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LIGHT-HOUSE AT NEW HAVEN HARBOR.

LETTER

FROM

THE SECRETARY OF THE TREASURY,

IN ANSWER TO

- resolution of the House of March 20, 1872, relatice to removing the light-
house at New Haven Harbor to Sou thwest Ledge.

APRIL 18, 1872 —Referred to the Committee on Comuwerce and ordered to Le printed.

TREASTRY DErARTMENT,
Washington, D. C., Appil 17, 1872,
Sir: In accordance with the resolution of the House of" Representa-
tives ot 20th March last, upon motion of ITon, S. 1V, Kelloge, I have the
honor to transmit a report of the Light-House Board relative to the ex-
pediency of removing the light-house at New Iaven Harbor, Connecti-
cut, from its present position to Southwest Ledae, together with the
papers marked A, B, C, D, B, and I covered by, and reterred to in, said
report.
I am, very respectfully,
GEO. S. BOUTWELL.
Secretary.
Hon. J. G. BLAINE,
Speaker House of LRepresentatives.

TREASURY DEPARTMENT,
OFFICE OF 1uE LiGur-Horss Bosrp,
Washington, April 16, 1872,
SIR: In answer to your letter of the 23d March, ransmitting resolu-
tion of the Mouse of Representatives relative o removing the light-house
at New Haven Harbor to Southwest Ledge, I have the honor to say thag
the board has received from the local officers of the third light-house
- district, viz, Brevet Brigadier General I. C. Woodrufl, engineer, and
Commodore J. H. Strong, inspector, letters concerning the project, of
which the inclosed are copies. Please also to find, herewith, a copy of’
a letter from General Warren, the engineer officer in charge of the
improvement, under the War Department, of the rivers and Larhors in
that district, and a chart of New Haven Harbor. It will be scer, from
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these papers that Southwest Ledge lies in the middle of the main ship-
channel into New Haven Harbor, and forms a great danger to naviga-
tion; that there are but: seven feet six inches of water on the rock at mean
low water; that the question is between a removal of the rock Ly the
War Department and the erection by the board of alight and fog-signal
to keep vessels from running upon it and other dangerous rocks in
the vicinity., The main light at the entrance is now at Five-Mile
Point, on the mainland on the east side of the harbor, and distant one
mile from and inside of Southwest Ledge. It was established in 1805,
and last refitted in 1855. 'There is no doubt but that a light in- the
channel on this ledge would serve the interests of navigation better than
the present light, and that it and a fog-signal also placed on the rock
would be of more benefit to commerce than the removal of the ledge,
since vessels could always run for the light and keep clear of all the
many dangers to navigation which, it will be observed, exist at the
entrance to New Haven Harbor. '

A light-house at Sonthwest Ledge would involve a very large expense
on account of its submarine foundation, and the strength which would
be required to resist the large fields of ice by which it would be assailed.
The expense is estimated at $117,800.

The resolution of the House of Representatives is herewith returned,
with the papers, of which the following is a list, and which it is hoped
will furnish the information desired:

‘Ist. Letter from the light-house engineer of the third district, marked

'2(1'. Letter from the light-house inspector of the third district, marked

3d. Letter from General Warren, Corps of Engineers, who is charged,
-under the War Department, with the improvement of the harbors on
Long Island Sound, marked C.

4th. Letter from the Secretary of War, in auswer to a resolution of
‘the House relaiive to the improvement of New Faven Harbor and
Housatonic River, Connecticut, dated the 12th of February, 1872, being
Executive Document No. 137, House of Representatives, Forty-second
“Congress, 2d session, marked D.

5th. Letter from the Seeretary of War, in answer to a resolution of the
House of 'March 20, relative to removing the light-honse at New Haven
Harbor, Connecticut, to Southwest Ledge, dated April 2, 1872, being
Exccutive Document No. 237, House of Representatives, Iorty-second
‘Congress, 2d session, marked E.

6th. Chart of New Haven Harbor, marked T.

Very respectfully,
JOSEPH IIENRY,
Chairman.
Hon.'GEORGE S. BOUTWELL, . .
Secretary of the Treasury.

A.

Orrice or LigaT-Houskt ENGINEER Tnirp DisTRICT,
- Tompkinsville, Staten Island, N. Y., April 9, 1872.
*Sir: Tn obedienco to your instrnctions of the 25th ultimo, relative to the proposed
‘transfer of the'New Iaven Harbor light from its present position to Southwest Ledge,
near the entrance of the harbor, a resolution of inquiry having heen introduced into
“he House of \Representatives by the Hon. Mr. Kellogg as to its advisability, a copy
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of which accompanies your lettor of instructions, I beg leave to sulmit the following
report :

'Il,‘he numerous ledges and isolated rocks at the entrance of this harbor render the ap-
proach thereto hazardous, and no system of range-lights conld be devised to serve the
purpose of marking cach ledge or the chamel-ways between them, The removal of the
ledgo, also alluded to in your letter of instructions as an alternative, would he attend-
ed with excessive cost, an estimate for which would be vaguoe at the best, and the re-
moval of other ledges and rocks would be equally necessary. -

The only offectual and cconomical remedy would scem to be to erect a light on South-
west Ledgé, the most prominent ledge in the channel-way,and to discontinue the pres-
ent light.

Tlmafog-be]l atb the present station does not fulfill its purposes as a reliable guide for
entering, owing to its feebleness and its distance from the dangers. If it were placed
on tho Southwest Ledge, vessels could shape their course toward the signal and the
harbor e made with certainty.

General G. K. Warren, Corps of Engineors, who has made, under the order of the
Chief of Engineers, minute surveys at the entrance of the harbor with the view te
its improvement, has kindly, on my application for them, farnished tracings of the en-
trance, showing the loeation of the ledges and contour of the Southwest Ledgo ; the
latter is indispensable, as, without the information supplied thereby, it would bo im-
possible to submit so promptly an accarate estimate of the cost of a suitable strnctnrs
upon the ledge called for in yonr letter of instructions.

I beg leave to acknowledge hercin the valuable assistance rondered me by General
Warren by this contribution of the results of his surveys.

After o study of this subject, I am of the opinjon that it is practicable to evect o )
Southwest Ledgoe  solid piece of granite, fifty feet in diametor, in an average depth of
ten fect at mean low water. The entire height of the pier is proposed to be twenty-nine
feet; surmounting the pior, a dwelling for keeper and assistant keeper, three stories in
height, tower and lantern over dwelling. The focal plane of the light may be fixed
at sixty-two feet above mean low water.

The lens of fourth order now in use at Now Haven light is quito adequate for the
locality, as the adjacent lights on Faulkner's Island and Stratford Points are distant
about twelve miles on either sido. A fog-signal of proper power shonld be adopted.
The estimated cost of a strncture of the kind deseribed is, taking the bids for Race
Rock light-house as a basis, $117,800. )

I transmit herowith copies of the tracings of the entrance of the harbor, and of the
contour of Southwest Ledge, which were furnished by General Warren, and a tracing
of the proposed light-house on the ledge in clevation only.

Very respectfully, your obedient servaut,
I. C. WOODRUI'F,
Licuicnant Coloncl of Engincers, Engineer Thivd Light-1Tonse District.
Prof. Josurnt Huxry, LL. D., ‘
Chairman Light-House Board.

B.

Orrice or Ligur-1Tousr InspecTor Timp DISTRICT,
No, 16 Broadway, New -York, JApril 8, 1372.

Str: In compliance with instrnctions of the bodrd, dated 25th ultimo, directing me
to investigato and report as to the advisability of transferring the New Haven Ilarbor
light to tho southwest ledge, so called, near the entrance to snid harbor, I visited, on
the 2d instant, the present light-house and the Southwest Ledge, or site of the proposed
transfer ; and from personal observation, embracing, as I think, all the circustunces
affecting tho case, I have reached these conclusions—

1. At tho first establishment of a light to guide into New Havon Harbor the South-
l\lvest Ledge would have heen a preferrable locagion to the site of the present light-

ouse. \

2. The transfer of the light would involve the necessity of building a new light-
louse, and all the necessary adjuncts; in a word, to trusfer means the crection of a
new station, and the extinction of the old one, - :

3. The estimated cost of building a light-statign for ghe exhibition of a fonrth-order
light on the so-called Southwest Ledge, where thd hottdin is ol rock, 8 feet of water at
low tide, and o rise and fall of from 4 to 5 feet, isj$117,800.

The question of probabls cost being one for thd consifleratign of the ongineer of the
districs, I submitted it to Goneral Woodruff, whd furnjphed njo with the figures given,
his estimato being as follows, viz, §117,800.
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& light on the Southwest Ledge would be a better guide for vessels in the sonund, and
for entering the harbor, for small craft, using at night the passages cast of the ledge,
and would extend the range of the fog-signal.

" Against these advantages is the heavy expense of the undertaking, which is n matter
for the consideration of the board, to whom I respectfully submit it.
I have the honor to be, sir, your obedient servant,
' : J. H. STRONG,

Commodore U. 8. N., Light-House Inspector 3@ District.

- Professor Josepn Hexny, LLD.,
Chairman Light-House Board, Washington, D. C.

C.

ENGINEER OFFICE, UNITED STATES ARMY,
Newport, Rhode Island, March 27, 1872,

Sir: I have the honor to submit the following report in regard to the expediency of
removing the light-house at the entrance to Now Haven Harbor, Connecticut from its
present position to Southiwest Ledgo.

I would recommend that the change be made for the following reasons:

1. In approaching the harbor from the eastward tho Jight is not visible until nearly
abreast of it, being shut out by woods. In coming from the westward the light is so
sititated as to render its position very deceptive, making it appear nearer than it really
is ; many vessels ground on the west shore flats from this cause.

2. If the light-house was on the ledge, vessels could run for it until it was close
aboard, then haul to the northward, pass to the westward of the light, and head up the
harbor direetly for the fired red light on long wharf, thus following the line of best
water up the harbor, avoiding all rocks and shoals. ‘The light-house would also serve
us au exeellent channol-mark, by day as well as by night. In consequence of the
present position of the light, it is necessary to run by bearings and estimated distances,
thus. rendexing dangerous the entrance to the harbor.

3: The ‘woods in the vicinity of the present light-house so deaden tho sound of the
. fog-bell that in those fogs accompanied by a southerly breeze it is impossible to hear
the Lell more than 600 or 700 feet, except when directly abreast—to the westward of
the light. This wonld be obviated by placing the light-house upon the ledge, besides
thus greatly improving the entranco to the harbor itself; the position of the light on
Southwest Ledge would boe about one mile further ont in the sound, and would furnish
an excellent object for vessels passing along the sound to stcer by and correct their
position in thiek weather. New Haven Harbor is much used as alarbor of rofuge, and
should the light-house be placed on Southwest Ledge, vessels whose captains were not
acquainted with the harbor could readily find refuge.

The nearest lights are Falkland Island light, 12 miles to the eastward, and Stratford
Iight, about 12 iniles to westward. Every reason that occurs to e justiies the re-
moval of the light-house to Southwest Ledge. Five-Mile Point should bo reserved as a
gito for a fort. Southwest Ledge has now over it at mean low water 7.5 feet, and is
composed of granitic rock. The contours of the rock on n scale of 10 feet to one inch
are shown on a tracing I sent you with my report of Decomber 23, 1871. (M. Ex. Doc.
No. 137.) I return herewith the copy of the resolution sent me.

Yours, respectfully, G. K. WARREN
. K. AL,

.
Major Engincers, and Brevet Major General, U, S. A,

Brigadier General A. A. HUMPHREYS,
Chie¢f of Engincers, U. S. ., Washington, D. C.

EXGINEER OFFICE, UNITED STATES ARMY,
. Newport, Rhode Island, March 28, 1872,

Masonr: I have received your communication of the 26th in relation to the light-

Touse at New Haven Harbor. | .
-éI inclose you a copy of my report concerning it, made to the Chicf of Engincers

Yésterday. )

All the maps aro in the Chief Enginect’s office at Wasbington,

I also inclose you a printed copy of my report on New Haven Harbor, giving the cost
of removing the Southwest Ledge, and those ledges contignous to it called B and C and
Middle Rock. This cstimate i¢" given on page 3, and the amount is $38,700. This E
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consider.a low estimate. I cannot estimate the cost of the light-house, because I do
not know what kind of alight this should be, to be in harmony with the system already
established. The wateraround theledgeisabout 22 to 26 fect decp at mean low water, the
bottom being hard sand. The ledge has over it at mean low water 7.5 feet, ‘T'he arens
of the horizontal curves, at different dopths down to 17 feet, are given on page 9 of the
printed roport, in the columuns neavest the bottomn. The reck is granite.

From these data and the contour map you can readily estimate the cost of building
such a light as the place requires. I wish, however, to be clearly understood ns saying
that the greater certainty and security in entering the harbor which would result from
tho chaunging of the light from Five-Mile Point to Southwest Ledge would justify the
entire expenditure of doing it, indepondent of what might be saved in the removal of
tho ledges. These advautages are fully stated in my report to the Chief of Engineers,
of which a manuscript copy is inclosed.

Yours respectfully,
G. K. WARREN,
Major of Enginecrs, Brevet Major General U. S. Army.

i Major GEORGE H. ErLiorT, Unifed States Enginecrs,
Engineer Secretary Light-House Board, IWashingtan, D. C.

D.
NEW IIAVEN HARBOR AND HOUSATONIC RIVER.

Lettor from the Secretary of War, in answer to a resolution of the House relative o the im-
provement of New Haven Harbor and Housatonie River, Connccticut.—February 14, 1872,
referred to the Commitice on Commerce and ordered to be prinied. ’

Wan DePARTMENT, February 12, 1872,

The Seeretary of War has the honor to transmit to the House of Representatives, in
response to o resolution calling for them, reports of Major G. K. Warren, United Statos
Engineers, on the improvements of New Haven Harbor and Housatonic River, Connec-
ticut, and accompanying papers, mado since the last annual report of the Secretary of
War, and dated, respectively, December 23, 1871, and January 20, 1872. .
) WAL W. BELKNAPD,

Secretary of IWar.

Orrice or THE CHIEF OF ENGINEERS, .
, Washington, D. C., February 8, 1872.
-8ir: In compliance with the following resolution of the House of Representatives,
viz: “That the Secretary of War bo requested to transmit o this House a copy of the
reports of Geueral G. K. Warren, the engineer in chiarge of the improvements of New
Haven Harbor and Housatonic River, Counecticut, with the accompanying papers,
that have beon made to or filed in the Department since the lasst published report of
the Scerotary of War,” I beg leave to transmit copies of the roports of General Warren
33 tlég improvements referred to, dated, respectively, December 23, 1871, and January
, 1872,
The resolution is herewith returned.
Very respectfully, your obedient servant,
: A. A. HUMPHREYS,
T Brigadier General and Chicf of Enginecrs.
Hou. W. W. BELKNAP,
Secretary of War.

ExciNveer Orrick UNITED STATES ARMY,
Newport, Rhode Island, Dcecmber 23, 1871.
"GENERAL: I have the bonor to submit a report on the operations of improving the
harbor of Now Haven, Connecticut, during the scason just closed.

The condition of these works at the date of my annnal repor, Augnst 31, is given
in ‘your printed annual report of this year, pp. 85 and'768, 769, 770, 771. At that time
a large part of the necessary surveys had been made and contracts entered into for
removing the rocky ledges at the entrance and for dredging from Black Buoy No. 5 up
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to the city wharves. As then stated, the contractors were at their work and making
satisfactory progress. .

Morris & Cummings, the contractors for the dredging, commenced work on the
10th of July, and completed their contract on the 31st of October. Dnring this time
they dredged from the ehannel and removed outside of the harbor 153,718 cubic yards
of material, mostly a clayey mud. In my previons report I stated thero were but 73
feet in the channel at mean low water, but this was a mistake ; there were about 9 feeb
at mean- Jow water. The new channel was excavated so as to make 13 feet depth at
mean low water, which is the depth on the bar opposite Fort Hale, and thus vessels
i»f l:my draught that could cross this bar ean proceed dircetly to the walls without

“lightering.

The dr%dgcd channel is 200 feet wide from the 13-foot curve up to Long Wharf, a dis-
tance of 3,125 fect. There the channel makes a bend, and was widened to 350 feet up
to the caunal doek, a distance of 750 feet; there to the steamboat dock, a distance of
2,125 feet, the channel was mado 100 feet wide. The wharf-owners have since begun
to-dredge around their piers, thus still further adding facilities to commerce.

Iu my previous report I stated that I considered no more dredging was necessary,
and I wotild now qualify it Ly saying no more in this part of the harbor. But there
is a great demand for an inerease of depth over the bar at Fort Hale, so that vessels of
hoavy draught arriving there may not have to wait for the tide in order to pass ab
once into the inner harbor. Once inside of this Lar there is deep water and excellent
anchorage, which latter feature is wanting ontside of tho bar. Many persons think
that simplo dredging is all that is required to secure this increased depth on the bar,
which is composed of fine sand and has remained unchanged since the earliest surveys
were made. I cannot agree with those who think so, as I beliove thero is an almost
constant movement of this sand westward, weross the mouth of tho harbor, and that
the present depth is merely the result of an equilibrium of the action of the waves
on the one hand in moving the sand toward the shore, and the action of the tidal cur-
rent on the other, sweeping it out again. If this equilibrium is disturbed by dredging
u channel, the cut will be filled again in the same way as the drifting snows fill up a
railroad cut. But thero is this difference, that in exeavating the channel we may
increase the force of tho tidal currents so that the cut will be kopt open, and this, it
is claimed, will be the case by those advocating the dredging.

There is cuough reason in this to give dredging a trial, mid it is tho more justifiable
as there does not seem to be any otlier more promising method to pursue. The dis-
‘tance betweon the curves of 16 feet depth at mean Jow water on the outside and insido
of this bar or shoal is about 5,000 feet, and it will require an average cut 2 feet in
depth to give a draught of 16 feet over it. It is estimated that a channel 200 fect
wide would require the removal of about 75,000 cubic yards, at a cost of 35 cents per
cubic yard, amounting to §26,250. I have limited the depth to 16 feet at mean low
water, as that will affurd nearly all the benefit now wanted, and to goet a greater
depth would require a very large amount of work.

It may be that jettees along the shore to arrest tho motion of the sand may be of
service in keeping open the dredged channel, and this will be considered in the future
prosccution-of the work. The channel already dredged botween Black Buoy No. 5 and
the wharves is in no danger of silting up again.

Mr. Sullivan, the contractor for removing the submerged ledges of rock, began work
on tho 1st of August on Luddington Roek, and continued at work until September 30,
when he ceased, on nccount of the increasing inclemency of the scason. In the two
months he removed 126.8 cubic yards. He will resume work at this rock as carly next

-season as the weather will permit. There remain 695 enbic yards to be removed.

The completo survey of the rocks at the entrance, which we made the past scason,
enables us now to preseut n definite project for their removal; and this differs consid-
erably from anything herctofore reported on this subject.

The work was originally begun in 1852 and 1853 by Mr. Maillefort on Middle Rock,
hecanse it was thonght that it furnished a favorable cuse for trying his method of sur-
face-blasts. This method, however, failed, and under the contract’ the experimenter
received no pay. The approprintion of $6,000 remained nearly all unexpended until
1867, when Mr. Townsend was employed by the day to operate with lis drill and or-
dinary blasts upon it. Frowm some cause, Mr. Townsend reported much success, and
lie claimed to have removed so much of the rock as to make 14 feet of water upon it,
while before there were but 10 feet. Misled by this account, I, in 1870, employed him
to work again upon Middle Rock. I soont became dissatisfied with the progress he was
making, and began to distrust the accuracy of the statement of the success o had
before reported. A survey of the rock revealed tho fact that there wore still only 10
feet of water on the rock, the same as it was at first. This disagreeable result was
confirmed by a thorough and eareful survey made again this summner. I did not re-
sumo work upon it.

1t has been rocommended to remove not only Middle Rock, but the Southwest Ledgoe
also, and the two roeks between them, ealled 3 and C by Captain Dutton, and we have
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carefully surveyed them all. The amount of rock to come away beforo there will be
17 feet at mean low water on all these ludges just referred to is: Middle Rock, 818 cu-

.bic yards; Roek B, 141 cubic yards ; Rock C, 624 eubic yards ; Southwest Ledge, 1,964

cubic yards; all together 3,548 cubic yards, which, at $25 per yard, would cost $88,700.
Tho distance from the Southwest Ledge to Middle Rock is 1,020 ﬁ:‘ct. It;_ls thought by
mauy that the entrance to the harbor would be benefited by erecting a light-honse on
the Southwest Ledge, which has 74 feet of water on it at meau low water. In that
case it is thought that Middle Rock, and the intermediate shoal points B and C, neced
not be removed,

The principal entrance to Now Haven is not on tho side of the Southwest Ledge.
(east side) on which Middle Rock stands, but on the west side, and in the midst of
this west channel stands Luddington Rock, with a depth on it at meau low water of
about 10 feet. Vessels beating out and in the harbor-pass on both sides of it, and it is
very much in the way. I therefore directed work to be begun upon it.

In the channel oast of the Sonthwest Ledge thore is, however, a dangerous rock,
first located by our survey, but known by the fishermen ns the Big Boil. This rock
has but, 7 feot on it at mean low water, and should be removed. The amount of rock
glm\'c the 17-foot curve is about 587 cubie yards, which, at §25 per yard, would cost

14,675. )

To finish the work in the harbor, which I think it advisable to do at the present time,

(bosides the light-house for Southwest Ledge,) will require as follows:

To complete the removal of Luddington Rock, 695 cubic yards, at $25 per

L L P  teeceieceniasemmecaccca e £17,375 00
2To remove Big Boil Rock, 587 cubic yards, ab$20 .. coviooeieiannne oo 14, 675 .00

To dredge n channel 200 feet wide to a depth of 16 feet across the shoal
near Fort Hale, 75,000 cubic yards, ab 35 cents ...coov icoeeniinnanianenn 26,250 00
Tor superintendence. ..o o ooenmeeennn- S S ... 3,700 00
POt e eoee e ceceee ecmcaesencasscascesosasscanesasassansman .... 62,000 00

During the past year the expenditures have been as follows:

For surveys, making maps, and superintendence. ... .----.- emeeea s . %, 2}8 43
To Morris & Cummings, for dredging . cocaecoeoneemmar saomeeacnnneenanes £6, 150 33
To Eugene Sullivan, for work on Luddington Roek.....cccovoennne ceeeean 3,107 36

POt e e cereeenne camennsncsononenn  eeeeeeceeseasneeesecanaaeennn 36,476 12
The amount appropriated by the act approved March 3, 1871, was.... ree.- $40, 009 o
On hand ab the begiuning of the year of former appropriation....... ceeen 9,093 04

TTOBAL «e e ceeaeees aen ammmae aennennsmnman anane e sas i ans ... 49,093 04

T.eaving tho balanco of the last appropriation still unexponded, §12,616.92. .

1t therefore appears that the additional nppropriation required will be abont $50,000}

In my annual report I recommended an additional appropriation of $20,000 for theen-
suing year, but this was made without taking into consideration the improvement of
the depth on the shoal near Fort Halo. . '

Accompanying this report is a tracing from the unfinished map of t~h_o new survey,
showing the dredging done during the past season; also a tracing showing the correct
locutions of the racky ledges at the eutrance to the harbor ; algo six tracings showing
the contours of theso rocks, and one sheet of scetions of Luddington Rock; also w
report of Mr. Mann, who has had charge of the survey and superintendenco of the im-
provement, which contains much information not given in my report, amdisa valuable
record for future refefence. The map of the harbor is being prepared, and is in an
advanced stage. .

Mr. Mann bins been assisted all the time by Mr. C. R. Mather, and part of the time
by Mr. H. N. Babeock. Tho cnergy, thoroughness, and completouess of the work com-
mend these young mon to all interested in their professional pursuits, and who desire
to see a faithful exf'ci.ltiOIl of a 1pu{)lict’trust. .

er ectiu our obedient servan
Very rese Ny ’ G. K. WARREN,
Major of Iingineers and Brevet Major General, U. 8. A.

Brigadier General A. A. HUMPIIREYS, .
Chief of Engincers, Uniled States rmy, Washington, D. C.
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ENGINEER OFFICE, UNITED STATES ARMY,
Newport, Rhode Island, December 23, 1871.

GeNERAL: I have the honor to submit report of operations at New Haven Harbor,
Connccticut, during tho present year. In accordance with your instructions, I left
Nowport on March 16, accompanied by Mr. Charles R. Mather, civil engineer. Opera-
tions were commenced on March 17 by the locating of tido-gaiges at Long Whart and
Chapel Street Bridge, the gange at Chapel Street Bridge being placed on the east side
of the guard-piling of the draw-pier of the hridge; the gange at Long Wharf being
placed in a corner between the freight-house at tﬁo end of the dock and the east end of
the dock. Simultaneous tide observations were commenced at these points on March
18, being taken every ten minntes between high and low water, and every five minutes
for thirty minutes beforoe and after high and low water. These gnuges were observed
until March 31, when simultancons observations were commenced at Chapel Streot
Bridge, Long Wharf, Fort Hale, and Five-Mile Point. Tables of these observations are
annexed to this report. .At Long Wharf, Fort Hale, and Five-Mile Point, box-gauges
of the form shawa in the annexed diagram wero put up, this being rendered necessary
by the prevalenco of southwest winds, which make the water too rough for accurate
reading upon a stafi-gauge. The tide-gauge at Fort Halo was placed on the east sido
of the Chemical Works dock, and that at Five-Mile Point on the north side of a dock
belonging to W. H. Clark, esq. Observations were taken at all four ganges until April
15. On the 14th, 15th, and 17th, lovels were run to connect the planes of reference as
marked oo the different ganges, and bench-marks put in as follows, '

Bench-mark: 1 consists of a copper bolt 6 inches long, % inch diameter, and 1} inches
across, the head leaded into a large circular stone on the southeast corner of a passage-
way through the west end of Long Wharf, about 60 feet east of P. . Avery’s storeg
"The stone is level with the roddway, the bench-mark boing in the south side of the
upper face. The head of the bolt is 10.233 feet above the plane of moan low water as
determined at the tidé station at Long Wharf.

Bench-mark 2 consists of a copper bolt leaded in the northwest corner of the upper
face of the northwest stone in the second course from the top of the east abutment of
the draw-span of the Chapel Strect Bridge: tho stone forms a projecting corner, the

beneh-mark being inserted about 5 inches from its northwest corner on a line running
southeast. The bench-mark is 9.631 feet above plane of mean low water as determined
. af the tide station at Chapel Street Bridge. .

Benth-mark 3 is a copper bolt leaded in the upper face, at the southwest corner, of
- the west stond of the north side of the slnice-way at the southwest corner of Fort Halo,
and on & lie runuibg northeast from corner of said stone. The bench-mark is 11.919
feet above the plane of mean low water as determined at the tidal station at Fort Hale,
(at Chemical Works dock.) ’

Bench-mark 4 is o copper Lolt leaded into the second stone from the north edge
of tho southwest fuce of the water-table of the New Havon light-house; the bolt is
about 4 inches from the upper edgo of the stone, the head being flush with its face
and notehed thus @. The horizontal noteh is 20.866 feot above the plane of mean low
water, as determined at the tidal station on dock belonging to W. H. Clark, esq. At
the two last stations, as the observations extended over only half » lunation, mean low
water was determined Ly subtracting one-lialf of the mean rise and fall of the tide,
(spring, the observations extending over a period of bigh tides,) taken from United
States Coast Survey records from the height of the mean sea-level. A the other sta-
tions the mean of the low waters for a lunation determined the plane of mean low
- water. Ialse found that the tide-gange used during the survey of Middle Rock in 1870
- was put up by Mr. R. M. Bache, of the United States Coast Survey, and observed for 2
- month, and that his mean low water, as used by me in 1870, differed Lut 0.05 foot from
that of 1871. On April 19 I examined the channel below Long Wharf, with the dredge
shown jn the diagram, for the purpose of determining the character of the bottom and
the depth at mean low water. I found that the bottom consisted of soft mud, mixed
occasionally with broken shells, but in no place was anything struck approaching the
congistency of hard mud. Soundings commmencing at Long Wharf and extending to
13-foot curve, near Black Buoy No. 5, gave o mean depth of 9 feet at mean low water.
No oyster-beds were struck, nor any considerable accminulation of shells, and tho state-
ment of pilots in regard to the existence of any well-defined bar between Long Wharf
and Black Buoy No. 5 were conclusively shown to Le erroncous. On the 17th, 18th,
19th, and 20th of April, primary triangulation stations, consisting of poles 25 feot long
and 2 by 3 incbes, having large red flags at top, and supporting tripods, were erccted
at the following prominent points in the harbor Lelow the bridge: A, near cast ond of
Tomlinson’s Bridge; A, on Belle Dock; B, opposite Long Wharf on east shore; B, on
end of Long Wharf; C, at Fort Hale; C, on Oyster Point; D, at light-house; D, on
Sandy Point; E, on Brister's hill, on west sido of harbor, back of Savin Rock. The
base line A B wns also measured and fonnd to e 2,396.5 feet in longth. On the 21st,
22d, and 24th, the angles of the primary triangulation were measured by the Trough-
ton & Simms theodolite, rending to 107, each angle being taken threo times. Tho
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/ vm-io,tion‘ of the sum of the angles of any triangle from 180° in no case exceeded
/ 25”. ‘Theso angles have been corrected by ordinary method, founded on method of

least squares, and the sides of the triangles compnted. The traversing of the shore-
lino was commenced on April 25, at north end of base, and was completed on May 6,
Leing run to the light-house on the east shore, and to a point just Lelow Savin Rock,
on the west shore, and connected at evory principal station with tho primary triangu-
lation. A limited topographical survey was made in conneclion with the traversing
by Mr. Charles R. Mather, civil engineer. The total distance traveled was 52,000 feet ;
the stations were marked as follows: 1 A, 2 A, &c., running south from north end
of base 1 B,2 B, &c., from some point north and west. On May 8 a survey of the
openings of the sea-wall at Fort Iale was made to determine the amount of repairs
required. On May 9 preparations were made to cummence sounding, and on the 16th
it was begun ab Tomﬂnson’s Bridge, and concluded on May 20, extending to a point
opposito the middle of Morrig's Cove. About 2,660 soundings were located by two tran-
sits, the lines being ran zigzag and taken so as to determine clynges of level, the pole
used in less than 20 feet of water being kept on the bottom most of the time. A sys-
tem of signaling by red and white flags was adopted, and the numbers of soundings
checked at the end of each line; in case of soundings being lost by instrument, which
was very rarely, the lino was re-run.. While sounding, the gange at Long Wharf was

read every 15 minutes, and the soundings
e

reduced to mean low water by these ob-
servations, the time being taken in the

boab every 5 minutes. Several lines of N——
soundings were located, radiating from —

Loug Wharf, so as to dctermine the axis

of the chaunel, which was found to coin- =N

cide very nearly with a line from Long ’i‘o,' 7l
Wharf to Black Buoy No. 5. The sound- 2 774

7. 01 1 (
ings wore completed to the entrance of the 7
harbor in the fall. This will Le referred
to in its proper chronological order, On :
May 22, 23, 24, and 25, buoys, ropes, &e¢., A
for the surveys of the rocks at the entriance ‘ ) Q
to tho harbor were prepared and takemout . N
to Middle Rock aund placed in position for /
the survey of that rock. On the 27th a 4
completesurvey of Middle Rock was made,
including those parts necessarily omitted
in 1870, in _the following mauner: Four
kerosenc-0il  barrels were strapped, as
shown in the diagram, and provided with
two 100-foot anchor warps each. These iR
buoys were mrranged in tho form of i square, as in tho dingram, (see next page,) and were
connected by rope 150 feet long, passing throngh and fastened to an eye formed of the
bight of the rope on the barrel inclosing an iron thimble. These ropes were marked at
every 5 feet by strips of red bunting inserted between the strands.  The angles of the
squiro were laid off with a sextant and the buoys held in place by anchors, and_also
by being strung up to the span-buoys left after operationsin 1870, so that any displace-
menf was impossible. ‘The survey was made about the time of slack water, as nothing
conld be done at the strength of the tide. The survey was commenced at the northeast
end of the rock, the north side of the square Leing taken as the base from which all the
lines were run, the bearing of the base being south 80° east, (mag.) Soundings were
takon at every 5 feet along the lines running north and south, the sectious being 10
feet apart. During the survey the gaugoe ab IMive-Mile Point was read, the soundings,
370 in number, being reduced to mean low water by these obscrvations, The soundings.
wero taken with a pole 31 feet long, having feet and half-feet branded upon it, as I
have fonnd that a painted polo is of little use in salt-water. The lower end of the
pole consisted of an iron rod 6 feet long and § inch
dizmeter, fastened thus: By keeping this constantly:
mm hent inequality can escape
notice. I also soundeid thoronghly around the
rock, to ascertain if I had been mistaken in stating
that there was no broken rock left there in 1867 by Mr. G. W. Townsend, but found
that my former statement was entirely correct. A muap of Middle Rock has been
made on & scale of 5 feet to the inch, the contours being drawn at every foot, 12
and 18 foot contours heavy, sud the line of proposed cxcavation (17 feet below
mean low water) in blue. Tho map is different in sowe minor respects from those.
made from (ho survey of 1870, hut is more: correet, as in i870 the waler was very
rough, while in 1871 it was almost a dead calm during the entire survey. I ﬁ.'.‘d
the least depth of water on the sock {0 be 1004 feet at mean low water in 1871,
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and 10.0 in 1870. This difference is undonbtedly due to the difficnlty of taking oxact
soundings in 1870. The survey of 1871 included that portion of the is"ock lvinwg(:n t.lfo
south, whieh was omitted in 1870. I give a comparison of the areas of the curves
(below plane of mean low water) from the two surveys, these arcas being comploted

L

hzl N\ | il
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. by reducing the curves to equivalent triangles and measnrin ir i
b i 0 ¢ 1 S g their bases and alti-
tudes. The difference of the areas of the lower correspouding curves results from
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the introduction of the south part of the rock, which is quite flat, and which did not
appoear in the survey of 1870, but is entirely included in that of 1871.

’

Area.
Curve. 1870. 1871.
Feet. Square feet, | Square fect.
R 358, 88 573.64
1 e e ettt rten et e e 1,282.66 | 1,168.11
e «2,23.5 2, 468. 062
R 3,315.5 3, 826. 827
U PN I N ¥ 8 4,930, 900
26 e e e iicetiieiiiaccieteeect ternenn ceaane 4,894, 0 5§, 851, 6562
) e ettt ceenen 6,036.89 | 6,804.9125

The volnme has been computed by two methods: 1st. From horizontal sectious at
every foot of vertical height, (the areas being given above,) by the prismoidal formula.
For instance, assuming 11 and 13 (oot curves as upper and lower bases, and 12 foot as
middle base, there resitlis the volumes betweon the 11 and 13 foot curves, thus:

Vol. =3 ; (11) & 4 (12) + (13) §

and in like manner for the other enrves, by this method. I find for the volnme ahove
the 17-foot curve 809.32. 2d. By vertical scctions whose arcas are determined divectly
from tho reduced soundings, by the application of Simpson’s rnle, thus: subtract
cach reduced sounding from 17 feet, then the area of cach vertical section will bo
as follows:

giﬂa«'-'-c—q-!’%‘;q-e—'l-ﬁ@—'&uf'gs (Ist height & 4 X ovon heights -};'2 X odd heights
+ last height.)

In this way I find for tho arcas at the following distance from east end of base :

Area =

Section. Area. || Section.

Feet. Sq. 1. || Feet.

15 e e, 0. T0 e it rieneeana
20 et iiie i ieaea 76.6 B0 it i eeeeeeen
30 ..... . 225.2 90 e it ver
L 24L3 0 100 eeeeereeirvmenans

50 el ceeenenranan 364.2 || 110 weeeet e eaeeee ve-

60 .ot feeeiamanraanen. 7.6 {115 cooicaia il sene

The volume was then computed from these aveas by the prismoidal formula, and
found to be 826.6 cubic yards. The most probable volume of the rock is then the mean
of these results, or +17.46 cubic yards above the 17-foot curve, (below mean low water.)
Comparing this with the result of the survey in 1871, and with that computed from
Captain Dutton’s areas from his survey in 1853, I have the following volumes:

Cubic yards.
1853 el e it ecciacacescccanaas e eiceceee cannan 768. 36
1870 ........ e e tmemmtcaceacean aeae eeemmeicae secesecsescan v--.. 728.38
1871 e M e ceeeaieeace teeass cmesccennscnenonn . e 817.96

The discrepancy may seem large, but the greater accuracy of this year’s survey, and
the more favorable conditions under which it was made, would lead mo to adopt the
volume deduced from it in any subsequent estimates, more especially as the volume
given in Captain Dutton’s report as deduced from his areas was really donble the amount
actually corresponding to the area, whieh, of course, does not tend to strengthen faith
in_the correctness of tho areas themselves. Tlhe depth of water on the sand aboub
Middle Rock is 22.5 feet at mean low water on the north side, and 23.6 feet on the south
side. The survey in 1870 gave 22.3 and 23.3, this being additional proof of the general
accuracy of the depths taken then, and further proof, if any be needed, that Mr. Town-
send’s plane of low water when 156 feet was found by him on the shoalest poiné of the
rock must have had its origin in his imagination. All the rocks at the entrance to the
harbor appear to have deeper water on the south than on the north side, probahly due
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to their cheeking the silt, &c., brought down Ly the strong ebb tide. During the
week ending June 3 several attempts were made to survey Sonthwest Ledge, but witli-
out success, as southwest winds made it too rough for work.” A-heavy fog each day

revented other out-door work. On June5 I surveyed Sonthwest Ledge by the checker-

oard methad, the barrels being arranged as follows: Tho base, 365 feet long, and bear-
ing north 33° east, mado an angle with-the side of tho }mml]clogmm of 859, the side
being 200 feet in length. The angles were measured with a sextant. The base and the
side parallel wero marked at the 10-foot points by red bunting tags, and a line marked
at every 10 feet was stretched fromn one to the other, and moved along 10 feet at a time,
so that soundings were taken at the corners of parallelograms 10 fect by 10 feet. The
buoys were placed at slack water, and so arranged that the ebb tide ran in tho direc-
tion of the lines of soundings. Each buoy was held by two anchors with long warps
hauled taut, so that swaying was possible during the ebb. A boat was anchored at
the midile of.tho base to prevent awaying and sagging. The soundings were taken by
allowing the boat to drop down with the tide along the line stretched from the base to
the side parallel with it. After crossing it, (the parallel side,) the line was secured toit
and soundings taken as Lefore. During the survey the gange at Five-Mile Point was
read, and the sounding reduced to menn low water from the observations. About 450
soundings were taken. When the survey was nearly comploted it commenced to blow
from the south-southeast, so that the last two lincs of soundings were taken 20 feot
apart. During the survey the spindle-socket which formerly held o large spindle was
struck and located ; it is about 1 foot across, and has over it at extreme low water not
more than 3 feet of water; it should be removed, or the spindle replaced, as it is very
dangerous to light-draught vessols. A map of Southwest Ledge has been made to a
scalo of 10 feet to the inch, contours drawn_at every foot of vertical height, the same
colors being adopted for the curves as in the map of Middle Rock. The lcast water
over the ledge at mean low water is 7.5 feet. This is §, foot more water than is shown
on the United States Const Survey chart. Tho ledge is abont 310 by 250 feet, the longer
direction being northwest and southeast; it is very jagged, being full of erevices. I

have computed the volume by vertical and horizontal sections, as in Middle Rock. By -

vortical sections I have taken sections at noted distances from north end of base. By
Simpson’s rule : .

Section., Area, [| Section. . Area.
Feet. : Fect. : 8q. Feet.
97...... ) [V R teemeennae 592. 6
100 .. 3 200 .. ......... veeeeae teeenacan 502. 6
110, ieniaee eeaas R Ceeeeeenn R10. . it e e 485.6
1 B - {11 B 4
180, o e v ceiae e 165.0 [ 280 e e e e e 277.0
140.. ... ...... ceeemeneanas L 336.8 {1 240 .. L., 219. 4
D RO v ¢ . B | 15| S, 143.5
160, o i ree e B0 260 e e e 58,3
170 e rreeeieenee... BIRO s 1Y ¢
180 e it e . 635.9 eeeameeen 1.0

Then by prismoidal formula for the velnme above the 17-foot enrve (below mean low
water) is 1,997.36 cubic yards. By horizontal sections tho following results are given
for areas of curves below mean low water:

Curve, Area. | Curve, Area.
Feet. Sq. Feet. || Feet Sq. Feet.

- T N  emsecsenane C149.64 [ 13 i, 6, 116.88

U 585.90 |1 14...... temces ceenes Seeemnaa- 7,845, 45
10 e L19R,20 15, 9, 843. 92
D . temesenoacann 2,848.25 | 160, civeviiin s ceinaeaa.. 12,086.87
b b I Voo tena e uaae 4.364.58 || 17...... teee teeeeretnaean e 15, 062. 14

Then by prismoidal formula the volume = 1,931.44 cubic yards, or, takjng the mean of
the two resnlts, 1,964.40 cubic yards, for the volume of the ledge above the 17-foot curve,
(below mean low. water.) Until June 14 the time was occupied in dragging for the rock
known as Luddington’s Rock, the pasition of which was net marked by any buoy, and,
as I afterward found, was incorrectly Jocated on the United Stutes Coast Survey map.

On the 14th I found Luddington’s Rocek, also two rocks between Southwest Ledge and

Middle Rock, known as Tortoise and Ragged Rocks, B and C in Captain Dutton’s
report, and a rock not marked on any chart, known as the Big Boil, (named from.the
tide-rip over it at cortain stages of the tide,) lIying about one-fonrth mile sonuth-south-
west of Quixe’s Ledge spindle, and having over it about seven feet at mean low water.
I found ranges for all these rocks, so that I conld drop a lead on themn without any pre-
vious soundings, and marked the Big Boil with a small barrel-buoy, as the tide ran so
swiftly there that it was somowhat diflicult to strike the shoalest water on it, I was
somewhat surprised fo find less than 10 feet at fow water on Luddington's Rock, instead
of 12.5, as shown on the charts. Big Boil Ruck lies directly in the entrance to the east-
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ern channel of the harbor, and is a very formidable obstruction ; B and C have over
them at mean low water about 13 and 11.5 feet respectively.  Luddington’s Rock is a
large rock, at least 150 by 100 foet, instead of a smadl peaked rock, as I was informed
last year by the harbor pilots. I also sounded ou Okl Head Reef, about balf-way be-
tweon Quixe’s Ledge and Adam’s Fall, finding on it about 9 feet at Jow water; as
the Coust Survey map pi'ivea 6, I presumeo I did not strike the highest point. As it is
not in the channel, I did not spend any more time on it, the only object being to know
whereit was. The following ranges were noted for Luddington’s Rock : Quixe’s Ledge
spindlo is on range with the south edge of the only large white house on the “ South
LEud;” the north edgo of two brown cottages on the beach, just north of Savin Roclk,
is on range with the spire of the southernmost of tho two churches in West Haven ;
theso cottages being.at the high water are readily distinguished, as they are the only
ones so situated. The Big Boil is on range of Quixe’s Ledge spindle with blaff at
mouth of Morris Creek, and on the range of the end of the woods on Morgan’s Point,
with the west edge of white house behind them to the north, .

"On June 16 I surveyed Luddington’s Rock by checker-board method, the base-lino
being 225 feet Jong, and bearing north ; the side-lines were 200 fect long, and wero
inclined to the base at an angle of 61° 30/, this angle being taken with the sextant.
The side-lines were as nearly as possible in the direction of tidal current, so that tho
sounding-boat could drop down with it. The sections were 10 feet apart, soundings
being taken overy 5 feet along them, beginuning at the northwest cornor of tho par-
allologram, the sections running from northwest to southeast, while the axis of the
rock was from novtheast 1o southwest. The base was prevented from sagging by a
boat anchored at its middle. Three hundred soundings were taken, being reduced to
mean low water by obgervations at Iive-Mile Point.  A'map has been made of Ludding-
ton’s Rock, on a scale of 5 feet to 1 inch, contours 1 foot apart ; 12-foot contour heavy ;
16-foot contonr, line of propoesed excavation. The rock is about 150 Ly 160 feet, the longer
axis portheast and southwest. The rock is very jagged, rising in some places quite
abraptly, and affords excellent opportunities for fuce or surface blasts.  There is on the
highest point 9.8 feet at mean low watet, and on the surrounding sand 16 to 17 feet at
mean low water. The rock consists of two portions, connected by o narrow ridge ;
this ridgo is not shown on the map, as its existenco was first discovered by the diver ;
I afterward examined it myself, and found it to bo quite small.

Lueddington’s Rock is a much bettor locality to work in than Middle Rock, as the
veloeity of the tide is less, thug making it smoother in the southwest winds., The vol-
ume of tho rock bas been computed by horizontal and vertical sections, as follows :

1. By horizontal sections :

- Aren of larger| Area of small e || ATen of Jarger | Area of small
Curves. part,sq. feet. | part, sq. fect. Curves, part, s:. feet. [ part, sq. feet.
' )
10 ce. ... 14.30 [eeeemvnmannnn, 4......... 5,113.10 | 182,
i S 527.56 |ococeniceaan.n 15...oe. 6, 842, ZG 55_1.4?
12.cccnn.... ;, 32323 B P Son 16..cene... 8,147.72 | 1,260, 32
j I P , 944, . 0% . ) .
. BY PRISMOIDAL FORMULA.
Volume of, (1) ..... freeeceamaneas RPN femeeteena. cubie yards..  760.609
Volume of, () cevvevveennnaan. feeeeceeectececcetennnacnanecnns do...... 47.589
“Total VOlIMe. e cant vt e e et iieetcianaean do...... £808.198
2. By vertical sections from north end of base :
Section. - Areas. Seetion. Arcas. Section. Areas.
Sq. feel. Feel. Sy. feet,
11.2 125, 3
1.2 168.9
11.0 223.0
17,9 255, 8
43.5 266, 1
7.7 05,5 5 165 ...
121.1 s
.
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The arcas being found by Simpson’s rule, tho distance between the sections takon
perpendicular to them being 10 X sin $1° 30’ ; then, using prismoidal formula, volnine ==
835.94 eubic yards ;. themean of the two resnlts being 822,069 cubic yards, There has
also been made o map on a scule of 5 feet to the inch, showing vertical scetions along
liues of soundings of Luddington’s Rock ab distances of 75, 85, 95, 105, 115, 125 fect
from north end of baseé: In this map the Llue line represents plaie of mean low
water; heavy red line, plane of proposed excavation; black figures show amount
(depth) to bLe removed at given points; and red figures show reduced soundings
at those points, In this map the sind gulley in the rock is shown. On June 19,
Ragged Rock, or C, was surveyed by chieckor-board method.  Tho base, bearing
south 42° west, was 190 feet long. The sections were 10 feet apart and made an angle
With the base of 118° 33, soundings being taken at every 5 feet along these seetions for
a distunco of 220 feeb. Tho rock is very jagged, there being several ridges upon it not
more than o foot across and rising 5 or 6 feet above the surronnding rock, and having
over them from 11.5 to 13.5 feet at mean low water. The sounding-pole was kept upon
the bottom between all the soundings, and the position and extent of any marked in-
equality thus determined. Capfain Dutton counid not have strnck these ridges, as he
gives the least depth on the rock at 13 feet.  Soundings were taken on the southwest
sido only to the depth of 20 feet, on account of the approach of darkness, There have
been made two maps of Ragged Rock, one on a seale of 5 feet to the inch; in this the
contours are at every foot 12 and 18 fuot curves, hieavy ; 17-foot curves, (line of proposed
excavation,) in blne, Tho shoalest point on the rock is 11.4 feet below mean low
water, at Five-Mile Point, to which plane of reference were redneed the 610 soundings
taken on the rock.: The rock is about 210 by 160 feet, the axis being from northwess
to southeast, (nt 20-fuoot curve.) From appearances it is much cracked and fissuved.
Another map has also been made on a scale of 2 feet to the inch; from this it will be
seen that there ara four ridges having over them at mean Jow water 12.6, 13.2, 2.5, and
13.6 feet, and that to remove them to 17 feet below niean low water (blue lins) would
require the removal of but little rock, while the main portion of the rock is quite
extensive. The volume of the rock has been computed by both methods. By hori-
zontal sections the following results have been obtained :

Curves, Areas.
Feet. Square fect,
1.0 i, . e ereeee e e Creeereemaeaseennas 138. 56
Second Xidge. .. oovenn i i crrt e e e e e e 1.20

13 THIrd PO .o e e o it et ict taae teeve teeane annan . 2.50
Main CUIVe. e e et i ce et e eee e 7206. 565
(First ridge. .. ..ol 1.98

I Second Fidgo. . cove oo i e eien e 3.26
T4 Third ridEe . ce e veen i it cii i i a i ccet e aaas 10.70
Fourth tidgo. oo oe et i e et ceee e - 1.10
Main CnrVe . e it mieee e 1, 928. 56

0 L 2 T 12.75

] Second PIdgo . ooes et et it et et e e e raaaes 8,10
154¢ Third ridge......... eee ee teeeeeececanceneaceananes bt amane o 17.80
Fourth ridge. . .o et i iiiiercemceneeceaa. 3.50

B E LI 11T PSSR B 7 £ 28
First ridge ... oo i . .- 29. 26
(Secnud ridgo Ceieteiteeeeeee . 17.64
164 Third ridge. ... ie o i i ceccerrecraaaeaas 26. 45
Fonrthridge .covceeeminniiiniiiiiiiiiio.. t eecrecaae emnnnenannn 5.50
Main CUEVO. .o i e et erceeerenae s . 5,865,155
Seeond Tigo . oo e i e e e eacee e 27.45

174 Fourth ridge oo oo e it icr e . 8.75
Maiu eurve.. oo i iciiee tiiieeeeeeea eee. . 8,553,261

Then, by the prismeidal formuls, volume of that portion of the rock separate from
the ridges =623 cabic yards ; volume of ridges =381 cubic yards, or total volume of
rock above 17-foot curve (below nean low-water) = 631.84 cubic yards.

By vertical scctions, at noted distances from end of buse, the following results have
been obtuained : ’ .

Scctions, Arveas. | Sections, Arens.
- Feet., 8q. feet, || Feetl. 8q. feet.
151 | D feemmes sececacneraans PALUR I b ) 340.7
60..... ceeeccacanccannssncnonn e 25,3 1300 e e ceeee .. 257.7
.............................. 79,9 |[ 1400 ccceeiiee e iieiiiieaee ... 98,5
.............................. T2 150 e ieeiiieciiceveeeeea. 64.0
............... 2524 § 160.. .. e i iiiieiiecenaa D4
............ 300.9 H 169 .. ceee e e tiaciaceaaaaae. O,
............................. 320,40

Areas by Simpson’s rnle; then by prismoidal formula, Volume above 17-foot curve
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617 cubic yards, the mean of the two results giving for most probable volume of the
rock above 17-foot curve, (below moan low water,) 624.42 cubic yards. Ou June 20,
Rock B, or Tortoise Ruck, was surveycd. The base was 80 feet long, bearing north 20°
east, the lines of sounding. being included to it at an angle of 61° 54/, and being 5 feet
apart, running southeast to northwest, sonndings 5 feet apart commencing at southeast
end.  Tho south side of the rock below the 17-foot curve was not obtained in conse-
quence of wind. As thisis, however, quite uniform, the other contonrs were introdneed
without any diftficnlty. The rock is very smooth-and rounded on the top. Three han-
dred and ninety soundings were taken and reduced to mean low water at Five-Milo
Point. A map has been made of this rock on o scale of 5 feet to the inch, curves as in
other rocks. The bighest point on the rock is 12.9 feet below mean low water. Tho
rock is about 100 by 60 feet axis northwest and southeast. The computations for areas
and volumes give by the two methods the following vesults:
By horizountal sections—

Curves. Arcas. || Curves, Areas,
Jeet. Sq. Jest. Feet. Sq. feet.
) 2. 032 16 ...... teeceeenonanne oo 1,044,082
4 LI ey | PO DO 2,706,595
15 LI 787,695 | .

Then, Ly prismoidal formula, volume = 138.99 cubic yards.
By vertieal sections, the arcas being found by the application of Simpson’s rule, sec-
tions at noted distanco from south end of hase:

Sections. Arcas. || Sections. Areas.
Feet, 8q. feet. Feet. 8q. feet.
feeseitiseceacetecaneananan .4 L R ceeacssvanmenes 03.7
B R 57.7 0 40 L IIIIITITLIIIIIL 41.3
10 .. Ceeeans 114.2 1 SRR 1)
16 e 143.4 1| B0 . oot i i ieceeee.. 3400
o ISZ.3 || 85 ceceeiecaee ceecieaemaen e 30.4
3 U (1 1 I | 1 RPN 0.
A Ceean 101.6‘

Then, by prismoidal formula, yolume = 142.3 enbic yards, the mean volume above 17-
foot curve (below mean low water) being 140.645 cubic yards. In owler to preserve
thoe conmection, I will mention next the snrvey of the Big Boil, althongh it was not
mado until Octobor 30, 1871. On the survey I ‘was nssisted by Mr. Charles R. Mather,
civil engineer, and Mr. H. N. Babeocek, civil engineer. The survey was made as shown
in the diagram.

Boats wore anchored at A and B, and
their positions located by sextant angles
betwcen the following prominent ob-
Jects : Lifht-houss and Quixe’s Ledge
spindle; light-house and West Haven
spire ; these points being located on the
principal survey as hereafter mentioned,
the distances being caleulated as well as
tho angles. Irom these data the length
and bearing of the base have been caleu-
lated as follows: Léngth of Lase, 482.2
feot, bearing south 2292/ 8 east, (truc.)
Two barrels were anchored between the
baso and the yock, and connected by a
line, to which was attached another line
to hold the sounding-boat in place while
tho sonndings were being taken, this
being necessary owing to the velocity of
the tide. The soundings wero then lo-
cated from the ends of the base by sex-
tant angles botween sounding-Loat and
base. About 80 were taken and reduced
to mean low water at Five-Mile Poiut.
A map of this rock has been madoe on g
scale of 5 feot to the ineh, the soundings
baing platted from computed distances - .
from the end of the base. The rock has 7 feet on it at mean low water, the dimensions
at the 17-foot curve being about 110 by 80, the axis northeast and southeast. The
arzas and volume of the rock by horizontal sections have been computed and are given.
Curves below mean low water, 17 fect.
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Curved plane of proposed ¢xeavation—
Curve. Area, [ICarve, Aren.
Feel. 8g. feet. Feet. Sq: feel.
8..... cmmee tememiecaane oo .. 47.73 . P 1,313.13
Qe e Are ceeane 231,58 L N «emenneee 2,171.59
o (| PO, [P N 486.11 16 3,004, 42
R 714.12 16, il P 4, 175. 88
D - I e i ieceicaaa. 971.35 B R . 5,539, 63

Then, by prismoidal formula, volume above 17-foot curve, 586.71 cubic -yards. On
June 22, the rock at the entrance to the harbor, and the buoys in the harbor, were
located by the theodolite. The shoalest poing of eachi rock was located, the observers’
stations being at the light-house station, (D,) and at the station on Brister's Hil, (I.)
From this date until the dredging commenced, on July 10, the party was oceupied
in shipping Government property from Fort Hale, in measuring dredge-scows, and
})ropm'ing for the dredging. Mr. Mather, as a mean of six observations, found the

eaving of the Laso of the survey to be south 130 58 £5" west, (mag.,) and, assisted
by hiim, I aseertained, from a mean of seven observations, that the magnetic variation
wag 70° 22’ west. From July 10 until October 16, wo were oceupied by the dredging
and_removal of Luddington’s Rock, Mr. Charles R. Mather, civil ongineer, superin-
tending the dredging. M. IL N. Babcock, civil engincer, joined us on July 26, and
has been engaged principally in working up notes, mapping, &e.  In accordance with
Your instructions, I commenced, on July 26, a series of simultancous observations at
Long Wharf and Fort Hale, for the purpose of ascertaining whether the diserepauncies
shown in the following table were due to the irregularities of the tide, or to defects in
the gauges employed.  Theso observations were continued until August 9, and estal-
lished the fact that tho former peculiarities wore duo to the tide, 1ot to the ganges.
(Five-Mile Point agrees very well with Long Wharf.)

Height of high water. g

. 2

Date. P b

- . "ive-Mile ]

1‘(}):'(‘. II.{]o. Point. S
. ‘ Fecel. Teet, Feet.
March 3L................ e tesetcteeanana.. 5.29 65.79 .05
April Loeon e, 5. 49 5.94 .05
April 3 7.14 7.49 .03
April 4. .. ... 6:54 7.19 .65
April 6 6. 04 7.00 .96
April 7... 5. 84 6. 80 .96
April 8... 6.14 6. 39 .25
April 9... 6.74 6.59 .15
April 10 G.04 6. 24 .30
April 11 6.74 6. 69 .05
April 12 5.79 6.09 .30
April 13 5,84 6. 09 .25
April 14 G, 04 6.29 .25
April 16 oo el reteetemaea G, 14 o 6.49 .35

On October 16, in accordance with your iustractions, I commenced a survey of the
Mill and Quinnipiac Rivers, above Tomlinson’s bridge, and extending to the Grand-
street bridge on the Mill River and to the Fair Havon bridge on the Quinnipine River,
the limits of navigation on both rivers. Primary triangnlation stations were located
on the 16th, and the base-line taken on Chapol-streot bridge, its length being 914.5 feet,
and bearing south 84° 56/ 02 east, (mag.,) or north 87° 41' 58" east, (true.) On Octo-
ber 17 and 18 the angles of the primary triangulation were measured, each being read
to 10" three times on a different part of the plate. These angles have been corrected
and the triangles computed.  On October 19, a number of stations between Fort Hale
and the light-house were replaced for nse on the completion of the soundings to the
entrance of the harbor. On October 21, about 100 soundings were located below
the ending of the work in the spring; the gango ab Five-Mile Point was read, and
the soundings reduced to mean low water ab that point. IFrom October 23 to 31, ran
tho shore-line of the Mill and Quinnipiac Rivers for a distance of 21,000 feet, a limited
topographical survey being made in connection with the traversing by Mr. Charles
R. Mather, civil engineer.” On October 30 the Big Boil was surveyed, as before-
described.  November 2, the soundings at entrance to (he harbor were completed,
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E oundings being taken, and reduced to mean low water at Five-Mile Point.
l'tll(]r‘:}::‘x;nlbsesrsii, the p‘l;a.ce bog"oml the rocks, at the entrance to tho harbor, was surveyed
in thé manner described nnder the head of dredging, it having beon nsed as a dnfnp- .
ing-ground. On November 4 the survey of 1871 was connected with the United §t,at<:s
Coast Survey, by observations with the theodolite, stations B :;nd C of the pr nnm_{
triangulation being nsed, and sights taken to light-house, W esb Haven spire, I‘?m
southwest spire of Episeopal Church at corner of Olive and Chapel streets, New
Maven. On November 8 commenced sonnding Mill and Quinnipiac RIVOT‘B; locntm'g
soundings by two transits. This work was cowmpleted on November 16, 13.2‘:0 sound-
ings having been taken, and reduced to mean low water at QIl:nlvel-stl'eot bridge. '.l he
chanuel dredged in 1871 was surveyed on November 17 and November 18. On No_\ ¢imn-
Ler 27, oporations being concluded for the year, Messrs, Babeock and Mat.he_l and
myself returned to Newport. In addition to the maps already mentioned, there aro
prepared, or Leing prepared, the following: Map on a sc:ﬂc‘(‘)f 30 slm},vmg channel
before and after dredging in 1871, (described under head of “Dredging ;”) map (_)f the
wholo harbor, now preparing, on a scale of 5yyg; sletch showing monthly rogress ;)t
dredging. The following are to bo made: Map of Mill and Quinnipiac Rivers, seale
undetermined ; map of dumping-ground, and compavison with United States Coast
Survey map, The large map has the triangulation and traversing completed, the
rocks 'loca.tcd, and most of the.soundings platted, so that the soundings yet romain to
be completed, the shore-line and topography put in, and contours drawn. lh-ls will
probably be done by January 20; until this time complete plans of the improvement
of the bar below Fort Hale will have to be deferred, as there are so many circum-
stances affecting the deposition of sand in the sonnd harbors that any improvement
of sand-bars in them can only be proposed after a caveful investigation of the causes
leading to their formation.:
DREDGING.

From an examination of the channel made in the spring I detormined, with your
approval, to commence the dredging at the 13-foot ¢iirve, below mean low water, about
200 feet north of Black Buoy No. 5, mwl to make the west cdge of the channel coincide
with a line drawn from Black Buoy No. 5 to the end of Long Wharf., Morris & Cum-
mingy’s dredge No. 2 arrived on July 3, and commenced making preparations for the
work. At this timo two scows, marked O and @, were with the dredge. These wero
measured and found to contain 197.2 and 197.1 cubic yards respeelively, and to (h‘ilW’
abous six feet when loaded. On July 10 the dredging was commenced at the point
before determined, and as but little was to bs taken off, the digging was done only at
every other eateh, the dredge making a cut fifty foet wide, and tho buckes used holding
threo yards when flush with the top, and five yards when loaded up to the opening-
wheel. For the first few days the progress was slow on account of the small number
of scows, but on July 12 the tug Stephen Decatur arrived \‘\'ll‘;]l two more scows, marked
1 and 2, and holding 202.5 and 199.4 cubic yards. Mr. Charles R. Mather, civil engi-
neer, had previously been placed as superintendent of the dredging, in accprdnnce.wn,h
your instructions. The plan of dredging adopted was to run up on one 'cut until the
back hawser, 700 feet in Jength, had been payed out; the dredge then dropped down to
the point of beginuning, and began another ent alongside of the furmer one, the averago
amount removed per dny being about 1,600 yards, 2,400 yards being taken ont on one
day. The mud was dumped beyond Southwest Ledge, in 26 feot of water at low water,
the locality being shown on the large nap of the harbor. When a point about 1,000
feet from Black Buoy No. 5 was reached, it became necessary to dig at every cateh, and
sometimes to send the bucket down twice in the same place, the depth being rcgulatclg
by tin figures placed upon the guide-poles of the buckets, and by board tide-ganges O
at mean low water placed along at intervals as the work progl"esscd. Dnr{ng July
there were remove({’ 28,697 cubic yards, about 2,100 feet of the first cut having been
dug to 13 feet at mean low water, and about 1,400 of thq second, and the same of the
third to a corresponding depth. This progress is shown in red on the sketch showing
progress of excavation. Before commencing work on July 10 I sent the following notiee
to the Now Haven papers: “The engincer in charge of the harbor improvements wishes
to have the steamers ‘slow up’ when they pass the anchor-lines at the dredge, as the
motion of the waves is injurions to the machinery, and the \vlu_-.ulzs of the steamers aro
apt to cut the lines. A channel is being dug 200 feet wide and L3 feet deep at low water
from Black Buoy No. 5 to Long Wharf.” I expected I should have no further trouble
in regard to the matter, and was somewhat surprised when informed by Mr. Mather 4
that no attontion was paid to this request. T then went t\\'l’c’:e to tho oftice of the com-
pany, and made verbaPrequests that the steamers “sléw np,” but without oftect. Weo
were put to considerable inconvenience, as sometimes half an hour was lost by the
steamer passing at full speed, as the speed had to be raised and the anchor-linesslacked,
while the swell caused almost invariably wns:hed into tlu‘)‘ frcsh-wn,-’ter tz}nk. . I then
wrote to the captains of the steamers requesting them to *“slow up,” officially inform-
ing them of the inconvenicnce they were putting us to, but without any succcess. On

H. Bx, 267 2
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the night of Angust. 4. the stcamer Continental, Captain Bowns, ran into the dredge,
fortunately striking her in the middloe of the stern, for, as thoe hull is composed of two
boats, if eithor had been struck she would have instantly sunk, or the boiler being struck
“would have been ruptured or ex})]odud. Knowing that there was abundance of room for
the steamer to pass on either sic

the general disposition of steamer captains was not to avoid vessels lying at anchor,
I was led to think that the steamboat-men were reckless, and disregarded the public
work, besides endangering the lives of the passengers and of those on the dredge. I
therefore addressed a communication to the newspapers of Now Haven, calling public
attention to what appeared to me to be reprehensible in the oxtreme. The work was
delayed several hours by the collision and repairs, and I presume that quite extensive
repairs will have to. be made when the dredge is laid up, as she was mueh wenkoned by
the shocl, the bow. of the steamer going into the stern of tho dredge albout seven feet,
and breaking like a pipe-stem a 12-inch by 12-inch beam. During Angust the three
cuts were completed to the north end of Long Wharf, 47,908 cubic yards being removed,
making the channel 150 feet wide and 13 feet deep at mean low water; this is shown

in green on the skefch, In September, as the appropriation warranted, a fourth cut,

waus conmenced at Black Buoy 5, at the point of commencing of thie former cut, and con-
tinued to north end of, Long Wharf, making the channel 200 feet wide; thedredge then
commenced to widen the channel between Long Wharf and Canal Dock, making it 350
feet wide. .This was rendeted necessary by the curvoe in the channel, and from the fact
thut, numerdns vessels use it as an anchorage gronnd while waiting for berths at Long

Wharf and Canal Dock. This opening up was completed in September, with the excop- |

tion of a small.portion above the south end of Canal Dock. “The work for this month
amounted to 42,895 cubic yards, shown in vrange on the sketch. In October the chan-
nel to the steamboat dock, 13 feet deep at mean low water, and 100 feot wide, was dug
thus: the cast edge was rou on range of Fair Haven church spire amt end of peaked
roof of freight-house on Old Beele Dock, tho second eut being parallel to and west of
the first. When about 300 feet north of north end of Canal Dock ents were commenced
running downward from a line from west edge of channel to end of dock, so as to cut
off the corner between the wide and the narrow ehannel.  The dredge then hanled back
to the channel, and completed the dredging to the steamboat doek on October 31, hav-
ing taken out in ninety-eight days 772 scow-loads, 153,817 cubic yards; having Leen
laid up bub twe whole days on account of break-downs—one wlhen the spud broke
fromn theeffeets of a heavy gale, and the other spent in replacing friction-clutches—so that.
in ninety-six working days 153,817 cubic yards were removed, ov 1,600 cubic yards per
day, which rate has, I believe, never been exceeded for so extended a poriod of time,
although for a single day Morris & Cummings have with one dredge taken out 3,600
cubic yards. . The contractors are deserving of favorable mention for the manner in
which they performed the work, and their strict adberence to the directions of the

superintendent, Mr; Mather, from whose cureful attention has resulted the successful,

prosecution of the work., Ou-November 17 and 18 a survey waus made of the channel
dredged in tbe following manuer : Buoys were anchored on the edge of the channel for
convenience in sounding, and lines of soundings ran across the chauncl, both edges
being located Ly two transits, intermediate soundings Leing taken at erqual intervals
across the chanuel.  Other lines were also run down the channel to ascertain if any
shoal spots existed. The soundings were reduced to mean low water at Long Wharf,
A map has been made of the channel on a seale of gy, Lefore and after dredging, In
this the green line represents 6-foot, curve, broken black lines 9-foot enrves, full red
line 12-foot cnrve, Lefore dredging ; broken line (red) the channel us dredged ; black
fignres, sonudings before dredging ; red figures, soundings after dredging. It will o
seen that in no case is there less than 12,5 feet in the dredged chanuel, and then only
ou Jumps_so small that the sounding lead would scarcely rest upon them, and which
would be knocked over by anything striking them. From this survey, then, the follow-
ing conclusions may e drawn : a channel 200 feet wide and 13 feet deep at mean low
water has been dredged from Black Buoy No. 5 to Long Wharf, 2 channel of same depth
350 feet wido from Long Wharf to Canal Dock, and one 100 feet wide from Canal Dock
to Steamboat Dock. As a result of this several vessels drawing from 13 to 19 feet have
gone up to the dock without previous lightering, and nnmerous others, drawing from
9 to 13 feet, have been towed up without waiting for the tide as heretofore. A smrvey
of the dumping-ground was made November 3,the soundings Dbeing located by two
sextants, and reduced to mean low water at Five-Mile Point ; eighty soundings were
taken, aud showed uo perceptible diminution of depth. A map of this will be made,
and a coinparison of the depths with those in the United States Coast Survey, for the
purpose of ascertaining to what extent the dumping has aftected the bottom.

REMOVAL OF LUDDINGTON’S ROCK,

" Work was commenced on Luddington’s, Rock first, for tho.reason that it was a
more formidable obstruction than Midale Rock, lying as it does divectly in the west
channel of the harbor, having only 9.8 feet over it at mean low water, and having been

o, that the dredge had a light up at the time, anud that
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k several times by vessels, which were badly injnred, while Midddle Rock has never
%té::f stﬁ-uck. Mr. ]«}ugcno Sullivan’s blasting sloop arrived at Nuw Haven on July 29,
and, after placing dualine and powder in the’'magazine at mouth of Morris Creek, on
the 31st the mooring-stones were taken aboard from Long Wharf, and on August 1
the sloop went out to Luddington’s Rock. Upon sounding I found that the H. 8.
buoy placed on the rock by the tender Putnam, helonging to the L!ghl:-I-Iou?u
Board, was on the highest point of the rock. On the 1st and 24 the mooring-stones
and buoys were put down so that the vessel could be moored with the tide wcs?-
northwest and east-southeast. The divers roported the roclc_ to be covered with rock-
weed and the water to be very thick, the limit of vision being about a foot. Opera-
tions commenced on August 3, by the use of surface and face blasts of dualine and pow-
der, about eight tons of rock being taken up. First deck-load of stone, mmuultln_g to
forty-six and one-half tous, was discharged on August 8, having heen removed entirely
by face and surfuce blasts ; the work commdncing on the west sido of the snml-gu]_le_y
and progressing westward. To remove this amount of rock (21.21 cubic ym‘ds? W en}
vequired 100 ponnds of dualine and 265 pounds of powder, this being at the mte(?
two pounds of dualine and four pounds of powder for every ton of rock. As th‘exle
wero four and one-half working-days, the amount removed per day was ten tons, This
large increase over the rate last year from the same kind of blasting is duc to the supo- .
rior convenience of Mr. Sullivan’s vessel, and moro gespccmll_\' to the competency of him-
self and assistant diver. I made thres determinations of the specific gravity of_ the
rock, and found it to be 2599 weight of a enbic yard, 4,385.61 pounds.” The method
of weighing will be alluded to hereafter.  The next deck-load of stono was discharged
on Augush 17, and consisted of 444 tons, and was removed by face and s‘u'ﬂuco blasts of
140 pounds of dnaline and 400 pounds of powder, buing th_rco_mul one-fifth pqunds of
dualine and nine pounds of powder per ton. During this tite thero were five and
one-half working-days—rock being removed at therate of cight tons per day. Finding
that surface aud face blasts removed the rock too slowly, Mr. Sullivan p’ub in ordor l’ns
Burleigh drill, worked by steam from the hoisting-cngine on deck. This drill was
wounted on an iron tripod 23 feet long, weighing over a ton, and having adjustable
legs to adapt it to the inequalities in the rock—the drill being secured in a joint whlcl}
allowed it to drill at any angle within the triangle formed by the tripod legs. Mr.
Sullivan was well supplied with drills, (having forty in all, of various lengths,) the
edges being X-shaped. He also had a por!nblc forge and an ex| )e!'lel‘lcccl man to-
sharpen the drills, so that no time was lost in replacing a dull drill.” The Burleigh
drill worked s well as could be expected, when running under water, and having a
drill-shaft 20 feet long tolift ; frequently drilling 7 feet an hour, running time, When.
it is stated that in the operations at Middle Rock last year, the best progress made by
Pownsend’s drill was 8 inches in an hour, but listle further comment will bo necessary
on the relative rapidity of removing rock in 1870 and 1871, On August 31, a (’lcck-;
Jond of stone was discharged of 274 tons. IMive holes—total depth, 15 feet—had beew
drilled, and 60 pounds of dualine and 212 ponnds of powder exploded, or 21 pounds.
of dualine and 8 pounds of powder per ton. There were seven \\'orqug-d'avys' during:
this time, stone being removed at the rate of 4 tons per day ; much titme' being l'nss_
owing to wind. Much difficulty was experienced in working the drill, as the boiler
wis not large enough to keep up steam, the drill requiring 80 pounds :(\t least, on
account of the heavy shaft. During September four deck-londs of stone of “é tons_1,740’
pounds, 36 tons 1,890 pounds, 51 tons 955 pounds, and 20 tons 1,820 pounds, re l')ect,lvely,.
were discharged, the weight being determined as follows: by the conrtesy of the'
superintendent of Now Haven and Northanpton Railroad, Mr. Yeomans, I was enableds

" to weigh the second load upon the scales of the company. The vessel had previously

i > t i arks were
been marked before leaving Boston, anid before and after unloading the mar vore
t:f]ieu. At this time the mgi‘u-ks sho;vegl 343 tons ; then for other loads, actual weight

= weight by marks X :i—zg
10 total amount removed during September was 159 tous 405 pounds, or 72.77
curll:%ce yards ; number of working-days twenty-one, or 74 tons per day ; 623 pounds oit: ]
powder and 217 pounds of dualine being used, or 4 pounds of 1)(')\\'(101' and 14 pounds o
dualine per ton.  Five holes were drilled to o total depth of 21.3 feet, at the ratp of 7.1‘
feet per hour, running time.  Operations for the year wero closed on S‘(!']lt(:ltlbel 30;.
there having been removed from the rock in_thirty-eight working-days 207 tons 1,A(;)§-
pounds of rocls, or 126.85 cubic yards, or at tho rate of 7 tnns: per day, by the ex.pc:li li-,
ture of 1,426 pounds of powder and 549 ponnds of dualiue, or 2 pounds of dualine and 5%
pounds powder per ton. With a larger boiler the work would proceed faster & and as.
Mr. Sullivan proposes having one in the spring, there is no reason why the work shenld
not progress with a satisfactory degree of rapidity.
' FUTURE IMPROVEMENT.

king into eonsideration the relative positions of the rocks uf‘tlm entranco to the
llarfl,:(;{;,“lg\\l':;lllxl suggest that no further work be done at Middle Reack, tor the following
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reasons: 1sb. That the removal of Middle Rock wonld be of no advantage, except in
connection with the removal of B, C, and Southwest Ledgo, as the distance between
them is so small that unless all were removed the chanuel would not be materially
widened. 2d. Middle Rock is not in either channel, but on one side of East Channel,
in which there is more water than would be obtained by its removal, while the Big
Boil lies directly in tho chanuel, and has been struck several times by vessols, as it is
not laid down upon any chart. [ would therefore recommend the removal of the Big
Boil and the continuance of the operations for the removal of Luddington’s Rock. I
submit the following estimate for the removal of Big Boil to 17 feet below mean low
water, and for the completion of the removal of Luddington’s Rock to 16 foet below
mean low water:
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To remove Big Boil, 586.71 cubie yards, at §25.......ccccoooiiiiiiiiaas $14,667 75
"To remove Luddingtou’s Rock, 695.02 cubic yards, at $25....ccoeamacnnn 17,375 50
32,043 25

To remove both rocks...... ceeeernennn. temeeseeccce ameen mmsanan

The removal of these rocks with the same degree of rapidity as that taken out by
Mr. Sullivan.this year will require three hundred and eighty-five working-days, but
with increased boiler-room, so that the drill can be properly worked, there is noreason
why this rate should not be doubled, cepecially as the Big Boil is well adapted for
Llasting. I would also suggest the dredging of the sand-bar between Fort Hale and
the light-house, but consider it is a subject requiring reflection, for unless the improve-
ment i8 to be in some degree permanent, it will be worse than uscless to prosecute it.
If thesand in New Haven Harbor mnoves as in some of the sound harbors, a channel
through the bar would not stay open a single season, and it is too expensive an under-
taking to be commenced without a fuller knowledge of the tidal currents than wo
bave.at present. If tho direction of the currents is nearly identical with that of the
proposed channel, it would, I think, remain open, as the scour would be sufficient to
prevent deposit, especinlly as Five-Mile Point forms & natural breakwater, protecting
the inner harbor from the swell of a southeast storm, the only cause in addition to the
tidal currents that would make an accumulation of sand. I would therefore suggest
that sufficient current observations Lo made to defermine velocity and direction of
the tidal currents in the stratum of water next to the bottom, and that after having
obtained the general direction of the ¢bb and flood currents, perforated boxes bo so
placed as to collect the sand, if any is in motion over the bar. That there is no deposit
going on at present is evident from a comparison of the reduced soundings made in
1871 with those of the United States Coast Survey, so that the sand movement ean only
be detected by placing an obstacle in its path. In case these observations prove fa-
vorable, I submit the following estimate of the cost of dredging a chaunel 200 feot
wide and 16 feet deep at mean low water through the bar. ~ The average depth of
dredging is about 2 feat, and distance to be dredged 5,000 feet, therefore amount to be
2005000

cubic yards = 74,747.4 cubic yards, which, at 35 ccuts, is

excavated =

$26,161.60.. The material, being comparatively soft sand, conld be dredged at this
rate, especially as the dumping-ground is over two and one-half wiles from the bar.
The iron spindle-socket on Southwest Ledge should be removed, as it is a dangerous
obstacle in the path of small vessels. This would require the expendituro of not over
§100. The total amount required to prosecute the improvement wonld be as follows .

Forremoval 0f T0CKS .« oo oo ice ciiie i it ereaeacaraccaecaa e 232,043 25
For dredging bar.......... e teeete et naeeeaenaeacecaaeaeen 26, 161 60
For removing spindle . c.e. ooovm oo e s 100 00
For current 0DServations. cce. cive tammer mamecaii it cecnice et caanan 250 00

Total vemeee ceeececececaennans e eeesctmeessaceenssonansonaesasans 58,564 85

The importance of the harbor will warraut this expeunditure, as the city is the ter-
minus of railroads supplying » large section of the interior, as.will be scen by the an-
nexed statistics of the commerce of New Haven. Numnerous vessels, drawing from 14
1o 19 fect, are delayed by waiting for the tide to cross the bar, while, if the bar was
('!redﬂed and the channel buoyed, the harbor would become the refuge harbor on the
sound. :

1 am, general, yours, very respectfully,
8 P GEORGE H. MANN,
- Civil Engincer.
Brevet Major General G. K. WARREN,
o Major Engincers, United Slales Army.

LIGHT-HOUSE AT NEW HAVEN HARBOR.

New Haven Harsor.—Tide observations at Chapel-strect bridge.

Mean sea-lovel, 4.932.

21

Date.

6.10 a. m,

6.20 o. m.

6.30 a.m.

6.40 a. m.

6.50 a. m.

T a.1m.

March18..-cceeeon
‘March19....
March 20.
March21...
March 22..
Marceb 23.
March 24..

March 25.
March 26.....
March 27..
March28.....
March29.....
March 30.

March3l.coeaennn-s

April
April
April
April
April
April
April

Dato.

March18..evvvern-n
March19..
March 20..
March2L..

March30....
March 3. ...

April 1.....

April 2
April 3.
April 4...
April 5.
April 6.......
April 7
April
April 9...
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22 LIGHT-HOUSE AT NEW HAVEN HARBOR. s LIGHT-HOUSE AT NEW HAVEN HARBOR.
Tidg observations at Chapel-street bridge—Continucd. . Tide observations at Chapel-street bridge—Continited.
a 8 S £ 8 5 =] 5 a8 5 5 g B g g ‘g B B g g g. | B
: 3 d d d ] & & : : 2 : s : : &, & £ & -] &
& g g & | & 3 & & | 8 I~ E
e lglslels|g|z|8|s|8|8|8|%|8 P lelgls|slelalsiaigis|8]&|%
sl || |e|lal8 ]2 ]|Ar|s|="]|a]|=R | ci |t |ci |cilow|eas |8 |5 |6 | &)« |
March 18....... POOY S/ 3 Y | I B % T RPN PRI PPN R RN ARt PR MR R PO March 18. PPN PPN 1
March 19. 805| .1 | .2 .0 [7o5| .8 | .6 | .4 | .2 | .0 68 March 19... 5 | .25| .05
March 20. .| 8.0 .1 ] .6 .6 .5 A5 L35 .25 .05 March 20. .8 .5
March-21. veeeeeforeeseoeaee | 8T 1 08 | L0 |00 | 05 .17 .20 .1 .07 March 21. 5.9 | .55
“March 22. 65| .85]|6.05]| .e5( .45] .62| .8 | .97 | 715 .30 .35| .40 : March 22. .5 ] .3
Morch 23. 2| .57] .8 |60 | .02] .30 .6 | .0 |15 .4 | .45] .6 Mareh 23.oceennnni|oaceifoenss
Mareh 24. 3| .5} .15] .95|4.15| .85] .65 .90 [5.15] .25 45| .65 March 24... .03
March 25. .4 .6 .7 .8513.06} .2 .4 .5 .7 .87 | 4.06 .2 - o March 25...-- .9
March 26. .5 .8 (20 251 .45 .6 .8 13.0 .2 .3 .5 7 March 26.cen.-... .61 .33
March 97. | .1s|.e3] 30| .4 [ .55)] .e5f .7 | .8 | .9 |6o05| .27 March 27..ceenne-- 45| .42
March 28. 2.68 6 53| .6 .66 | .55 .8 L0513.031 .18 .25 .31 March 28....... eee| .55 .70
March 29. .2 .2 .15} .2 .2 [ G -1 .2 March 99, conuenn. 41 .3
-March 30. PO PR R vesesifineess] 26 .5 .5 March 30..... veeesl 40| .6
‘March 31. .4 231 .07(3.9 .7 .5 .21 .15 March 3h.eeveeecacivnnad].- FON
April 1.. .6 .39 .02 .08]49 | .72| .50 .33 ! April 1
April 2. ]eeel. ORI RN PR PRI AP POV PRI R I PR RS AR . i Aypril -9
April 3 .6 | .35 .1 |781| 62| .49 .25 April -8
April .8 G3] .41 .2 .0 |78 .55 April 9
April 43| .5 | .45 .4 | .4 ] .3 .16 April -G
Y231 B NUUOUERRG FOUORR IUURON IORNN RROCUN IURUN SRR ISUSIEY AR R 8.66f 14| 12| .7 April -0
' 95|72 48| .63 .8 | .95| 8.1 April -
5.1 | oelee | 43| .7 .02 April
31! .63] .0 |52 | 46| .67 .8 i . .
305| .28| .4 | .61 .82|4.07| .38 , April
.68| .69 .85[3.05f .2 | .3 .68 ! April 10.....o.... . .
55 .37 .2 .2 .3 .5 ! April 11...........] .85] .95 | 7.2
R |31 {29 | .14 .50 .45 Aprit 12l s0 |2 | .
2590 .41 .2 1 05139 | .95 .55 April 13.._... 31| .46 .69
April 15.._._. o .52 .30 1049t L0, .5 April 14, i TORUOUR S P ..
e T Aprit 15. ... arl alf g
. ] £ & & [ & 3 . .
Date il=lals 2|8 |5|l2|g|s|s|g|E& < g 88
a g fe g d e[ [o ] g |s]|a]|e Date. & | & | &
§ *(8]|¢=
B 5 (113 U 1 SRR [N I FOURoN AP APRRRN NP S PR IR N NN AN NPT | - bl - —
March 19. .32 .1 | 4.8 .5 .3 15139 T i
March 20. 6.5 | .5 .2 .1 159 .7 W5 .25 | March 18.ccecene--
March 21. .05 |772] .55 30| .0 |69 | (1| .45 | March 19, :
March 22. .1510 05/692] .75 .65 .46 .25| 5.95 i March 20.
sh 23. .- 50 .20 .0 |eeeeeen]eennns ] March 2L.
March 23 5'2" 26 } - ; March 22.
March 24.......... .6 LB .9 |0 A1 W15 .05 .10 ! March 23.
March 25. 515 .35] .4 551 .67 .85 .85 .9 . Muarch 24.
March 26. .95{505| .3 | .45| .55] .65| .78 .95 March 25.
March 27. 8 1.9 |10 | 1] .2 25| .32 .42 AMarch 26,
March 28. 98| .46 .6 | .14 .0 |51 | .95] .4 i March 27.
March 29. .8 .95 13.1 L35 ) W4T .60 .75 .9 | March 28.
March 30. 571 .62 .75 .8 .0 3925 .3 .32 Aarch 29.
March 31. o1 | wer| ter| lev| les| | I3 ).l | Mareh 30.
JApril 1., .59 | .52 .43} .25) .1 (293 .92! .88 - i . March 31.
A])I'!l b SRR PO PR RO DO EOR P PO P T T T s 2= Apl‘u 1..
April 3. 5.72) .42 (19| 05|49 | 67| .43 .78 April 2.
April 4. SR EX N I .3 ] .01)48 | .58) Luo April 3.
CApril 5. 576 | .5 | .25 .0 |472| .5 | .23 3.95 April 4.,
April 6. 01|86 (63| 40| L1269 | .7 | .46 e April 5.
April 7. S0 R 5 S N TP PO FOUR R P April 6..
April 8 80 | .1 | .25) .37} .37| .37 .80 .18 ! April 7.
April 9 3| .4 ] .6 77f80r| .10 .2 .32 ) April 8.
April 10 -6 | 92691 .52f .8 | .93| 7.1 | - Amril 9
April 11 51 | .98 .48 | .68 6.05| .35 .65 April 10
April 12..: 9| .38 .65 o0 417 (4 | e8] .g8 April 11,
April 13....0ieeenl] L35] .25 { 5 1 }.2 26| .3 | .34 38| .5 | .78 .02 314 April 1
_April 14 . Jooss| oo [Tin fee [T usv| e | 36| 30| a7 Leof.ifenl. ‘Abril 14,
April15..co.o.] W80 Lazfao2) L7e| .60 .45 .27| .08 (297 .82 .7 | (50| .51 April 15,

-



. . Mean sea-level, 5.139.
{At Cliapel-street Lridgo it was 4.932; diff.=.257;

. .
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24 LIGHT-HOUSE AT NEW HAVEN HARBOR. B ‘ © LIGHT-HOUSE AT NEW HAVEN HARBOR. 25
Tide observations at Chapel-street bridge—Continued, Tide observations at Long Whaif—Continued.
NIrRERERE
gE| €| £ g | §-|g3|8d |85 5= :
. Date. ) = : : : . | B LERE- L REE g
: Sl d| 8|5 48:3|5%88| s Date. i
3 - w - -: c o= ’3 = <3 s = [=} r=1
© < ] ™~ s | H <] =] ] =1 e =
(-2 -
) h
March 18. March18.... .2 .0
March 19. March19... .2 .2
March 20. March20... - Y PR PRI PR I P
Marveh 21. . %}:lr‘:}l Eé vees 5 5 5 P R ¥
archf2.... . . .0 .
March22......coceueenees {20§ 617} 5.88 March23....| 2. al 3.6 42 50 | 25| 55
March23...... ORI [P PR O P RN PO M, 0 5leeen.. 6 174 6.90 |. March24....} .05 .1 A5 .94 .5 .8 |20 .2 L35 .6 . 3.0 .2 .45
March 24..... 0 625|608 s March2....| .35] .95] .2 | .25} .35| .45| .5 6| .7].8|.9|21}.3 .5
March 25... 465 | \\' March26. ... N 1.2 1 0 (095] .95 1.0 03| .1 .2 3 .45 .55
March 6. 5,50 . March27... .
Mareh 27. 2.63 |...... y March28...
March 28, 147|000 b March29...
March 29. 4.97 ool N March30....]......
%}arcgso. 433 ‘s March3l.... ﬂ.gg . .3 .22 :
arch 31. 35 , X - . - -
Zprli 5 4 ] April 1§33 }.7 o] 62| 57| 5] .4 .3 .1].0 60| .7|.5] .3
ril 2 . 67 ] .
Aprit 3 1 o5 : ?\ April
April 4. 5 7.28 h April
April 5 5 7.01 3 April
April 6 5 .49 ¢ April
April 7. 5| 155 17.65]...... R Aypril
April 8 20 5|......1 5514 7.46 |...... K April
ﬁpr!} 13- 0 4 ....]6128 700 ... N April
pri J 2 5 lieee--{ 6251640 ... I i
April1l g o 0|......| 6374 6.08 |...... ) April
April 12 “bos| 10 i ﬁl"‘!{l‘;
APEl 13 e eeeeaaennnn _ { o 290 o] of...../640|606|...... ) yreHEr
Aprill4.. e 0] 0 5.86 } April 3.l
April15...... erersenenas PN DX SRR IO MU DONIIIN IS 5 0 5.88 ! April14..
L . % April15.....
. \
New HaveN Harsor.—Tide observations at Long TWharf. .i
N

g | 6|4 d]| 4 g | 8
80 the readings at Long Wharf were reduced (3] N Dato. g | ¢ s e|d|g)d]|a]|a
- - - ;3( ile2|l8 |8 |8 |8 a | 3|8
A I PN R IR I A I aldldlsig 4|4 ]d]d
Date ElE)E g |d| 8| d]|¢d g | d \ -
. d & 2 & o o d & 5 o d [ : : 5
g g | ! March 18. 6.8 .6 .4 .2 . 9 .6 .3 .0 4.8
8 |8 |28 sl 2 |&|8|e |8 2 |8 |8 1 March 19. 8|.6 | .4 .19 | 1| .4].2]59
' |k |68 |e|ls |66 |e |6 |- |8 | 4 %}nrc}mo. . . FOPDURN ISR I R RS
—_— 4 arch2l. . .1 .05 0 8.8
N : i March 22. 45 .45
p L3011 (- KN RN PPN PN PN R FRAN RN ORI AR FORRIPON S b March 23, 0 ‘1
EEER CETEEE] (EEEAS] AARAEE] ARttt AR ] March 24. 15 .35
------ M March 25. K .8
----- hY %{arc}lgg. 22 .45
At larch2¢. .
‘)\\s March28.... 0 83
N Mareh®9....]cceeeefennnn 1 .13 . .4 .6
54 March30....[..... 1Y IR PR PR 3. 7 . .5 .55
{ March3l....| .8 .7 B P . 15 . L9 .15
E ﬁpri{ 1.2 J12] .0 |575f .55 .35 0 o | 385
. i pr eonfossacalonsecefoancaalocnns B I E Tt LR T R P R -
oA M I It Neotr ISR NNt o . By JA\])):![ 92| ez | o2l .3 | .1 . . .31
b ot Mt I N : R pril 95| .85| .70 .50| .35 79 | 7] .45 .15|69 | .6
Api LT T L April 5..: 35| .35 { - } 2| 35| 3| .3 | .2|.1 60| .7 | .35
April April 6..... ceeeefocece]es 848 6} L7 | 2} W7 | .7 | .68)] .68 .6
April Apr}l 55 76707 .3 .55 B .81} 911800 . .35 .5
April I IALAEE] MAAARA] ERLERA] RS April 8. 2] .56 .1 o§ 612} .37| .62| .87 |7.09( .3 . .5
April A REAihd EEREE RS LA b Ebidd N R April 9., 1 . .6 .9 |5.15) .4 .6 51608 .3 .48 15
: ' : S5 AR Rttt R il 5 AR i ey Aprilio.. 7] 05|32 | .37| .55 .85|40 | :25| .6 | .78(50 .25
April { ‘i Aprilll. 6| 7|6t 8| 9 |sa2| .82 52| .o2) .42f 4| .62
April . April12.. 7| .59| 42| .s0 .22 o0 . .4t f 511 .13} 93] 3.05
April cosens April 13.° PO P cesoefenmann 280 .65) .52 .42} .32] .21 .16
Ahrili0.; April 4. 5148 ) Le5 cas) 03| .15|395) .8 f .6 | 4| .2 .1
.Aprilll.- Aprills..... .2 .0 | 58 .4 .2 0 [ 47)] .55 .4 .2 3.9
April 2. . -
April 13.
April 14,
-Apnilis.....




26 LIGHT-HOUSE AT NEW HAVEN HARBOR. . ) ﬂh LIGHT-HOUSE AT NEW HAVEN HARBOR. 27
Tide observations al Long TWharf—Continued. ! Tide observations at Long TWharf—Continued.
£ | & 1.8 R . . . . . . . R
: y 8 =] ] g =4 g 8 ] =]
Date. | &l & &l g|a|alalsa|alg|ala]alsa Date.
ol gl a alel|ls|8|s|8|al|lS|& |88 (¢
- - - - - - - - - o ¢t of ol ot
March18.. 7| .4 | .2 |30 | 6] .8 ] .1 20 |.7].6 4| .2].0| 18 March18....
March19.. 7| .5 | ‘2 .[40 | .65| .4 | .1 |30 | .7 . 3] a1 |2 7 March 19....
FYOTTSIET I FURT U] IR I FUR AN FURU FURUIE OO PR IR A veeeec]iecnnn March 20....[ 1. . .
Marchot ...| .55 .a5| .0 |77 | .5 | .25| .0 |68 | 65| .35 .1 |675] .35| .08 . March2l....{ .0 : . 5 Jeesess
March22 .. .4 | .3 | .15|6.95| .8 | .65| .45| .30 .2 }58 | .6 | .3 | .1 | 485 ol T
March23...] .2 .3 .2 | .15{ .1 | .0 |79 [ceoce]ennenn DU IR ISORN IR B Mareh B e e feeen e fe e e e e e
March24 ...l .6 | .75 9 o | 1| .2 | .2 | 03] .0 {695]..]eunes JDOON I ok 2
March25... .05)505| 25 .4 1 .5 .7 | .8 | .9 | .05] .05 .0 | .&5| .8"| .75 ‘T"
March 26 ...| - 82502 .17| .35] .52 65| .75} .90 |61 | .2 | .3 | .4 A5 ! March 26
...... FUUDUNR FORROU ORI IO TNV ISRN IUROOR I - March 27
.85 515 .3 | 45| .6 | .75 .95]6G.1 .3 - March23
BN EEY 51 .61 .8 50 March 29
.80 . L0 | .15( .35 .5 ( .65| .8 | .95[ 4.1 March 30....
3 Y N2 S 2 PO IO DR IR IR IR March31..
.3 . o130 | .05]ceeai]onn-.. April L...
April .. J PR IS SUOREUR SUUSUIN AN RPN M, 2.95| .9 .89 April 2 ..
April 1] .15 3905 .8 | .6 | .31| .95 April 3 ..
April 1 .8 0 {38 | .6 | .3] .15 : April 4.
April 15° .09 e [ess| L6 April 5.
April 1 1| .45 20 |501] .12 .4 .5 . April 6.
April 7. s3| .58 .51 .4 |......| I RO IR FUUDOU RO IR : ﬁm‘!} g-
13 ) N
April 8.... .7/ 35| .4 {:4; 43| .3 | .o Abril 9.0
April 9....{7.0 | 1] .0 181 Tasl .3 | .35 April10..__.
April10 .| .47 ol 45| o1 ) v |07] .2 Aprilll.....
Aprilit.._.| .8 66| .86l6o7| 38| .52} .70 April1g.. o
April1e . 0| .07 32{ .68| .s0l41 | .4 | .68} .85|5.0 April1s.....
April13.o.| 16| ‘20| le3| e8| .37y .43| .63| .e2{301| .u3 Aprilld.....
Aprilid . .|295]| .85| .65| .45] .4 | .4 | .45( .47] .5 | .G April15.....
Aprilas ool 7] .55) .35 .2 | .0 {29 | .8 | .T | 55| .5 __
M ~ L L
. . N A g.(8.15 |2
: g | 8|6 E|£1&[8]|H c5|8<( 8. | B
EN-E - D - T Date. | & | & |alg|&|ala|s|ala)|iE|25(38]58| .| 2
Date. | a| g | &f & &[4a] & gslelasl|lalalsglsle|s|a|®*|E35° |58 | %
Blals|l&|8 |98 Sl || &|a|a|n|a|la|lalB |8 82 |A |B |
ot | o |5 | 3|5 ] s e _ '
March18...|] .7 .6 .5 .4 4 .3 4 March18....
March 19 ...| .5 .0 62| .52 .5 March 19....
March 20 ... March 20....
March 21 . March 21.... .
March 22 - March22.... SRR 5 45
March 24 .. March23.... : 10 615
March 25 ...| . March24.... 0 ‘6 10
March26...| . . 4 Alarch 25... . 10 545
{¢. . - - March26.... 0 617
March 27 ...1¢° }.a B B (R FUUUURN VI IR T i}""’{m"" g ‘I 595
M ] . ) arch28.... 625
M:ﬁg}:gg . . March29.... 20 A6 7
March 30 ... March30.... 15 6 20
March 31 ... March31.... 15 ] 206 123}......
April 1.... April 1..... 5| "o s557....-
April 2.... ﬁm'!{ g ..... lg
\ pri cesse]ecemncfesacaafrnccce]rscncefercer]ivoifone leanifeenfiany JOH WY ASTe0onn
April 3.... = Abril 400 25
April 5..... 0 ceene
April 6..... ']
April 7..... 5 5 474
T April 8..... 0 5 57
"""" April 9..... 5 6 22
April10.... 15 625
A : o
1 JOUR prilig... 5 Q
v E 27 : . Apriltz. 10 635
I . . . . . 651 .82 pril 14... 5| 20 {552 .c....
TN T R Mok Mol Wohosl ISl Rt Mot Witodl Wb Robell Mhbest Miiet bt WO e Aprilis.[Ll| I I 15
.Aprill.’».... . - PRGN RN IDORUIPN TN PP FRE PP PP PR PR IO remane :
*Not determined.
'

o



. LIGHT-HOUSE AT NEW HAVEN HARBOR.
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8 VIOROUSE AT wEw HAVEN HARBOR. R Tide observations at Forl Hale—Continued.

NEw Havex HARBOR-~Tide obscrvations at Fort Hale.

Mean sea-level on box, 2.740; with indicator before Apri :
2.740; g i il 7,5.151 —
With indicator after and inclupnling, 4,151 4 g}To Chapel-séreet bridge gange. Date.

12.30 p.m.
12, 40 p. m.
12,50 p. m.
1.10 p. m.
20 p.
1,30 p. m.
1. 40 p. m.

E. .
Date. o P
2 g March31....| .65
- April 1..... .6
Apri} 2
April 3
March3l....|......J...... . . . ‘A\I"i{ 5
pril 5.....b...et
[
7
8
9

6.30 a.m.
6.40 a. m,
720 a.m,
7.30 a.m,

5.50 o m.
6 a.m,

6.10 a. m,
6.20 a. m.

FCE )

%

April
N April
April
April

L2

>
=
]
jord
=t
=

oo oM

ALTO LT

E]
Date. &
2

3p.m.

Date.

' ! March 31....
April
Apri{
Apri
Marchdi....f68 | .7 ) .6 | .5 | .3 ) .a5] .0 |59 . ﬁ]ln-i{
i : i i
A{wil
...... April
. ) . April

8.30 . m.

8,10 a. m.

|
2
oy
®

L

=
<2
=
—
@

5. 50 p. m.
6 p. .
6.10 p. m.

5.30 p. 1.

g
Date. &
=
wy

March3l....
" April 1.....

& April 2*.... E EEaatt AAnth TNt NN
- A%»ril < S P .- . USSR N
April 4
April §ooeoceaee]ienen
April 6.....
------ . . April 7...
d 8 April 8...
, : April 9...
April10...
April1l.
April 12
April 13.
April 4., .. R PO ] ] REECRR CULEED: SRbitad bt At NS
April35.....4.

-

ol
)
>

4
e

X

w

e
-0

Bgada~eR
W,
om

aArtin
©
<
'S
-
£
'S
<

* No obsorvation on account of novtheast storm.
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o
BE

83

3. 8
b} L0 a4,

N ohnarentian an o
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it
Tide observations al Fort Hale—Continuned. Tide observatlons at Five-Mile Point—Continued.
- 0 - A alelale|a §s &l | 4
: 5 : : & ] ard £ S : & 3 &

e | 2| E| B s |E|E] 25| 5% |24 |3 ) Dat. | & | d |l a|a|g|alalalale]| |&a]a
slEls 8|8 & |a% e |5°|E5| ¢ | = l 2la|a|s|8||2|s|8|s|c2|E|=]s
fle|ele |@d s |B |8 |AR |A | & | = | gl |g|S|A|d A 1A= |24 |& &

‘Ain.

March 31... 5 ) March31....| 001495 .76 .65] .35| .15|3.080; 75| .65

Avpril 1..... 0 April 1.....) .25 ] .00 |58 | .65| .40 .30 .10{490| .75

April 2*.... . . ceeena]eenenan . April 2. Y PRRIEON (RN PO IR R

April 3. 25 April 3.....| .00)885( .90 .50 .27 .02 |78 .57} .25

April 10 April 4.....{ 000895 | .8 | .76 .69| .40| .20 .00 7.77

N | T RO N O e e e L - April 5 .40

N IT200U0N IUION DRUIDON DR IO SN RN 20 e [ S April .80

April 7. FION DUUIPIN FOINIPON FOPIIPRN 5 7.0 April .00

NS I SUUN IORE PORON MR IRES SR FRPPN . 5 7-23 April .60

;) I TN DN PRI (PO PPN FRR 10 7.45 April .40

April 10. FUIION FORRIN A APUURS F. 5 6. 65 April 10. 5 .10 3.10| .30 .50 .90 ¢ 4.00

April 10, ooo|o I ) 20 6.2 April 12,0 .60 ] .60 .60 . .90 ]300 .20| .45

TR T TR0 100000 IOUORRY HORR! NUNE DRI OSSN 2 5.75. . Apritae UL 2.50 [ .30| .25 .30 .35 .40

April 13, . . 20 5.75 ' April 8. e

April 142000000 q 2 e i April1d.. {307 L107) 400 | 50| U557 L3 | S107]3e0 ) a0

April 15, feeccoifeiaiiieniai]oenean [ P 15 | 30 | 5 3. April15.. .40 2| .00|580| .60 40| .20 .00 4.80

* No obscrvation on account of northeast storm. R
. g g ] 8 = 2 K s 2 = = =
Niw Havex Hansor.—Tide observations at Five-Mile Point. i Date. a1 &l & | Ef B & |8 RENENE g
X ! . - o Py g & 3 & £ & 2 & & & &
Mean sealevel on box, 3.138; with indicator, 4.561; .4 to Chapel-street bridgo gange. ] 3 ; : & ) ] 2 2 ) = e ) 8 )
_ - - ~ - - - - - - ot ci ot -] Gt
E|&|&)| |&|&|&|&|&)| |&|&8|&8/|E5 Marchat....| .&5] 85| 80| 707 w0 .25 weo ) s |t

Date. 4 g | & I el e | & | & g & d c e April 1....| .85 .70| .55 .40 .25| .20 .e0| .15 10| 10| 10| .15{ .20} .25
2 2 2 g 2 a I 2 & = 8 = g April 2.....

B || ws | e |e|a]|e | |6 || & |8 [ =] April 3.....[5
i April 4.....
i April 5.....
! Amril 6.....

March 31 April 7.._..

April 1. April 8.

April 2. April 9.

April 3 [ April10.....

April 4. April 11.....

April 5... 1 April1e.....

April 6.. April 13..... . . .

April 7 Apvil14.....] .70} .60 50| 45| 45| .40 351 40 (45 |l PO R P
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Tide obscrvations at Five-Mile Poini—Coutinued.
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EXGINEER OFFICE, UNITED STATES Army,
Newport, Rhode Island, January 20,1872,

GENERAL: I have the honor to make the following report of the operations of im-
proving the Housatonic River, Connecticut, during the past season.
* The condition of this work at the date of my last annual report, August 31, is given
in your printed annual report for 1871, pp. 777, 778, 779. S ’
. The work continued in progress till the autumn wenther compelled usto desist. The
improvemont, consisting of a riprap cmbankment at Sow and Pigs Rocks, was com-

ploted. A channel 80 feet wido and 7 feot deep was dredged throngh Drow’s Bar, and -

a channel 42 feet wide and 7 feet deep was oxcavated through Mill Bar. These depths
are ab mean low water. Surveys were also made in addition to the previous ones. The
expenditures have been as follows :

For riprap embankment at Sow and Pigs Rocks, 778.34 cubic yards, at $1.90_.81
For dredging at Drew’s Bar, 28,922.41 cubic ym"ds, at 18 cent}s ..(. . :s s 5,, %‘8; ?)4!
For dredging at Mill Bar, 9,447.85 cubic yards, at 18cents..coveenneonn ... 1,700 61

. For engincering and incidental expenses. ...oo..oovee oo oo 3,446 ¢
Balance on hand December 31 ... oo ......... et e ;Z%g 2‘{

15, 000 00

An additional appropriation of $15,000 has been asked for. :

Along with this report I transmit the report of Henry Harding, civil engincer, who
superintended the execution of the work, which gives all the details deemed desirable.
Mr. Harding’s report is accompanied by fonr maps, one heing of the work at Sow and
Pigs Roeks, another of the dredging at Drew’s Bar, another of the detailed survey of
Drew’s Rock, and the othor of the dredging done at Mill Bar. These maps of the bars
where dredging was dene ate colored, so as to show the monthly progress of the work.

The original survey was made by Captain W. S. Edwards, civil engineer, but the lo-
cations of the improvements were made by General 1, G. Ellis, civil engincer.

Yours, respectfully, i .
o G. K. WARREN,
Major Enginccrs and Brevet Major General, TU. §. .
Brigadier General A. A. HuMrHREYS,
Chief of Enginecrs United States -AMmy, Washington, . C.

—

NEwrorT, R. 1., January 1, 1872,
GENERAL: I have the honor to snbmit the following final report of operations for the
season ending November 29, 16871, for the improvewent of Housatonic River, Connecti-

-y
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cut, conducted in accordance with section 1 of the appropriation act for rivers aud
harbors, approved March 3, 1871.  The amonnt of the appropriation was $15,000.

The navigable portion of the Housatonic River (horctofore only so ab high water) is
about thirteen miles in length, from the souud to Derby, at which point there are two
other thriving towns, Huntington and Ansoning the lattor about a mile north, and
situated oh the Nangatuck River, which flows into the Honsatonie River at Derby.
These towns are of growing importance, and alveady earry-on a large freighting bosi-
ness Ly the river. This is attended by a considorable delay and expense, as they are
often competled to lighten their barges ab Bridgeport, having to make two trips from
that place, where, if’ the river was improved, nt one would be necessary.  Ilerctofore
much of the material nsed in the manufacturing at these places has been cried by
railroads, which wounld have come by river hal not the navigation been so ditlienlt.

Drew’s Bar was the first point where the improvement commenced, and was that of
dredging, which was begun July 13, 1371, by P. W. Myers, contractor for the above, as
also all other work done at the two other points on the river, (Sow and Pigs Reef and
Mill Bar ) Thoe dredging was done with an Osgood dredge.

The object at this pornt (Drew’s Bar) was to conneet the deop waters of the two
separnte channels abovae and below the bar,  When the improvement was commenced,
the design was to remove Drew’s Roclk, as it is located in the channel usnally navigated.
Further surveys, however, showed that the cost of removing it would be far mors than
the sost of an embankment from it to tho shore. Bstimates for the removal of this
rock, and for an embankment, will be found further on. It was first proposed to make
o channel 1,540 feet long, 100 feet wide, and 7 feet deep at mean low water.  This was
done, with exception of the width of the channel, which was left at 80 feet, in order to
make the necessary improvement at Mill Bar this season.  Below Drew’s Rock it was
decmed necessary to make one cuti of 20 feet wide, so as to enable vessels to keep more
to the eastward coming up to the rock. This makes an addition to the above distance
of 440 feet.

Tota]l amount exeavated during the season at the above points, 28,022.41 enbic yards.
I do not thiuk that it will be necessary to do any more dredging at this point the com-
ing season.” Work at this point was finished the 23d of October, 1871.

While the work was going on at Drew’s Bar, according to your order, I made a sur-
vey amd soundings at Sow and Pigs Reef, and laid ont the work for the wing-dam.
which was also built during the time that the contractor was at work at Drew’s Bar,

The total Jength of the dam from the initial point on Sow and Pigs Reef to high-
water mark on east shore is 163 feet ; width on top 10 feet, and a slope on both, up and
down stream, sides of one to one.  The up-stream slope has a layer of quarry waste ex-
ceeding 6 inches in depth over its entire surface, so as to render it impervions to both
satd and gravel. :

Total number of cubic yards of stone in dam is 7738.34. The object of this dam is to
obviate varions difficaltics to navigation at this point. Its design is not so mnch to
inerease the depth opposite (or the river's eross-section) as to render the safe passage of
vessels going down stream.  Heretofore when vessels would near that portion of the
river, they experienced great difticulty in overcoming that point from the dauger of
being drawn on or against the rock Ly the force of the Lody of the current at that
poiut passing botween the rock and the cast baulk, which opening was not practicable
for vessels.

Although but limited observations Lhave been made since the construction of the
dam, I think it safe to say that this one serions impediment is alrendy overcome.  The
position of the dam is not at right augles with the thread of the stream, or, in other
words, is not. exactly in the-line of the transverse section.  This loeation was consid-
ered advisable on account of the solid rock on the east bank for the dam to bed against,
therefore obviating any danger of washing around the shore-end. This position was
selected by General Ellis and approved by you.

Mill Bar was the next and last point of improvement on the river, and was but par-
tially completed. This work was commenced the 23d of October, 1871, The nature of
the work was dredging in saud, so as to give a 7-foot channel at mean low water,
otherwise opening the old channel to awidth of 150 feet, and to connect the north and
south deep-water channels. - Thig is done at present to a width of only 42 fect, and in
length a distance of 750 feet.  ‘The amount dredged at this point is 9,447.85 cubic yards.
This does not seem to be the river’s natural channel, inasmuch as it is ont of direction
of the main body of water in coming down stremn, althongh it has been the main
sailing-track since 1864, and is doubtless the most feasible as regards oxpense.

The old channel navigated provions to 1864 has a-serious obstruetion opposite the
mouth of the stream leading out of the Mill Pond, cousisting of a rock 3 feet under
water at mean low water. '

I would here suggest that, in farther proscention of the work at this poiut, the
dredging in the upper portion of the channel shoukl be done on the cast side of where
the work has already Leen done, but in the south portion continue from the sand island
down, as at present laid out.

H. Ex. 267 3
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.. Ifind from observation that there is a ecross-current which canses the sand, so that
it deposits on the island and its vicinity, (therefore cutting into the island, as this
present lay-out does.) The liability wonld be that of soon filling up ; therefore the
suggestion of moving eastward, 8o as to overcome the above difficulty. "The cutting is
oven heavier than ipdieated on the map 3 that is, that portion which begins ab the
sand islund, thence north. .

During the proscention of the work at Mill Bar, I made a survey and soundings aé
Drew’s Rock, according to your directions. I have made an approximato estimato in
reference to its removal.  The number of cubic yards to be removed, to give 7 feet at
mean low water, is about 419; at §15 per enbic yard, wounld amount to $ii, 25,

I have ul.?o mado an approximate estimato for i wing-dam at the same point, of the
following dimensions: 123 feet long, 10 feet wide on top, with a slope of 1 to 1 on both
the up and down stream sides, and to extend to mean high water the entire length,
The amount of stone required would not far exceed 330 cubic Yards, aud cost, at $1.90,
(pr!cg paid for same kind of work this season,) wounld amount to $627.

This dam to run from the west bank to rock, starting from the shore at a point far
enough below the rock so as to make an angle of 70° with the bank and stream.

Recapitulation of work done on Housatonic River during the season.

Dredging 38,370.26 cubic yards, at 18 cents...... tettmccasiesstacacreaane £6, 906 64
Wing-dum, 778.34 cubic yards, at §1.90..... ... 0 . LTI 1,478 84
. o 8,385 48
Engincering and incidental eXPenses..c....aaan.. temeetamecerccceasananann 3,446 31
Total amount exponded..o oo eeevan oo ... Cemeaeceesancneeanoanas 11,831 79
Amount of appropriation for improvement... ... .......oooo. ... 15, 000 00
Total amount expended.............. .. ... 1T 11,831 79
Balance remaining.................. e e e eeeeieiceaee e aann 3,168 21

Acconmanyin.g this report will be found maps, as follows: Map of Sow and Pigs
Rocks, (or Reef.) containing the survey of the above point, plan, and position of dam,
with cross and longitndinal section of same ; seale of map, 30 feet to 1 inch. Maps of
Drew’s Bar and Mill Bur, on scale of 24 inches to the mils, or 220 feet to 1 inch. These
maps show the progress of work during each month, and is indicated as shown by
color. Mup of survey of Drew’s Rock, (1871,) scale 10 fect o 1 inch,

Very respectfully,
. HENRY HARDING.
Brevet Major General G. K. WARREN, Na
Major of Engincers, U. 8. 4., Newport, Rhode Island.

E.

Letter frtm@ the Secr:clary of War, in answer lo a resolution of the House of March 20, relative
lo removing the light-house at New Haven Hurbor, Connccticut, to Southwest Ledge—April
5, 1872, referred lo the Commiltee on Commerce and ordered to be printed,

WaR DEPARTMENT, April 2, 1872,
The Secretary of War has the honor to invite the attention of the House of Repre-
gentatives to the accmnlpml ying roport of the Chief of Eugineers and its inclosure, on
the subject of the expediency of removing the light-house at New Havoen Harbor, Con-
necticut, to Southwest Ledge, which are based on the resolution of the Housoe of the
20th ultimo asking for information on that subject.
WM. W. BELKNAP,

Secretary of Trar,

OFFICE oF Tnr: CHIEF OF ENGINEERS,
. IYashington, D. C., April 1, 1872,
Sir: In compliance with the following resolution of tho House of Representatives of
March 20, “ that the Seerctary of War and the Sceretary of the Treasury bo requested
to inquire juto the expediency of removing the light-house at New Haven Harbor,
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Connecticut, from its present position to Southwest Ledge, so called, near the entrance
of said harbor, and make report to this House,” I begr leave to transmit herewith a
copy of a letter on the subject, dated March 27, 1872, from Mujor G. K. Warren, Corps
of Engineers, the officer in charge of the improvement of New Haven Harbor, to
whom the question was referred. Major Warren’s letter, it is believed, will afford the
information contemplated by tho resolution.
The resolution is herowith returned.

Very respectfully, your obedient servant,

’ A. A. HUMPHREYS,
Brigadier General and Chicf of Engincers.

Hon. W. W. BrLkNaP,

Secretary of War.

ENGINEER OFFICE, UNITED STATES ARMY,
Newport, Rhode Island, March 27, 1872.

I have the honer to submit the following report in regard to the expediency of Te-
moving the light-house at the entrance to New Haven Harbor, Connceticut, from its
present position to Southwest Ledge.

I would recommend that the chango be made for the following reasons:

1st. In approaching the harbor from the eastward thelight is not visible until nearly
abreast of it, being shut out by woods. In coming from the westward the light is 80
situated as to render its position very decoptive, making it appear nearer than it
actually is; many vessels ground on the west-shoro flats from this cause. .

2d. If the light-house was on the ledge, vessels conld run for it until it was close
aboard, then haul to the northward, passto the wastward of the light, and head up the

- harhor dircetly for tho fixed red light on Long Wharf, thus following the line of best

water up the harbor, avoiding all rocks and shoals. The light-house would nlso serve
as an cxcollent channel-mark by day as well as by night. In consequence of the
present position of the light, it isnecessary to run by bearings and estimated distances,
thus rendering dangerous the entrance to the harbor.

3d. The wonds in the vicinity of the present light-house so deaden the sound of the
fog-bell that in fogs accompanied by a southerly breeze it is impossible to hear the
be}fl more than six huundred or seven hundred feet, except when directly abreast to the
westward of the light. This would be obviated by placing the light-house upon the
ledge. Besides thus greatly improving the entrance to the harbor itselfy tho position
of the light on Sonthwest Ledge would be abont one mile farther out in the sound,
and would furnish an_excellent object for vessels passing along the sound to steer by
and correct their positions from in thick weather. New Haven Harbor is much nsed
a8 a harbor of refuge, and should the light-house be placed on Sonfhwest Ledge,
vessels whoso capraing aro not acquainted with the harbor could readily find refuge,
The nearest lights are tho Falkland Island light, twelve miles to the castwand, and
Stratford light, twelve miles to the westward. ~ Bvery reason that ocenrs to me justifies
the removal of the light to Southwest Ledge.  Five-Mile Point should Le reserved as
a site for a fort. Southwest Ledgo has now over it, at mean low water, 7.5 feet, and is
composed of granitic rock. The contours of the rock ou o scale of 10 feet to the inch
are shown on a tracing I sent you with my report of December 23, 1871, (H. Ex. Doc.
No. 137.

I ret.uiu herewith the eopy of the resolution sent me.

Yours, respecttully,
. G. K. WARREN,
Major Engincers, Brevet Major General U. S. 4,
Brig. Gen. A. A. HOMPIREYS,
Chief of Engyineers U. S. A., Washington, D. C.



