to be from 1,500 to 1,800 feet b$ow the 
surface.”

And from page 113 we quote :—

“  He, (Mr. Sommeiller, Engineer upon Mt. Cenis tunnel) 
was equally urgent that the central shaft should be constructed, 
and he felt that in the possibility of such a shaft we had an 
infinite advantage over their own work, where such an aid 
either for construction or ventilation is altogether beyond their 
reach.”
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The shaft will be about 1,037 feftt deep. The length, if 
made upon a slope, would be greater ; and if put at forty-five 
degrees it would be 1,466 feet, or more than forty per cent, 
longer than the depth of the shaft.

In regard to the slope it would certainly take one and pro
bably two or more years longer to build it— it would cost, at 
least, one hundred and fifty thousand dolla-rs more money— it 
would be more expensive to take up through it the material 
from the tunnel below, for in addition to the same lift, the 
friction of the carriages would have to be overcome by the 
lifting power, and when completed it would probably be a much 
less efficient ventilator for the tunnel.

It is well known that the most certain method of ventilating 
an ordinary tunnel is the passage through it of a quick train. 
It is clear that the shorter the tunnel the sooner will the pass
ing train begin to move the air out o f the tunnel in front,of it 
and draw the fresh air in more rapidly behind it. In a tunnel 
so very long as’ this, without a shaft, it is mere conjecture how 
far a train would move in before the air at the other end (by 
reason of it) would begin to move out. It might go half way 
through— it could hardly be less,— and it might go within a mile 
of the other end. With a shaft in the centre it would certainly 
have to go in but half as far, and probably less, before the effect 
would be felt at the shaft, and the ventilation through it be very 
active till the train passed, when, if there was nothing to 
prevent it, the current through the shaft would turn down
wards, returning a shaft full of bad air into the tunnel, 
sufficient only to fill one thirty-eighth part of it, and this 
would be followed by fresh air from the outside. If thought 
desirable a self-acting arrangement can be placed in the shaft 
which «d ll close it against any downward current and prevent 
the return of its contents into the tunnel, but the greater 
ease with which fresh air would follow the outgoing train 
through the one thousand feet of shaft than through thirteen 
thousand feet of tunnel behind the train would enable the train 
to drive from the forward end of the tunnel a much larger 
amount of bad air than it could with the shaft closed against 
the downward current; the propriety of any opening and 
closing arrangement to keep out such a comparatively insigni
ficant amount of bad air is therefore doubtful.
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Having said thus much upon the effect o f the shaft on the 
ventilation by passing trains, we quote from page 50 of our 
first Report, as follows:—

“  With a shaft, it is thought the draught would be quite 
strong, and the ventilation satisfactory. If, however, from the 
state of the atmosphere, or other causes, it was occasionally 
otherwise, a fire in the shaft would create an artificial draught, 
as in the case of deep mines, and correct the evil at once.”

Driving the shaft down with the machinery constructed for 
it, will probably secure the completion of the whole work a 
year and a half earlier than it could be completed without it, 
and save a much greater sum in interest upon the cost of the 
tunnel than the amount of the entire outlay made upon the shaft.

With men of experience and qualified to judge more nearly 
unanimous as to its necessity than they often are upon any 
event yet to come ; with the risk, regarded as almost a cer
tainty by the highest authority, that the tunnel could not be 
used after it was built till years had been spent in making a 
shaft, few men would have the temerity to construct so impor
tant a work from the public money without it.

4 East End.
Considerable has been said, written and printed, from a sin

gle source, about the small amount of progress made at the 
east end, the enlargement there, and the change of our plans 
in respect to the heading. We quote from one of these papers 
as follows:—

“  I  was driving all the headings of the tunnel with dimensions six 
feet high and fifteen feet wide. The width was reduced by the Com
missioners to eleven feet; but Mr. Doane gives the result of observa
tions showing that this change also was a mistake, and the headings are 
now driven fifteen feet wide as formerly.

«  The Commissioners as soon as they obtained possession o f the road 
should have organized forces and set them at work to drive the head
ings. I f  they intended to change the grades, they should have sunk 
down to the intended grade at once; there was no water to trouble 
them, and the expense of handling material a second time would have 
been trifling as compared with the saving of time by making constant 
progress. Instead o f this they commenced to go Over the old work,
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trimming, enlarging and taking down to a n<?w grade. After a time it 
was discovered that the enlargement was consuming a large amount of 
money, that it was unnecessary, that it increased the interest account, 
that it was a wise policy to let it alone until the tunnel approached 
completion; and the conclusion is irresistible that it would have been a 
still wiser policy to let it alone altogether.

“  The caricatures of Haupt’s tunnel as given in the report of the 
Commissioners, were produced by comparing his sections with an 
assumed grade line upon which he had never carried on the work.

“ The Commissioners have now come to the very sensible conclusion 
that it is best to confine their operations to the headings, and leave the 
enlargement and trimming until a future period.”

And from another we quote as follows:—

“  The enlargement of the tunnel has been discontinued; and after 
unsparing condemnation of the small size of the opening, the Commis
sioners have reduced the heading nearly to the original dimensions.”

The Commissioners have never had occasion to condemn the 
size of the heading cut by anybody in the tunnel; it is of no 
sort of consequence, if it be made as rapidly and as cheaply as 
possible, and it should be changed as often as the character of 
•the rock, the kind of tools used, or the manner of .working, shall 
require to produce the best result. JVe will, however, for the 
sake of accuracy, say that the law under which the work was 
formerly carried on, did not leave the size of the heading 
optional with anybody, but provided that it should be six feet 
high and fourteen feet wide ; that only here and there a point 
was cut to fifteen feet, evidently by mistake, for the completed 
tunnel was to be but fourteen feet wide, and much of the 
heading fell considerably short of the legally required width of 
fourteen feet.

The caricatures spoken of may be caricatures of what the 
tunnel should have been under the law, but they are. exact 
measurements of what the tunnel really was when made and 
paid for as completed, and as it was when surrendered to the 
State; and no suggestions about assumed grades can change 
the fact that under the law it was to be 14 feet wide and 18 
feet high, and that some of it was but 11.1 feet wide, and some 
of it but 13.1 high, and that not a foot of it was cut to the 
full size required by law and paid for.
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The tunnel as penetrated was not' in the direct line, and if 
continued withouf^a curve in the mountain would not have hit 
within 250 feet of the other end, but the area cut was so small 
that, by starting at one side of the entrance and running out in 
the opposite corner at the heading, we are enabled to save 
all the work by bringing it within the larger ai’ea of the 
completed tunnel.

Before the property came into possession of the State, 
the enlargement, such as it was, was carried on with the 
heading, and kept but a short distance behind it. It could not 
well have been done otherwise with the heading at the top as 
then driven, for the enlargement could only be made from one 
point, the back end, for want of drainage and tracks to carry 
out the debris, both of which would have been destroyed by 
cutting down elsewhere than at the back end. To commence 
this right the Commissioners at once changed the heading 
from the top to the bottom, following up with tracks and provid
ing drainage for the whole work as it proceeds. It has been 
their policy from the beginning to defer the enlargement and 
save the interest upon its cost as long as they could, and also to 
save in the price of labor and materials, and they have made 
no enlargement whatever, except as stated in a paper read 
before and left with your Committee at one of the public 
hearings some time ago, which was as follows :—

“  In explanation of the small amount of heading which has 
been excavated at the east end, it is proper to say that the east 
end was only cut by the contractors nearly to the required size 
just at the entrance where daylight shone upon it. Immediately 
after passing the entrance, besides being otherwise much 
reduced in size, the bottom rose up nearly seven feet within the 
first 500 feet from the portal. In some parts of the work, 
further in, the bottom was cut lower as the work advanced, 
carrying the drainage inwards, and collecting a large amount 
of water within the tunnel.

“  A  uniform grade was adopted, which, conforming to the two 
ends of this irregular work, would secure good drainage, by the 
removal of the smallest amount of material from tho bottom, 
and at the least expense.
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“  Work upon this was Commenced October 5,1863, and con
tinued 13 months and 18 days, when the%12 feet breast was 
reached November 23, 1864. Cutting down the breast to get 
the heading at the bottom consumed 3 months and 22 days, 
and the heading was begun March 15, 1865.

“  At the date of our last Report we had been at work upon 
the headings 8J months, and made a distance of 471 feet. At 
the same rate of progress, the time and expense consumed in 
taking out the irregularities of the bottom would have given 
754.8 feet, and the time consumed in taking out the breast 
would have given 207 feet more heading and shown a progress 
of 1,433.6 feet instead of 471.8 feet, and made the distance 
from the portal, March 1, 4,013.8 feet instead of 3,052 feet, as 
it was.”

In short, before the Commissioners took charge of the work 
the practice was to carry on the enlargement at the same time 
as the heading, and more than 40 per cent, of interest has 
already been lost by this mistake.

The Commissioners at once corrected this manifest error, and 
changed the heading from the top to the bottom, for the very 
purpose of being able to defer the enlargement and stop this 
useless waste of interest. I f  the enlarging costs a million and 
a half, and is made in the last two years instead of along with 
the heading, over 1300,000 of interest will be saved by the 
change:

On this point we insert from page 4 of our Report for 1865 
the following:—

“  The heading has been heretofore driven at the top of the 
section. There are many reasons against this plan, and in favor 
of putting the first opening at the bottom. With the heading 
at the bottom, the drainage'can be made efficient as the work 
progresses. The tracks for the removal of material from the 
heading can be unbroken and continuous, and the work of 
enlargement will not be hindered, as in the other case, by send
ing the material from the heading down 'over the face of the 
enlargement work. A greater reason and one sufficient to rule, 
is the fact that with the heading at the bottom, the enlargement
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can be commenced and prosecuted at as many different points 
as may be desirable.

“  For by enlarging the opening made by the heading at any 
point to the full section, two faces will be furnished to work 
from upon the enlargement, and the number of faces can be 
thus increased as desired, or the enlargement can be made in 
any other way, without interruption from the work at the head
ing or interfering with the drainage. It will, also, better 
enable the Commissioners to make portions or all of the enlarge
ments by contract, with less risk of embarrassing the work of 
driving the heading, upon which the time of completion so 
entirely depends.”

Deerfield Dam.
The same papers which had proclaimed it well nigh impossi

ble to execute portions of the work which had even then been 
accomplished, and accused the Commissioners of inopportunely 
commencing and then abandoning parts of the work not yet 
undertaken, question the propriety of constructing the Deerfield 
Dam, some because there is little water there in proportion to 
the power required, and some from various other reasons.

The cost and value of water-power is usually compared with 
steam-power for 10 or 12 hours’ use per day. In this case the 
daily duty is the full 24 hours. The wisdom of providing water
power instead of steam-power in this case cannot be demon
strated with any certainty till the close of the work.

While under construction it was often said that a permanent 
dam could not be built there, and when completed, that a cheap 
one would have stood as well.

It promises to outlive the children of its defamers, and, as the 
nearest unoccupied water-power in New England to the West, 
may yet manufacture a large amount of freight for the work it 
is aiding to construct.

I f  alongside that fine water-power the Commissioners had 
erected the necessary steam-engines, it is hardly to be supposed 
that the criticis,ms from these two or three sources would have 
been less persistent or less well founded.
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Compressed A ir.
A very large amount has been written to show the insuffi

ciency of our means to supply the drills with compressed air, 
and the impossibility of carrying over the mountain a sufficient 
quantity to work them ; but the figures by which this conclusion 
is reached seem very widely astray from the facts.

Great anxiety is expressed in the following quotations in 
respect to laying air-pipes over the mountain, which the writer 
evidently thinks is upon the point of being done :—

“  The Commissioners propose to use a pipe of eight inches diameter, 
which is nearly 0.20 of a metre, and the loss of tension will, therefore, 
be found in the fourth column.

“ It has been shown in my previous statement that to furnish a suffi
cient quantity of air to work the drills, even independently of the larger 
amount required for ventilation, the velocity in an eight inch pipe must 
be 2,100 feet per minute or nearly eleven metres per second. The loss 
of tension being in proportion to the square of the velocity, will be 393 
millimetres of a column of mercury, or equal to 15J inches or half an 
atmosphere for each 1,000 metres, about 1,094 yards.

“  I f  the air is to be carried five miles or 8,800 yards, the loss' of 
tension would be four atmospheres, or sixty pounds to the square inch, 
and consequently an initial pressure of sixty pounds at the reservoir at 
the east side would be reduced to nothing by the time it reached the 
west end, and this result has been obtained by considering only the 
amount of air required to work the drills, not the additional amount 
required for ventilating the tunnel.

“  It is for you, Mr. Chairman, and for the members of the legislature, 
to determine whether you will permit operations to be carried on at the 
expense of the State treasury, which -exhibit, and have- exhibited from 
first to last, such an entire absence of calculation and intelligent investi
gation. My remonstrances and representations heretofore have been 
disregarded. Shall pipes be laid over the mountain to prove that air 
cannot be supplied in this way, when a very moderate acquaintance 
with arithmetic and the principles of pneumatics- would have enabled 
the question to be determined in advance ? ”

The Commissioners have not decided to carry air over the 
mountain in pipes, and the paper just quoted from contains the 
first suggestion I have ever heard as to the size which would be 
proper for such a pipe.
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The Commissioners are not at all in doubt as to the quantity 
of air required to work their drills, the quantity their machinery 
will compress, or the loss of pressure involved in carrying it 
long distances through pipes.

The greatest number of drills expected to be used in a gang 
in the heading is sixteen, and it is quite likely that twelve will, 
in practice, be found the best number in a heading six feet high 
and fifteen feet wide. •

In working the drills they do their drilling so quickly that a 
large proportion of the whole time consumed is in changing the 
drill points and shifting from one hole to another; this gen
erally takes, in daylight, from five to eight minutes, though 
sometimes done in a little over three. In the tunnel the chang
ing, with little unforeseen hindrances, will probably consume 
full as much time as that used in drilling, leaving, on an aver
age, one-half, or, at most, eight in actual service. Eight drills 
will use about ninety-five cubic feet of air compressed per 
minute. The velocity stated as requisite in the above quota
tions, 2,100 feet per minute through an eight-inch pipe, gives 
about 783 feet, or nearly eight times the true amount.

Any difficulty which might arise from a greater number 
working at one time than another is guarded against by air 
reservoirs already provided.

It was intended to use the air at a pressure o f fifty-five pounds 
per square inch to work the di'ills, but they run so much easier 
in practice than was anticipated, that it is doubtful if the air will 
be compressed to above forty pounds. I f  used at fifty pounds 
per square inch, our supply is seventy-nine per cent, more than 
is required ; if worked at forty pounds, it is over one hundred 
per cent, in excess.

I f  it was carried to the central shaft through an eight-inch 
pipe it would involve a loss of pressure of almost exactly one- 
half pound per square inch, or if carried to the west end, less 
than one pound per square inch, and not sixty pounds, as 
stated in the quotation.

The drills work very efficiently on a pressure of thirty 
pounds per square inch, which was the pressure used at the 
Fitchburg exhibition. The compressors work with facility to 
eighty pounds, and I have no doubt the turbine wheel would
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drive them well at above ninety pounds, but they have not 
been worked at above eighty pounds.

We have, then, if it was required, the difference between 
thirty pounds and eighty pounds, and it requires a difference 
of only one-half pound to drive enough through an eight-inch 
pipe to work one gang of the drills at the central shaft from the 
Deerfield dam. Of course there is more than margin enough to 
work all the drills that could be required there and leave a 
great surplus for ventilation.

Now, the Commissioners have no present idea of carrying 
air over the mountain, and probably may never undertake to do 
so. On the contrary, the machinery for compressing air at 
the ccptral shaft was undertaken last year, and will very soon 
be working there. • 1

While going down with the shaft, a small amount of com
pressed air will be required, and until the shaft is completed the 
steam power already provided for is more than will be needed 
for hoisting alone. When the shaft is done, and more drills and 
compressed air are required, the question will come up whether 
steam-power or a suitable sized pipe from the dam will be 
cheapest. If pipe should be very cheap, perhaps little would 
be lost in the purchase, use and sale of it. It is a question of 
relative economy, and not of doubt about getting the air through 
it.

Upon this point we quote from one of the official reports 
upon the tunnel at Mont Cenis, as follows:—

“  There is but a very trifling loss of pressure at great distances. A  
munometre of Bourdon, just tested, and graduated to show of an 
atmosphere, placed on the pipe in the tunnel 1,800 metres (5,906 feet) 
from the receivers, did not indicate any change while all nine of the 
machines were at work. The loss of pressure, therefore, at that dis
tance is certainly less than atmosphere, or E-'5 of the pressure at the 
receivers.

“  The difference may increase with the distance, but from experi
ments already made, there would not be a loss o f more than T\  of an 
atmosphere in this pipe at the distance of 25 kilomètres (about 15J 
miles.”)

When the whole gang o f Mont Cenis drills are worked 
together, they consume about 57 cubic feet pf compressed air
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per minute, as calculated by us, this would pass through their 
pipe, which is twenty centimetres, or 7.87 inches in diameter, 
to the drills, a distance of 5,906 feet, with a loss of pressure of 
about one-tenth of a pound per square inch, and there would 
pass through the 15] miles of pipe, with a loss of one-tenth of 
an atmosphere, or 1-j1̂  pounds per square inch, about 58]- 
cubic feet of compressed air per minute, showing that our 
method of calculating agrees with the results of their very 
extensive experiments and practice.

In relation to the loss of power by the use of compressed air, 
we make the following quotation from one of these papers :—

“ In the Mont Cenis apparatus, where air is condensed into one-sixth 
of its original volume by the direct pressure of water, the power con
sumed in compressing the air, even leaving friction out of consideration, 
is six times as great as the power given out by the expansion of the 
compressed air. So, also, if steam were applied to compress air by its 
direct action upon the piston of a compressor, the loss would be equally 
great.

“  By the introduction of suitable machinery, this loss will be reduced ; 
but it will always be considerable.

“ With the turbine wheels of the commissioners, the loss will not be 
quite as great as on the Mont Cenis plans; but still only a very small 
portion of the power of the dam can be transferred to the end of the 
heading.”  •

It is true that there is a considerable loss of power by com
pressing air simply to use again as force to drive machinery.

So to drive any machinery, which is to run one hour and 
stop two hours, will there be a great loss in using steam, and 
it is by.no means clear, independent of all other considerations, 
that the loss in using steam for such a purpose would be less 
than in using compressed air.

I f  the air is compressed to 50 pounds per square inch, and 
used without expansion, about 52 per cent, of the power 
expended would be available. I f  compressed to 40 pounds per 
inch, about 56 per cent, would be available, involving a loss in 
one case of 48, and in the other of 44 per cent, of the power 
expended, independently of the loss by friction, which the sim
plicity of the machinery at the Hoosac will render quite small. 
I f used expansively, the loss can be made much less; but as it 3
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will all be required for ventilation, no saving would result 
from passing a less quantity through the drilling machines.

It must, however, be noted that the compressed air is used 
twice— once to drive the drills, and then discharged for venti
lation, while in the case of using steam, the heat developed 
by so many small steam-engines, with all their steam-pipes 
heated to a temperature of more than three hundred degrees, 
in so low and small a gallery as a heading, must call for 
a very great amount of ventilation to keep the men alive. In 
one case, the drills furnish the ventilation; in the other, they 
will create a want for many times more air than all other 
causes combined, and if the penetration be very far from the 
open air, the power consumed in both drilling and ventila
tion by steam must be much greater than if compressed air 
be used, probably many times greater.

In support of some of these criticisms upon the Hoosac 
Tunnel, extracts are reprinted here from papers upon Mt. Cenis, 
written by an advocate of a railroad over that mountain, and 
by opponents of a tunnel there, iifdicating, among other trou
bles, that the work had stopped for want of ventilation, &c 
The distance given as penetrated, “  they are now in only three- 
quarters of a mile,”  show that the papers quoted from are 
several years old.

When Mr. Storrow visited that work in 1862, and Mr. Brown 
at a later date, to examine their methods of working, &c., for 
the Commissioners, they found no such difficulties as these criti
cisms would indicate ; on the contrary, everything was working 
very successfully, and promising, as now, a completion of the 
enterprise much within the anticipated time.

Drilling Machines.
Ever since the Commissioners have been charged with this 

work, inventors of drilling machines have pressed upon then- 
consideration the claims of various inventions. Peeling assured 
that, with the exception of the Mt. Cenis drill, none of the 
seventy or eighty patented contrivances were capable of doing 
any useful work in aid of tunnelling, the subject has for a long 
time been to them a causo of deep solicitude, fbr on this has 
depended, in a great degree, the early and economical comple
tion of the work. The result of our efforts is so well known,
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that we should not say a word here in relation to it, but for the 
fact that parties interested in other patents have criticized, 
in numerous printed documents, our labors in this direction, 
as having been doiie at immense cost, and as not at all neces
sary, sometimes alleging that their drills were all that was 
required, and at other times that a little more time and money 
for experimenting would make them so.

Inventors have succeeded in producing contrivances which 
would at times drill quite rapidly. The Commissioners have 
had several, upon entirely different plans, which would drill 
from one to four inches per minute, all having inherent carises 
of uncertainty, which rendered them of little practical value. 
Those invented for tunnelling may be divided into three classes 
— those which will not go at all— those which can at times, 
but, from the uncertainty and irregularity qf their movements, 
rarely be relied upon for useful work— and those which work 
regularly and efficiently. There are many of each of the first 
and second classes ; but we are well assured there are but 
two of the last, the Mt. Cenis and the Hoosac, and had the 
latter not been invented, we should most likely have made and 
used the Mt. Cenis drills.

We will upon this subject make a few short extracts from the 
pamphlet o f one of these patentees:—

“  Mr. Brooks expects to cover the use of the hollow piston by the 
purchase of Couch’s patent; but the hollow piston per se is not patent- 
able ; it is only its combination with other devices.

“ The device o f a hollow piston rod, used as a tool-holder, and oper
ated by the direct force of air or steam upon a piston, which is the prom
inent feature of the Fitchburg drill, was the invention of Stuart Gwinn 
in 1852.”

It is but a short time since Couch sold to the author of the 
paper just quoted from the right to use the hollow piston upon 
the sixteen drills alluded to in the next quotation:—

“  Sixteen drills have been constructed and operated in a tunnel driven 
through rock much harder than that of the Hoosac, and at a distance of 
a thousand feet from the entrance ; they are ready to be set at work 
continuously as soon as a satisfactory contract shall be made with the 
company owning the tunnel, an organization perfected, and funds foi 
the future provided. Since the last week in December the work has
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been suspended, in .consequence of the sum furnished for the construc
tion ot machinery having been expended, and no convenient State 
treasury at hand to furnish funds for further experiments.”

Much praise is due to that persistency which more than ten 
years of effort to invent a drilling machine has not dampened, 
and that confidence which, even now, as for many years past, 
sees nothing in the way of success but “ *funds for further 
experiments.”  Inventors are, however, proverbially sanguine, 
their enthusiasm often so obscuring their judgment as to blind 
them to defects clearly apparent to all others.

From another paper, speaking of Mr. Brooks :—

“ He had interviews with my mechanical engineer; he procured 
copies of my patents from the patent office; he got other patents— he 
had plans of the Mt. penis drills ; he had an inexhaustible State trea
sury at his command, that could buy the inventive talent of Massachu
setts, the best in the world. A  large number of mechanical engineers 
were summoned ; the plans of all the drills were laid before them, here 
is money, solve the problem.”

As to the interviews with “  my mechanical engineer,”  if I 
understand who that means, the only interviews I ever had 
with him were in 1862, to explain to him the reason why the 
Commissioners could not pay him on the part of the State for 
expenditures incurred in the construction of drills, which 
the State was not to have if paid for, nor the right to use them 
if patented, and which could not be made to work. All that 
about the mechanical engineers is a mere fiction.

•We quote from one of these papers in relation to blasting by 
electricity, -as follows :—

“  The commissioners propose to adopt the plan of simultaneous elec
trical blasting which I  suggested; and, apparently, to avoid using 
Beardslee’s apparatus, the right of which I  had secured, they have 
employed Mr. Shaffner as electrician to devise some other plan of 
accomplishing the same object. In this they may be successful, for the 
object may be attained in several ways, and Mr. Shaffner is one of the 
most skilful electricians in the world.”

From the beginning, the Commissioners have expected to 
adopt simultaneous blasting by electricity, and one of the
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reasons why we did not authorize the purchase of an expensive 
electrical machine, offered by the author of the above quotation 
to our engineer at one-third its alleged cost, was that we under
stood, from what we regarded as good authority, that it could 
not be relied upon for the blasting required.

The solicitude which the Commissioners have felt in respect 
to;procuring a suitable drill, has led them to keep as fully 
informed as possible of the progress of inventions in this direc
tion. We cannot lengthen this paper by the insertion of volu
minous correspondence, but so much has been printed about 
the drills which have been tried in Dauphin County, Pennsyl
vania, that we shall insert a few extracts from our correspon
dence in respect to them and the other appliances used in 
connection with them :—

“ The tunnel was excavated to a distance of about eleven hundred 
(1,100) feet north from entrance. Five hundred (500) feet from face 
o f heading is a gangway running east about half a mile, having several 
openings on the mountain, causing a strong current of air to draw from 
entrance o f tunnel through the gangway. This current of air had no 
perceptible effect on the tunnel from gangway to face o f heading. The 
method of ventilation was by a vacuum fan, which afforded good venti
lation when the drills were not at work ; the escape steam and the heat 
from machines made the ventilation very imperfect, and the men expe
rienced much inconvenience, suffering from headache, &c., and at times 
were compelled to leave the tunnel. The posts and cylinders being very 
much heated by the steam, caused much delay in handling them.

“ The use o f steam in the tunnel required much more ventilation than 
it did when the hand drills were used. The drills were held in place 
by four hollow posts, having at each end a set-screw, holding them fast 
at top and bottom of tunnel. Three drills were worked in each frame, 
sometimes but two, and we never had the three working regularly for 
more than fifteen or twenty minutes. There was considerable difficulty 
in keeping the drills in position ; the plan of fastening them not being 
reliable, they would slip on the frames, and when once out ot line it 
was impossible to make them work. The hole had then to be abandoned 
and a new one started. A t times the drills would not rotate, when we 
would be compelled to take the cylinder out, send it to shop for repairs, 
and replace it with another, which would generally delay us about two 
hours.*

* One of the Iloosac Drilling Machines can be taken down and another one put in its 
place in less than three minutes.
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“ We never worked more than nine drills at one time, that is, three 
in each frame, and this number when heated, made the air in the head
ing so oppressive, that the workmen complained very much. To place 
the frame in position and get the drills ready for work, generally con
sumed the greater part of half a day, with our force— about eight men 
and a foreman. The weight of frame and three drills is about nine 
hundred (900) pounds.

“  On the whole, it impeded the work as compared with hand labor. As 
we worked them they were not calculated to complete any part of the 
tunnel.”

“ In regard to electrical blasting, we had twenty holes loaded in face 
of heading, and out of this twenty, seven only were exploded. I  think 
that five holes is the most that could be relied upon at one time, as we 
had it arranged.”

“ The drills were not reliable; sometimes they worked a hole down 
without trouble, when perhaps the next time we tried them they would 
not work at all.”

“  The time consumed in moving them out of the way of blasting was 
too long, from the fact that everything was hot and the men would 
burn their hands. It also required much time to fasten and unfasten 
them.”

“ About three months covers the time we had them in use, off and on. 
During that time we made several alterations on them.”

“ The drilling machines -would sometimes do the work and sometimes 
they would not, while in working order. The manner of fastening is 
objectionable—not sure or safe.

“  Sometimes a steam-pipe would burst and fill the tunnel with steam. 
This would comdense and disappear after awhile.”

« From various causes the fan blower would stop, and consequently 
the smoke, hot air and steam would escape into the tunnel, and compel 
the men to seek fresh air at the lower part of the tunnel or at the 
entrahce. Some of the men became insensible and were conveyed or 
carried out into the air and revived. The electro-magnetic machine 
was used, but it behaved in a very singular manner; fifteen holes were 
charged with powder, and prepared to fire at once; to the surprise 
of those having the matter in charge, only seven exploded, and in no 
instance did they succeed in exploding more than seven in the tunnel;
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sometimes the first two would fire and then skip one or two, then fire a 
few more.”

“ The steam-boiler in the tunnel was a  source of'trouble and generated 
too much heat for comfort. Blasting a large number of holes (fifteen 
or twenty) by electricity was a failure.”

The result of inqitiries made of a party, understood to be 
connected with the construction of these drills, and much inter
ested in their success, is shown by the following extract of a 
letter from *Mr. Burleigh, superintendent of Putnam Machine 
Company:—

“ Upon trial at the tunnel they did not prove reliable, that sometimes 
they would drill and sometimes they would not ; that in his opinion the 
drills were a failure in their (then) present shape. That they were all 
to be taken to the shop and altered over. He did not know what alter
ations were to be made, and thought the General did not know. He 
said they were in hopes we should succeed in getting a feed arrange
ment for a drill, as they intended to adopt i t ; that they had tried to get 
up some feed device, had not succeeded, and had given it up as an 
impossibility. And they could hardly believe it would ever be accom
plished.

“  Now as to the statements that we have copied his drill, or that we 
are in the least indebted to him for any ideas, the facts are as follows : 
J. J.'Couch, of Brooklyn, N. Y., holds a patent upon a hollow piston. 
In the drills built by us Couch’s patent is used. In the drills made by 
him Couch’s patent is used; and he acknowledges the validity of 
Couch’s patent by paying a license fee under it. So far as the use of 
Couch’s patent goes, there is a similarity in the machines— but in all 
other respects the drills built here are entirely different, both in con
struction and in their operation. After reading a statement made by 
the General to the tunnel committee, I am of the opinion that he does 
not understand the principle upon which the drills made here are 
operated.”

From information which seems abundant and reliable, we are 
forced to the conclusion, that these drills will not answer any 
useful purpose without radical changes, both in principle and 

* construction ; that the manner of holding them is cumbersome, 
unreliable, and slow of adjustment; that the' system for simul
taneous blasting, as there tried, was a failure ; that the use of
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steam for dialling in such places has radical disadvantages, not 
likely to be overcome, if at all, except at a cost greater than 
any benefit to be derived from i t ; that exhausting the air for 
ventilation was not sufficiently tested to give any light in 
regard to its value, beyond that obtained from its previous 
use elsewhere. The natural ventilation through the side cut, 
five hundred feet from the entrance, leaves the heading only 
six hundred feet from the fresh air, a distance which but for 
the effect of steam would have required very little artificial 
ventilation ; and with the steam it did not seem sufficient, even 
for this short distance. *

I ought perhaps in justice to the projector of the Pennsyl
vania drills to insert the following extract, in relation to them, 
from his letter to Governor Andrew, in March, 1864 :—

“  Within the last month I have resumed work and finished one of my 
drills; it is a complete success, drilling two inches in a block of Hoosac 
rock in a minute.

“ I  have engaged to drive a mile o f tunnel in much harder rock in 
Pennsylvania, taking as my consideration one-half the saving effected 
over hand labor, but my chief object is to obtain data to show that my 
plans for drilling, blasting, lighting and ventilating, and removing mate
rial, are very far in advance of any others, and will accomplish a pro
gress two or three times as rapid as has been attained in the Tunnel of 
the Alps.”

In June, 1864, Mr. Doane inquired of him by letter about 
his drills, closing his letter as follows: “ We shall need a 
drill upon our works by and by, and should yours prove a 
better one than that used at Mt. Cenis, we should be very glad 
to avail ourselves of it. Can you tell me where it is in use, and 
may I be permitted to see it ?”  He received in a few days the 
following in reply

“ To T homas D oane, Esq., Civil Engineer:
“  Your favor of 14th inst. was received this morning, on my return 

from Philadelphia.
“  I would be most happy to communicate my plans and modes of oper

ation as proposed for the Hoosac Tunnel. I  think them very different 
from and far superior to any other plans, and they are the results of long 
continued experiments and large expenditures. You have uniformly
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treated Mr. Cartwright and myself with courtesy, and have not, as I
ave reason to believe, countenanced the abuse, misrepresentation, and 

falsehood with which I have been assailed ; for this reason I will cheer-
u y exp am mj plans, and will inform you where I  have a drill in 

operation.
But you subscribe yourself Thomas Doane, Chief Engineer of the 

Hoosac Tunnel, and in this official capacity, or in any capacity as agent 
of the Commissioners, or of the State of Massachusetts, I  must inform 
you that I control all the patents by which machinery of any kind, capa
ble o f securing satisfactory results, can be applied to tunnelling the 
Hoosac. I  have the exclusive right to all applications of steam decom
pressed air to operate a piston in a cylinder for the purpose of drilling 
rock, and the invention is five years older than the application of 
machinery at Mt. Cenis.

“ I  therefore notify you, in your official capacity, that you will not be 
permitted to use either the Mt. Cenis apparatus or my own inventions, 
until the State of Massachusetts has paid for the right a sum sufficient to 
compensate me for the injury I have sustained through the arbitrary and 
unjust action o f her executive and other'agents.

“  Sometime this fall I  expect to have a set of drills actually in oper
ation in Pennsylvania, as also the apparatus for blasting, lighting and 
ventilating, and ivhen ready will inform you. I  am much delayed by 
the great difficulty experienced in getting any kind of mechanical work 
executed. Government monopolizes everything.”

At the date of this letter, and for nearly a year thereafter, 
its author had not been granted a patent for any kind of a 
drilling machine.

I  have heard that the first great tunnelling machine built for 
the Hoosac, many years ago, cost over $25,000; another expen
sive machine was in the west end when the property was sur
rendered to the State, but, I think, was never used ; that the 
late contractor had spent over $10,000 in the same line before 
abandoning the work, and that over $35,000 had been furnished 
for his experiments in Pennsylvania. I think some of these 
sums are much understated, and some may be overstated, but 
all this expense has thus far been without any useful result.

Our expenditures in making and experimenting with drilling 
machines, to the time we had finished one of the present com
pleted machines at Fitchburg, and inclusive of the cost of 
various parts o f others under construction and since completed, 
was as follows:—

4
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For draughtsmen, mechanical superintendent, legal
investigation, copies of patents, and incidental
expenses,................................................ • . . $2,625 27

For patent rights, . . . ' . . . 950 00
For labor, materials, steam-power & other expenses, 8,939 28

Total expen d itu res,...................................... $11,514 50

Contracts.
Quite lately I have heard that questions have arisen in regard 

to the propriety of letting the whole work in one contract for a 
round sum.

The prospect of greatly reduced taxation upon the manufac
turing industry of the country and a largely increased emi
gration, now that the war is over, promises, with an average 
crop of food at the next harvest, a reduction in the cost of 
labor and materials.

For two years the Commissioners have been devising and 
constructing appliances to do this work for the smallest amount 
of money and in the shortest time, in order to save as much as 
possible of the interest upon its cost while under construction. 
The saving of a million of dollars in the cost of the work, by 
the use of drilling machines alone, • would seem to me a 
very moderate estimate, aside from the saving of interest by 
rapid work, and yet the lowest contract price I have heard 
named was higher than the letting for hand labor just made 
at the west end in this period of high prices.

Situated as this work is, with all its equipment and cheap
ening facilities nearly ready for use, and the cost of labor 
and materials at the top of the wave, I can well imagine how 
great a prize such shrewd and sharp , men as railroad contrac
tors must regard it, especially as its magnitude is sufficient to 
provide for the individuals of an extensive combination.

No corporation or individual, would think of parting with all 
the advantages which these new appliances promise for the 
work, and no prudent manager would let a several years’ job 
with a good prospect of labor and materials falling one-tliird 
before it was half done.

Upon this subject we quote from page 63 of our first Report, 
’as follows :—
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“  To build it rapidly, and in the end most economically, 
would require a pretty liberal early expenditure for machinery 
and other preparation.

“  To carry it on as rapidly as a due regard to the saving of 
interest upon its cost would require, is more likely to be done 
by the State than by a contractor.

“ It would not be prudent for any man, having sufficient 
capital to guarantee its construction, to embark in it, except at 
a price so high as to cover all risks, and much higher than it 
may fairly be expected to cost.

“  It would not be wise, or according to any precedent, for 
the State to expect ,to get the work done at the contract price 
if it should turn out to cost more. It would certainly get no 
abatement if the price was found to be exorbitant.

“ We are clearly of the opinion that it should not be con
structed by contract, excepting in so far as parts of the work 
may be let in detail to the men actually at work upon it, and even 
such contracts should not be permanent in their character.” *

The subject of contracting parts of the work has for a long 
time engaged the serious attention of the Commissioners, and, 
as before stated, they have let a part of the west end. They 
thought it wise to defer this until they had passed through 
the very bad formation there, about which so much has been 
written. If they had let it before, while the cloud thrown 
about it by alarmists was still hanging over it, the price 
would doubtless have been much higher, and even then, if it 
turned out as bad as represented, it would probably have 
broken down the contractor, and left the State worse off than 
before.

I f  the present contractor fulfills his job satisfactorily, they 
may from time to time let him the remainder, but as now 
arranged he must compete for it at lower prices if the market 
falls. •

The same principle should govern in letting other parts of 
the work. The State has furnished the equipment, tools, &c., 
and there is nothing, therefore, in the cost of preparation to a 
contractor which should enable us to lot a very large contract 
on more favorable terms than a more moderate one, even it there 
were no special considerations against it. The fact must not be

*
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lost sight of, that this work is of such exceptional magnitude 
that a contract for a small proportion of it. is an unusually 
large job, and qiflte as much as any man worthy of trust ought 
to be willing to take at a fair price.

When the economic value of their new facilities shall be 
demonstrated, they expect to avail of the contract system so far 
as the interests of the State, as represented by the rapid, 
economical and certain progress of the work, shall warrant.

The matter of interest makes the question of saving time 
quite as much a money-saving question as that of difference in 
the price of the work.

To illustrate how men’s minds seem to be confused upon this 
matter, I will insert three quotations, the first and second from 
a paper furnished to your Committee, at one of its late public 
hearings, and printed since, I believe, for the use of the legisla
ture, and the third from a letter written to the Commissioners
by the same party thirteen days before:—

*
1. “  I thought it possible that we might be able, with thorough drill 

and discipline amongst the men, encouraged by liberal premiums on 
progress, to blast once in an hour and a half, but certainly once in two 
hours. Working from two faces, 16 blasts per day on each would give 
a progress of 32 feet, and 12 blasts 24 feet. A t the slowest rate, the 
time to meet, from the two sides of the mountain, would have been 800 
days, or two years eight months. To allow for contingencies, I  called 
the time five years after the machinery was set at work.”

2. “ The time limited for the completion of the tunnel should be, say 
eight years, with a premium of $200,000 per annum for finishing so as 
to permit the passage of trains in a shorter period, and a forfeiture of 
an equal amount for every additional year beyond the eight.”

3. “  You have made many mistakes that might have been avoided, 
but you are now on the right track, and with the means and resources at 
your command, less than four years should see the tunnel finished.”

Conclusion.
As compared even with railroad directors, the position of the 

Commissioners is less independent, and their accountability to 
those from whom they derive their office, more frequent and 
detailed.

Railroad directors exhibit their accounts in gross to their 
constituents once a year ; under the law, the Commissioners

«
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are required to do this once in three months; but their 
practice lias uniformly been to render their account and deliver 
their vouchers to the governor and council monthly.

Directors can be displaced by a new election once a year ; 
the Commissioners can be changed at any time by the governor 
and council.

Directors make such contracts for construction as they deem 
advisable ; the Commissioners cannot make a contract amount
ing to moi'e than $10,000, without the consent of the governor 
and council.

Directors control all the funds belonging to the property in 
their charge ; the Commissioners receive from month to month 
only what they may require for immediate disbursement.

The Commissioners, having money in their hands, can buy, 
at the cheapest rate, all that may be required for the work, and 
being the only channel through which it is paid, they can 
compel good faith in all who deal with them.

The power of the Commissioners, though much less than 
that of railroad directors, is sufficient to enable them to enforce 
upon the work all practical economy and efficiency.

The characteristics of the work have proved so nearly as 
were anticipated in our first Report, that, thus far, the Commis
sioners have had no occasion, notwithstanding repeated asser
tions to the contrary, to modify the plans upon which it was 
commenced.

The Commissioners are kept at all times thoroughly informed 
in detail of the progress of the work by letters and telegrams, 
(the latter without cost,) and while it is frequently visited by 
one or more of them, their aim is to keep its execution so 
entirely in charge of the chief engineer, whose ability and 
energy are unquestioned, as to give him that responsibility 
and position upon the work, by which alone the best adminis
tration can be attained.

In closing this paper I may be permitted for a moment to rise 
above the details of this great work, to which we have given for 
three years so much thought and labor, and take a broader 
view of its relations to the national and industrial interests of 
Massachusetts and New England.

In the first interchange of thought and the products of indus-



so HOOSAC TUNNEL. [May,

try is to be found that cohesive unity which alone can make a 
people permanently national and permanently strong.

I  here are no means so potent to make a nation great and 
prosperous, to make strong its hold upon a progressive civiliza
tion, to blot out local prejudices and national jealousies, and 
give all an interest and a pride in a nation’s glory, none so 
strong to unite as one man a great people in a common 
nationality, as improved facilities for internal transit.

Our need of these appliances of civilization is probably greater 
than that of any other nation. Our territory is large, and the 
industry of different portions of it is so applied to specialities 
as to require, for the common good, a large exchange of pro
ducts by means of internal transit over long distances.

The Southern States produce a surplus of clothing materials, 
the Middle States a surplus of minerals, the Western States a 
surplus of food, and New England is devoted to manufactures.

It is not difficult to see which of these great national divisions 
holds its peculiar supremacy by artificial means, and which are 
upheld by the irresistible hand of nature.

With the growing population of the West, rapidly filling up 
by the handicraftsmen of every nation, the time is not distant 
when she will have people to spare for other pursuits than 
agriculture.

With coal-fields larger than all New'England for fuel, with 
cheap power below and cheap food above her soil, she may at a 
day not far distant divide with New England the fruits of her 
varied industry.

The Middle States have cheap fuel, water-power, and cheaper 
food than New England, though not as cheap as the West. 
There is nothing to prevent the growth, already commenced 
there, of other manufactures than metals.

School-houses will soon establish civilization in the South, and 
time will give her a large population, but whether she will ever 
engage much in manufacturing, though the food and raw 
material grow together, is, from the character of the climate, 
very doubtful.

But with New England the-case is clear; however much 
other States may compete with her industry, she can have no 
share in those advantages which nature has given them control 
of. Her sole dependence is upon her manufactures, on which
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her agriculture relies for its only market, and her ships for their 
employment.

Menaced as these great interests will be in the early future, it 
is the part of wise statesmanship to prepare in time for coming 
events, and by increasing our facilities and our strength do all 
we may to maintain permanently our exalted position among 
the States of the Republic.

Respectfully, &c.,

J. W. BROOKS, Chairman.
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Boston, April 28,1866. 

Hon. Tappan W entworth, Chairman:—

Dear Sir,— I have read the communication of Mr. Burt, 
with the report of Mr. Ashburner upon a railroad over the 
Hoosac Mountain, which you handed me, and, as requested, 
give you such a hasty opinion upon it as the limited time at my 
disposal will allow.

Much as I should like to see the through traffic of this line 
developing while the tunnel is under construction, (which 
seems to be the object of this scheme,) I am unable to agree to 
some of the more important points, upon which the argument 
in support of the project is founded, or to come to the same 
conclusion arrived at by these parties.

It seems to be assumed that the cost of fuel is the only item 
in railroad management which is materially increased by high 
grades. I think in practice this will be found to cover but a 
small proportion of the increased expenditure.

The maximum grade eastward upon the Troy and Greenfield 
Railroad is 40 feet per mile, and the tonnage in this direction 
is so large a proportion of the whole that this will be the ruling 
grade for the traffic of the road. A freight locomotive, weigh
ing, with its tender, about 45 tons, should take upon this grade 
25 loaded cars of 18 tons gross weight each, or . 450 tons 
Add weight of engine and tender, . . . . 45 “

Weight of engine, tender, cars and load, . . 495 tons

Estimating the friction of the train as equivalent to a grade 
of 20 feet to the mile, which is something more than it would 
be if the cars and track were in good order, and we have to 
overcome for grade 40 feet, and for friction 20 feet, in all equal 
to 60 feet per mile.
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The averag-g grade upon the mountain line rising eastward 
is given at 114.9 feet per mile. It would be fortunate in such 
a line, if a location could be found on which the maximum did 
not exceed the average as much as one-fifth, but call it 17 feet, 
or about one-seventh and we have the ruling grade at 131.9 
feet per mile. On the sharp curvature of this line the friction 
of the trains will be much greater than on the other part of 
the road, which I have estimated as equal to a grade of 20 feet 
per m ile; putting this at the same, we have to overcome for 
grade and friction equal to 151.9 feet per mile.

If the line was in all respects, except the grades, as favorable 
as in the valley, the load which the same engine would take up 
would be -jff.g of 495 tons, or . . . . 195.5 tons
Deduct for engine and tender, . . . .  45.0 “

Leaving for cars and load, . . . .  150.5 tons
equal to 8̂ - cars, or just one-third as much as the same engine 
would haul upon the 40 feet grade.

A very large amount of snow falls upon the mountain in the 
winter, and in other seasons there is much more wet weather 
near the summit at the cloud level than below, and the average 
condition of the rails would be generally worse, and much 
worse in winter than in the valley. This, with the sharper 
curves upon the mountain, would prevent an engine performing 
as much relative work there as on the other parts of the line. 
If it could do so, then the motive power, including fuel, oil, 
men, repairs, &c., would be three times as great.

The men could not make as much mileage per day, and the 
machines would wear faster in this service, and thus cost more 
for men and repairs per mile run. To keep the extra power in 
position to help up coming trains would require a large amount 
of running empty (without trains,) adding still further to the 
cost of all that goes to make up the motive power.

The comparatively large number of engines running over the 
’ roa(] for the load they carry, would add mucli to the wear of 

the rails and increase other road repairs, which would be further 
increased by such a large amount of side hill work, where water 
and slipping stones and earth and snow are so troublesome. 
The repairs of cars and the number of men upon the trains 
would be much increased for the same tonnage upon such a lipe.

5
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Considering the large amount of running empty, the harder 
character of the service, and the fact that three times as many 
locomotives are required for the same tonnage, and nothing 
saved but a part of the fuel on the down grades, it would seem 
a moderate estimate to put the cost of the motive power entire 
at four times as much per ton per mile for the traffic as upon 
the rest of the line. Road repairs and train service (men upon 
the trains,) could not be less than twice as much per ton per 
mile as elsewhere. Calling the motive power 28 per 
cent, of ordinary working expenses, four times this would
b e ............................................................................ 112 per cent.
Calling the train service 4 per cent, of the whole 

expenses, twice this is . . . . . 8 “  “
All the other working expenses, except train 

service, motive power and road repairs, may 
be stated at an average of about 42 per cent, 
of the whole, reckoning these, including car 
repairs as not increased, we have for these, . 42 “  “

Total ordinary working expenses, except
road r e p a i r s , ...................................... 162 per cent.

The working expenses estimated by the Commissioners and 
quoted on page 20 of Mr. Burt’s paper is . $3,776 per mile. 
Deduct for road repairs . . . .  850 “  “

And it leaves for the other working expenses, $2,926 per mile.

Multiplying this by 162 per cent, and we have $4,740 “  “
Add road repairs doubled, . . . . 1 , 7 0 0  “  “

Total cost per mile, . . . . $6,440 per mile.

This for the 21.2 miles gives . . . $136,528 00
Deduct working expenses for the 16 miles, 

which this takes the place of, at the 
$3,776 per m i l e , ......................................  60,416 00

$76,112 00
Add stationary power (from page 22,) • . 17,000 00

Total extra annual cost, $93,112 00
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This estimate is made upon the assumption that everything 
but the grade is as favorable as the valley line, but it would 
certainly be increased in practice, and not surprising if the 
actual cost shall be twice as much.

Of course this estimate is made upon the amount of traffic 
given on page 20 of Mr. Burt’s paper, 322,000 tons or passen
gers per annum, which I should think was quite as large an 
amount as would be likely to pass through the clouds on top of 
the Hoosac on its way to the seaboard.

I have made this estimate not because I can see what the 
cost of working the temporary line compared with the cost of 
working through the completed tunnel has to do with the ques
tion of building the temporary road, but rather because so 
much importance is given to it in the Report, and because 
there may be reasons for it which I do not understand.

The real question is, Will its earnings or its public advan
tages, or both together, warrant its construction ?

The best that could be reasonably hoped from its business 
would be that from high charges and the contributions of 
neighboring lines, it would be enabled to meet its expenses.

The estimated cost is variously stated.

With the grades upon which the comparative ex
pense of working is made, the cost is put at . $1,400,000 00 

With the grades required in the proposed Act, the
cost, exclusive of iron, is put at . . 1,500,000 00

Including the iron, this would be, say . . 1,700,000 00

In both these, however, the average grade only is spoken of, 
which gives no idea of what the ruling grade may be ; one mile 
of 150 feet grade, and three miles of 50 feet grade, gives an 
average of 75 feet, or half the maximum.

Upon the line requiring “ a tunnel less than a mile”  in 
length through the western summit, the grade is given at 
“  115 feet per mile through.”  This is estimated at a cost of 
$1,900,000.

Without questioning the propriety of making a tunnel of 
this character for temporary use, I will take the lowest sum 
named, say $1,400,000, as the cost of the work. If it be under-
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taken at once and pushed with energy, it might be completed 
three years before the completion of the Hoosac Tunnel.

The interest on the lowest cost for 3 years
would b e , ......................................................... $252,000 00

Add for the c o s t , ................................................  1,400,000 00

Cost and interest for the 3 years while in use, $1,652,000 00
Cost per annum, . . . . .  $550,666 00

This leaves the old materials when the work is abandoned to 
pay for any probable loss in working expenses and the rent of 
rolling stock, the cost of which is not included in the estimate.

As no one would be likely to estimate the advantages of this 
line at anything like this cost, I probably do not understand 
the real object of the parties proposing the scheme.

Yery respectfully yours,

J. W . BROOKS.
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io m m o m u m ltl) o f itta ssa d ju sc tts.

In Senate, May 15,1866.

Ordered, That the Order of Saturday, May 12, directing the 
printing of certain statements concerning the Troy and Green
field Railroad and Hoosac Tunnel, shall he extended to include 
any additional statements on the same subject that may be pre
sented in reply, allowing a delay of not more than one day in 
the printing and distribution of the document for that purpose ; 
and the committee shall permit any parties desiring to reply an 
opportunity of examining said statements.

S. N. GIFFORD, Clerk.
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R E V I E W
OF STATEMENT OF J. W. BROOKS, PRESENTED TO HOOSAC 

TUNNEL COMMITTEE, MAY 12, 1866.

Boston, May 15, 1866.
Hon. Tappan W entworth, CliaSrman o f Committee on Troy 

and Greenfield Railroad and Hoosac Tunnel.

Sir,— In response to the Order of the Senate directing the 
Committee of the Troy and Greenfield Railroad to receive and 
cause to be printed any reply to statements heretofore laid 
before said Committee, I have just procured and read a copy of 
a document addressed to you by Mr. J. W. Brooks, dated 11th 
inst., and' ordered to be published, which presents so many 
extraordinary features, and contains so many, perhaps unin
tentional, misstatements of facts, that I am constrained to 
trouble you with a few words of explanation.

I observe that Mr. Brooks declares that the communication 
was presented in compliance with your suggestion. This is 
probably an error. After more than four months, during 
which there was ample time for investigation, with papers 
before you for a considerable part of the time, in which I 
expressed a willingness to meet Mr. Brooks and discuss all 
questions at issue; with other parties also petitioning for a 
public hearing, where every opportunity could have been 
afforded the commissioners to vindicate their plans and man
agement, it is not to be presumed that you would have privately 
suggested such a mode of putting in evidence. Especially is it 
difficult to believe that after the case was closed, the testimony 
all in, the reports made, and the Bill reported had actually 
passed in one branch of the legislature, you could have sug
gested a presentation of facts in reply to statements made 
many weeks before, at an hour so late that a rejoinder would 
appear to be impossible. Such a procedure certainly could 
not have been the result of your suggestion.



1866.] SENATE— No. 289. 39

. r̂ '° a^tempt an extended review of the whole report will be 
impossible in the short time that is now left before the tunnel 
Bill will be finally acted upon in the House. What is done must 
be in a single evening. I can only notice, in a general way, 
the statements and representations which convey impressions 
at variance with the facts.

Demoralized Rock.
On the third page of the statement we find this paragraph: 

“  In one pamphlet much labor is spent to prove that it was 
almost if not quite impossible to pass through the demoralized 
rock, or porridge, as it was derisively termed, at the west end, 
when at the very time, we suppose, of course, unknown to the 
writer, these difficulties had been surmounted, and the work there 
had reached solid rock. These difficulties already past,”  &c. 
The italics are our own.

The facts are these: The commissioners raised the grade, 
as contemplated in their first report, twenty-five feet; they 
found, apparently, that this grade would keep them for a 
longer time in the porridge ; they lowered the grade again, 
dug away most of the six hundred feet of tunnel at west end, 
and converted it into an open cut, with flat slopes. The last 
report recommends that a considerable portion of this cut be 
arched over and “  filled in ”  again. They drove 110 feet o f 
heading through the porridge, when one Sunday the concern 
caved in. Foiled in every attempt to make progress, they 
abandoned the work in October, and sent their forces to the 
east end ; but goaded apparently to desperation by the crit
icisms of Mr. Bird, they brought the men back again after a 
time, and resumed work. Only a few feet more of progress 
had been made, when they struck rock, and elated with this 
unexpected good fortune, specimens of this rock were sent to 
Boston, and carried about in the pocket as an answer to Mr. 
Bird’s porridge theories. But alas! the rock only continued 
about twenty or twenty-five feet, and porridge was again reached, 
and was last week nearly as troublesome as ever. Mr. Brooks 
of course is not informed of this fact; for if he knew it, his 
statement that the porridge difficulties were past, would be 
untrue. But the fact is certified within a week by a very intel
ligent engineer and accurate observer who visited the work,
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and there are members in the House who can confirm this 
statement. Strange that Mr. Brooks, who is in constant tele
graphic communication with the tunnel, and whose telegrams, 
as he says, cost nothing, should have been ignorant of this very 
material fact.

The commissioners have let 374 feet of the west end, where 
all their efforts to make satisfactory progress had proved fruit
less. The contractor is B. N. Farren, formerly superintendent 
for H. Haupt & Co., at the tunnel. The price is from $275 to 
$320 per foot, which is about six times as much as Haupt & 
Co., received from the State for the same work.

Central Shaft.
Great stress is lard by the commissioners upon the -opinions 

of foreign engineers, as expressed in Mr. Storrow’s report. If 
this report is carefully read, the conclusions in favor of a cen
tral shaft in the Hoosac will not be sustained. No satisfactory 
explanation has ever been given why the Mt. Cenis tunnel can 
be ventilated simply by the passage of trains, without a shaft, 
and the Iioosac, only about half as long, will require one. 
Foreign opinions are no better than our own, and common 
sense is better than either. The self-acting trap door in the 
shaft was invented by Mr. Brooks in 1864, as a means of 
escape, when the injurious effect of a shaft on ventilation had 
been demonstrated before the committee.

“  The slope,”  it is said, “  would be more than forty per cent, 
longer than the shaft.”  This would be true if the ground 
were level; but the slope could be started near the valley of 
Cold River, which is only about eight hundred feet above 
grade. The objections made to the shaft from difficulties of 
alignment, Mr. Brooks does not attempt to answer.

“  It would take two or more years longer to build the slope 
than the shaft, and would cost at least $150,000 more money.”  
If this be true, what are the consequences ? The shaft, at the 
same rate, will require five years, and cost $375,000 ; but five 
years should drive the heading through, if the drills perform 
half as well as the commissioners anticipate. And even if the 
shaft should save one year and a half in time, as is elsewhere 
stated, the saving of interest would be much less than the cost
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of the shaft, unless the average cost upon which interest is 
calculated should exceed four millions of dollars.

The idea of building a fire in the shaft of a tunnel to 
ventilate it, after its construction is completed, is one that no 
practical engineer, familiar with the subject, would ever have 
suggested. No more expensive and less effectual mode could 
possibly be devised.

East End.
In his criticisms on former contractors, Mr. Brooks states: 

“  Every here and there a point was cut to fifteen feet, evidently 
by mistake.”  “  No suggestions of assumed grades can change 
the fact that under the law it was to be fourteen feet wide, and 
eighteen feet high.”  These dimensions were not prescribed by 
law until 1860. Instructions were then given to the foremen 
and superintendents to drive the tunnel, as nearly as possible, 
fifteen feet wide and nineteen 'feet high, giving an entire foot 
each way to avoid the possibility of taking exception to the 
dimensions. The smaller area of the portion of tunnel first 
excavated was of no consequence whatever, as it would have 
been trimmed and enlarged when the tunnel approached com
pletion. The contractors had not their hands in the State 
treasury, and could not waste their limited means on unneces
sary work. The great aim of the opposition for years was to 
ruin them, by forcing upon them unnecessary expenditures, 
and thereby stopping the work. They had expended $400,000 
before a single cent was returned to them from any source. 
The remark that not a foot was cut to the full size required by 
law and paid for, comes with a bad grace from a gentleman in 
whose hands a hole one-third the size has cost many times as 
much.

Much has been said about the tunnel not being on a straight 
line, and an effort appears to be again made to convey the 
impression that the lines were carelessly run. This is not true. 
With careless assistants, or imperfect instruments, the lines 
mn from the ends might not have hit exactly in the middle. 
This danger was completely avoided by throwing in the centre 
an extremely slight and imperceptible angle, which did not 
introduce any practical defect whatever, and exhibited excess 6
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of caution instead of carelessness. This misrepresentation has 
been so often repeated that an explanation has become necessary.

The change of heading, for which the commissioners claim 
credit, from the top to the bottom, was always contemplated 
by former contractors whenever machinery was introduced, and 
it was not expedient to change until then, as the difficulties of 
enlargement by hand would have been much increased. To 
enlarge a tunnel when the heading is at the bottom, a platform 
must be constructed for the men to stand upon. The assertion 
that the bottom rose up nearly seven feet within the first five 
hundred feet is not correct. Mr. Brooks changed the grade, 
and then compared the original bottom with his new and 
assumed grade,— a most unfair procedure,— by means of which 
the caricatures of Haupt’s tunnel, as given in the report of 
1863, were produced.

The authority for the assertion that the commissioners have 
made expenditures for enlargement, is found in their last 
report, page 58.

The contractors kept the heading and enlargement close 
together, because they were required to do so, not because they 
preferred it. They were under the direction of a State engi
neer, and complied with his instructions. Under the first Act 
they were paid only for enlarged or completed tunnel, nothing 
for heading.

Deerfield Dam.
The objection to the Deerfield dam is not so much that the 

water-power was made available, as that $200,000 were 
expended, when $10,000 would have answered equally well. 
With hundreds of superior water-powers, and in far more eli
gible locations, unimproved, it is not probable that the east end 
of the tunnel will ever tempt capitalists to locate there a man
ufacturing village of any importance. The power, at certain 
seasons admitted to be less than 77 horses, is clearly insuffi
cient for the purposes of the commissioners, which are admitted 
to require several hundred horse-power continuously, night 
and day.

Compressed A ir.
The demonstrations that have been given of the impractica

bility of carrying air over the mountain to work drills at central
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sba.ft aiid west end, appear to have been so conclusive that
r‘ 100 s made attempts to convey the impression that he 

never contemplated any such arrangement. He says

Gieat anxiet) is expressed in respect to laying air-pipes over the 
mountain, which the writer evidently thinks upon the point of being

The Commissioners have not decided to carry air over the mountain 
in pipes.”

Although carefully worded, the impression to be derived 
from all this is, that it was a great mistake to suppose the com
missioners had any idea of carrying air over the mountain in 
pipes.

On page 7 of the Commissioners’ Report of 1865, occurs this 
paragraph:—

“  Should early experience show it to be expedient, we design to lay 
pipes over the mountain, to carry the compressed air fronl the water
power to the central shaft and west end working, that the whole work o f  
drilling and ventilation may he executed by the power o f the Deerfield 
Dam. The loss o f power by carrying the compressed air through five 
miles o f pipe wiU be quite insignificant.”

The above paragraph don’ t mean anything. The commis
sioners don’ t contemplate carrying air over the mountain ; no 
such absurd idea ever entered into their heads.

Turn now to the report of the Joint Special Tunnel Com
mittee of 1865. (Senate Doc. 220 of 1866.)

The committee of which you, Mr. Chairman, and also the 
honorable chairman on the part of the House were members, 
after asking, in accordance with your usual custom, for leave 
to sit during the recess with power to send for persons and 
papers, report, that all your information was derived from the 
commissioners and their chief engineer. It does not appear 
upon the record that any was sought from any other source. 
You vouch for the truthfulness of their forthcoming report. 
Of course, therefore, your statements are made by authority of 
the commissioners. On page 7 ,1 find this paragraph
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“  Compressed air for purposes of ventilation and for speedily clearing 
the headings and shafts of smoke occasioned by blasting, is to be carried 
by the same means into the headings at the eastern end,* and over th.e 
mountain to the central and western shafts.”

I honestly supposed from the statements that I have quoted, 
that the commissioners had some idea of carrying air over the 
mountain. And one of the reporters who was at Fitchburg 
informs me, that he has in his notes a report of Mr. Brooks’ 
remarks at the time of the excursion ; and that he then and 
there expressed his intention of carrying air over the mountain 
in pipes. Similar statements were made, if' I mistake not, 
before the Investigating Committee of 1864.

If the idea is now abandoned, it is fortunate for the finances 
of the State. It is unfortunate that other ideas involving use
less expenditures were not also abandoned.

As to the size of the pipe, the commissioners give the dimen
sions of their pipes for canning compressed air at eight inches. 
And no where is it stated, that the pipes to be laid over the 
mountain were to be of a different size ; therefore it was proper 
to assume eight inches as a basis of calculation.

The accuracy of my calculations as to the quantity of air ax-e 
called in question ; and it is stated, that I have assumed eight 
times the true amount. The calculation caii be verified by a 
school-boy. I will give the figures and the data :

The number of drills proposed to be worked in the heading 
is 16 ; the stroke is 10 inches; the area of piston on which the 
air acts is 13 square inches. The number of strokes.per min
ute was 250, which is 20 less than were allowed for Mt. Cenis 
drills.

Now, allowing air to act only one way, the expenditure of air 
in one minute would be 13 x  10 X 250 x  16 =  520,000 cubic 
inches. But no allowance lias been made for the spaces at the 
ends of the cylinder ; for the passages, valve, &c.,— usually 
called clearances,— which involve an additional loss of air. So 
the total expenditure was estimated at 616,000 cubic inches.

I assumed that 16 more drills would be required in the 
enlargement of the tunnel; the quantity of compressed air

* The air is carried into the headings at the eastern end through an eight inch pipe; 
the sa m e m ea n s would indicate an eight inch pipe also to carry it over the mountain.—H.
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would then be 1,232,000 cubic inches, or 714 cubic feet per 
minute as previously stated. Mr. Brooks now says, that 16 
drills was the maximum, and that be may not use more than 8. 
If be uses half the number of drills be will consume half the 
amount of air ; but my conclusions were legitimate and correct, 
from the data which be bad himself furnished. If, however, 
my demonstration of its impracticability has caused the aban
donment of the plan of carrying air over the mountain, it is 
useless to waste more words about it. The calculations of 
loss of pressure in the transmission of air are also correct from 
the data furnished by experiments at the Mt. Cenis tunnel.

The assertion on page 16, that there would not be a loss of 
more than one-tenth of an atmosphere in transmitting air in a 
pipe 15]- miles, is too absurd to require argument. It might 
be theoretically true, if the pipe were plugged up and there 
was no current; but the moment the air begins to move with 
great velocity, the friction becomes a source of great loss of 
power; and it must move rapidly, or the air cannot be supplied 
in sufficient quantity for any practical results.

Mr. Brooks admits that there is considerable loss of power in 
compressing air simply to use again as force to drive machinery. 
But, he adds, that it is by no means clear that the loss in using 
steam for such a purpose would be less than in using compressed 
air.

This simple question is much mystified by the figures used. 
The fact is this, there is the same loss of power in the applica
tion of steam or air at the same tension to operate machinery. 
The loss of power is in first compressing the air,— and this is 
enormous ; it is not in applying the air after it is compressed.

Mr. Brooks states, page 18, that the paper quoted from to 
prove the imperfect ventilation at the Mt. Cenis tunnel is. 
several years old.

The paper appeared in February last in a London journal. 
It was a communication from Italy, dated January 4th, 1866, 
and confirms statements of Mr. Ennor in the “  London Mining 
Journal ”  of January 2d, 1864. All this is distinctly set forth, 
with the dates, in my communication presented to and printed 
by your Committee. What ground has Mr. Brooks, therefore, 
for the assertion, that these statements are several years old, 
and that Mr. Storrow did not perceive such troubles in 1862 ?
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Of coarse Mr. Storrow would not perceive in 1862 the troubles 
of January, 1866, except by anticipation.

Drilling Machines.
Many pages are occupied with remarks about drilling machines. 

A large portion is taken up with extracts from what appears to 
be a correspondence with some one of my employees at the 
Franklin Tunnel, while experimenting on the direct application 
of steam. Why was not this testimony produced openly in my 
presence before the Committee, and an opportunity given to 
answer it ? Why keep it back until the hearings were all 
closed, the testimony supposed to be in, the report made, a 
Bill passed the Senate, and it was impossible to produce rebut
ting testimony, and then print and distribute communications, 
possibly fictitious, or if real, from correspondents whose names 
are withheld, which convey false impressions in regard to facts ? 
When, in 1864,1 charged Mr. Brooks with certain discreditable 
acts, deeply damaging to my reputation, I asked for a full and 
thorough investigation in his presence, and furnished him in 
advance with a copy of the statement which I proposed to sub
mit, and although I proved every position, and no attempt was 
made to controvert my statements, what was the report which you 
and your associates submitted, after getting leave to sit during 
the year ? “  Public opinion cannot fa il, sooner or later, to do 
justice to those whose good or evil fortune it has been to have 
been connected with this great work.”  This was as rich a reward 
as was proposed for the soldier in the discussion on the bounty 
Bill. “  A tear and a wheelbarrow-load of stones for him who 
shed his blood in the cause of his country.”  Again I have 
come appealing to this public opinion, which in 1864 you 
declared would at some time do me justice, and again you give 
to give me, perhaps, a barrow-load of stones, but certainly not 
a tear; no evidence of sympathy has yet become apparent.

The introduction, at this late hour, of statements such as 
have been presented, would be no more consistent with my 
views of duty, honor and propriety, than an attempt to defeat 
a candidate at an election by distributing fraudulent tickets.

I will now proceed, in a general way, to notice some of the 
statements about drilling machines.
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The Dauphin County correspondent has described some 
difficulties encountered in the early experiments on the direct 
application of steam to tunnelling; but these difficulties I 
expected, and I have admitted them in my previously published 
statements. I was exploring an entirely new field. There were 
absolutely no data to serve as a guide, and it was only experi
mentally that any could be obtained by which to determine the 
dimensions of the pipes and.the conditions of success. Before 
the suspension of the experiments these data were satisfactorily 
determined, although numerous changes from original dimen
sions had been required.

It was clearly demonstrated that with a wooden vacuum box, 
or pipe of eight or ten square feet of sectional area, there 
is no difficulty whatever in securing perfect ventilation, pro
curing draft for boiler, and carrying off the powder-smoke and 
products of combustion. The commissioners have all these 
experiments yet to make when they apply the machines to 
actual work in the tunnel, and many alterations will be required 
with them, as it was with me, before any satisfactory x’esults will 
be secured.

The difficulties about the drill-stands getting hot in the Frank- 
lin Tunnel were easily remedied simply by not allowing the 
steam to circulate through the stand. The assertion that the 
steam-pipes sometimes burst is not true; such an accident 
never occurred. The experiments in electrical blasting were 
made with a machine not one-tenth as powerful as that intended 
for permanent use, and it is true that in the tunnel it only 
discharged seven holes simultaneously ; but this affords positive 
evidence that a battery ten times as powerful would have 
exploded all that were required; besides, I was only engaged in 
experimenting for two or three days, and had scarcely com
menced. The results, instead of failure, indicated success.

If any man ever became insensible from imperfect ventilation, 
in the Franklin Tunnel, I never heard of it. I have already 
explained that, as first arranged, there was some trouble about 
air, but the difficulty was very easily remedied. My first air-box 
was less than a foot in section,— it should have been eight or ten 
feet as facts derived from subsequent experiments enabled me to 
discover. It is not true that from various causes the fan-blower
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would stop ; it stopped only when the engine did. But it is not 
necessary to devote more time to this so-called correspondent. If 
this is considered by the author of the statement an honorable 
mode of procuring and placing testimony before a legislative 
body, others may entertain a different opinion. The statements 
and communications of the commissioners appear to have been 
somewhat private and confidential; whenever they or their 
engineer were summoned before,- the committee, no notice 
appears to have been given to other parties.

Mr. Brooks sneers at my persistency in inventing a drilling 
machine which ten years have not damped. My inventions 
were original, and the experiments by which they were 
developed were made under the most serious disadvantages and 
difficulties. I was carrying a floating debt of over 1200,000 
while prosecuting the work on the Hoosac Tunnel, and was 
greatly cramped for means to make experiments. Mr. Brooks, 
on the contrary, had unlimited resources that could buy the 
services of mechanical talent other than, if not superior to, his 
own. Disappointed in getting the Mt. Cenis drills, he procured 
plans of all that had been invented,' employed machinists in 
various shops to make a drill, and after more than fifty differ
ent persons had been at work upon it, as I was informed at 
Fitchburg, the present drill is the result.

The steam-engine has revolutionized the trade, commerce and 
manufactures of the world, but its invention was not the result 
of the labors of a day; years of patient toil, of experiment, 
and of disappointment were required to secure valuable prac
tical results. My ten years of labor in the construction of a 
drill, to which sneering allusions have been made, were not 
unproductive of results. The Hoosac drill is one of the fruits; 
it is only a graft on my stock. The success attained in drilling 
at Fitchburg is due to the steel used in the drill-points far more 
than to the machine itself. This is evident from the fact that 
my machine, which uses only about half as much air or steam, 
at each stroke, still strikes a blow which no ordinary steel can 
stand. The form of the drill-points used on the Fitchburg 
drill is similar to mine, the difference being that I have three 
cutting edges radiating from a centre, while the others use 
four; but my patent includes any number. A very superior
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quality ot steel has been found by the commissioners, to which 
the unusual progress in drilling with a single point is entirely 
due. *

The machine, however, was but one part of a new system, 
promising, if successful, to revolutionize the art of tunnelling 
throughout the world. I aimed to accomplish that which 
engineers in Europe and America declared to be impracticable, 
the direct application of steam to tunnelling. Of course there 
were difficulties; this was to be expected—failures were neces
sary to point out the road to success. If I had placed a spy in 
every shop where a competitor for success was attempting to 
construct his drills and noted every failure, every breakdown, 
every stoppage, every alteration, I should at least have refrained 
from publishing to the world that I had been willing to resort 
to such means of procuring information.

I confess to no little surprise in the perusal of this remark
able document in discovering how closely my actions and move
ments have been watched and my correspondence scrutinized 
during the last two years. Massachusetts must feel proud of 
the vigilance exhibited by her agents and representatives in so 
honorable a cause. Perhaps if the correspondence with mem
bers of my family had been procured and examined, further 
information might have been obtained in regard to unsuccess
ful experiments, although this is not probable from the thor
oughness of the espionage that appears to have been instituted. 
It is necessary to remark, however, that although my expeii- 
ments have extended over a period of ten years, they were 
never continued for more than a few weeks or months, and 
were interrupted at one time by an interval of nearly throe 
years. The difficulty arose from a want of pecuniary means 
and mechanical facilities, a difficulty which the author of the 
statement has, as much as any other individual, aided to create 
and intensify, while perfectly willing to appropriate the results 
of my labors without acknowledgment or compensation.

I have never been able to work at the drill continuously 
more than a few days at a time, in consequence of pecuniary 
embarrassments caused by my connection with the tunnel, and 
the unjust and oppressive acts of those who wielded the power 
of Massachusetts. Even last summer, while engaged in exper
iments at the Franklin Tunnel to develop results and ostab-7
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lisli principles of great importance, and in which X felt intensely 
interested, I could not give personal attention for more than two 
or three days at a time at intervals of weeks, because compelled 
to search for money to meet engagements and protect property. 
How noble and generous to sneer at delays that we have our
selves caused ; to tie the feet of a man, and ridicule him for 
not moving faster ; to paralyze his arm, and make merry over 
the inefficiency of his blows. With all the errors in the state
ments of the Dauphin County correspondent, there were 
admissions enough to prove that the difficulties encountered 
were not from defects of principle but of detail. He says: 
“  Sometimes the drills worked a hole down without trouble.” 
In one of the experiments three machines on one stand drilled 
at the same time, by steam, three hole^ from 26 to 30 inches 
in depth, in from 7 to 10 minutes. I f  this could be done once 
it could be again. A tenth part of the means and resources at 
command of the commissioners would have enabled me to 
perfect my inventions years ago.

Interviews with the party designated as “  my mechanical 
engineer”  are admitted, but the assertion is made that the 
conversation was not about the drills, but only about pay for 
expenditures made in constructing them. On this point the 
declarations of the parties are at variance ; still, the only asser
tion that I made, the fact of said interview, is admitted, and yet 
the statement of the fact is declared to be mere fiction.

The question of patents is one to be decided by the courts. 
There are some principles, however, which any one can under
stand. Stewart Gwynn was employed* by me from 1858 to 
1861, as mechanical engineer. His drill was developed chiefly 

' with my money and in part with my assistance. The first two 
patents were taken out in his name ; but the records of the 
patent office show a conveyance to me of the exclusive right for 
Pennsylvania and Hoosac Tunnel. The subsequent patents are 
in my own name. The claim in one of these patents is,—

“  The combination in one machine of the following elements:
“  1. A cylinder, piston and hollow piston-rod, the latter con

taining the drill or drill-holder.
“  2. A -feed mechanism to cause the tool or tool-holder to 

advance as the work progresses.
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“  3. A mechanism for rotating the drill during its operation. 
Also the combination, with a drill of machinery, whereby it 
may be operated by direct action of steam or other elastic fluids 
substantially as herein described, Ac.”

In the description, the nut at the back end of the piston-rod, 
the thread on the drill or drill-holder, are specified as part of 
the mechanism, substantially as in the Fitchburg drill, which 
contains this same combination exactly and was constructed after 
copies of these patents had been procured from the patent office.

The feed movement contained a device in addition to that 
on the Gwynn drill, which, I supposed, had been invented by 
machinists employed by the commissioners, but I now learn 
that even this is claimed by a Mr. Gardner of New York, as 
being found on his drill which the commissioners were experi
menting upon. If this be true then there is not a single im
portant feature about the Fitchburg drill that has not been 
copied from a previous invention.

The statement in regard to the Couch patent is incorrect. It 
was purchased by a gentleman in Pennsylvania for the trifling 
consideration of 110, for a drill, to remove any question as 
to priority with Gwynn, and I can use his license, but I am 
satisfied that it is valueless and docs not in any way interfere 
with the Gwynn patent.

The object of publishing my correspondence with Mr. Doane, 
and others, I do not understand. I do not perceive in it any 
thing excessively damaging, although the fact of its publication 
will diminish the respect I entertain for the parties to whom 
the letters were addressed. The only point about it is that I 
was unwilling to give the use of any patent I controlled unlosi 
some compensation had been made lor the great injury I had 
sustained, and I am willing to admit that I still adhere to the 
same position, although I doubt not that $100,000 would be 
expended in litigation to defend infringements rather than pay 
$10,000 for the purchase of the patent. The expense is of no 
consequence to the commissioners, as the State will pay for it.

Contracts.
It is claimed that the use of the drilling machines alone wdl 

save a million of dollars in the cost of the work. No attempt
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is made to prove this assertion. Mr. Storrow’s report states 
that the use of drilling machines do not reduce cost of con
struction at the Mt. Cenis tunnel. Other careful observers 
state that they increase cost 33 per cent. The commissioners 
use the same mode of operation, compressed air. I f  a million 
of dollars is to be saved, with what standard is it to be com
pared ? Will it be a million of dollars less than the tunnel 
was costing the State in the? hands of former contractors ? Then 
give the chairman the contract and a million in addition,,and 
money will still be saved.

Will the author of the statement testify his faith in his own 
declarations by taking the contract himself? if so give it to him.

A quotation is given on page’ 28 to prove inconsistencies in 
my statements in regard to time of completion.

One statement is that when the work was in my hands I 
allowed five years for completion after my machinery was at 
work.

Another that with the means and resources of the State at 
the hands of the commissioners four years should see the 
tunnel finished.

In making a contract for the work based on proposals I am 
reported as stating that it might be expedient to fix in the 
contract a limit of eight years and pay a premium for every 
year that the time was reduced.

Others may discover glaring inconsistencies in these state
ments and suggestions. I cannot.

In contrasting the powers and duties of the commissioners 
with those of ordinary railroad directors, Mr. Brooks states 
that “  Directors make such contracts for construction as they 
deem advisable. The commissioners cannot make a contract 
amounting to more than $10,000 without the consent of the 
governor and council.”  This is true, but they are not required 
to make any contract, and probably would not have made one 
at the west end if all their own efforts to make progress had 
not failed, and the governor and council cannot make any 
cofttract whatever without the consent of the commissioners.

In the thirty pages which have been so kindly placed before 
the legislature at this late hour, all the supposed vulnerable 
points in my statement have no doubt been covered. The pre
sumption therefore is, that other matters of more importance not
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alluded to were considered invulnerable; such as the location 
and plans of construction, and the economy with which the work 
was carried on in former hands. I believe I have noticed every
thing which is of sufficient importance to merit attention, and 
will conclude this paper with a brief summary of certain facts 
which I wish to impress on the minds of all who love truth and 
justice, and are jealous of the good name of the Commonwealth.

The constitution of Massachusetts expressly forbids that pri
vate property shall be taken for public uses without compensa
tion. (Part I., article 10.)

In 1861, by the act o f the State, H. Haupt & Co. were com
pelled to suspend operations on the Hoosac tunnel, although 
they were carrying it on and would have completed it at a cost 
certainly less than one-half, and probably less than one-third, 
the lowest possible cost in the hands of the commissioners.

An investigating oommittee declared unanimously that up to 
the time of suspension, the contractors and the company had 
faithfully performed every obligation to the Commonwealth ; 
that the action of the State was wrong, and in violation of 
good faith. (Report of Committee of Council, August 16,1866.)

This report was substantially approved by seven members of 
the executive council. (Protest of Council against decision of 
Governor.)

A  joint special committee of ten in 1862 again unanimously 
endorse the contractors, and censure the State engineer, after 
a thorough and public investigation of more than twenty hear
ings. (Senate Document 107 of 1862.)

Notwithstanding these repeated endorsements, and in direct 
opposition to the unanimous report of the committee, the com
pany and contractors were dispossessed, and the work placed in 
the hands of commissioners. (Act of 1862.)

Contractors surrendered possession to commissioners under 
protest, (Comipissioners’ Report of 1868, page 5,) and expressly 
reserved the right to petition legislature for redress of griev
ances.

State took possession of railroad and tunnel without refund
ing to contractors the expenditures they had made upon it, or 
any part thereof.

The chairman of commissioners assumed a position ol antag
onism to contractors, neglected to carry into effect provisions of
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Act of 1862, favorable to them, refused offers of information 
from them, and used the power and influence of his position to 
injure them in reputation and in property. He made state
ments which were not supported by the facts, and would give 
no opportunity for defence or explanation. (Commissioners’ 
Report of 1863.)

The printing of H. Haupt’s memorial in 1863, correcting the 
misstatements of commissioners’ report, was refused by a tie 
vote, the president of the senate not voting.

Acting upon suggestions or statements of commissioners’ 
report, suit was instituted against H. Haupt in supreme court, 
and his property attached for $100,000, on the pretext that the 
State treasurer had made a mistake in the delivery of scrip to 
the railroad company.

A  letter received by H. Haupt while in charge of the bureau 
of United States military railroads, before the publication of the 
commissioners’ report, from an officer at the State house, showed 
the action of the commissioners to be the result of a predeter
mination to injure him. A portion of the letter was in these 
words:

“  The commissioners will report strongly in favor of building the 
road and tunnel as a State work; argue all the points in favor of the 
enterprise, but intend to come down on you like a hawk on a chicken. 
They will, as a commission clothed with extraordinary powers, com
posed of men who have the confidence of the business community, — of 
reputation, professional, social and mercantile,— use their irresponsible 
power and position, not only to confirm the slanders issued against you, 
but to add to them as they can; thus to drive you from the work, ruin 
your influence in the State, and blacken your professional reputation 
abroad. There is money, influence and power in this enterprise, and 
reputation to be won. You must be put out, and this report will do all 
it can to accomplish it.”

The letter also stated that the character.of the forthcoming 
report would be such, that the only action which might be 
considered proper would be a suit in the courts for libel. An 
examination of the report shows that its animus was correctly 
exhibited.

In 1864, H. Haupt presented a memorial asking for a full 
and thorough investigation in the presence of the commissioners, 
which was referred to a committee.
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Commissioners failing to appear after notice, the Committee 
asked leave to sit during recess, and report to next general 
court.

Committee met in December, 1864. H. Haupt desired to 
make a general statement of matters, which he wished to have 
in\estigated, but was not permitted. He was required to con
fine himself to four specifications in regard to accounts; objec
tions were made, to admitting any testimony that would call in 
question the wisdom of the plans of the commissioners.

Before the Committee, and in the presence of Mr. Brooks, it 
was proved that the contractors had expended more than 
$600,000, for which he had given them no credit in a paper 
which was represented to be a statement of their disbursements, 
and which had been* privately sent to the governor, but 
officially published by him.

The report of the Committee, (Senate No. 50 of 1865,) admit
ted the facts proven, but made no positive recommendations. 
The following paragraph was probably considered an ample 
equivalent for all the damage to the contractors in fortune and 
in reputation :—

“  It cannot fail to be the case that, sooner or later, full justice will be 
done, in the estimation of the public, to all whose good or evil fortune it 
has been to be prominently connected with this great enterprise.”

Certain matters in this report were referred to the tunnel 
commissioners to report the following year ; but the contractors 
did not think it expedient to pursue matters further on this 
line.

In 1865, an investigating committee was again appointed, 
consisting in part o f members of the former year who had 
resisted investigation. They again asked leave to sit during 
the recess, with power to send for persons and papers. The 
record indicates that they sought for no information except 
from the commissioners and their chief engineer, and endorse 
the truth of a report not then made by them.

In 1866, a similarly constituted committee was appointed, to 
whom the memorial of Haupt & Co. was referred. Although 
two weeks would have enabled an auditor, or sub-committee, to 
ascertain the receipts and expenditures and report the facts, it
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was not possible to prevail on the committee to take any action. 
They held the case as long as possible, and then reported that 
there was not time to a ct; asked leave to sit during recess and 
report to next general court— which report is now before the 
legislature.

It may well be credited, after a perusal of this record, that 
the contractors would be tempted to sell their just and equitable 
claims for a small consideration, rather than be subjected to 
the annoyances, delays and uncertainties of future legislation.

H. HAUPT.


