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Executive Department, Boston, Jan. 24,1868.

To the Honorable Senate.

I have the honor to transmit herewith, for the information
of the General Court, the Annual Report of the Board of
Education ; also the Report of the officer appointed under
chapter 285 of the Acts of 1867 “ in relation to the schooling
and hours of labor of children employed in manufacturing and
mechanical establishments.” I desire to commend to the con-
sideration of the legislature the able and exhaustive report of
this officer, which not only presents a full statement of the
results of his investigation into the subject committed to him,
within (he Commonwealth, but a comparison with the facts as
they exist in the manufacturing establishments of England.

And I also transmit the Report of Alvali Crocker, Commis-
sioner in charge of the work at the Iloosac Tunnel; together
with a copy of the Report of the consulting engineer, Benjamin
H. Latrobe. Accompanying these documents will also be
found the Report of Alfred R. Field, chief engineer in the
construction of the Troy and Greenfield Railroad.

ALEX. H. BULLOCK.

tHommomucaltl) of iitassacljusetts.
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To His Excellency the Governor, and the Honorable the Ex-
ecutive Council of the Commonwealth of Massachusetts.

As Commissioner acting as superintendent of work upon the
Troy and Greenfield Railroad and Hoosac Tunnel, I have
the honor to submit herewith my Report of the operations of
the fourteen months ending December 31, 1867, and a state-
ment of the condition of the work at that time ; accompanied
by reports of engineers Field and Granger, and other docu-
ments of interest as tending to show in detail the present
condition of the enterprise.

The chief engineer herewith transmits a full report in detail
of its present status and condition.

This officer has been unremitting in his efforts to improve
the allignment of a difficult location, and I acknowledge my
obligations to him for his industry and fidelity.

Prior to, contemporary with, and subsequent to the contract
with Mr. B. N. Barren, I have rendered him such assistance as
was in my power.

I have also met the constituted authorities of Franklin
County in the matter of road crossings and the changes of
common roads, to whom I desire to acknowledge my obliga-
tions for the promptitude with which they acted, and their evi-
dent and marked effort to secure for the Commonwealth a
width sufficient for the railroad track in the narrow gorges of
the Deerfield Valley.

The first section of this railroad, from Greenfield to Shel-
burne Falls, for which twenty thousand dollars per annum is to

The Teoy and Greenfield Railroad.

REPORT.
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be paid, under lease, by the Fitchburg and Vermont and Mas-
sachusetts Railroads conjointly, was opened on Jan. 1, 1868 ;

it being understood that such portion of the same as was not
quite finished, by reason of the early frost, shall be done as
soon as practicable. It gives me great pleasure to state, in
conclusion, that Mr. B. N. Parren has shown the same energy
and skill as he has in contracts heretofore ; and the Common-
wealth is greatly indebted to this efficient contractor for the
thorough character of the masonry, bridging, road-bed and
superstructure in this work.

Tunnel Bridge.

The only work now remaining uncontracted for east of the
Tunnel is the bridge and embankment over the Deerfield River,
near the Tunnel. The construction of this bridge is rendered
necessary in early spring, so that the debris from the Tunnel
can be used for the large embankment, of some 60,000 yards,
east of the Deerfield River. Authority should be given for its
construction the ensuing spring. The cost of a double-track
bridge is estimated by Mr. Field, chief engineer, to be $25,000.

As the railroad is on the north side of the river, at the pro-
posed site of the Tunnel Depot, it will be necessary to build a
common road-bridge to give easy access to the same.

The Deerfield River bounds the counties of Berkshire and
Franklin ; the town of Florida in the former, and Rowe in the
latter. The Troy and Greenfield Railroad will probably be
opened to the Tunnel by July next; and it would appear that
no time should be lost in taking the necessary steps for secur-
ing the construction of said bridge, either by applying to the
two respective counties, or otherwise.

A New Road up the Deerfield from the Mouth of the
Tunnel.

This road, though not a part of the State enterprise, is
deeply interwoven with its success, opening as it does an almost
inexhaustible supply of lumber, which now, by the isolated
condition of the east end, it is almost impossible to obtain at
certain seasons of the year. It is understood that about eight
miles to wit, four in Berkshire County and four in Franklin
County—will open communication with Whitingham, Wilming-
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ton and many other towns in Vermont; and with Rowe and
Monroe in this Commonwealth. I hazard nothing in saying,
that, in the purchase of lumber and supplies alone, it would,
to this date, have saved to the State the whole cost of building.
The south-western towns of Vermont ask for this access to the
Tunnel line ; but the fact of the location of the road in two
counties, (Berkshire and Franklin,) coupled with the uncer-
tainty heretofore felt as to the date of the completion of the
railroad to the Tunnel, has thus far prevented its construction.

I have addressed the two boards of county commissioners
upon this matter, so important to the Commonwealth in the
development of this section of Massachusetts. I have met
them once by appointment, and at other times incidentally;
and can but express the hope that now, as the policy of the
State is defined, they will no longer hesitate in opening the
vast timber resources of this region to the enterprise and
industry of the wood manufacturers of Western Massachusetts,
and to its citizens generally.

I have caused the apron of this dam to be thoroughly
repaired. Where it was likely to be undermined by freshets,
the washed places have been filled with stone.

In view of the great importance of a continuous prosecution
of work on the heading, and the contingencies always attend-
ing the use of water power, such as anchor ice, short water,
or breakage of wheels, &c., I have purchased, under the
authority of the Commission, an eighty-horse power Tufts’
engine and boiler, but little worn, for $3,600. This engine, it
is believed, will always be sufficient to drive the heading in
case of need.

The new flume, 80x16 feet, rendered necessary by the addition
of tico new turbine wheels, and for clearing anchor ice
from the canal.
Ample preparation, in the way of contracts for lumber and

material, was made early in the season for the construction of
this flume ; but unforeseen accidents and casualties have delayed
its completion. The death of one of the contracting parties;
injuries, resulting from an accident, sustained by another; the

Deerfield Dam and Wheel-House.
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inability of Messrs. Dull, Gowan and White to saw the timber
and plank in consequence of low water,—which cause effectu-
ally stopped all the other mills in this vicinity,—and finally,
the burning of 20,000 feet of plank—enough for the whole
flume—at the central shaft, rendered it next to impossible to
obtain lumber suitable for this purpose until quite late in the
season.

I am glad to be able to report, however, that this important
work will soon be finished.

Under authority of the Commission two new turbine
wheels were purchased of Messrs. Kilbourn, Lincoln & Co., at
Fall River, for $l,BOO each, to drive the two new compressors
which were purchased of the Putnam Machine Company, of
Fitchburg (the lowest bidder,) for $B,OOO each. These com-
pressors are similar to the No. 1 now in operation, and are now
upon the ground awaiting the connection of the flume with the
canal. The construction of this new flume, the additional
compressors, and, in case of need, the engine already referred
to, will undoubtedly furnish sufficient power for running the
drills continuously.

The addition constructed of wood is ready for the compres-
sors. This department is under the charge of Mr. R. J. Par-
ker, and is conducted with great energy and economy.

Compressors and Wtater-Wheels

Machine Shop,
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1, 1866. Nov. 1, 1866, TO Jan. 1, 1868.
Size of Distance Size of

Heading, from Portal. Prog™ 83- Heading.

3,431
3,473 42 8 X 17

“ 3,521 48
“ 3,581 60 “

“ 3,636 55 8 X 18
“ 3,727 91
“ 3,810 83 “

“ 3,897 87 “

8 X 17 3,999 102 “

“ 4,130 131 “

“ : 4,253 | 123 8x 21
“ 4,364 | 111 8J X24
“ | 4,481 | 117 “

4,007 126 “

4,708 101

1,277 ft.

Nov. 1. 1865, to Nov.

Date. Distance
from Portal. Progress.

November 1, . j 2,839.0 -

December 1, . I 2,904.0 65.0
January 1, . 2,950.5 46.5
February 1, . 3,005.0 54.5
March 1, . . 3.052.0 47.0
April 1, . . I 3,115.0 63.0
May 1, . .! ; 3,176.5 61.5
June 1, .

. j 3,227.0 50.5
July 1, . . J 3,253.5 26.5
August 1, . . 3,301.5 48.0
September 1, . 3,856.0 54.5
October 1, . 3,394.5 38.5
November 1, . 3,431.0 36.5
December 1, -

January 1, . - -

592.0 ft.

It will be observed that the progress since June has been
much greater than before, averaging, for seven months, 115f
feet per month against an average of 66£ feet during the pre-
vious seven, and of during twelve months, ending Oct.
31, 1866. This gain has been owing, in the main, to the sub-
stitution of tlie improved Burleigh drill,—in place of the first
machine drill, which proved a failure,—and to the experience
and familiarity with their working which time alone could
give.

During the three months in which the contractors had the
work, every reasonable facility was afforded them, both by
myself and by those under my charge, until they were relieved
from their contract at their own request, and by order of the
governor and council, dated November 9th. On the 15th, we
received from them formal possession of the work.

In November, 1867 we advanced the heading 126 feet, and
in the first six days of December 36 feet,—being the greatest

East End Heading.
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weekly progress yet attained upon the tunnel heading,—and as
has already been shown, during the month we made 101 feet,
work after the 24th being suspended in consequence of
anchor ice.

In taking leave of the east end, I would add, the amount of
rock taken out of the enlargement during the year was 4,391
cubic yards. Undoubtedly it is desirable, as soon as practica-
ble, to bring the enlargement and heading nearer together.
This we are now constantly accomplishing. The advancement
of the heading is, however, the true key to progress. True
economy would , seem to indicate that we should prosecute the
enlargement with the utmost vigor when we have plenty of
power from the extra flow of water in the Deerfield, keeping
it as a reserve for this purpose. We are now,—while we cannot
drive the heading on account of anchor ice,—vigorously pros-
ecuting the work on the enlargement.

Central Shaft.

fov. 1,1866. Nov. 1, 1866, to Oct. 19, 1861.

Progress. Dist. down. Progress.

354.0
19.3 377.2 23.2
12.4 393.0 15.8
18.2 413.0 20.0
13.3 434.5 21.5
1C.9 454.5 20.0
16.2 480.0 25.5
3.4 506.0 26.0

527.0 21.0
546.5 19.5

11.4 560.0 13.5
19.2 572.0 12.0

583.0 11.0
22.9

153.2 ft. 229.0 ft.

Date.
Dlst. down.

November 1, 200.8
December 1, 220.1
January 1, 232.5
February 1, 250.7
March 1, . . . . 264.0
April 1, . 280.9
May 1, . 297.1
June 1, 300.5
July 1,
August 1, . . . . 300.5
September 1, . . . 311.9
October 1, 331.1
October 19,
November 1,

. . 354.0

Nov. 1, 1865, TO NO'
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Average monthly progress while in the hands of the
State, '

. 21.4 feet.
Progress, while in the hands of the contractors, in

August, 13 feet.
in September, . . . 12 “

in October, .... 11 “

36 “

On the 19th of October, the buildings at this shaft were
destroyed by fire; for detailed account of which see Mr. Feet’s
report herewith.

Number of cubic yards excavated by the State, . 2,274
Number of cubic yards excavated by the contractors, 424

2,698

The preparations for working this shaft were defective. I
called the attention of the Commissioners to this fact in the
winter of last year, and in a communication of the sth of
March last past. The pumps were inadequate, and the boilers,
by the large extra consumption of fuel, worthless. I deemed
it a duty to apprize Mr. J. J. Dull of these facts, and of the
necessity for another engine for hoisting before the negotiation
for this contract was closed, as appeared in a hearing at the
east end before Messrs. Talbot and Evans, a committee of the
council. In reconstructing the works at this shaft, I consider
strength and thoroughness as the truest economy; and would
advise the best machinery for lifting and pumping, fire-proof
walls between the dome and machine-room, and boilers and
engine separated from either. Acting upon this principle, I
have already placed the new saw-mill away from its former
connection with the|shaft, driving it with a portable engine,
which, with the mill machinery, cost about $2,400, the old
burnt mill being received in part payment.

I have contracted for 250,000 feet of spruce lumber, deliv-
ered in the log at the mill, at $10.50 per thousand, and
100,000 feet of hemlock at $8 per thousand.
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1, 1866. Nov. 1, 1866, to Jan, 1, 186*Nov. 1,1865, to Nov

DATE.
Dist. from

Shaft.
rr° BrCSS'

Dist. fromSize of
Heading,

Size of
Heading.

Progress.
Shaft.

367.5November 1,
December 1,
January 1,
February 1,
March 1,
April 1,
May 1,
June 1,
July 1,
August 1,
September 1,
October 1,
November 1,
December 1,
January 1,

1,004.2
GXlo414.4 46.9

459.4 45.0
503.0 43.6
546.5 43.5
584.8 38.3
623.3 38.5
682.1 58.8
746.1 64.0
810.5 64.4
871.4 60.9
945.4 74.0

1.042.0 37.8
1.046.0 4.0

6X15
6X15 6X15
6X15 *. 6X15
6X15 6x15
6X15 6X15
6X15 6X15

f1,046.0OXIS 6X15
6X15 1,066.0 20.0

1.097.0 31.0
1.136.0 39.0
1.185.0 49.0
1.239.0 54.0

1.272.0 33.0
1.294.0 22.0

7X22^
6X15 7X221
6X15 7X22}
6X15 7X224

1,004.2 58.8 6X15 7X22^
7X22^
7X22^

636.7 ft. 289.8

West Shaft} East Heading .

Stopped on account of water, tFourteenth.
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West Shaft, West Heading.

Nov. 1,1865, to Nov. 1, 1866. Nov. 1,1866, to Nov. 3, 1867.

DATE. IDist. from
_

Size of Dist. from Size ofProgress.
~ Progress.

Shaft. Heading. Shaft. Heading.

November 1, .
- -

- 298.
December 1, . - -

-
*-

January 1, .
- - -

*-
-

February 1, .
-

- - *-
-

-

March 1, . - -
*-

-

April 1, .
- - -

*-

May 1, .
- -

- 323. 25. 7X12
June 1, .

- - - 323. f-
July 1, .

- - 369. 46. 7x12
August 1, .

- - 451. 82. 7x12
September 1, . 280.8 - - 512. 61. 7x12
October 1, . 298.0 18.2 7X12 561. 49. 7x12
November 1, .

-
- - 606. 45. 7x12

November 3, . - - - 611. 5. 7x12

18.2 313. ft.

� No work because of water in tunnel. t Stopped on account of water.

In December, 1866, the miners were driven from the west
shaft by an influx of water estimated at 250 gallons per min-
ute. Subsequently I was instructed, and my undivided efforts
were given, to procure a pump which would, in the shortest
time, clear the shaft of water. Some action had been had as
far back as the October previous, but no pump had been con-
tracted for, although the purchase of a Wilmington Cornish
pump had been under consideration before I took charge of
the work.

January 4th, 1867, I made a provisional arrangement with
Messrs. Knowles and Sibley, of Worcester and Warren, for a
No. 9 pump to lift 250 gallons per minute, which, if it worked
well and proved adequate for doing this heavy work, was to be
received back by them without chqrge, and another made for
the State of double capacity—No. 10|-. As the small pump
was found to work well, the latter was ordered for the sum of
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$9OO, to be made with extra strength and care. This pump,
however, did not work as well as the first, and on the 3d of
September, I ordered of Knowles and Sibley a double-acting
plunger pump, to be done in six weeks, at a cost of $2,500,
and to lift 1,000 gallons per minute. This pump was not
delivered till the 21st of December, but I am satisfied the
delay was from no fault of the makers. In the mean time
the water, though not regular, had increased to a maximum of
at least 1,000 gallons per minute, by the striking of pockets
and otherwise. I had ordered the ditching of an adjacent
swamp, which relieved us somewhat of surface water, the most
persistent enemy we have to contend with in this shaft. The
1,000 gallon mining pump received in December was started
January 4th, and is now working satisfactorily, and is believed
to be larger in capacity than the two Wilmington Cornish pumps
together, without their expensive foundations and buildings.
As for this compact and beautiful machine and boiler to drive
it, we use the Tunnel alone, which it is to clear of water, for a
building, and its bottom for a foundation.

I will add here that the 10| 500 gallon pump spoken of,
which has caused us so much trouble, Messrs. Knowles and
Sibley leave to be used in any exigency without charge, and
decline any pay for it or its repairs, assuring me that they
know no reason why it should not have worked as well as their
other pumps. It is only through their promptitude in furnish-
ing the second No. 9 in the flood of the last pocket, that our
shaft is not full of water to-day, as I believe it would have
been with the two Wilmington Cornish pumps if, indeed, they
had both been got into operation at this time. Our pumping
capacity now is as follows :

Cost. Gals.
New Knowles’ pump, ordered Sept. 3d, . $2,500 1,000
Two No. 9 Knowles’ pumps, . . . 1,100 500
One old plunger (GenT Haupt,) say * its

capacity, ...... _ 112 1
A small “ Worthington ” I found here, .

- 125"
The Knowles No. 10| as a reserve, rated

at 600 gallons, say . 250

$3,600 1,987,5
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In a year the adit or drain will be finished, and the necessity
for pumping will be entirely obviated.

Any economy in fuel between the different kinds of pumps
is probably more in theory than in practice. One thousand
gallons of water per minute cannot be lifted 237 feet without a
large power. Were Ito express my humble opinion, or if the
work was my own, I would not freight the heavy Wilmington
machinery for a year’s use of it, if the freight was the only
charge. When the well No. 4, now being sunk, and the adit
between it and the west shaft is finished, I shall transfer the
pumping machinery to it, and save 32 feet of lift, or 13| per
cent.; and I want no pump or boiler that I cannot easily move
from its present position in the supplementary shaft.

I would add, in conclusion, that we are now—January 15th
—running both the east and west headings of this shaft, the
flow of water having decreased to about 700 gallons per min-
ute. If I have given more detail to this shaft, it is because of
the great and almost insurmountable obstacles we have encoun-
tered in prosecuting it.

In the Appendix will be found a letter from the resident
engineer, the opinion of Josiah Brown, Jr., a competent engi-
neer, and others upon this subject. t

During the year Mr. William Holbrook has made, per con-
tract, 1,948,783 hard bricks of most superior quality, which
hvae cost $7 per M. He has also made 240,480 soft bricks at
a cost of $4.50 per M. In this last amount were included the
outside layers of the kilns, which, having been mixed with
coal screenings, were sold at the yard for #3 per M.

Brick Yard.
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West End, Completed Erick Tunnel.

November 1, 1866, to January 1, 1868.

GOING- WEST.
Distance

_Progress.
from Pier. Distance [Progress .

from Pier.

200.0 -

232.5 32.5
250.0 17.5
266.0 16.0
280.0 14.0
295.0 15.0
320.0 25.0 68.5
345.0 25.0 44.0 24.5
371.0 26,0 31.75 12.2
400.0 29.0 19.0 12.8

432.0 32 0 4.0 15.0
462.0 30.0
490.0 28.0
520.0 30.0
550.0 30.0

350.0 ft. 64.5 ft.

Nov. 1, 1865, to

Nov. 1, 1866.
Date.

Distance
„

,
Progress,

from Pier.

November 1,
December 1,
January 1,
February 1,
March 1, .

April 1,
May 1,
June 1,
July 1,
August 1,
August 9, . . 68.5
September 1, . 100.5 32.0
October 1, . 164.0 63.5
November 1, . 200.0 36.0
December 1, .

- -

131.5ft.

6x13 was finished March 15,1867, having been sunk, during
the year, feet.

Completed brick tunnel, going east, .
. . 350 feet.

Completed brick tunnel, going west, . . . 64.5 “

Heading, 297 “

On the last day of August Mr, Earren completed his first
contract for 374 feet. Under the instruction of the Commis-
sioners I arranged the terms for another contract for 500 feet
more of brick arch, on more favorable terms to the Common-
wealth. I regret to add, that, notwithstanding the promise at

January 1,

Supplementary Shaft,

West End. —Farren’s Contract.



16 [Jan.HOOSAC TUNNEL.

one time of better material, it has proved worse; as at the
west shaft Mr. Farren lias constantly been contending with an
increase of water. And there is much credit due him for the
energy and perseverance with which he has pushed through
this treacherous material. He has been forced to drive head-
ings on each side of the central adit, and outside of the limits
of the tunnel, which, together with the central adit, have been
kept as far as possible in advance of the enlargement for arch-
ing, for the purpose of draining and carrying the water outside
of the material to he passed through. This he found neces-
sary, as no timbering is able to stand the immense pressure of
this material when fully saturated with water. These drifts or
headings have been driven at his own expense.

Notwithstanding the difficulties with which he has been, and
is now, contending, his progress has been very satisfactory.

For the year ending Nov. 1, 1866, he had completed . ISlyj
For the year ending Nov. 1, 1867, he had completed . 854-^

On the 25th day of June I received a communication from
the consulting engineer of the governor and council, just as he
was leaving for Europe, with plan reducing the size of the
Tunnel arch (26x26 feet,) and diminishing the number of
courses of brick as adopted by the first commission. As it was
near the close of Mr. Farren’s first contract, and as after Mr.
Latrobe had left the country the material seemed to grow worse
instead of better, as Mr. Latrobe had expected, no change was
made. At a subsequent period the Commission considered the
subject at North Adams, but no change was ordered. It was
also voted, upon recommendation of the consulting engineer, to
repair the Haupt timber arch at convenience, the cost of which
repair was estimated by him at $2,600. I failed, however, to
get a responsible bid under $5,000, and I could not spare either
my teams or men from the building of the tenements, cement
and coal houses, and moving the cement and coal into them for
winter. This matter well demands attention the coming spring.

At the time time that I found the water in the shaft—Janu-
ary, 1867—1 presented the question to the resident engineer,
and subsequently to the Hon. JamesM. Shute, of an adit or drift

Adit.
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between the west shaft, west heading and Farren’s work,
sdmo 2,100 feet, to drain the water, and save the expense of
pumping. We have now 1,199 feet to go. The time required
to accomplish it was variously estimated at from eight months
to a year. The suggestion met with a hearty endorsement
from the Commission, but, as it might interfere somewhat with
the contract of Mr. Farren, it was not then pressed.

It was also very desirable to have the opinion of the con-
sulting engineer upon it, who had given much attention to a
shield in connection with the Farren work.

This adit was subsequently brought to the attention of Mr.
Latrobe, and met his sanction and approval, and a contract for
600 feet was taken by Mr. Farren in April, 1867. He has
already completed 239 feet. This adit is 4} feet wide at the
bottom, and 3|- feet wide at the top, and about six feet high
in the clear, above the drain; and, when finished, may take
through small stone cars with from a yard to a yard and a
half of the excavated rock.

Is one of a series of wells or test pits commenced in 1866. I
found this one sunk feet; and I am informed that it was
stopped by influx of water. I suggested the sinking of this
well to grade, as long ago as June, in order to get two more
faces for working the adit, should it be found necessary. It
met the approval of the Commissioners, and, I believe, that of
the consulting engineer. With the hope at first that we might
get along without it, I delayed for the time ; but the constant
increase of water, both with Farren and at the west shaft, dis-
sipating this hope, it was commenced September 23d, and up
to December Ist we had gone 49 feet with 63 feet more to
accomplish.

We have, from this well, when down to grade, about 300 feetto go to meet the adit from the west shaft, and when this is
accomplished, it will make a material saving in lifting the westshaft water, as previously explained. .

The Route for the Two Miles of Railroad to North Adams.
In the autumn of 1866, the consulting engineer suggestedan improvement from former engineers’ surveys in the two

Well No. 4
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miles of railroad from the west end to the depot of the Troy
and Greenfield Railroad at North Adams.

It is understood that Mr. Manning, when at North Adams,
surveyed a route in conformity to this suggestion, but believing
that a better line could be obtained, 1 deferred making pur-
chases of land until another survey could be made under my
direction, which resulted in the location of a line leaving the
Haupt tunnel lower or farther west, with a view to use the
stone debris from the tunnel for embankment, and left a gravel
bank between the line and Manning’s, to be taken out as
required, ad libitum, passing over the Boston and Albany Rail-
road by a bridge to a tract of meadow land, the refusal of
which I have secured until the coming July for two hundred
dollars per acre, with a contingent reserve, should the Hoosac
River bed be changed, of about one hundred dollars more.
The saving of land damages by this line is variously estimated,
but will probably be not less than 175,000; while the other
line affords but little room for depot purposes. This line has
been examined by Mr. A. R. Field, chief engineer of the Troy
and Greenfield road, and is understood, in its main features,
to meet his approval. It may be better to deviate easterly at

the Haupt tunnel, but the westerly part of it must, by saving
the destruction of property, dwelling-houses and other build-
ings, as well as the great additional railroad facilities it will
afford the growing business of North Adams, meet with
approval.

Pneumatic Drills.
Great credit is due to the former chairman of this commis-

sion for his persistent and unremitting eflorts to develop and
perfect a drill competent to bore the mountain, which have
culminated in producing the best drill yet in use, at once a

monument to the genius of Mr. Burleigh, the inventor, and a
credit to Massachusetts.

Within a few days we have taken a machine drill from the
heading that has been in constant use, without repair, for four

weeks, having drilled, in that time 2,250 feet. The twelve
drills ordered for the west shaft are now finished, and the

carriages for the same nearly so.
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I purchased, under authority of the commission, three thou-
sand casks of cement in New York, at a cost, per cask, deliv-
ered in North Adams, of $1.76, cash; subsequently, with
no time to communicate with the others, I bought 2,000 casks
more, at a cost of $2, on three months’ time. I also purchased
two thousand tons of best Lehigh coal, delivered in North
Adams, at $7.45 per ton ; also five hundred tons Pittston, at
$7 per ton. We have a sufficient quantity of this, housed for
winter use.

It is useless to speculate upon this, as the past affords no
criterion by which to judge of the future. Our preparations
at the east end and the west shaft, including efficient drilling
machines, ample power to work them continuously, and im-
proved apparatus for hoisting and pumping, (the latter of
double the present needed capacity,) are so nearly completed,
that it seems safe to promise largely increased progress in the
future. At the central shaft, through the unfortunate destruc-
tion of the buildings and machinery while in the hands of the
contractors, a little delay will still be unavoidable. We shall
profit, as far as possible, by the experience we have gained, in
the erection of the new works, and in securing the best
machinery for pumping and hoisting. It seems to me to be
unwise to contract the work till the value of the preparations
so long in progress, and so tedious to an impatient public, shall
have been developed in the future advancement of the work.

Last spring we were ridiculed for promising one hundred
feet per month, but even more has already been accomplished,
and with the convenient appliances we now have about com-
pleted, we will as easily accomplish at least one hundred and
fifty feet per month. The central shaft, if it is arranged
properly with steam drills, should be sunk at least fifty feet per
month.

The experiments made in the west shaft last year, as given
by Mr. Doane, and referred to in the able report of Mr. Went-
worth, chairman of the Tunnel Committee of that year, induced

Nitro-Glycerine.

Cement and Coal.

Further Progress of the Work.



20 HOOSAC TUNNEL. [Jan.

early action by the Commission. As long ago as February last,
I visited New York, and spent several days in endeavoring to
ascertain if the article had been made there, or in the vicinity,
but to no purpose. Finding, subsequently, that the railroads
refused absolutely to transport it, the matter rested until the
first of July, when I addressed George W. Mowbray, Esq., of
Titusville, operative chemist, and with the permission of the
Commission he was called to North Adams, and a contract
concluded with him highly advantageous to the Commonwealth.

The price for which Professor Mowbray was to furnish a pure
article was eighty cents per pound. As the Commission did
not see fit to ratify the agreement, I turned over the same in
August to Messrs. Dull, Gowan and White. After waiting
until November, and finding that the contractors had done
nothing, I again arranged with Professor Mowbray, as will
appear in the Appendix, from which the public will be gratified
to learn that we are on the eve of giving it a fair trial.

Have been under the especial charge of the late chairman,
Hon. James M. Shute, at Boston.

Mr. Henry C. Cunningham, cashier, and Mr. Austin Pond,
material clerk, are the same who held these offices at the close
of last year, and they have filled them faithfully and well the
present year.

By the system adopted under the old commission, the pay-
roll and accounts being approved by the engineer or superin-
tendent, the cashier took them to Boston each month, to be
certified to by the Commission “ that the charges for services
rendered, labor performed, and material purchased were just
and reasonable,” more than one hundred and fifty miles distant.
The cashier’s expenses while away were very considerable,
amounting to several hundred dollars annually. It is under-
stood also that to obviate the inconvenience of his absence,
money was formerly placed in the hands of the engineer, to

pay small bills.
When I accepted the office of superintendent, as per ray

communication in June last, it was upon condition that the
Boston office should be abolished, and a cashier’s bureau estab-
lished at the place of doing business, where the money would

Financial Organization and Accounts
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go direct from the State treasury to the monthly pay-rolls and
accounts, and be submitted to the Commission at monthly
meetings at North Adams, prior to their approval.

My convictions, after a six months’ experience, have not
changed as to the importance of this condition, and I most
earnestly recommend that in future it be observed.

This is only incidentally connected with the work. By such
improvement, a great saving would accrue to the Common-
wealth in the transportation of material. It is understood that
the Troy and Boston road will appropriate something to it,
and one spirited individual has offered to give five hundred
dollars toward it. Both North Adams and Florida, the Ver-
mont and Massachusetts and the Fitchburg roads, have a deep
interest in this question. The stages could run from car to
car, from Rice’s to North Adams, in one and three-quarters
hours, and express trains would accomplish the whole distance
from Boston to the Hudson River in from eight to ten hours.

Have been purchased in Boston, Fall River, Lowell, Fitchburg,
Worcester, Springfield, Pittsfield, North Adams, etc. Other
things being equal, preference has been given to the merchants
and mechanics of our own Commonwealth.

Old machinery and sundries which may be sold

4 portable engines.
2 rotary pumps.
3 derricks.
A large amount of paper pipe, and hydraulic press to test it3 rain gauges.
1 small air compressor.
1 compressor partly finished.
A large quantity of parts of machinery gears, patterns, etc.And almost fifty boxes of gun cotton.

Improvement op the Common Road over the Mountain.

Machinery and Material

New buildings, tenements and additions, with new machin-
ery :
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One barn at the east end. This barn was built by the con-
tractors and paid for by the Commonwealth.

Fourteen tenements at the west shaft. One cement house,
84x20 feet, 12 feet high, capable of holding 2,000 barrels of
cement, at the west end.

Addition to machine shop 20X20, two stories, with lathe,
drill, and planer, at west shaft, purchased this year.

Glycerine magazine 16X16 feet, one story. One coal shed
removed two miles to a suitable place, and has now stored in it
600 tons of Lehigh coal.

I regret that I am unable to give in detail the lands owned
by the Commonwealth, as I find no description of some of them
as yet.

The following is a statistical account of expenses from the
opening of the work under commissioners to January Ist, 1868.

The first column gives the whole expense, the second the
expenses for one year, ending November Ist, 1866, and the
third for fourteen mouths to January Ist, 1868

Expenses.
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Cost ofHoosac CostofHoosac
Cost oflloosacTun- m ,

„ „

_
„Tunnel from Nov. Tunnel from Nov.

nelto January Ist,
...

’ Ist, 1865, to Nov. Ist, 1866, to Jan.

Ist, 1866,12 mos. | Ist, 1868, 14 mos .

Engineering Sup’t, &c. . . $97,307 47 $24,840 58 $12,466 99
Deerfield Dam, . . . 127,666 65 2,063 06 -

Excavation and Masonry at
East End Dam, . . . 12,802 40 266 60

oson or
Wheelpits and House, . . 73,023 49 24,845 14
Gatos and Overflow, . . 9,986 26 568 53
Race or Canal, . . . 23,743 49 2,064 51
East End Heading, . . 203,117 80 71,305 57 99,386 41

East End Enlargement, . . 135,872 78 - - 55,555 68
E. End Heading Enlargement, 17,710 90 4,956 78 151 50
Central Shaft, . . . 210,786 68 58,898 17 66,362 93
West Shaft, .... 298,113 89 103,263 09 119,072 20
West Approach, . . . 420,962 36 113,106 13 173,061 61
Building East End, . . 31,453 10 3,837 34 -

“ Central Shaft, .. . | 13,980 54 2,406 40 1,953 71
“ West End and Shaft, i 41,038 20 6,933 71 1,028 07
“ General Account, . 9,686 56 1,842 98 149 19

Machinery Deerfield Dam, . 10,820 93 523 01 -
-

“ East End, . . j 130,263 60 66,494 59 43,231 22
“ Central Shaft, . j 59,137 89 28,891 08 7,773 88
“ West Shaft,. . j 75,021 34 20,723 11 17,909 61
“ “ End, . 576 84 503 27 36 95
“ General Account, . j 63,971 53 43,673 08 1,370 77

Land and Right of Way, . 1 19,595 25 8,899 37 2,082 04

I $2,086,640 13 $590,904 10 $604,218 97

Deerfield Dam Less by amount of Bark sold, $316 15
Building East End Less by Rents credited, . 235 89

552 04

$603,666 93

If the Report I have submitted is not as full and accurate in
its details as might be wished, or if errors have unconsciously
crept in, it must be borne in mind that I have acted as super-
intendent only six months. The late chief engineer acted until



21 [Jan.HOOSAC TUNNEL.

January, and Paul Hill, Esq., as superintendent at the east end
until June.

I beg, in closing, to express my thanks to Messrs. Brown,
Bond, Granger, Ellis, and Pratt for their fidelity to the inter-
ests of the Commonwealth, in their various departments, also to
the Hon. James M. Shute, late chairman of the Board, and the
Hon. Charles Hudson, for the assistance they have rendered
me.

ALYAH CROCKER,
Corn'ss'r in charge of the work.

North Adams, Jan, 16,1868.
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Boston, December 20, 1867.

To flis Excellency Governor Bullock and the Honorable
Executive Council of the Commonwealth of Massachusetts.

In performance of my duty as Consulting Engineer, I respect-
fully submit the ensuing Report upon “ the progress and con-
dition of the work upon the Troy and Greenfield Railroad and
Hoosac Tunnel, and upon the plans for the prosecution of the
same,” arranged under the heads of my corresponding Report
of last year.

The work upon the thirty miles of road between Greenfield
and the Tunnel has steadily progressed under the contract
with Mr. Barren, who had it ready for the passage of a train
as far as Shelburne Falls, thirteen miles from Greenfield, at the
date (November 15th, ultimo,) by which he was required to
complete it to that point. I passed over this division of the
road on the 11th inst. upon a locomotive, stopping at all points
needing close examination, and giving them a suitable inspec-
tion. The engineer, Mr. B. D. Frost, appointed by the Fitch-
burg and Vermont and Massachusetts Railroad Companies to
examine the road and report to them its fitness to be received
and worked by them under their lease of it from the State,was with me during the trip, and has shown me the reportwhich he has prepared in fulfilment of that duty; and as hehas described the condition of the work in detail, and in myopinion conectly, I beg leave to refer to his paper, containing
my own views in regard to it, assuming that it will come
before you by the time my own Report will reach you. Shouldthat not be the case, however, I am assured that a copy of it

REPORT OE CONSULTING ENGINEER.

Troy and Greenfield Railroad.
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will be furnished to you at any time it may be called for. As
it is proper that I should also state directly my own judgment
as to the manner in which the work has been done, I do, as
follows:

Graduation or Formation of Road Bed in Excavation and
Embankment.

The excavations for this purpose appear to be in all cases,
with a few slight exceptions, of the full width at the level of
the rails required by the contract, (viz., 24 feet in earth and
20 feet in rock,) although there is more or less material on the
slopes of the earth cuttings, especially upon the 5 miles
immediately east of Shelburne Falls, which will slide or wash
into the ditches within the next few months. The removal of
this material could not be effected properly or economically
during the winter, and must be postponed until spring and
early summer, when it can be removed as it comes or is cut
down, and used to widen the embankments at opposite points
on that part of the line to which these threatened slips are
almost entirely confined.

The embankments, which are required to be 14 feet wide at
the level of the rails, and were, I presume, made of that
width, have settled and wasted on their slopes so as in many
cases to fall within their proper breadth. It is rare indeed to
find it otherwise upon a newly graded road, and contractors
are usually treated with more or less indulgence on this score,
as the subsequent ditching of the excavations by those who
take it in charge after the contractor has left it, supplies the
materials for restoring the fillings to their proper width in
cases of slight deficiency therein. The reason given under
the previous head why the present season is not the proper one
for removing slips, applies equally well to the repair of embank-
ments by their means, and hence it must appear that whatever
work is wanted under these heads cannot now be done advan-
tageously if at all.

Masonry.—This is of three classes. Ist, that of the bridges,
which are well built and in substantial conformity with the
contract. 2d, that of the culverts, of which I may say the
same as far as my observation could extend, although of the
sufficiency of their openings to discharge the water designed
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to pass through them, I could but partially judge. 3d, that of
the retaining walls which, on the assurance of the chief
engineer, Mr. Field, that they were mostly built on rock
foundations and were of adequate thickness, or when this was
otherwise, that proper precautions against the action of water
had been taken, I must report as being satisfactory.

Bridge Superstructures.—These, which are on the well
known and approved plan of the Howe truss, appear to con-
form fully to the requirements of the contract, and are, in
their materials, framing, covering and finish, creditable to the
contractor and to the builder.

Railway Track.—Of this I can speak with unqualified
approval, having never passed over a better laid piece of road,
considering its newness. I could not judge whether the depth
of the gravel or sand ballast was the full two feet called for by
the contract, nor indeed does it claim to be so by the engineer,
but where the depth is deficient, Mr. Field assured me that the
bed of the road under the ballast was of a material nearly or
quite as good as the ballast itself.

The cross-lies are reported by him to be of full size, and
excellent quality, and I must adopt his report, as the snow pre-
vented my seeing them sufficiently well to judge for myself.
The rails, chairs and spikes, and the laying of the track,
appear unexceptionable. The contract provides for the laying
of one mile of sidings, on the whole line of thirty miles, of
which a due proportion belongs to the division of the road
under consideration. lam not able to say whether this has
all been laid as yet. There is a siding of some length at Shel-
burne Falls, which may suffice for the present business of that
station ; at the connection with the Vermont and Massachusetts
Railroad near Greenfield, there is but a short piece of unfin-
ished track to the turn-table at that point. The commissioners
will doubtless see that the wants of the road in this respect will
be properly attended to in the distribution over the whole thirty
miles of the route of side track stipulated for by the contract.

Cattle guards, eurvings, sign boards andfencing .—The reportof the engineer must be relied upon for these items, as it was
not in my power to ascertain from personal observation whetherthe contract was fulfilled in this respect, although no defi-ciency was apparent to me on passing over the line.
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The station buildings , engine-houses and turn tables, required
for the working of the road, are provided for by the contract.
There is a turn-table at the Greenfield connection, and one at
Shelburne Falls, the latter connected with an engine-house for
two locomotives. The passenger and freight-houses at the
Falls are neat, well arranged and well constructed frame build-
ings. No buildings have been erected at the Greenfield end of the
line, those of the Vermont and Massachusetts and Connecticut
River roads being designed to be used for the present, at least.

Water Stations.—Mr. Chief Engineer Field lias made what
he regards as sufficient provision for a due supply of water
at the Greenfield connection, and at Shelburne Falls, and I have
no doubt that, in the latter case at least, there will be water
enough, as it is drawn from a brook. At Greenfield, springs
in the hillside at hand are availed of, and may yield what is
wanted for a limited business.

The above heads embrace the entire construction of the road
between Greenfield and Shelburne Falls, ready for working,
and I can have no hesitation in saying that it is now in a con-
dition to be taken possession of, for regular transportation, by
the companies who have leased it from the Commonwealth. At
the same time as, in the particulars above stated, it does not
fully come up to the contract requirements, and moreover, as
the contract for the whole thirty miles up to the Tunnel is, in
legal phrase, “an entirety,” the contractor may not expect to
be relieved from making good the deficiencies mentioned, nor
finally released from his contract obligations, until his whole
work is done. If, however, the lessees will now take the road
as it is, and work it to Shelburne Falls, so as to let the State
begin to receive her proportion of the rent agreed upon, an
arrangement may be made with the contractor, by which such
part may be retained of what will be due him on this division
of the road when fully completed to the satisfaction of the
commissioners and the, lessees, as may, in their estimation, and
the judgment of the engineer, be sufficient to make good exist-
ing deficiencies, which cannot be remedied now, but may be by
the time the rest of the road is completed to the Tunnel. Such
an adjustment should be satisfactory to all parties, including
the people of Shelburne Falls, and the intervening country,
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who are anxious to realize, without delay, the benefits of the
improvement.

The remaining seventeen miles of roadfrom Shelburne Falls
to the Tunnel, is in so forward a state of progress, that its com-
pletion within the time limited by the contract, July 15, 1868,
may be confidently expected. Nearly all the grading of any
difficulty is done, and the track-laying can be pressed rapidly
and uninterruptedly forward in early spring. The masonry of
the bridge over the Deerfield River is finished, and but a few
culverts are incomplete. No anxiety need therefore be felt in
regard to this division of the road, which, when opened, will
leave only the link of seven miles between it and the present
terminus of the Troy and Boston road to complete the new
chain of railway communication with the great West, to pro-
vide which the Tunnel was projected.

It gives me pleasure to say that the engineer of the road from
Greenfield to the Tunnel, Mr. A. R. Field, has done himself
much credit by his conduct of the work, and especially in the
judicious improvements he has made in the location at several
points, where much curvature has been saved at an inconsider-
able cost, compared with the accruing benefits. Ho has also
reduced the grades ascending eastward, at one or two points,
and thereby increased the capacity of the road for transporta-
tion. His location of the line in connection with the bridge
across the Deerfield River, below Shelburne Falls, is worthy of
particular commendation, as well as his management of one or
two difficult cases of drainage adjacent to heavy embankments
near Greenfield.

Hoosac Tunnel.
In my Report of a year ago on this part of the work, I entered

into more detail upon its history and condition than will now
be necessary. I will therefore confine my present remarks to
the transactions of the past twelve months, and the light they
throw upon the future of the enterprise, observing the same
general order in treating the subject.

Present State of the Wore compared with its Condition a
Year Ago.

The statements of the engineer department of the work, have
heretofore been made up to November Ist of each year, as
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appears in the printed reports. The commissioner, Hon. Alvah
Crocker, now acting as superintendent since the discontinuance
of the office of chief engineer, has furnished me with tables of
the progress of the different parts of the work monthly, from
Nov. Ist, 1866, to the first of the same month this year, and
the results are as follows :

The heading on Nov. Ist, 1866, had reached a total of 8,431
feet from, the eastern portal, and on the corresponding day of
the present year it was 4,482 feet from the same point, thus
showing an advance of 1,051 feet in the twelve months, at an
average rate of feet per month. During the months of
November and December, the rate was but 42 and 48 feet
respectively, and in January and Februrary but 60 and 55 feet.
The causes of these unfavorable results were various, and
among them one of the most serious would appear to have been
the obstruction of the flow of water through the canal from the
Deerfield dam to the wheel-house, due to anchor and
slush ice which at times almost filled the channel, there being
no water gates to assist in discharging it from the forward end
of the race. In March, a considerable improvement of speed
was realized, and 91 feet made that month, and in April and
May 88 and 87 feet. In June, a farther increase up to 102feet
was effected, and in July the number of feet driven was no
loss than 131. In the three succeeding months of August,
September and October, during which time the work was under
contract to Messrs. Dull, Gowan & White, the progress was

124, 111 and 117 feet, making as already stated a total of
1,051 feetms the year’s performance. Comparing this with the
progress of the previous year, 1865-6, we observe a very
encouraging improvement. The total of that year was but
592 feet, the best month’s work by hand labor 65 feet, and
its average for the eight and one-quarter months it was used,
48.1 feet, while the best month by machine labor was 54|- feet,
and the average for five and one-half months was 35 feet.
This unfavorable comparison of machine with hand labor led
me to recommend the resumption of the latter within the

Tunnel, while the former was being properly tested outside.
Had I not been satisfied of the superiority of machine labor

East End.
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on general principles, the experience at Mont Cenis would not
allow me to doubt that machine drillage would greatly
increase speed so soon as a drill capable of doing its work well
should be produced. The Burleigh drill had been but just
introduced, and although promising a decided improvement
upon its predecessor, had not then shown the good qualities
which it has since displayed. It has indeed been ever since
undergoing modifications in its minor arrangements until it has
reached its present highly improved and effective condition and
established itself as a decided success. While saying this, how-
ever, I do not feel prepared to pronounce it the ne plus ultra of
a machine drill, nor to give up the expectation that one
with fewer parts and of more compact and simpler structure
will, in due time, be designed and made to yield even better
results at reduced cost. There is now lying in the shop at the
east end a machine invented by parties from Michigan, differing
in several respects from the Burleigh drill, although claimed, as
lam told, to conflict with patent rights in the latter. Of
this part of the case I know nothing as yet, but the machine
has been reported to me as working with great efficiency and
small cost of repairs, on account of its fewer parts and simpler
construction. It seems to have been introduced into the Tunnel
by the late contractors, and to have been disused on their
retirement from the work ; but for what reason, I am unable to
state, as its performance is said to have been exceedingly prom-
ising of improvements over previous machines. I mention it
in this place as showing that gratifying as have been the
results of mechanical contrivance as it has been applied to
increase the effectiveness of human labor in this work, we may
look to still farther assistance from it in promoting more rapid
progress hereafter.

The heading at the east end had, on the first of November,
ultimo, reached a point 2,082 feet in advance of the 2,400 feet
of partially enlarged tunnel first driven by Haupt & Co., and
since farther enlarged by Messrs. Dull, Gowan & Co. Thisheading, originally driven 6 feet high by 11 feet wide, was, as
stated by the late chief engineer Thomas Doane, enlarged to 7 by15 ; and, since the first of August, it was farther enlarged by
the contractors to 8 by 24, the latter being the whole width of
he Tunnel. I have no doubt*of the propriety of this enlarged
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section for the heading, and its advantage in economy of time
and cost per cubic yard were demonstrated by the experience
of Mr. Doane, as stated in his report for 1865. The machines
now do about two-fifths of the work of drilling, instead of but
about one-seventh, as at first; and it is my opinion that their
duty may be advantageously extended so as to embrace the
entire section of the Tunnel. As it is, the miners work much
more comfortably and efficiently in the more roomy space
afforded by the wider and higher heading ; and the progress
forward is fully as rapid, if not more so, than in the former
contracted section, while there is so much less left to bring up
behind in the enlargement of the Tunnel to its full dimensions.
This enlargement from the portal inwards was carried on by
Dull, Gowan & Co., while they were driving the heading, dur-
ing the three months of August, September and October, at
the end of which time their contract terminated. They wid-
ened the Tunnel to nearly its full width, for a distance of about
1,800 feet, without taking out the roof to its proper height.
The State has since continued until recently to employ a force
upon the same work, but the present deficiency of power Tor
drilling and ventilation has occasioned a partial suspension of
it. It is highly desirable that it be resumed, and prosecuted
with vigor, as the heading is much too far advanced beyond it
to allow of the most rapid and economical progress of the
whole work. I propose to offer some views upon this point
farther on. To provide against a short supply of power from
the Deerfield River, either from anchor ice in winter (which
has again made its appearance, the discharge-gates not being
yet put in,) and drouth in summer, the commissioners have
now under consideration the erection of a steam-engine at the
wheel-house. As it has become manifest that the river is not
wholly to be relied on at all times, and the only power by which
its shortcomings can be supplied is that of steam,, the measure
is a wise one, and not only in this view, but in that of the risk
of accidents to the dam and water-works.

Central Shaft.
The progress at this point from Nov. Ist of last to Aug. Ist

of the present year, under the direction of the commissioners,
was favorable ; being at the rates ot
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6

25]-, 26, 21, and 19] feet,—a total of 192, and a monthly aver-
age of in the nine successive months of that period. The
advance under the contract of Dull, Gowan & Co., during the
three ensuing months to Nov. Ist ultimo, was much less satis-
factory; being but 13], 12, and 11,—a total of 36-]- feet, and a
monthly average of 12T feet, the last 11 feet being what was
accomplished in October, on the 19th of which month the dis-
astrous fire occurred which destroyed the buildings and machin-
ery, and buried thirteen men in the ruins at the bottom of the
shaft. This lamentable event was, as reported to me, undoubt-
edly due to the want of proper care in the management of the
apparatus for lighting with gas ; the inflammable vapor of the
liquid employed being suffered to escape into the building, and
causing an instant explosion, and consequent ignition of all
that was combustible therein. The machinery, although on
the whole well designed and substantially constructed, was
beginning to prove inadequate to the increasing service
required of it, as the depth of the shaft increased ; and the
contractors had made arrangements for such additions and
improvements as were demanded for its future work, when the
calamity occurred. The falling off from previous progress
while in their hands may have been, in a measure, due to the
failing condition of the machinery, and to the want of staging
in the lower part of the shaft; but however this may be, it
seems that, upon the happening of the casualty, they declared
themselves unable or unwilling to proceed with the reconstruc-
tion of the buildings and machinery, and the work came to a
stop, and has since so remained, although recent measures for
restoring them and securing it have been take/? by the com-
missioners, and are now, I presume, advancing as fast as the
very unfavorable season for such work will permit. It is, of
course, indispensable that, in the new buildings and machinery,the deficiencies of those preceding them be fully remedied, and
that, with this view, the very best mechanical skill should be
employed in their design and erection. This it is presumed tobe the purpose of the commissioners to secure. Much time
has been lost in taking them in hand, but this would not jus-tify inconsiderate haste in planning and constructing the new
works.
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The total progress of the past year to Nov. Ist, ultimo, has been
229 feet in the twelve months, an average per mouth of 19.1
feet. This is not so good as was wished and expected, and it
is within less than a foot per month of the estimate of its future
progress in my last year’s report, and is therefore less discour-
aging than under the circumstances might have been antici-
pated. The depth of water now in the shaft is estimated to be
some 300 feet. If so, it has accumulated at the rate of but
about eight gallons per month, and will be quickly pumped out
when the proper machinery is ready.

The progress of the headings from this shaft have been as
follows:

Eastward Heading:.—On November Ist, 1866, this heading
had reached a total of 1,004 feet from the shaft. In November ot
that year 37.8 feet, and in December but four feet were driven
when the work was suspended on account of the increased flow
of water, and not resumed until June, 1867, ensuing, during
which and the following five months to November Ist of this year
the advance was 20,31, 39,49, and 54 feet respectively, making a
total in the twelve months of 235 feet, an average during the
months of regular work of 39 feet, and a total from the beginning
of 1,239 feet. Comparing this year’s progress with that of the

previous year, which was 687 feet, or an average of 53 leet per
month, we observe a very serious falling off, due to a cause, the

operation of which commenced with the present year, and has
continued with increasing power, but not with increasing effect,
as it will be ifbticed that the rate of advance in each month has

regularly improved, although it has not yet attained that of the
year before. That in the face of the largely increased and still
increasing volume of water escaping from the fissures in the

rock, the excavation has proceeded with greater and greatei
speed, is an encouraging fact, as it shows that the issue of water
from the rock is not of itself sufficient wholly to arrest, or

indeed very greatly to retard progress, provided the water be

so disposed of after its escape, as to prevent interference with

the work. This can only be effected by an ample and steady

supply of power to raise and discharge it on the surface, and
the deficiency of this has occasioned the unsatisfactory results
at this point of the Tunnel. The eastward heading from this

West Shaft.
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shaft lias suffered less from this cause, on account of the descent
of the grade from it towards the westward heading. The total
distance of this heading from the shaft was 298 feet on Novem-
ber 1, 1866, and work being resumed in April, 1867, an advance
of 25 feet was made to the first of May of this year. A sus-
pension was then occasioned by water for a time, but on July 1
a farther step forward, of 46 feet, took place, and in the four
following months 82, 61, 49 and 45 feet were made, bringing
the total to November 1, 308 feet for this year, and 606 feet in
all from the beginning.

Both the headings from this shaft, which wore at first 6 X 11,
were enlarged, as reported a year since, by Chief Engineer
Doane, to 10j X 15 feet for thp whole distance of 1,004 feet
eastward, and for 298, or to the supplementary shaft westward.
These headings, as thus enlarged, are on the bottom of the
Tunnel. Within the past year the eastward heading has been
raised to the top of the Tunnel, and driven with the proper
slope of the arched roof, about 8 feet high, and the full width
of 24 feet. There has also been a small enlargement made in
this heading, at a point about 250 feet from the west shaft, by
which the full section of the Tunnel has been taken out for a
distance of some 36 feet. The westward heading, west of the
supplementary shaft, has been driven 7 X 12 feet as near the
bottom of the Tunnel as the necessity of allowing a slight fall
eastward towards that shaft, to conduct the water thereto, would
permit. The Tunnel at the bottom of the supplementary shaft
has been enlarged to about full size, in order to provide a
chamber for the boilers and pumps placed there to raise the
water through that shaft.

These statements embrace all the work done within the Tun-
nel from the west shaft, and the supplementary shaft connected
therewith. They present a total of 543 feet of headings in
both directions this year, against 655 the previous year, and a
total of 1,845 feet since the beginning. In considering the
causes which have so seriously delayed this part of the work,
the presence of water in large and increasing quantity must
necessarily be placed in front, as but for that, the work would
have advanced regularly, ifnot rapidly, while the interruptions
from this cause have wholly suspended it for one-half the year,and embarrassed it more or less during the other half. Apart
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from the inconveniences of drilling and blasting in a wet, as
compared with a dry rock, which are common to all kinds of
rock-cutting, the only reasons why tunnelling from a shaft
should be more expensive than from an open portal, are in
transportation of material, and in ventilation. Neither of these
causes have operated materially to delay the work at this shaft,
for the hoisting machinery reported by Mr. Doane a year ago
to have worked satisfactorily, has continued to do so, and the
ventilation has been so good as to render unnecessary the use
of the air-compressors set up some time ago, a McKenzie fan-
blower supplying all the air required, assisted, as now, by the
draft of the boiler at the bottom of the supplementary shaft.
The insufficiency of the means employed to raise the water
from the Tunnel, must then be charged with the delays which
have occurred here. Mr. Doane’s successive annual reports of
the work as it stood on November 1,1864,1865 and 1866, states
the flow of water into the west shaft workings to be at the
increasing rates of 25, 65 and 97 gallons, which last, he adds,
was “ about as much as the pumps running at their natural speed
could deliver.” Shortly thereafter, thirty gallons additional
was brought into the Tunnel by a drill-bore from the upper
working of the supplementary shaft, and increasing the quan-
tity to 127 gallons. The only pump then in action, was the
one of 8 inches diameter of plunger, and 5 feet stroke, worked
by one of the steam-engines at the top of the shaft, the water
from the well at the bottom of the shaft being first elevated by
two 6-inch lifting pumps connected with the main pump, into a
tank placed about on a level with the roof of the Tunnel.
These pumps and tank, Mr. Doane remarks, were often leaky
and out of order, and necessarily interfered so far with the
efficient action of the principal pump, the plunger of which
last,was about that time enlarged from 8 inches to 10 inches
diameter, by which its capacity, with equal length and number
of strokes, was increased 56 per cent. Notwithstanding this
addition to its power, owing to a sudden and copious inbreak of
water from some new seams in the rock of the east heading,
which were reached about that time, the work at that heading
had to be suspended entirely, and so continued for nearly sis
months. The water, however, was kept down for a time suffi-
ciently to allow access to the under side of the supplementary
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shaft, of which the upward and downward workings were united,
and the shaft opened through from top to bottom, about the
middle of March of this year. The history of this section of the
Tunnel, as far as effected by the influx of water, appears to be as
follows, and I speak of it more in detail than may seem called
for in a Report of this character, on account of the peculiar
interest it possesses.

The original plunger pump already referred to, and worked
by the engine at the top of the west shaft having proved,
immediately after Mr. Doane’s last year’s report, entirely
inadequate to free the Tunnel, the commissioners proceeded in
January of this year to place a pump of “Knowles’” make
at the bottom of that shaft, and supplied it witli steam by a
pipe leading down the shaft from the boilers above. This
pump had a steam piston of 14 inches diameter, and a water
piston of 7 inches diameter, each with an equal stroke of 12
inches, and when driven with 125 double strokes, or 250 feet
per minute, should raise 250 gallons per minute to the top of
the shaft, 318 feet above the floor of the Tunnel. Assisted by
this additional power, the Tunnel was drained so as to allow
of a resumption of work at the east heading in June last. As
the water, however, continued to increase, and a corresponding
increase of pumping capacity was required, the commissioners
in February of this year authorized the purchase of another
pump of Knowles manufacture and capable-of raising 600
gallons per minute, and this pump about July last was placed
at the bottom of the supplementary shaft 238 feet below the
point of discharge, where the Tunnel was chambered out to its
lull size in order to make room for the boiler, Ac., by which it
was to be driven. Another Knowles pump of the same size
and capacity with the first one mentioned, as fixed at the
bottom of the west shaft, has been placed along side of its
fellow, and a pump of 200 gallon capacity of Worthington’s
make, which had been on hand some time, has since been
attached to the frame supporting the larger Knowles pumpunder the supplementary shaft. There are thus no less thanfive separate pumps at work at this time doing their best tokeep the Tunnel free from water at this point. They succeeded
so far as to permit the east heading to proceed, as the descentol the grade from it allows the water to escape freely from
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that neighborhood, into the lower level from which it is
pumped.

The resident engineer, Mr. Granger, has given me the
dimensions of the several pumps, from which their respective
capacities are readily computed, and which amount in the
aggregate to 1,435 gallons per minute, of which 735 gallons
would be raised 318 feet to the top of the west shaft and 700
gallons, 238 feet, to the level of the draining drift from the
supplementary shaft. To effect this performance, however, the
several pumps must work at a speed which would subject them
to constant derangement and breakage, so that they are actu-
ally, as Mr. Granger reports, worked only to about two-thirds
of their capacity or to 1,000 gallons per minute, which seems
to be the present ingress of water into the Tunnel. Even at
this reduced speed the pumps are reported to be subject to
pretty frequent stoppage for repair, and a sense of the necessity
of a large increase of power for enlargement of margin and
to provide for anticipated additions to the present flow, has led
to the procurement of another Knowles pump of an estimated
capacity of 1,000 gallons, which is to be driven by another steam
boiler placed at the bottom of the supplementary shaft along
side of the one already there.

It is understood that when this new pump is brought into
operation one or more of the smaller ones will be dispensed
with, and it will certainly be judicious to get rid of the two
under the west shaft, as the length of the pipe conveying steam
to them from the boilers above, is attended with great waste
of steam and fuel, and keeps the shaft and its neighborhood
enveloped in a constant cloud of vapor. The lift at this shaft
is also some 80 feet higher than at the supplementary shaft,
and the power required so much the greater.

The new pumping establishment will then consist of four
pumps (supposing the small Worthington to be retained,) of
an aggregate capacity of 1,985 gallons when worked to the
utmost or at two-thirds of this to a total of 1,290 gallons per
minute. This is about 29 per cent, in excess of the present
influx of water, and may be sufficient for some little time to
come, at the slow rates at which the east heading is advancing
and the west heading may be expected to proceed when
resumed. With a more rapid progress of both these headings
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(so desirable,) a correspondingly rapid increase of water may
reasonably be expected, and the margin of pumping power will
be found too small. The high reciprocating speed at which it
is necessary to drive the small pumps at the bottom of the
shafts must continue to lead to derangement and breakage.

The position of these and of the larger pumps within the
Tunnel, although attended with advantage on the score of
economy in the transmission of steam and assistance to ventila-
tion is coupled with the risk of submersion and damage, should
the Tunnel again fill in consequence of serious disaster to the
pumps. For this reason and also because of their slower
movement, less wear and tear and greater facility of repair
above ground, I should have preferred the kind of pumping
machine suggested by Chief Engineer Doane in his last report,
and which he describes as “ two bull engines, having steam
cylinders of 30 inches diameter, plunges of 13 inches diameter
and a stroke of 10 feet for both piston and plungers,” and, by
an arrangement peculiar to it, adjustable to a variable duty so

to economize fuel and repairs. Such engines would have
undoubtedly been much more costly at the outset than the
machines which have been employed, but they would have
been more reliable, and in the end more economical, when the
great object, in a financial and economical point of view, of
this great work is duly considered. If the average progress of
the east heading for the six months preceding the first of
November, 1866, and which was 631 feet per month, or 381
feet in all, had been realized during the following six months
instead of the total suspension which ensued, the whole Tunnel
would have been that much nearer completion, and the interest
for the half-year on the outlay to that time would have much
more than paid for the pumps, not to speak of other incidental
results of much greater value still. This remark has reference
to the future more than to the past , and is made in the hopethat the experience of the latter may not be disregarded. I
do not find fault with the temporary use of small, cheap pumps
heietofore, to save time while large and effective ones were in
preparation, but looking now at the fact that the flow of water
hero has increased from 25 gallons in 1864 to 1,000 gallons in1867, the prudence of ample provision of the proper sort forfarther increase, not it is to be hoped indeed in that high ratio,
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is most earnestly enjoined. It is true that the drainage of the
water by natural flow through the drift now in progress between
the west heading from this shaft and the west end work is
expected to take place within a certain time, and whenever it
does occur will relieve the pumps of duty. This relief how-
ever, will be a great number of months in arriving, and, mean-
while, the water may get the upperhand again, miless more
pumping power is provided in time. There is no room at the
bottom of the supplementary shaft for more than the new
boiler and pump now to be placed there, so that whatever
additional machinery is required, must of necessity be placed
upon the surface. If supplied at once it would have to be put
at the top of the supplementary shaft. A better location for it
however, would be at No. 4 well, 640 feet west of that shaft,
and requiring some 13 feet lower lift.

This well, 215 feet deep when finished, has now been sank
to within about 60 feet of the grade, and is still going down
slowly, being obliged to contend with a present discharge of
some 25 gallons of water per minute. At best we cannot
expect this small shaft, (8 feet square,) to reach the grade in
less than a couple of months, or by the first of March. Let us
assume, then, that the new pump about to be placed at the
bottom of the supplementary shaft, will be fully in action by
the first of February, so as to allow the west heading to be
resumed at that date, and to progress at the average rate at
which it advanced for the months of October and November, of
about 50 feet per month

Then as that heading is now about 800 feet from well No. 4,
it would, on March 1, be 250 feet therefrom, and if from that
date we allow a drift of 33 feet per month from the well, and
60 feet from the heading towards each other, the two would
meet in three months, or by June 1 of next year, five months
from now. If it be decided to wait till then before any new
pumps are provided, bearing in mind that new influx of water
into the Tunnel must be looked for with every new advance of
both east and west headings from the west shaft, we must per-
ceive the danger of using up the margin of 200 gallons per
minute of elevating power, which we shall have when the new

pump is at work in the supplementary shaft, and of being
drowned out of the Tunnel, and compelled again to suspend
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the work in loto until new and powerful pumps can be erected
at the top of the shaft or shafts, for we may be obliged to use
both shafts for the purpose, notwithstanding the higher lift of
the west shaft, as there will no longer be room enough to spare
at the bottom of the supplementary shaft.

Suppose, however, that the pumping establishment, soon to
be in action, proves sufficient to keep the workings well drained,
and that by June 1 the west heading is opened up to well No. 4,
so as to allow whatever new pumps may be wanted to be placed
there, and that, moreover, we have drifted westward from that
well at the same rate of 83 feet per month, (it should indeed
be a less rate than eastward, on account of the adverse inclina-
tion of the grade,) so as to have made a total of 100 feet in
that direction by June 1. The clear distance between the east
end of the completed Tunnel at the west end, and this well, is
about 975 feet at this time, and allowing the Tunnel arching to
advance at its average rate of 30 feet per month, up to June 1,
the distance between it and the west heading will be reduced
to about 725 feet, and as they would approach each other at an
aggregate of 63 feet per month, they would meet in, say eleven
and onedialf months, or on the middle of May, 1869.

If I have estimated the progress of the west heading as less
than it is likely to be, then the time of meeting would be more
or less shortened; but considering the very wet and treacherous
material to be worked in, it would not be safe to shorten it
much. But even should it be shortened to the first of January,
1869, we must continue to pump for an entire year yet, and
how much more water we shall tap in that time, it would be
dangerous indeed to estimate lie
past.

I have here assumed that the
ward and westward workings will
of the completed arch eastward.

time of meeting of the east-
be governed by the advance
It is true that the draining

drift, in advance of the arching, will always be kept ahead of
it, but must not be run far ahead, nor would it do to turn
the water of, the west shaft workings through that small drift,
which has enough to do to discharge its own water.

there is a consideration, moreover, relating to the discharge
of the water out of the west end, by natural flow, which can-
not be overlooked, and that is, its effect upon the archwork ol

c

fitly, having respect to the
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the Tunnel at that end. There is now running out of the
various draining drifts connected with that work, some 375
gallons per minute, as gauged at my recent visit to the Tunnel,
and if this considerable flow be increased by all that will come
from the workings eastward, it can scarcely fail to embarrass the
archwork materially, as it will probably be necessary to extend
that work at least as far east as well No. 4, some 975 feet east
of the present point, which the arching has reached. I think
enough has now been said to show the necessity of making the
most liberal provision for disposing of the water, in connection
with the workings from the west shaft, not only in regard to
the quantity to be elevated, but to the time through which this
operation will most probably extend. I make no apology for
devoting so much space to this subject, regarding it as the most
important one connected with the whole work at this time. No
discouragement need be felt as to the practicability of prose-
cuting the work rapidly and effectively, (although of course
more expensively,) in the face of any increase in the water flow
hereafter, even if that be several times what it is at present,
provided efficient means for draining it are provided in advance;
and if it is your wish that I should make a specific recommenda-
tion as to the description of pumping machinery to be employed
for that purpose, I will give immediate attention to the subject,
and report upon it as early as possible.

The work of excavating and arching at this end of the Tunnel
is making a steady although slow progress of about 30 feet per
month. The character of the ground is very variable, some-
times rock in place , and of some hardness, although full of
fissures ; then a variety of the same rock, intermixed with what
looks like iron ore; and next, another variety, in a wholly
decomposed condition, and running, in its saturated state, like
quicksand. No general, though gradual improvement in the
description of material has therefore occurred, as it had been
hoped would be found, as the Tunnel advanced into the moun-
tain, and got under better cover. The total length of com-
pleted arch was, on the Ist of November, 490 feet, and the
heading or draining drift was about 100 feet in advance of that
point. The contractor finds it necessary to carry forward, in

West End.
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addition to the heading drift ivil/iin the section, one on the
north, and another on the south side of the Tunnel. By means
of these channels, the water is drawn off sufficiently from the
area of the Tunnel to let the excavation and arching go forward,
although heavy propping and planking is necessary, in most
places, to support the roof and sides while the brickwork is
being laid. The work appears to be substantially done, and
the spacious vault which it presents has a very imposing
effect. The brick used in the arch appear of good quality, but
are, I think, smaller in their respective dimensions by from
| to | of an inch than they should be for economy of manufac-
ture and handling, and quantity of cement in laying. As the
State supplies both brick and cement, she incurs a considerable
loss on this account. Mr. Doane, in his last report, suggests a
larger brick, but the original size seems to have been adhered
to up to this time. It has been and still is my opinion that the
dimensions of this part of the tunnel may be diminished so as
to save masonry and excavation, without reducing the size of
the opening objectionably, and in a communication which I
addressed, on June 22d, 1867, to the one of the commissioners
(Colonel Crocker,) acting as superintendent of the work, I
expressed my views in full upon the subject, and accompanied
my letter by a drawing, showing in detail the section of the
tunnel as it was then being built, together with the changes I
proposed therein, with an estimate of the consequent saving to
the State, and which, at the then prices of Mr. Farren, the
contractor, would have been at the rate of $68.28 per running
foot of the Tunnel. I informed Mr. Shutc, chairman of the
commission, by a note dated June 24th, that I had addressed
this letter to his colleague, and within a fortnight thereafter I
left the country for the visit to Europe whence I have recently
returned. The reduction which I suggested has not been
made, however, the opinion of the resident engineer having
been adverse thereto, as appears from a written report from
him upon the subject, which has been shown to me during my
recent visit to the Tunnel. If I am right in my views upon
this point, the State has lost a considerable sum at the above
stated rate per foot linear for the distance to which the Tunnel
has been extended since my advice was given upon thp subject.
Allowing the lapse of more than a month after my communi-
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cation was received to carry its suggestions into effect, the
reduction in size could have been fully established by the Ist
of August last, since which date up to the present about 150
feet of arch in an eastward direction has been completed,
which, at $63.28 per foot, would have effected a saving of
$9,492, without, as I conceive, any counterbalancing disadvan-
tage to the work. As I propose to make a special communica-
tion on this subject, in which I will notice the objections urged
by the resident engineer to the proposed reduction, I will only
in this place re-affirm my confidence in the correctness of my
previously expressed opinions upon the matter. It is proper I
should say here that Colonel Crocker, in an interview I had with
him on the day of my sailing from New York, July 13th, on
having his attention called to the subject, (he having failed to
reply to my letter respecting it,) remarked that he only waited
the termination of Mr. Farren’s then existing contract for the
arching to carry the reduction into effect, and that contract
ended on the first of August ensuing. The date of the written
opinion of the resident engineer is as late as August lllh.
The Tunnel has also been extended westward from the point at
which the brickwork was originally begun, to within four feet
of the stone pier built as an instrumental station for the per-
manent establishment of the centre line of the Tunnel. At
this point the portal should be placed, as designed by the late
chief engineer, Mr. Doane, in whose opinion, in this respect, I
fully concur. I have already stated my views on the subject in
a communication to the commissioners dated July 3d, 1867.
I was not aware that it was intended to continue the Tunnel out
to this point this season, or I should have advised the use of
stone, rather than brick, in the building of at least twenty-five
or thirty feet inwards from the portal or facade of the Tunnel.
The end of the brickwork has been carried so close to the
opening of the low and narrow tunnel of about five hundred
feet in length, driven some years ago by Haupt & Co., since
abandoned as part of the permanent work, that (although it
must of necessity continue to be used as a drain for the water
from the new work, for which it will afford the only outlet
until the approach cutting of the new Tunnel is opened,) it will
be difficult to make use of it as a means of carrying out the
material excavated in the new Tunnel, which, at present, is
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disposed of by the contractor through a shaft over an opening
in the arch, and is used to cover, with a suitable depth of
earth, the part of the brickwork built in the open air. As
much of the spoil material from the Tunnel as is required for
this purpose will have been deposited on the arch after a time,
and the remainder of the Tunnel excavation at the west end
must be sent out through the Haupt tunnel, for which purpose
it must be cleaned out and secured, by suitable additions to
the present timber supports, which need re-inforcing, as they
are more or less decayed. I expressed my opinion on this
point also in the communication of July Bd, above referred to,
and previously in a letter to the commissioners of the 14th of
May last; but so far nothing has been done in the matter.

Location op the Line between the Tunnel and the Yillage
op North Adams

Since my notice of this subject in my report of last year, I
have re-examined the ground, in company with Mr. Manning,
who for a few months filled the place of chief engineer, until
the new arrangement went into effect by which that office was
discontinued. My preference of a line following, to a point
about a mile from the Tunnel, the northern slope of the valley
of the Hoosac River, with moderate cutting and embankment,
rather than a more direct line out upon the lower ground, with
very heavy filling, remains unchanged. The question of land-
damages and cost of real estate in the approach to and passage
through the village, which is referred to in that report, has,
however, so grown in importance, (as I then predicted,) and
so formidable are the claims of property owners as reported by
the superintending commissioner, that, on my recent visit, I
gave special attention to a suggestion of his for a change in
this part of the route. The line, as previously run, lay alto-
gether on the north side of the Pittsfield and North Adams
branch of the Western Railroad ; and this position was the
one which would most naturally be chosen for it, as far as cur-
vature and cost of grading were concerned. The town lots
and buildings which it intersects are, however, so numerous,
and have been rising in value so steadily, that it has become
questionable whether it would not cost much more to construct
the road on this line than upon the one now to be mentioned.
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This alternative route would cross the Pittsfield and North
Adams Railroad by a bridge over it about half a' mile east of
the station of that road in the village, and would pass over
meadow ground, laid out as town lots, to a junction with the
Troy and Boston Railroad at the passenger station of the la*tter
road on the south side of the Hoosac River. This line would
avoid all interference with town buildings, and the vexatious
questions connected with them, and so far would be much pref-
erable to the other route. On the other hand, it would require
a bridge, at a very oblique angle, over the Pittsfield and North
Adams Railroad, not needed on the other line, and would be
more expensive on account of heavier embankments upon the
low grounds to the south of that road. It would, however,
offer much more room for depot grounds and buildings, free
from all interference with other property,—an advantage
greatly to be appreciated, as 'the experience of railways has
invariably shown. I propose shortly to make a communica-
tion to you, particularly dealing with this question, and accom-
panied by a plat, upon which the routes will be laid down, so as
to show clearly their relative merits; and I will therefore
pursue the subject no further at this time.

As above stated, the forward linear movement within the
Tunnel during the year preceding the Ist of November, ultimo,
has been as follows;

Bast end heading, .... 1,051 feet.
West shaft, east heading therefrom, . 285 “

west “ “
. 308 “U

West end, completed tunnel, 356 “

Making a total of . . . 1,950 feet linear.

I do not include in this the trial heading and draining drifts
connected with the west end archwork, as they are only auxil-
iary to the main work.

The linear progress in the shafts has been also as follows:

General Result op last Year’s Operations.
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Central shaft, downwards from above, . . 229.0 feet.
Supplementary shaft, “ “ 61.2

12.2 ““ upwards from below,
36.7 “Well No. 4 shaft, downwards from above,

Total linear progress in all the shafts, . 329.1 feet.

It is clear, however, that the linear extent of the works alone
(except that of the completed tunnel at the west end,) does not
truly show the quantity and value of the work done, as I took
occasion to point out in my last year’s report; and I will now
add, that I should consider it disparaging to the educated intel-
ligence of the enlightened people of this Commonwealth to
intimate that they could take so superficial a view of the mat-
ter. Gauging, then, the work done by the cubic yards
removed, from Nov. Ist, 1866, to Nov. Ist, 1867, from the
Tunnel and shafts, it is as follows, as returned to me by Mr.
Granger, the resident engineer at the west end, and Mr. Ellis,
filling the same position at the east end:—
East end heading, removed by the State, . 3,056

removed by the contract-
ors, Dull, Gowan & Co., .... 2,514

Total, 5,570
East end enlargement, removed

Gowan & Co., 4,346
approach cut, removed by contractors, Dull,

Gowan & Co., 45
West shaft, east heading, removed by State, . . 1,391y

west “ “ 958
enlargement east heading, removed by State, 820

“ west “ “ “ 1,280
V

Total cubic yards taken out from body of tunnel, . 14,410
Central shaft, removed by State, . . 2,268

“ by contractors, Dull,
Gowan, & Co., . 430

2,698
Supplementary shaft, removed by State, . . . 183
Well No. 4 shaft, “ “

... 87

Total cubic yards from shafts, 2,968

contractors, Dull,
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The total number of cubic yards, therefore, removed during
the year from the Tunnel and shafts (excluding the west end
work,) was 17,322

The 290 feet of forward progress of the completed tunnel at
the west end, would require the removal of about 30 cubic
yards per foot run, or including side drifts for drainage, and
slips from the roof, probably not less than 10,000 cubic yards
in all; but as the finished work here is a true index of sub-
stantial progress, it is only necessary to look at its linear extent
to judge of what has been effected at this point. There has,
then, been completed, 290 feet of arching eastward, and 651-
feet westward, making a total of 355 J feet of progress at the
west end for the past year. Having obtained from Mr. Doane’s
last year’s report, and from the returns of the commissioners’
office for the present year, the materials for comparing the
progress of the whole work during 'the year ending November
Ist, 1866, with that of the year ending November Ist, 1867,1
have condensed the comparison into tabular form as follows:
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An examination of the above table will show in what par-
ticulars the operations of the past year have gone beyond or
fallen short of those of the previous year, and it will be seen
that with the exception of the eastward workings from the
west shaft , the past year has considerably the advantage. Ido
not embrace in this remark the work at the supplementary
shaft, which was completed during the first five months of this
year and brought into use, nor the No. 4 well, which was
resumed oply in September last, neither of these auxiliary
works, being, therefore, proper subjects of comparison. There
is, then, no discouragement to be derived from the work of the
year just expired, but the reverse. Nevertheless it does not
follow that because the work has, on the whole, done well in
1867, it might not have done belter in that year, or may not do
better in 1868. To this last object the efforts of all in any
way connected with the work, and responsible for its final
success, should be earnestly directed. For my own part, I
have never wavered in my opinion that the contract system is
the only one by which the work can be done with economy and
expedition combined—considerations of equal importance to
the State. The unfavorable results, in some respects, of the
contract with Messrs. Dull, Gowan & Co., have notin the least
shaken this conviction. Having been absent from the United
States during tire three or four months in which they were at
the Tunnel, I cannot so well judge of the causes which led to
their retirement from it, nor do I appear as their apologist,
knowing them as I have done only from reputation, as they
were never engaged in work under my direction. One fact,
however, appears to be established by the statement of expenses
attendant upon the work of the year just expired which has
been furnished me by the Commissioners, viz.: that the work
done under their contract has, with an exception to be duly
noticed, cost the State very greatly less than similar work
executed by herself, notwithstanding all the commendable
efforts which have been made by the Commissioners to cheapen
the operations conducted by day labor under their immediate
direction- Thus the heading at the east end for which the
contractors received $7.25 per cubic yard, cost the State for
the part done by her, |24I

456
is' per cubic yard, or nearly 3|- times

the contract price. I am told, indeed, that Messrs. D., G. &
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Co. represented themselves as losers by their price for this part
of the work, and requested to have it increased to some $ll
per yard. If so, and the increase had even been made, (which
I would not have recommended,) the cost to the State under
the contract so modified would have been less than what it was
costing her in the other way.

The work at the west shaft, including heading and enlarge-
ment, with nearly one-half of it consisting of enlargement,
cost the State per cubic yard. There is no contract
price to compare this with, but there can be no doubt that
contracts could have been made for it at a very large reduction
on this amount. These.prices per cubic yard of work done
either by the State or by the contractors, do not include any
part of the cost of the machinery and buildings connected
therewith, (which should not be charged to any one year’s
work, but distributed over its entire period to its close,) nor of
the expense of engineering and superintendence. The work
done by the State, it is to be presumed, is charged with its
proper share of the expense of operating the machinery, such
as that of ventilation and drainage and motive power for the
automatic drills, which items are not included in the contract
prices, but which form a small part of the entire cost of the
work, and would, therefore, if added to those prices, still leave
a large margin in their favor. The single item in which the
cost per cubic yard of State work falls within the contract
price of D'., G. & Co., is that of excavation at the central shaft,
which seems to have cost but as done by the Common-
wealth, while the contractors received $25 per yard. The
difference of is less than an ordinary margin for con-
tingencies and profit on contract work, and much if not all of
it might well be absorbed by the increased cost of the work as
the shaft deepened. This exception does not, then, weaken
the effect of the other facts of the case as stated.

The steady progress of the arching at the west end, and the
great reduction of cost thereat, as compared with the previous
execution of the same work by the State, notwithstanding thevery liberal prices paid the contractor, should recommend thecontract system for all other parts of the work, proper careeing taken that able and reliable contractors arc employed inevery case. Until this system is adopted and consistently
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adhered to, all estimates of the ultimate cost of the work will
be worse than useless, because they may mislead the State, who
has taken the enterprise upon herself. I will therefore submit
no farther estimates, either of cost or time, expressing, how-
ever, my confidence in those of my report of a year since, if
the work is carried on upon the principles therein set forth, and
making proper allowance for the delays and excess of expendi-
ture within the past year, which have resulted, as I believe, from
the postponed and imperfect application of those principles. In
my last year’s report, under the head of “ Future progress of
the work, and recommendations with a view to increased speed
and economy ,” I expressed my professional views upon those
points so fully, that I heg leave to refer to what is there said,
without extending the already inconvenient length of the pres-
ent Report by repeating them here in detail. The suggestions
there made for “ an adjustment of the grades withinthe Tunnel,”
I advise to be literally adhered to. As to what I there say
upon u enlargement of the Tunnel and change of position of
heading,” I would remark, that while I now urge, as I did then,
the vigorous prosecution of the enlargement of the Tunnel to
its full section, not only at the cast end, but also in the west
shaft, in its eastward working, at least, I would, in view of the
now established success of the drilling machines, recommend
that the heading be driven at the bottom, instead of the top of
the Tunnel. The top position for the heading is undoubtedly
the proper one with hand labor, for the reasons which I then
gave in full, and it is also the best, on some accounts, even if
machine drilling be employed. It loses, however, much of its
advantage in the latter case, on account of the necessity of
keeping the heading so far in advance of the bottom or enlarge-
ment, in order to allow the drill carriages to be retired to a safe
distance while blasting. It is demonstrable on first principles,
and also held by all tunnel men of experience, that the nearer
the heading and enlargement are kept together, the more rap-
idly and cheaply the work can be done. Indeed, the necessity
of having any heading at all in hand work is to furnish a plat-
form for the advance body of workmen to stand upon without
resorting to scaffolding, and also to allow those who come after
them the advantage of vertical drilling,—a very great advan-
tage in hand drilling, but none at all, comparatively, in machine
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drilling. After much reflection on the whole subject, I feel
satisfied that, with carriages properly constructed, and tracks
and cars suitably arranged, the whole section of the Tunnel can
be taken out at once, without any “ heading,” so called. I
propose to give special attention to this point, and to submit
shortly a plan in detail for carrying such a system into effect.
Meanwhile, without any reference to success or failure in that
plan, I renew the recommendation of my last report, that “ the
headings be suspended until the full section of the Tunnel be
taken out quite up lo them,” both at the east end and the east-
ward work from the west shaft, and that when that is accom-
plished, the heading and enlargement be carried on pari passu,
and as near to each other as possible, ifnot absolutely together.
The “ heading,” in both these parts of the Tunnel, is far too
much in advance of- the enlargement, and is being pushed
wildly on, under the specious idea that popular favor will be
best propitiated by a mere progress in running feel. As the
professional adviser of the governor and council, (in connec-
tion with this work,) I feel in duty bound to express my own
convictions without reserve, that the ultimate completion of the
work will be delayed, rather than accelerated by this vicious
mode of operation, and that its cost will be largely increased
to the Commonwealth thereby. The enlargement, if energeti-
cally prosecuted by the force now employed in the heading
until it can be placed under contract, will rapidly advance and
occupy much less time than may be generally estimated.
Witness the amount of work done under the recent contract
within the three months employed in it, during which time
1,800 feet of the 2,400 feet of the narrow tunnel at the east
end was widened to its full breadth of 24 feet, and the roof
alone remained to be shaped out. This, together with 2,200
feet of heading at the east end can, with proper energy and
management, be taken out in six or eight months, as well as
the 1,200 or 1,300 feet east of the west shaft, by which time
the increased pumping power can be ready at that shaft to
drain the work there so effectually as to permit its advance at
greatly increased speed by the aid of machine drills. The
enlargement of the Tunnel west of the west shaft need not now
be pressed, as that end of the Tunnel, however slowly it may
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advance under the difficulties which attend it, will be completed
before the great body of the work can be put through.

The superintending commissioner informs me that nitro-
glycerine is now being manufactured near the west end of
the Tunnel for use in the work. Its superior value for blasting
is well established ; and if it can be handled safely, and its
noxious properties when inhaled avoided, it will no doubt help
to forward and cheapen the excavations. The facts and opin-
ions in regard to its various qualities, which recent accidents
from its explosion have elicited, are of great interest, and
seem, notwithstanding the disasters to which those explosive
properties gave rise, to encourage the more extended use of it
under due precautions. As compared with gunpowder, it
seems to bear the relation of high to low pressure steam; the
former of which is not the less used because, when let loose,
its effects are so much more destructive.

During my recent absence in Europe, I visited, as requested
by yourself, as well as to gratify my own curiosity, this inter-
esting work, with the view of obtaining -whatever facts in
regard to it might be of value to the similar enterprise in
which the State of Massachusetts is now engaged. It so hap-
pened that both the principal engineers, M. Sommeillcr and
Signor Grattoni, were absent at the time of my visit; and, as
the time of their return was uncertain, I did not await it, but
addressed myself to the resident engineers, M. Copcllo, at the
north end of the tunnel, and Signor Massa, at the general
office at Turin. These gentlemen treated me with great polite-
ness, and answered my inquiries freely, although their author-
ity did not extend to admitting me into the tunnel itself,—a
privilege only to be obtained personally fi’om the principal
engineers. It would seem that the serious interruptions to the
work which the admission of visitors would occasion has made
necessary the establishment of a peremptory regulation on this
point. The fullest information was, however, tendered me

upon every point connected with the progress and manner of
conducting the work in all its parts ; and the diagrams which

General Remarks.

The Tunnel at Mont Cenis.
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were shown, to me in the Turin office by Signor Massa so
lucidly explained the mode of carrying it on, that I felt, with
my long experience in similar operations, that I had nothing
left to desire on the score of a clear understanding of the sub-
ject,—clearer, indeed, than I could have obtained from actual
inspection of the work unassisted by these illustrative draw-
ings. The point on which I felt particularly desirous of being
informed was the mode of conducting the heading and enlarge-
ment in relation to each other, and this the drawings explained
to my entire satisfaction. They show the heading and enlarge-
ment to be carried on in such close proximity that nothing but
the most thoroughly precise and rigidly enforced system would
prevent interference between them. Yet this mode of opera-
tion is found, by their ample experience, to be the best. On
referring to the able and interesting report of Charles S. Stor-
row, Esq., of his visit to this tunnel in 1862,1 find that he
mentions this fact; stating that the enlarged section was, at
the date to'which he refers, only fifteen metres, or less than
fifty feet, behind the heading. The heading was then at the
top, and worked by hand ; but when changed to the bottom, on
substituting machine for hand labor, they were kept as near
each otljer as possible without mutual embarrassment. The
Mont Cenis rock consisting of hard and soft beds alternately,
the latter rendering a lining of masonry indispensable to
safety, and thus differing essentially from that of the body of
the Hoosac Mountain, it is necessary to drive the heading
much narrower there than here, where it can be safely carried,
as now, to the whole breadth of the tunnel. This leaves the
sides of the tunnel to be. taken out behind the heading, as well
as the roof overhead; and, to do this without delay, and so
keep up all the work as nearly abreast as possible, the sides
between the completed arch and the heading are broken into
at several points at once, and the side walls and arch built in
detached portions as the material is thus excavated. In doing
this, the arch—which, as Mr. Storrow states, is of stone at the
north or Modane end of the tunnel, and of brick at the Bar-
donneche or south end—is first turned and packed under the
natural roof; being supported, while this is being done, byheavy timber posts and sills (the latter in short lengths, easily
removed afterwards) resting against the sides of the tunnel,
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and afterwards underpinned by the stone walls built in sections
between the posts, which are one by one removed, and their
places filled with the remaining masonry of the side walls.
This mode of building the arch first, and its abutments after-
wards, was new to me ; but I could readily understand the
reasons of it under the circumstances of this particular work,
which made it necessary to secure the roof at the earliest pos-
sible moment. I found that, in general, the mode of proceed-
ing with the work differed scarcely at all, in most respects,
from that practised five years since, and so well described by
Mr. Storrow, whose report may therefore t>e still referred to
for information upon the principal particulars. The part of
his paper devoted to the subject of the machine-drills is of
great interest in itself, but of less practical importance now
that the system has been established here, and with a machine
and mode of supplying the power to propel it which arc better
adapted to the Iloosac Tunnel than would be those employed
at Mont Cenis. While we are indebted to M. Soihmeiller for
originating the manner of driving such machines by com-
pressed air, and doubtless also for other important suggestions
as to their principal features, the ingenuity and practical skill
of our own engineers and mechanics have wrought them into
a shape which better suits our more limited capital, so neces-
sary to be husbanded by every proper means to promote econ-
omy of working. I was informed by Signor Massa that it
required fifty machines to keep nine in constant operation at
each face of the heading, making one hundred machines at
both ends of the tunnel to maintain eighteen in uninterrupted
action, or at the rate of more than five to one ; while, at the
Hoosac Tunnel, the same number of nine is kept going with
less than twice that number on hand. It, indeed, may well be
doubted whether there is true economy in so limited a number,
which is made to answer the purpose only by incessant labor
and watchfulness, and by running the machines under great
disadvantages, when they should by rights be in the shop under
repair. This is nothing more than the application of the old
adage of a “ stitch in time,” &c. ; and, in this view, the differ-
ence between the expense of maintaining the same number at
work may be much nearer equality here and at Mont Cenis
than would appear from the much larger stock on hand at that
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place. The machine of M. Sommeiller was shown to me in
the Turin office, and its mode of action explained without
reserve. It is a beautiful and ingenious apparatus, occupying
more space, however, and with a greater number of principal
parts, than the Burleigh drill, and upwards of one hundred
pounds heavier. Under the circumstances, I did not feel it to
be necessary to pursue a closer examination into its compara-
tive merits; satisfied, as I was, that we had here a machine
better adapted to our purposes, and with prospects of still fur-
ther improvement in the future, by the untiring ingenuity and
energy of our mechanics.

As one of the points of comparison between the Mont Cenis
and the Hoosac Tunnels is the mode of conducting the work,
whether by the State direct or by contract, as I have so strongly
recommended for the Hoosac, I would remark here that the
unparalleled magnitude of the Mont Cenis enterprise made it
of necessity a state work of Sardinia at first, and that the sub-
sequent introduction of France as a partner to it before it had
progressed far, made it advisable to continue the same system,
looking to the peculiar relations between the two govern-
ments. The difference between the two cases is sufficiently
apparent.

After all, the most important object of my visit was to
ascertain at headquarters the real progress of this great work,
and this I am enabled to present in detail by means of the
tabular statement kindly given me by Signor Massa, and which
I append below as translated and copied from the original in my
possession. From this interesting exhibit, it will be seen to
what rapid and regular advance the work has arrived from
slow and discouraging beginnings, and the moral effect of such
improvement there cannot but be encouraging to the friends of
the Hoosac enterprise here. The relative speed with hand and
machine labor will he noticed with interest. Leaving out the
yeai 1857, during which tunnelling was barely commenced by
hand, and also omitting the year 1861, when machine drilling
was experimentally begun, and taking the average of hand work
at the Bardonneche or south end, at which the best progress has
been made all along with both kinds of labor, wo find that thetotal advance for the three years 1858, ’59 and ’6O by hand was
2,290 feet linear, and the total by machinery for 1862, ’63 and
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’64 was 4,684 feet linear, or more than twice as much ; while in
the three following years of 1865, ’66 and ’67, (estimating the
rate for the last three months of this year at the rate of the
first nine months, the accounts at the time of my visit, October
13th, being made up to September 30th only,) the total linear
progress was 8,116 feet. As there is no suspension of work
on Sunday, and but six holidays allowed in the year, the num-
ber of days’ work made each year is 359, and for the period of
three years, 1,077 ; which gives for this one face an average of
2.126 feet per day by hand labor, and by machine labor, 4.349
feet per day for the first period, and 7.536 feet per day for the
second period of three years. These results are certainly of
the most encouraging character, and should inspire the utmost
confidence in the rapid future progress of the Hoosac Tunnel
under a judicious system of management.

The total length of the Mont Oenis Tunnel when completed
will be 12,220 metres or 40,106 feet or miles, of which
7,532 metres or 24,721 feet or miles was completed on
the Ist of October last, and there then remained at that date
4,688 metres or 15,385 feet or 2T

9 Jff3T miles to finish the whole
work. From this wo must take the work done since September
30th and up to the present time, say to the end of the year.
I have no account of this, but as in the nine months of the
year to October Ist there had been completed metres
at an increasing speed, as will be seen on consulting the table,
there should be 400 metres (in round numbers) done since,
and this would make 7,932 metres or 26,033 feet, (a few more
than the total length of the Hoosac Tunnel, which is 25,025
as now established,) and leaving 14,073 feet to be done, or 2|
miles. This does not include the two curved portions of the
tunnel, which must be substituted for about a quarter of a mile
of straight tunnel at each end in order to give the line its
proper direction along the steep slopes of the mountain, so as
to connect properly with the railway by which the route over
the Alps at this point will be established, and which will present
features of boldness and expensiveness only second to the
great tunnel itself. In this respect the Hoosac Tunnel will be
much better situated, approached as it is on either side by easy
grades and a line of cheap construction. To those skeptics
who proclaim, and in many cases honestly, that the Hoosac
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Tunnel—a little less than five miles in length, and with two
principal shafts to hasten its progress—cannot be finished
(if at all) in less than twenty years from now, the fact that the
completed part of the Mont Cenis Tunnel without shafts has
now reached a little beyond the whole length of the Hoosac,
and that it has accomplished this in nine years, should he
sufficiently convincing to inspire them with more faith in the
future of this work.

In crossing the Savoy Alps to Turin by diligence upon the
great carriage road of Napoleon the First, I had the best of
opportunity of observing the railway which has been laid by an
English company, chiefly on the outer margin of that road, of
which the abrupt curvatures (as short as 120 feet radius) and
steep gradient (as high as 1 foot in 14) it follows in most cases,
ocasionally diverging where the bends were too sudden, or the
ascent was too rapid. But for a derangement which occurred
on the day of my passage of the mountain, in the machinery of
the peculiar locomotive designed to traverse this novel railway,
I should have crossed upon the railway itself,, as I had letters
of introduction to the chief engineer, Mr. Brunlees, and his
resident assistant. The road is one of very clever construction
and much interest, and it is believed may be successfully
worked as a temporary mode of passing the mountain, although
travellers will at first be chary of trusting themselves so long
upon the edge of a precipice, even with the guard-rail in the
middle of the track, which is to be gripped by the horizontal
driving wheels of the engine, and by corresponding rollers
upon the cars, so as to make a run off next to impossible.
The work has been very costly, requiring several deep cuts and
embankments, and some short tunnels, with much heavy
masonry at points, and protection from avalanches by arches of
stone or strong frames of timber, covered with corrugated sheet
iron in arch form. The experiment of conveying passengers
and freight by this improved mode over this famous Alpine
pass is probably now in full operation, and that it may fully
succeed must be devoutly wished by every traveller who has
been imprisoned for ten long hours in the vehicle miscalled a
“diligence,” and has watched the unsightly carts, with their
three or four mules, by which goods of all kinds are laboriously
freighted between Franco and Italy, and which the good old
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Conestoga wagon of Pennsylvania, with its noble six-horse
team, of thirty years back, upon the turnpike over the Alle-
ghanies, would have put to shame.

Whatever may be the success of this attempt to facilitate
travel and trade over Mont Cenis, the permanent railway itself,
so far as depends on the tunnel, will be ready to supersede it
in less than three years from this ; for it will be seen that the
progress of the two faces for the year just ending will have
been (estimating as above for the last quarter,) 5,242 feet, or
within a fraction of one mile, being an average of half that
distance of each face.

Before leaving Turin, I addressed a note of inquiry to Signor
Massa upon some matters of detail, and asking for a copy of
one or two of the diagrams exhibiting the mode of conducting
the heading and enlargement, and also specimens of the rock
found in the tunnel, with such photographic views of the exte-
rior works as might have been taken. I have not yet received
what I requested, but presume I shall be favored with it in
due time, and if so, will of course communicate it to your
Excellency.

Meanwhile, I have the honor to be,
Most respectfully, your obedient servant,

BENJ. H. LATROBE,
Consulting Engineer.
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Analysis of Expenses for the Tears 1866 and 1867.

1800. 1807. Difference,

1 Deerfield Dam, . . . $127,982 80 $127,666 65 $316 15
2 Race, or Canal, . . . 23,417 54 23,527 49 109 95
3 Excav’s & mas’y East end of

Dam, .... 12,802 46 12,802 46
4 Wheelpits and House,. . 70,723 23 71,790 73 1,067 50

9,988 265 Gates and overflow, . . 9,986 26

Total Dam & appurten’ces, $244,912 29 $245,773 59 | $B6l 30
6 East end heading, . . $103,731 45 $188,955 16 $85,223 71
7 j enlargement, . 80,317 10 95,725 90 1 15,408 80

17,710 90 i 151 508 I liead’g enlargem’t, 17,559 46
9 1 Central Shaft, .

. . 144,423 75 202,037 50 ! 57,013 75
271,151 48 i 92,109 79
393,897 99 , 145,997 24
30,951 88 | 737 11
12,323 57 | 296 74

39,838 68 173 45

10 West “ 179,041 69
11 West approach, . .

. 247,900 75
12 ■ Building East end, .

. 31,688 99
18 Central Shaft, . 12,026 83
14 j West end & Shaft, 40,010 13
15 | General account, .

9,537 37 9,686 56 ! 140 19
10,820 93 I16 j Machinery Deerfield Dam, . 10,820 93

11 j East end, . . 87,032 38 128,340 61 I 41,308 23
56,890 95 5,526 94IS | Central Shaft, . 51,364 01

19 I West “
. 57,111 938 33 15,828 CO

-0 West end, . . 539 89 576 81 36 95
63,971 53 1,370 77
19,812 81 2,329 60

95,759 36 | 10,918 88

21 j Generalaccount, 62,600 76
22 Land and Right of Way, . 17,513 21
23 Engineering Superintend’ce, 84,840 48

Totals and Differences, . $1,482,973 20 $1,957,192 63 i $474,219 43

Where the column of differences shows a less total expenditure in 1867than in 1866, as in the Ist, 12th and 14th of the above items, there have been(it is presumed) credits for articles sold.
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Table [A.] of the Monthly Progress made from each end in the Tears 1866 and 1867.

PROGRESS MADE. TOTAL PROGRESS FROM BOTH
“

ENDS.
YEARS. Bakdonnbcue. Modane.

Totals Totals Totals
Monthly. Quarterly. in English ft. Monthly. Quarterly. in English ft. Monthly. Quarterly. in English ft.

Total advance to Jan. 1,1866, . . . 10,133.37 .... 7,292.77 .... 17,426.14

'January, . . . 208.39') 72.201 280.591
February, . . . 204.13 I 637.321 50.70 [ 184.10 T 254.83 j> 821.42

March 224.80 j I 61.20 j 280.00 j
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t

Hon. Alyaii Crocker, Sapt. IJoosac Tunnel.

Dear Sir ; Below please find a brief statement of the increase of
water in west shaft since November Ist, 1866, together with other facts
in regard to the pumps used there, etc.

On November Ist, 1866, we were pumping from the west shaft about
90 gallons of water per minute, with one 8-inch plunger pump, 5
feet stroke.

November 27th, we struck a vein of about 23 gallons per minute, by
which Increase we were obliged, on the 29th, to stop work in the head-
ing and prepare for putting in a 10-inch plunger.

December Bth, changed the 8 to a 10-inch plunger. This lowered
the water so much that on the 12th of December we again com-
menced work in the east heading ; but on the 14th we struck another
larger stream, of 100 gallons per minute, which, with several smaller
streams that we had passed, increased the water so much that we

were again forced to stop. At this time there was about 250 gallons
per minute running into the shaft, and capacity of pumps only 225 gal-
lons per minute.

January 19th, 1867, we started the first (No. 9) Knowles pump.
The \vater at this time was just level with the roof of the Tunnel.

January 26th, 1867, the water was all out of the shaft, and on the

18th of February we commenced enlarging near the supplementary
shaft, to make room for a boiler and pump at that point.

April 15th, commenced driving west heading, which we worked until
April 27th. During this time we advanced far enough to render the
pumps and machinery safe from any injury from the blasting.

May 28th, had the boiler and the No. 10£ Knowles pump in their
places, and started them. The water at this time had increased (by
driving the west heading,) to about 350 gallons per minute.

June 10th, commenced work in the'west heading, and on the 15th
in the east heading. From this time jhe water gradually increased in
the shaft until about the 20th of September when we struck a larger
spring in the west heading. Soon after this we cut a ditch, to drain
the water from the swamp directly. over the west heading, which

REPORT OE RESIDENT ENGINEER.
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seemed for a time to lessen the water in the shaft very materially, but
in advancing the headings the water again gradually increased until
November 15th, when the water running into the shaft had come so
near the capacity of the pumps we thought it expedient to stop the west
heading until the new mining pump could be got in place.

November 22d, we struck a large spring or pocket in the east head-
ing, which caused the water to gain so rapidly on the pumps that the
east heading was at once stopped, and another No. 9 pump procured
from Messrs. Knowles & Sibley, which was got in place at the foot of
the west shaft, and started on the 28th of November.

During tbe time we were putting in this pump the water gained so
rapidly upon the pumps that we were obliged to build a dike around
the fire in the shaft to keep it from being quenched by the water.
With the addition of this pump the water was soon lowered so much
that we were able to put up the frame for the new raining pump (which
reached here December 19th,) and January 4th, 1868, we had it in
place, and started it at 5 o’clock, P. M. For three or four days we had
some trouble from the joints in the water-pipes not being properly
packed, but we have had them all repacked and the pump is now work-
ing satisfactorily.

On the morning of the 9th of January the water was all out and
preparations were being made to get another boiler down the shaft, as
the one now there has been found of insufficient power to drive all the
pumps to their full capacity. There must have been about 1,000 gallons
of water running into the shaft on the 22d of November, but since then
it has decreased until at present there is not more than seven or eight
hundred gallons per minute in the shaft. This decrease is probably
due in part to the surface of the ground becoming frozen, and prevent-
ing the surface water from leaking through,' and in part from the pock-
ets or deposits in the mountain running out. The spring in the east
heading has nearly dried up, and the water in the west heading has
sensibly decreased. There are strong reasons to believe that we will
meet with but little more water in going west. Early in the fall well
No. 3 was drained from the west end. The water in well No. 4 was
lowered, which shows that we have reached within draining distance
fiom the west shaft. This would leave only 789 feet undrained between
the west end and west shaft.

A large spring, about 600 or 800 feet north of the west heading has
been dried up lately, evidently from west shaft. These events would
indicate that we have the country between west end and west shaft
pretty well drained. I trust with our present capacity of pumps, and
the prospect of striking but little more water, that we will be able to
push the adit between west shaft and west end to an early completion.
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As regards the economy of using the present mining pump as com-
pared with the Cornish pump, suggested by Mr. Doane, I would say,
were the pumping to be kept up for a long term of years the Cornish
pump might be preferable, as it would work so slowly that the wear would
be very slight; still I would have some doubts about it even in that case.

There is a large amount of complicated machinery connected with it
which would require constant care.

/

The power is a long way from the
pump, and is transmitted by a long rod, while with the steam mining
pump the power and pump are together, and all parts so simple that
they can be easily taken care of, and the fires kept up by one man, and
he an ordinary mechanic. The two Cornish pumps advised by Mr.
Doane were estimated by him to cost fifty thousand dollars. Other
experienced men have estimated them to cost sixty thousand dollars-
Call it fifty-five thousand dollars, as an intermediate price. This was
to include building, boilers, setting up the pump, etc.

The total amount of cost for the Knowles pumps, pipes, setting up
pumps, etc., has been about eleven thousand dollars, or one-fifth the
cost of the Cornish pumps. This includes one mining plunger pump
of 1,000 gallons capacity, and two small steam pumps of 250 gallons
each, or a total capacity of 1,500 gallons per minute. They can be
safely run at 1,200 gallons per minute. Besides the above pumps we
have in place one No. 10J- Knowles pump, borrowed from Messrs.
Knowles & Sibley, of 500 gallons capacity, which can be run at 350
gallons with safety.

This pump they will leave with us as long as we may want, and
it can be used in case we have more water than the other pumps
can discharge, or in case any of them should break.

The two Cornish pumps together give 137f*ff gallons at each stroke.
I learn from experienced men upon this matter, that the average speed
is about three strokes; call them to make five strokes each per minute,
the two will give 689\ gallons per minute, or gallons per minute
less than our present pumps, or 860| gallons less, by including the
Knowles No. lOi.

You will see that we have more than double the capacity at one-fifth
the cost, and have simple pumps which can be run by any intelligent
engineman.

As regards the cost of running the two pumps, I can only say that it
will take less men to run the present pumps, than it would the Cornish,
and I am unable to see why it should take more power, and it is my
opinion that there would be very little difference.

I feel very confident, that within the present year, we will have com-
pleted the adit from west end to west shaft, when we will have no fur-
ther use for pumps at this point.
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Under such circumstances, I think it would have been very unwise to
have bought pumps that cost from fifty to sixty thousand dollars, and
those of insufficient capacity to remove the amount of water which we
already have, when for one-fifth of the cost we have pumps of more
than double the capacity, and which, with a trifling expense, can be
increased to such a capacity as the occasion may require.

There was no work in the east heading west shaft from December 14,
1866, to June 15, 1867, on account of water; and since then we have

been stopped several times to increase the capacity of the pumps to meet
increase of water, which has been, during the past year, from 90 to 1,000
gallons per minute. .

The heading has been driven full width, and on top, thus avoiding all
trimming hereafter, while the amount removed per lineal foot has been
greatly increased.

There has been the same trouble in the west heading in regard to
water, only to a greater extent.

The grade descending towards the west, causes the water to run into
that heading. Therefore, if the pumps were stopped, even for a few
minutes, the water running in caused a suspension of the work, which
lasted sometimes but a few hours, and at others for several days. All
of which I respectfully submit.

Very truly yours,

(Signed,) W. P. GRANGER,
Resident Engineer.

North Adams, January 13, 18
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Fall River, December 23, 1867.
Alvah Crocker, Esq.:—

Dear Sir,—Since I was at the Tunnel, I have reviewed the notes then
taken, and I have not changed my mind about your works. I will say
that previous to ray visiting the Tunnel, my views were that it tvas not
practicable to place steam pumps in the Tunnel, but when I came to
examine the engineer’s record, and to see the results of what you have
done, I concluded that you could not have done better than you have
done in placing the pumps and boiler in the Tunnel.

I find that the pumps at the west shaft are discharging 1,000 gallons
per minute, quite up to the capacity of the pumps and boiler. I would
recommend you to have another 1,000 gallon pump at once, and a

boiler for the same, or three boilers for two pumps.
The notes that I made when at the Tunnel, give for steam pump and

boiler, to discharge 1,000 gallons, a cost of $5,000. The drawings that
I examined at the office for a Cornish pump, to discharge 1,000 gallons,
represent a cost of $50,000.

The steam pump can be put at work within three weeks’ time. The
Cornish pump will take four months’ time to put it in working order.

I have not changed my mind about the central shaft, since I saw you.
Our conclusions were to have the saw-mill placed away from the shaft
building.

To have the old engine do the pumping, and compress air for the
drilling machines, and for ventilation.

To have a new engine for hoisting, and to have the boiler placed north
of the shaft building.

In looking over the plans for the building, I cannot see how the new
building can be of less size, and have it answer the purpose. There
are some parts which I called Mr. Granger’s attention to, which can be
changed for the better in the construction of the new' building.

Very respectfully yours, JOSIAH BROWN.

LETTER FROM JOSIAH BROWN.
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West Shaft, Hoosac Tunnel, Jan. 11, 1868.

To Hon. Alvah Crocker, Superintendent of Hoosac Tunnel.

Sir ;—I avail myself of permission to report progress of the arrange-
ments to introduce nitro-glycerine for the purpose of blasting in the
Hoosac Tunnel, subject to the conditions imposed by you, at an interview-
held in the engineers’ office during the latter part of October, 1867.
These conditions were:

First. To conduct the operations with a strict regard to the safety of
the miner, and to avoid all risks that might endanger the property of
the State, connected with the Tunnel.

Second. The outlay of capital for the necessary works to be defrayed
at my own cost and expense.

Third. That the nitro-glycerine should be supplied at current
market rates, freight added, the State of Massachusetts furnishing a
convenient site for the buildings, compressed air, and a supply of water,
free of cost, and to give the subscriber a preference, in consideration of
his erecting the works adjacent to the Tunnel.

The reasons that led to this arrangement were, that as the rock
found in excavating the Tunnel was exceedingly tough, any increased
progress or lineal advance per month, without any increased expenditure,
in other words, diminished cost per lineal foot, and quickened advance,
seemed possible only by the use of a more effective explosive agent
than gunpowder; that in nitro-glycerine this greater power existed,
and therefore its use was desirable; the problem being convenience of
supply, guarding against the possibility of accident, by planning carefully
every detail in its use, rigidly enforcing every precaution, a failure in
any of these points involving pecuniary loss in outlay for the works, by
the party undertaking its supply, and superintending its use in the
Tunnel.

Agreeing with you in the propriety of these views, I commenced
operations on the 30th October. During the past two months a con-
venient two-story factory has been erected, and the necessary apparatus
set up therein, about 1,000 feet south of the west shaft; within twenty

REPORT OF THE OPERATIVE CHEMIST.
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feet of this factory, a small dwelling for myself and an experienced
assistant, and about 500 feet farther south, on the extreme line of land
owned by the State, a magazine for storing nitro-glycerine, has been
constructed. Inclement weather somewhat retarded these operations;
nevertheless, the crude articles used in the manufacture, and every
appliance to render the labor of making a “chemically pure” nitro-
glycerine, without danger to those engaged in its manufacture, were
completed, and in good wording order on the 31st December.

The assistance rendered me by the gentlemen superintending the
various departments of the tunnel work, materially contributed to this
result, and I gratefully acknowledge their uniform courtesy and prompti-
tude in fowarding my undertaking. Your own constant attendance at
the engineers’ office, permitted me almost daily to submit my plans,
which therefore met with no delay in being subjected to the scrutiny of
the engineer in charge, who as promptly reported on them.

On the 2d January, 1868, I moved up to the works, and on the
following day, tested the apparatus by manufacturing, and although
somewhat delayed by the necessity of drying the plastering in the
magazine, and introducing suitable heating apparatus to maintain a

moderate temperature during this inclement season, (a neglect of which
precaution remotely led to the Bergen accident,) yet to-day, we have a
supply of nitro-glycerine, properly and safely stored, ready for use.
Samples of this have been duly tested for its explosive force, by the
engineer in charge and his assistant, giving satisfaction as to its tre-
mendous power, and facility of explosion, with the ordinary fuse and
exploder. You may therefore rely on a regular supply as needed, and
I submit that a month’s consumption be kept on hand, in order that it
may free itself from adherent water, which, except other means be used
to free it, does not separate for about ten days. Freed from this
obstinately adhering moisture, it is safer and more effective for blasting
purposes.

As respects its application to blasting, during the ensuing week the
conducting wires will be laid to the east heading, (west shaft) and in
order to maintain the electrical machine in working order, I have
arranged that the act necessary to firing a blast, shall be performed in
the time-keeper’s office, where the air is dry and therefore favorable to
exciting the charge of electricity, but the control, and the means to

signal for a discharge, will be in the Tunnel at a safe distance from the
heading. By this arrangement, although requiring more conducting
wire, the incessant repairs to a costly and delicate instrument, and
disappointment and delay attending misfires will be avoided, and the
drillers will be detained from their labor at each discharge for a less
period of time.

[JanHOO3AC TUNNEL.
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The order of charging and firing, is as follows: when the drill-holes
have been completed, (say every four hours,) signal is made, for the
cartridges, which are only then taken into the Tunnel, (the nitro-glyc-
erine in its containing cartridge in one vessel, the exploders with prim-
ing and connecting wires attached, in another separate vessel.) On
arrival at the heading, the miners are dismissed to a safe distance,
the drill-holes are then gauged, to be assured they will receive the
cartridges; now, and for the first time the exploders are attached to the
nitro-glycerine cartridges, and immediately passed into the drill-holes;
these latter are plugged with a bung, perforated to allow the delicate
connecting wires to pass, (thus avoiding cutting the insulation, against
the rock, and confining the flame;) connection is made beginning with
the return wire to the cartridges, consecutively, and on to the conducting
wire.

The operator now retires from the heading some 300 feet towards the
shaft, where a simple but important apparatus, or break is arranged ;

he then and there connects his return wire and his conducting wire, to
two similar wires that lead up to the electrical machine above ground;
signal is given for the electrical discharge, which duty is performed in
the dry warm room before referred to, and the explosions take place
instantaneously.

The above modification is a necessity to avoid the damaging influence
of the moisture in the Tunnel, so disturbing in its effect on the machine.
I have only to add, that we have under way apparatus for coating and
re-covering damaged insulating wires ; an improvement to insure perfect
explosion of the nitro-glycerine; the manufacture of Abel’s priming
for fuse, the formula having been published by the inventor; matters of
comparatively minor importance, but where so many blasts are daily
occurring, involving considerable saving in cost and express charges,
and securing a better article when made by the individual for his own
actual use, than when made simply for sale, all tending to greater safety
and certainty in firing the blasts, ameliorations that have already been
submitted to and approved by your engineer in charge, who will doubt-
less speedily report the actual results of blasting operations.

Respectfully,
GEO. M. MOWBRAY,

Operative Chemist.
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March 18 th. Premature discharge while tamping a gun cotton blast
Mr. Doane, before leaving, had ordered Mr. Hill to use the article,

without the knowledge of the Commissioners, Mr. Crocker being
engaged between the sth and 18th upon the pumps at the west shaft.

By this accident, Mr. Key was killed, and Patrick Buckley and
James Burke badly hurt.

April sth. Fred Twombley was killed at the west shaft by the
falling of a drill ; a most worthy and industrious man.

August 11th. The contractors lost two men, Dunn and Tower, who
fell from the lower scaffolding at the central shaft, 125 feet, and were
killed.

Fire at the Central Shaft.
At about half past one o’clock, in the afternoon of October 19tb, as

E. R. Peet and George Goodwin were going into the small room which
contained the gasometer, or machine for the manufacture of naptha gas,
the gas suddenly ignited from the lantern in the hands of Mr. Peet,
and a most disastrous conflagration ensued. The retort had by mistake
been allowed to run full from the reservoir of some eight barrels of
naptha, which had that day been emptied into the tank, situated about
one hundred feet from the shaft building, and connected with the retort
by pipes. Mr. Goodwin had discovered a short time before that the
retort was too full, and they were about to draw off a part of the naptha
when the accident occurred. The thirteen men in the shaft had just
gone down after a blast, and three others ■were about to descend, when
the alarm was given. The gas apparatus being situated directly under
the engine-room, the' fire immediately drove the engine-man from his
post, and rescue became impossible. The fire spread with great
rapidity and destroyed the shaft building, machine shop, blacksmith
shop, office, saw-mill, wood-shed, together with a large amount of
material and machinery, including about 500 cords of wood and 35,000
feet of lumber; making a total loss of at least $40,000. The use of
naptha gas had been discontinued by the Commonwealth some six
months previous, and just again been resumed by the contractors.

ACCIDENTS—CASUALTIES.
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Troy and Greenfield Eailroad.

Greenfield, December 18, 18G7.

To the Commissioners of the Troy and Greenfield Railroad and Hoosac
Tunnel, James M. Shdte, Alvah Crocker, and Charles Hudson,
is respectfully submitted my Report of the progress of the work upon
the Troy and Greenfield Railroad since the date of the contract for
completing the same.

In your last annual report you allude to the fact that a contract was
made on the Bth day of October, 18GG, for the completion of the railroad
from Greenfield to its terminus near the Hoosac Tunnel.

Work was commenced by the contractor, Mr. 15. N. Farren, on the
line between Greenfield and Shelburne Falls, on the 20th day of
October, 1866; and beyond Shelburne Falls about April 1, 1867.

From the commencement of the work to the present lime, it has been
pushed forward with a marked degree of vigor and perseverance, employ-
ing constantly from two to four hundred men, and since last July a loco-
motive and train of cars, to facilitate the progress of the work.

The First Division, —extending from the junction with the Vermont
and Massachusetts Railroad near Greenfield, to Shelburne Falls, a dis-
tance of 13 miles, and embracing the heaviest and most difficult
work on the line, has been completed,—with the exception of widening
some of the embankments, to comply with the specifications named in
the contract.

Four to five miles of track, laid by Mr. Haupt, have been taken up
and re-laid, with new ties and wrought iron chairs. Some 3,000 lineal
feet of trestle bridging have been removed, and in place thereof there
has been constructed, on “Howe’:
bridging, and the remaining distance
and solid embankments.

plan,” 1,200 feet of substantial
filled with suitable stone culverts

The completion of the 13 miles
cubic yards of earth, and 6,800 cubi

requiring the removal of 345,000
yards of solid rock, the construc-

tion of 5,800 cubic yards of bank wall and culvert masonry ; of 3,400
cubic yards of arch and bridge masonry, and 2,000 cjubic yards of rip-
rap, &c., &c.

REPORT OF THE CHIEF ENGINEER
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On the Second Division, —extendingfrom Shelburne Falls to the ter-
minus near the Tunnel,—a distance of 17 miles,—the work of construc-
tion is nearly two-thirds completed.

The rails are laid two and one-half miles, and the grading is now
complete for six miles more of track. Nearly enough chairs, spikes and
ties have been delivered for the entire line to the Tunnel. The mate-
rial for bridging has all been purchased, and mostly delivered.

95,000 cubic yards of earth, and 10,000 cubic yards of solid rock
have been removed.

Bank wall and culvert masonry constructed, 3,000 cubic yards; bridge
masonry, 1,000 cubic yards; rip-rap and slope wall, 4,000 cubic yards.

With ordinary care and diligence on the part of the contractor, and
suitable and seasonable provisions on the part of the Commissioners for
the erection of further necessary depot buildings at different points on

the line, I can see no reason why the road will not be completed and
ready for use to the Tunnel by the 15th day of next July.

Alignment.

The line as adopted follows substantially the location made by Mr.
Haupt, in 1860, with such improvements in the number and the radii
of the curves, as the nature of the country, and the condition of the con-
tract would warrant.

On the First Division, there are seven less curves and 95 degrees
less of curvature than on the former location. Thirty different curves
have been improved by increasing the radii; some of them slightly,
others more than one-half, to wit: Nine curves of less radii than 1,000
feet have been improved by increasing them to 1,432 feet, and more.

On the former location, there were 39 curves with less radii than
1,000 feet. On the present location there are only 14.

The same policy has been pursued on the Second Division; and of
thirty-seven curves of radii, of 955 feet and under, twr enty-four of them
have been enlarged to radii of 1,000 feet and over.

The maximum grade ascending west is 58.45 feet per mile for one
and a half miles from Greenfield. Beyond that point, the grade no

where exceeds 50 feet per mile.
The grades descending west, have been reduced from a maximum of

39.60 to 31.60 feet per mile. Elevation above tide at the junction near
Greenfield, 183 feet. At the eastern portal of the Tunnel, 768 feet.
Total descent going west, 122 feet, distributed in 12 distinct grades.

Gradients.
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Total rise and fall in 30 miles, 707 feet, or an average of 23.56 per
mile.

* Notwithstanding the great amount of curvature on the first 13
miles from Greenfield, it will be found that combining the curvature
with the moderate gradients on the entire line, that it is better adapted
to do economically a heavy freight traffic than any single track through
line, running east and west in New England.

Ample reservoirs of water, with all the necessary appurtenances for
using the same, have been provided at the eastern terminus, and at
Shelburne Falls. Also, at the same places, turn-tables of modern style
and strength.

At Stillwater, five miles from Greenfield, a small flag station has
been erected.

At Shelburne Falls there has been constructed a passenger-house
25 X 56 feet, a freight-house 30 X 100, an engine-house, 40 X 60, and
a wood-shed, 27 X 100; all complete, painted, and ready for occupancy.

The entire cost of the two turn-tables, water stations, tanks, reservoirs,
and all the buildings above named, is about $15,000.

Commodious station grounds have been secured by purchase or gift,
at Greenfield, Stillwater, and at Shelburne Falls. Contracts have been
made for sufficient depot grounds at Charlemont, Zoar, and at the west-
ern terminus near the Tunnel.

ALFEED E. FIELD,
Chief Engineer Troy and Greenfield Railroad.

Station Grounds, Buildings, etc.
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