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BLOCK ISLAND HARBCR OF FEFUGE, R. I.

I. A GEHERAL

1. Location. This haerbor is on the east side of Block Island. It
is 13 miles south-southwost from Point Judith Harbor, R, I., and aboub
26 miles southemstorly from Stonington Harbor, Comnecticut. (Sec nap
R, 265).

2., Type. DBreakwabters.

1I. CONDITIONS PRICR TC CONBTRUCTION.

1. GCeneral deseription of locality, The site of th® harber wes on
the ocean shore, unprobected except for the shore~line of the islend,
which formed a partiel shelter f.'x:cm southerly and westerly storms. There
was no natural harbor on the island.

2., Nafture of beach and bottom materisls. The beach end bottom 1s
composed almost entirely of semdy material interspersed with mumerous
boulder deposits., '

3. Averace slopes of beaches at vrricus points, This information
is not awmilable.

4. Direction of prevalling winds, Souldwosterly winds preveil.
{See wind chart for Block Island, map Pile No. REID. 255),

5., Direction of prevailing storms, Prevailin; storms arc froam the
northeast and southeast.

6s Direction of prevailing littoral drift. Preveiling littoral drift
along the east shore of Block Igland is indicated as from southeast to
northwest,

7« 7Tidal ranges in the harbor.

Mean 3.0 feat
Extremo 7 feet or nmore.

8. Direction end intensity of tidal and other currents. Tidal cur-
rents flow toward the northwest along the east shors of Block Island on the
flood and towserd the southoast on the ebb, and are of low velocity.,

9, Effect of prevailing winds., The harbor was protected to some ex-

tent from prevailin; southweeterly winds by the shorc-line.




9, Effdet of prevailing winds. Prevailing winds cause eastward
drift aleng the morth shore of Nantucket Island. Probably little effect.

10, Effect of prevailing storms. The effest of prewailing storms
was to increase sand movement om the outer bar. In genoral, storms caused
the closure of one chaamel and opened another. Previcus to the construe-
tion of the jetties about $46,000 was spent in dredging & channel through
the outer bar, This ohamnel was soon elosed by storms and another shomler
channel opened up & short distance eastward.

11 Effect of tidal and other currents. The ebb ocurrent issued be-
twoen Brant aund Coatue Points in & northwesterly direction with sufficient
force to scour & channel having a leasgt depth of 12 feet at mean low water
for 0.8 of a mile. The tidal prism then dispersed fan-wise over the
cuter bar,

12, Reasons for the comstructicn. The jetties were construeted to
provide a stable extrance inte NEantucket Harbor by maintaining a suitsble
depth over the cuter bar. They wers intended to accomplish this by stopping
% littoranl drift, and preventing deposition in the dredged chamnel by
oconsentrating the tidal flow between them. Dredging was contemplated to
sssist the jetties in attaining end maintaining the chamnel.

II. CONSTRUCTION .

1. laterial. Until 1884 the west jetty waa construoted without a
core by simply placing large rough stone on the lines of the jetty. The
large openings botnon‘tbc atones allowed passage of sand. leater chip stone
was used to £i111 the interstices in this portion of the work.

Since 1884 the comstruoction of both jetties has been carried on
with & eore of nnll‘ stone of warying sises from § to 200 poknds in weight,
protected by a facing of large stone. The west jetty was completed in 1908,
snd the east jJetty in 18065, Later work clussified a@ repairs inoreased about

1700 feot of the east jetty to the full scotion.
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2. Method of spplying stone in the atrusture. The structures wers

tuilt by dusping stone from soows om line, and later placing the fseing
stone by meens of shallew dreft lighterse A portiom of the esst Jotty ms
sonstructed by gevernment plant with hired laber.

3. Aligment, 7The west jetty extands appreximaisly sormel to the
beach wost of Brant Peint in a sirsight line exsept for a short distance
on the midver end which curves westward. The east jetty sonverges frem
Coatus Foint towsrd the wist jetty and thenm econtinues in a straight line
parallel to it at the outer end.

4, 5, 6y Cress seotiomal dimensicns and side slopes. Lengths, and
Distance spart. Ses mep files no. S&¥N 288,

" 7+ Depths of water at cuter snds. During construction, there was
slmost no ohange at the outer end of the west jJetty. 4is construction pre-
gressed on the east end jetty, however, sceuring wis emsessive, the depths
tnereasing as muck s 10 fest, and making the placenent of stons diffieult.

8 &4 9. Dimensions and Aligmment of Channel. See wap file Yo, R4 2568,

10, Origimal cost of strustures. Including govermment costis both
struoturce (ret $325,77T0.04.

11. Unit Cestsr Mest Jotty: Cost per lineal foot  $383,00 &
Cost per short ten 2,10 &

Fast Jettys Cost per linmesl foot 23,00 &
Cost per short ten 188 &

These firures ars for stone in place aud de mot include the cost
for engineering and inspestion.

IV, CONDITICONS AFTER CONBYEUCTICR.

1. Mility of structures. That porticn of the west jetiy cone
structed pricr to 1884 was composed entirely of large stornes and was of &
very germssable charsoter. later the velids were filled to scme extent with
ship stons making this pertion less permosdle to sand.
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That portion ef the west jetty eonitructed since 1884, and all
of the East jetty was constructed with a core of mall stones. This has
asde & campact structure and ome practically sand tight.

2. Asoretion or shocaling. As the west jetty was congtruoted shoal.
ing began around the end and on the west side. This process has eontinued.
A large part of the dredging necessary to keep the channel to project depth
has been done in the seotion opposite the outer end of the west jetty and
pear the inner end of the channel north of the channel along Brant Point.
The ocuter shore line has built cut west of the west jetty and east of the
est jetty. Cestue Point was building cut from 1828 to 1885, The build-
ing of the jetties reversed this process and about 400 feet has since been
eroded frem the Peint,

t Erosion or seouring. Bcouring in the gorge between Coatue and
Brant points haa been great, the tidal flew reaching veélocities high enough
to scour to depths of 25 feet and more, During construstion the chamnel
depth over the ocuter bar increased by 6 to 8 ft. at mean low water., Some
proteotive riprep revetment was plased at Brant Point by the Lighthouse
Service to halt eresion cosuring at the tip. For further information refer
to accompanying map File No. R&HNM 2§8.

4. Du'borimtion‘er strusturss, The wast jJetty is in falr conditiom
at the present time, and has suffered very littls dsmage since construstionm.
Mainteasnce of this jetty haz been limited to £illing the intersticea between
the large stones at the immer end with shipstone.

The sast jetty is largely & half-tide jetty and has detericrated
bedly from the effect of ice. Maintenance operations have merely repalired
the damege done by sterms and loe.

A total of $7210 has been spent for maintenance to the west jetty,

or an average amnual cost of about $225, equal to about $0.05 per lineal foet.
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On the east jetty maintemance operations have totalled $108,856.04,
or an average smmual cost of sbout $3700. The amnual maintenance cost per
linesl foot has aversged sbout $0.53. These figures include govermment eo&.
It is probable that part of these costs charged to maintenance wers expended
in enlarging the section of part of the esst Jetty and should have been charged

to new work.

Ve CONCLUSIONS

The present structures hive ressonmably fulfilled their purpose of
maintaining & chamnel into Nantuoket Harbor. Before sonstruction the eon-
trolling depth over the outer bar was about & f£t. The mml first obtained
by dredging was slmost completely filled soon after its completion. Now the
imner and cuter bers ahsal slowly and require dreding at intervals of about
6 years. ' During these perieds the mmount of shoaling averages about 3 ft.
Complete freedom from dredzing sculd not be expescted to result from any change

in design or construstion of the present structures.
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10. Effset of prevailing storms. Prevailing storms made all forms
of navigation in this locality egtremely perilous, as there wee no harber
where boats could seek shelter,

11, Effect of tidal snd other ocurrents. Tidal and other currents had
1ittle effect,

12, HNiscellansous effeets, Nome,

18, Reasons for ths construction, Block Island is the center of an
intensive fishing industry, The harbor of refuge was built to provide a
safe anchorage for the fishing boats making it their hame port amd also
for visiting oraft, Before construction, boats had to be beached as & pro.
tection agninst storms, as there was no shelter exsept that provided by the

$sland itself,

111, CONSTRUCTION,

1, JMaterials. The breakwaters were constructed of riprap granite.
When originally built large stone was used exslusively meking a very per-
meable structure, lLater smell chip stones were pleced in the main bresk-
watsr as there was considersble sesspage of sand through it into the hardor.

2, MNethod of applying materials in structure. Stome in the mmin
breakwater, except for the detached ssotion, later connected, was placed
from oars run on tracks over the brealmmter and dumped from the outer end.
The basin was originally construsted to shelter govermment plant engaged
in bullding the main strusture,

During construction of the main breslwater it was found necessary
to construot & jJetty west of the main bdreakwater to stop the heavy waves
coming in from the «‘st which caused considerable erosion on the west side
of the breakwater and depesition of sand on the east side.

The dstached breakwater and the jotty wers comstructed by dumping

stons from shallow draft lighters. The gap in the main breskwater was filled

in the same marmner.
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3.9 Tne. Alirvmment, Cross sestional dimensions and side slopss,
Lengths, Distaunce agrt’, Depth of water at outer ends, Dimensions and

sligmment of channel. See Map file NO. R:HN 258.

10. Cost of structure, original. The cost of the main or eest
breskwater and basin completed in 1879 was about $350,000 including
Govermment costs.

The contrsot cost of filling the gap between the detached
piece and the main srm was about 331,000.

The cost of the west breskwater, completed in 1893, was about
$76,600.

Subsequent work of raising the breskwater and prevenmting sand
leaknge sost of dredgins the originel channel completed in 1808 brought
the cost of original work to sbout $800,000.

11. TUnit Cost.

Fast broalwiter cost per long ton = $2,20&
West breakwater cost per long ton ® 2,203

Pilling gap cost per long ton = 1,65¢

Iv. CONDITIONS AFTER CONBTRUCTION

le Pormeadility of structures to sand. As originally construocted
the main breakwmater was built entirely of large stone. Consequently it
was of a very permesble mature. The seepage of sand through and over the
structure caused so much shoeling in the channel that a project was adopted
in 1896 for raising the orest of the breskwater and for making it sand tight,
This work was cauplo‘ted in 1508, Repeirs were made in 1833 and 1935 to
reduce the permeability of the east breakwater.

2+ Accretion or shoaling. The shore-line betwsern the east and west
breakwaters has bullt out appreciably and some shotling is teking place
along the sides of both breakweaters and around the end of the west break-

water,

Shoaling in the channel has been great enough to make dredging
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necessary about every third ysar in order to maintsin a depth of 15 feet
at mean low water.

3. Erosion or scouring. There has been same erosion of the shore-
line on the east side of the east breskwatser. After the permeability of
the east breakwatsr was reduced in 1936 the shore line Ptullt out immediately
to the east of it, Looal irnterests have constructed short jettles on the
stretch of besch southeast of the harbor to cheock extensive erosien.

4. Deterioration of structures.

&+ Blook Island is subject to severse northesasterly storms.

These storms have saused considerable deterioration of the structurss. Dur-
ing construction winter storms caused settlement of as much as three feet
along the outer portion of the strusture.

b, laintenance costs have been heavy. Considerable work has
been done toward making the main breakwater impermeable and in raising the
ereats At the present time the structures are in good condition.

¢« The average annual cost of maintenance for all the struc-
tures has beem about $1670, exclusive of the cost of maintaining the chanuel
by dredging.

d. The average unit cost of maintenance has been about $0.65
por lineal foot of structure,

é. There wzas no harbor at Block Island previcus to the construc-

tion of the present harbor of refuge.

A\ ) CONCLUSIONS,

1. GHave structures oompletely fulfilled their purpose? The build.
ing of the btreakwaters has afforded sn sxcellent shelter for the fishing
boate on the east side of the iszland.

245« Thers has been no failure of the structures to fulfill the pur-

poge for which they were constructed.
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4., TFhat changes might bave made the structures more suecessful or
more sconomical?! As originelly propesed and constructed the project con-
templated the construstion of the east brealwater as a protection apgainst
easterly storms, Later is was found necessary to extend this brealorater
and to build a breakwater to the west to form a large interior harbor as
the basin was insdequate to meet the needs of existing and antiecipated
commercs. Thus the harbor as finally completed was the combination of 4
separate projects. There is no ressou to believe that thess contingencies
should have been considered prior to comstruoction.

The costs of maintenance dredging would have been materially
reduced if the east breakwater had besn made sand tight originally. There

has been a great deal of seepage of sand through this structure evem though
atiempts have been made toc make it impermeable.

«10-



BLOCK ISLARD, R.I. GREAY SALYT POND.

I. - GENERAL.

1. loocation. Great 8alt Pond is located near the sentral part of
Blook Island snd is 12.1/2 miles southwest by south from the harbor of
refage at Point Judith smnd 20 miles scutheasterly from Stonington Rarber,

Connecticute (See map RAHN 258).
2. Tmo Mty.

I1. CONDITIONS PRIOR TO CONSTRUCTION,

1. Deseription of loeality. The Great S8elt Pond waes a large pond
of brackish water covering an area of 700 acres mnd separated from the
ocean on the west side by & marrow strip of sandy beach. Its greatest
depth is abont 60 feet and it has an area of sbout 150 acres exceeding
18 feet in depth. Before the sonstruction of the jetties, looak interests
had attempted to comnect the pond and the see by dredginzg openings through
the beach at various points. JNone of these openings was permanent due to
the steady movement of sand along the beach from the south.

2. TFature of bessch and bottom materials. The beach is almost
satirely sandy, sad the bottem outside the pomd and in the entrance is
sand, gravel and elsy with & few boulders.

3e Average slopes of beaches at various points, This information
is not aveilable.

4. Direction of prevalling winds. Bouthwesterly wind prewail.

(Ses wind chart for Block Island, Map file NO. RAWM 25B).

8. Djrection of prevailing storme. Northeast and southeast storms
prevail,

6e Direction of prewailing littoral drift. The littoral current

moves along the beach from south te north.
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7. Tidal ranges at the entrance.

Mean 3.0 feeot,
Extremse 7 fobt or more.

8. Direstion and intensity of tidal and other currents, Tidal
currents of low veleocity flew toward the west and northwest around the
islend on the flood. In the immediate vicinity of Great Salt Pond flood
ourrents flow toward the sutrance.

9., Effeet of prevailing winds. Prewailing southwest winds cause
strong littoral current aleng the west shore from south to north.

10. Effect of prevailing storms. Storms caused erosion along the
beach.

11, BEffeot of tidal and other currents. Tidal currents probably
hed little effect on the shorwline. Littoral currents moving parallel to
the shore line and wave astion caused some erosion along the beach.

12, Misoellanecus effevts. HNone.

18, Reasons for the construotion. The jetiy was constructed to
maintain an entranes into the Oreat Salt Pond, This structure was intended
to raintain the entrance by arresting the movement of sand northerly along
the beach. Without the action of the jetty, the econumical maintenance
of a channel commeoting the Great Salt Pond with the ocean wmild have been

impossible. It was constructed to make the Pond a harbor of refuge.

I1X. CONSTRUCTION.

1, Materials. Previcus to the adoption of the project by the United
States, the state of Rhode Island and the town of Few Shorsham, R,I, had
constructed 837 feet of the south jetty (campleted about 1896)s This sec-
ticn was built with a central section of sheet piling surrounded by riprap
p-a.nitol to secure stabilitye The sheet piling stopped all flow of water
and sand through the jetty. Upon adeption of the work by the United States,

the jetty was extended using riprap granite only. There is no central core
in this extsnciar
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2., Method of applving materiale in structures Theat portion of the
jetty constructed by the United States wae done uvnder contract with private
oontractors. The method of plasement involved the use of scows apnd derriek
lighters.

3. Aligment. The origiml project by the United States contemplated
the construction of 2 parallel jettles. State and local interests had pre-
viously construeted the south jetty 837 fest long, and the north jetty 250
feet in lemgth. Extension of the north jetty hax not been ocmrenced by the
United States.

4«9 inclusive. Cross-sectiomel dimensions end side slopes, Lenzths,
distances apart, Depth of water at ocuter ends, Dimensions and Aligrment
ef ohannel, BSees map {ile no. R&AM 259.

10, Cost of structure. The contract cost of that portion (854 feet)
of the jetty built by the United States was $30,060.79.

11, Unit costs The unit cost of construction was 2%93,7F per lineal

foot and £1.27 per ton of stone in place.

Iv. CONDITIONS APTIR CONSTRUCYTION.

la Permeability of structure to sand. As origimmlly built, the
struoture contained & central strip of sheet piling extendinz 837 feet from
shores This piling prevented any seepage of sand through that part of the
struoture » The outer 854 fest, built by the United States wma not sand

tight as it contained no ecore. Since the shore lins has built out on the
south side of the jetty, there has been some seepage of sand through the

outer portion.
2. Agoretion or shoaling. Shoaling in the channel has been dus to

two main causes, (1) the drifting of sand over the top of the inner portion
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of the jetty, and (2) the deposition of material carried around the end
of the jetty by longshore curremts. Ascretion along the south side of

the jetty had built the high water lins to 650 feet from the end of the
Jetty in 1936. This aecretion to the shore, along the outaide of the
breakwater and around the end must oontinue so long as the sand movement
contimues.

S. Erosion or scourings Erosion hms ceccurred along the north side
of the entrance cut due to the velocitles attained by the tidal prism both
on the flood and on the ebb. Although no detailed surveys of the shore
lins have bsen made, a study of the sccompanying map shows a deoided
tendenoy for the shore line to recede along this side of the entramce chammel.

The shore line north ef the short jetty had eroded in the three
years previous to its censtruction (1898) approximately 100 feet. By 1609,
it had been built out to its 1892 pesition and has remained fairly stable
for a distance of 800 feet north of the jetty since 1508.

4. Detericration of gtrubture. a. There has been some deterioration
of the structure along the cuter end., This damage has occurred in general
along the south slope. The inmer portion of the jetty is covered over with
sand.

b. laintenence operations have been sclely to keep the structure
in such oondition as to reduse dredging operations.

¢+ The amual cost of repairs from 1900-1902 was $2,575. These
funds were expended in repairing damage due to storms and settlement before
proceeding with the extension of the jetty. Sinece the completion of the
Jotty in 1906 there was no msintensnce until 1958 when $5,655 was spent. The
ammual cost of maintemance has been about $183. )

‘@, The average ammual unit cost since 1906 has been about $0.11

T

per lineal foot.
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Y. CONCLUS ION

l. The present structure has fulfilled its purpose of maintaining
a chammel into Grevat 8alt Pond. It has maintained an emtranee whioh would
have becoms slosed within s short time without it. Project depth is 25 f%.
in the central 180 feet.

2s Slight shosling cecurs opposite the lmmer and cuter ends of the
Jetty. Practieally no maintemance dredging has been dome in the 25 feot
chamnel., The 18 foot strips on each side of the 25 foot channel were
redredged in 1938,
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POINT JUDITE, R.I.

1. ‘ GENERAL.

l. Loastion. Point Judith is st the southwestern entrance to
Narragansett Bay. It is sbout 14 miles southwest of Newport Harbor, R.J.,
azd 33 miles east of New London Harber, Conn. (See socempanying map File
No. RN 255).

2, Type.

8. Detached Breakwater in Y form
b, Breskwaters to the east and west oconnecting with the

shore,

I1. CONDITIONS FRIOR TO CONSTRUCTION.

1. Description. The harbor at Point Judith was exposed to storms
from praotically all directions. There was same shelter from northwesterly
storms but not enough to warrant the use of this harbor as & refuge. The
site of part of the present breskwaters is & shoel ledge, known as Squid
Ledge, which extends for nearly a mile in a southessterly direction about
1-1/2 miles west of Peint Judith.

2. Fature of Beach and Bottom Materisls. The whole formation at
Point Judith under water and along the shore is glacial drift. At the Point
ths beach is camposed of csebbles and boulders., Sand Hill Cove, west of the
Point has a sandy beach. The bottom of the harbor is generally hard compact
sand with some rocky aress. The holding bottom 1s poor.

3. Average Slopes of Beaches. No information as to the slops of the
beach is available.

4. Direction of preveiling Winds. Prevailing winds are from the
southwest, and to & slightly lesser degree, from the Northwest and North-
sast. (See wind chart for Blosk Island, map File No. R&HN 2855).

S. Direotion of prevailing storms. Northeast snd Southsast storms

predominate, the former being more severs in thise Ys- 774~
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8. Diresction of‘Provailing Littoral Drift. The littoral drift
along the shore west of Point Judith moves in an easterly direction.

Te Tidsl Ranges. The mean range is 8.1 feet, and the extreme
range, due to the combined effest of wind eand other ceuses is 7 feet or
more .

8, Tidal Currents. Flood eurrent moved westward along the shore and
#bb current esstward.

9  Bffect of Prevalling Winds. Little effect.

10, Effect of Provtiling Storms. Prevailing northeast storms
probably had 1little effect. Boutheast storms caused erosion of the beach
esst of the entrance to Point Judith Pond between 1882 and 1891,

11, Effect of Tidal Currents. Tidal currents had little effect on
the shoreline, Littorsl currents removed the material eroded from the beach
by atorms and wave actlon,

12, Miscellansous Effects. XNone.

1%, Reasons for the Construction. The main breakwater was constructed
to provide a harbor of refuge. The easterly breakwater was sconstructed
"with a view of providing a shelter for a landing place for the passengers,
srew, snd cargoes of vessels in distress, and other vessels, and for the
lifeboats of the Point Judith 1ife saving service," (Extract from Act of
June 13, 1802),

The westerly breakwater was oonstructed in 1914 to prevent sand

movements along the coast and provide more protection to the harbor.

I1X CONSTRUCTION
A, Main Breskwater.
1. Materials. The main breakwater is composed of riprap granite. It
has a core of stones exeesding 200 pounds each. The facing of the breakwater

is approximately 10 feet thiok and is composed of stones exseeding 3 tons each.




2, Methods of Plecement: This breakwater was built in pert on Squid
Ledge. All stone was placed under a contimuing econtrast by private sontrac.
tors, using scows and derriek lizhters, The breakwater was built up gredually
by dumping the stone. The slope and cap stones were plased singly with derricks,

3.0, ino. Alignment, ets, See Map File No. RsHM 267,

10. Cost of Structure, originale. 7The main breakwater cost, exelusive
of enzineering end inspeotion, #1,194,407.37, Engineering expenses totalled
$82,410,82 including $14,500 expended on govermment plant and expenses inei.
dental %0 the mmintenance of heacons. The total cost of the breakwater come
pleted in 1002 was $1,246,817.99.

11. Unit Cost. The total length of the breakwater is 6,870 feet. The
average unit cost per lineal foot was about $179, The breskwater was built
under & somtinuing contrast st a unit price of $1.27878 per short ton of stone
in plase. Including all expenses, the cost per ton of stone in place was
#1,40,

Bs Bast Shore Arm.

1, Materials. 7This breakwater is composed of the same materisls as the
main breskwater with one exceptien. The core is composed of stones waighing
over 50 pounds each,

2, Method of Placement, The method of placement was the same as for
the main brealwater. This breakwater was not built under a continuous son-
tract. It was completed in 1908,

3-9,ino, Aligmment, eto. See ¥ap File No. RERM 287.

10. Cost of Structure, origimal., The total cost of this structure was
$532, 145,12 inecluding engineering and inepection costs of $42,126.52,

11  Unit Coste The east shore arm 1s 2,240 feet longe The cost per
lineal foot was about $258, The cost of stone per short ton averaged 32.30

in plece including all expenses.
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Ce West Shors Arm,

1. Materials. This breskwater is composed of riprap grsnite with
a eore of rua > the quarry stone.

B Method of Placessnt, The method of placing the stone was simi.
1ar to the mothod used for the other structures. The west shore arm wes
somplsted in 1914,

3 to 8, ine, Aligment, ete, { See lap File ¥o. RaENM 257).

10, Cost of structure, original. The west shore arm, including
sngineering and inspection, cost §888,510,01, The cost exclusive of engimeer-
ing snd inspeotion wes $609,877.,40.

11 Unit Costs The west shore arm 1a 4,200 feet long. Unit costs
wore about #1338 per lineal feot and 21,80 per tem of stome in plaes,

(R CONDITIOFS APTER CONSTRUCTION,

1. Permeability of structure, All of these structures are imper.
meadle to sand, The west shorearm is particularly impermsadle ms it has =
core oomposed of run of the quarry stonees This type of store contains enourh
mall atons to £il1 the wids betwsen the larger stone.

¢  Asocretion or shoaling. Frevicus to the somstruction of the west
shorearm there was consideradle nseretion on the shore immediatsly east eof
the entrance to Point Judith Femds ¥his acoretion was diminished consider.
ably by the construstion of the impermesile west shorearm.

There has been considerable sacretion along the west side of the
west shoresrm, md some accretion along the east side of the east shorearm,

Shoaliny has ocourred inside the main broakwater near the apex
of the V,

S, Erosien or Beouringe Thers appears to have bteen slirht scouring
between the ends of the dreakwatera., Brosiocn has alse socurred on the shors
for & short distence ismmediately to the east of the entrance to Foint Judith
Pond «
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4. Deterioraticn of struetures,

2. The mein breakwater is exposed to the force of the wind
ard waves. The eastern arm haa been damaged by the weves breaking over
the top during heavy sterms. The westeru arm, not bullt to full cross
sestion has remained in good eondition. The east shorearm breakwnter
is damaged by wave attack, while the west shorearm suffers only slipght
deterioration,

b. The greater proportionm of the maintenance operatiors to
these structures have besen to keep the east arm ¢f the main drealwater
and the east ghore arm breskwaber in good repair. The replacing of oap
stones, filling of gaps caused by wave aotion, end the repair of slopes
has been necessary.

S« The average amual sost of maintensnce 1.6+ actual repairs
to the strustures, has been (1) for the main breskwater about $10,800.
(2) for the enst shore arm about ¥#780. Fo repairs have been necessary on
the west shore arm,

d. The average annual unit cost of maintenance has been about
$1.50 per lineal foot for the main breakwater and about #0,35 per lineal

foot for the east shore arm,

Ve CORCLUSIORS .

1. The structures have provided 2 sheltered harbor of refuge at
Point Judithe. The harbor hus poor holding ground for large vessels. A
total of 850 vessels of all types sought refuge here in 1935,

2, The west shore arm has greatly desressed the accretion to the
shoreline. This acoretion i{s continuinz but at & lesser rate.

- Raintenance expeniitures for the main breakwater lmve totalled
nearly one~third of the origimal cost, due to its exposed position,

4o There are no evident changes in design or construction which

would have accemplished better results.
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CONNECTICUT RIVER, CORNECTICUT

Saybrook Outer Bar

I. GENERAL

1. Location. The Comnectlout River has its source in Connecticut
leke in northern Few Hampshire, flows socutherly about 380 miles, and
empties {into Long Island Sound at Saybrook, Conn., 14 miles west of
Rew London, Conne (See mccompanying map File ¥o. R&HM 255).

2. Type. Riprap jettles.

II. CONLITIONS PRIOR TO CONSTRUCTION

1. Description of locality. Before improvement by the United
States, the limiting depth over Saybrock Bar was 7 feet at mean low
water. There were three channels, the west channel adjacent to Lynde
Point being used almost exclusively for navigation.

The bar channel was constantly changing, and & large amount of
sediment was deposited cn the bar both by the river currents and by
the littoral drift in the Sound. Numerous sattempts were made to form
a channel over Saybrook Bar by dredging. Dredging was necessary annually
to maintain any depth over 7 feet at mesan low water.

2. Hature of beach and bottom materials. Lynde Point was almost
entirely marsh land overlying glacial drift and surrounded by a strip
of sandy beach. The bed of the river was composed of mud, hard com-
pacted sand, and some gravel.

3. Average slopes of beaches at various points. £his information
is not available.

4. Direction of prevalling winds. Northwest. See wind chart for
Few Haven, Conn., on map File No. R&HM 266.

5. Direction of prevailing storms. Northeast and southeast storms
prevail.

6« Direotion of prevailing littoral drift. The littoral drift

ir .c0id 40 have been from east to west at the mouth of the river.




7. Tidal ranges at Lynde Polnt.

Mean 3.6 feet
Extrens 8 feet or more.

8. Direction of tidal and cther ourrents. There is a large ticdal
flow in Connecticut Piver. Current in the river 1s northerly on the
flood and southerly om the ebb during summer stages. During large
freshet flows the current st the mouth is always in the ebt direction
and has eonsiderable strenzth. The flocod curreant at the mouth comes from
a southeasterly directiom.

9-10. Effect of prevalling winds and storms. Probadbly increased shoal-
ing.

11. Miscellanecus effects. Freshets on Conreoticut Fiver decreased
flood currents, increased otd curremnts and brought considerable sediment
which shosled the entrance.

12. Reascon for the construction. The jettles were constructed to
stabilize the entrance channel and to assist dredging work in meintaining
a depth over the outer btar sufficient for the needs of navigation.

I11. COXSTRUCTION
A. TWest jetty.

1. Materials. Riprap granite of large size.

2. Method of applying materials in structure. As originally
constructed the west jetty had a trianguler oross section. This was
built by the deposit of stone from sloops and lighters. The cross section
was completed in the saxme manner by contract in 1814.

3-8, Alignment, cross neotional\dimansicns and side slopes, length,
distance apart, depth of water at outer ends, dimensions and alignment
of channel. (See meap File No. R&HM 260).

10. Cost of west jetty, original. About $95,000.

11. Unit cost. Average unit cost was about $40.00 per lineal foot.

The unit cost of stone varied from $1.23 to $2.23 per ton in place.

B. Eszat jetty.
i. Meterianis. Oranite riprap of large sire, with a partial core

composed of run of the gquarry stone.
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2. ¥ethod of applying material in structure. This jetty was built
as a whole by depositing stone along the entire length and graduvally
building it up to & triangular cross section. lLater the east jetty was
extended in the seme menner and the croes section increased from the
original trianguler shape.

3«9, Alignment, cross section dimensions and side slopes, length,
distance apart, depth of water at ocuter ends, dimensions and alignument
of ahannel (see map File Fo. R&HM 260).

10. Cost of structure original. About $7@,000.
11. Unit cost. The average unit cost was about §30.00 per lineal
foot.

Thé unit cost of stone varied from $1.05 to £1.59 per ton in place.

The east jetty was constructed in shoaler water than the west jetty.
Iv. CORDITIONS AFTER CONSTRUCTION

1. Permeablliity of structures to sand. The east jetty as origlnally
eonstructed was & riprap granite mound. A partial oore composed of quarry
grout was added when the cross section was increased. There 1s no excessive
sand movement through either jetty.

2. Accretion or shoaling. There 1ls appreciable shoaling between the
jetties near the inner and outer ends of the channel. This requires
dredging every five or six years to meintain a depth of 15 feet at mean
low water. The shore-line has been built out along both sldes of the west
Jetty at its innd¥ end.

S+ Erosion or scouring. There has been no noticeable ercsion or
scouring on the shore-line due to these structures.

4. Deterioration of structures.

R As o}iginnlly constructed, due to lack of availadble funds,
the jettles had a triangular cross section side slopes of atout 1
on 1. They were completed to this cross section in 1887 and no work was
done or the jetties umtil 1904. By this time, deterioration, due to
settlement and wave sotion, had so reduced the jetties that they not
only lacked structural stremgth, but also were of very little aid in

raintaining the channel between them. FRepairs were made without enlarging
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the éross seéction t. rbjéci'aimanliohn. In 1914 gh( sst jetty was com=
pleted to project dimensicns. It has remained in good repair. The outer
resch of the east jetty was brought to full section in 1935. It is in good
repair.

L. The average annual cost of maintenance of the structures
since 1915 has been about #780.00 for the east jetty and sbout %160.00
for the west jetty.

8« The average anrual unit cost of mmintenance has been about
$0.35 per lineal foot for the east jetty and $0.10 per lineal foot for the
west jJetty.

d. Aversge coet of maintenance before ecnstruction is not readily
obtainable from old data. If obtained the comparison would be of doubtful
value tecause of the difference in project depths of the channel.

v. CONCIUSIONS

1. Have structures oompletely fulfilled their purpose? The structures
heve aided in maintaining s ohemnel over the outer bter. They have provided
a sheltered entrance intoc the Connsotiocut River, and made it possitle to
maintain a navigable channel mercss the ocuter ber et & much lower annual
cost for dredging then otherwlse would have been possitle.

2. In what way, and to what degree have they failed? The structures
have falled to provide sufficient scouring metion to permanently mmintain
the ochannel between them te a depth of 15 feet at mean low water. The
ohannel must be maintalned by dredging every flive or six years.

3. What causes mey be assigned for the failure?! The present project
of 18 feet wae not authorized untll 1911, or 39 years after the design for
the jetties had been approved. The design of the jetties contemplated the
meintenance of a chennel of only 12 ft. They have resscnably fulfilled
this purpose.

4. What changes'might have made the structures more economical? The
structures might have been moro economioal to construct if they had been
bullt to full projected cross seotion originally. lack of funds at the
time of construction made this practieenlly impossible. It is doubtful
that any structures bullt at a comparable cost could have completely re~
moved the need for periodiesl dredging on the outer tar.
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DUCK ISIAND HARFOR OF FEFUGE

I. GENERAL

1. Location. Duck Island Harbor is a smmll bay on the north shore of
Long Island Sound sabout 23 miles east of New Haven, Conn., and 7 miles
west of the mouth of the Connecticut Piver. {See map File Ho. R&MY 255).

2. Type. PEreakwaters
I1. CONDITIORS PRIOR TO CONSTRUCTION

1. Description of locality. In its original conditlion, practically
nc shelter was afforded by this harbor in winds from the east aroumd
through the south to the west. Goocd protection was afforded from all
northerly winds. The depths in the lay were adequate for encherage.

2. Nature of beach and bottom materiala. The beach iIn this locality
is a sandy ane from 300 to 500 ft. wide above mean high water. The bottom
is generally of soft material with scattered rocky ocuterops off Venunketesuck
and Kelsey Points. These rocky spots on the most part are at a depth such
ag to be of no hindrance to navigation.

3. Average slopes of beaocohes. This information is not availathle.

4. Direction of prevailing winds. Northwest. See wind chart for Vew
Haven on map File Wo. RAEM 268.

5. Directicn of prevalling storms. Prevalling storms coms from the east.

6+ Direotion of prevailing 1ittoral drift. The direction of the pre-
vailing littoral drift in the Earbor appears to have been eastward.

7. Tidal ranges.

Yean 4.2!
Extreme 9 feet or more.

8e Direction and intensity of tidal currents. The tidal current
sets approximately parallsel to the shore. Flood current moves westward,
and the ebl currené moves eastward.

9-10. Effect of prevailing winds and storms. Effect on adjacent shore-
lines not known.

11. Effect of tidel end other currenta? Tidal currents had little effect
on adjacent shore-lines.

12. M¥iscellaneous effects. MNone.

13. Remsons for construction. These structures were bullt solely
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for the purpose ot forming & harbor of refuge. There is no commercisl
activity in this harbor.
III. CONBTRUCTION

A. Duck Island West breakwater, built 1891-1898.

1. Yaterial. Cranite riprap.

2. Method of-plaeing. The stone was placed by depcelting from sloops,
schooners and lighters.

3-9. Alignment, croses sectional dirensions snd sice slopes, lengths,
depth of water at outer ende. BSee map File No. K/HM 2€1.

10. Cost of structure original. About $1156,000,
11. Unit cost. About £0.95 per long ton or #43.00 per lipeal foot.
Bse Duck Islend North breakwater, built 1911.1912.

1. Materials. Granite riprap.

2. Method of applying materlials in structures This treakwater wes
built by purchasing stone delivered at the site, and rehandling it with a
steam lighter, using a light draft derrick scow for the shoaler porticn
ofkthe worke This breakwater was constructed with government rlant using
hi;ed lator.

3-9. Alignment,crose sectional dimensicns and side slopes, lengths,
distance epart, depth of water at cuter ends, dimensions and alignment of
channel. GCee map File No. R3UM 261.

10. Cost of structure original. About $20,600.
11. Unit costs About $1.40 per long tom or $24.00 per lineal foot.
C+. Xelsey Point Freskwater, bullt 1912-1914.

1. Materials. Thls breskwater is compored of 407% Connesticut River

brownstone, and 607 granite.

The brownstone wae used principally eg a foundation end deposited

uder water. The granite was used on the slopes and for fecing purposes, although

the use of brownstone for ocapping purposes was allowed.

2. Mothod of eprlying materials in structure. The breakwater was built

by depositing and plaoing stones from schocners and lighters.
3-8, Alignment, cross sectionai cimensions, and side slopes, length,

depth of water at outer ends. See map File No. E&M 261,



10. Cost of structure original. About #2350,000.
11. Unit cost About %1.05 per long ton or $61.00 per lineal foot.
Iv. CONDITIORS AFTER CONSTRUCTION

1. Permeability to sand. These struotures are fairly permeable.
No effort was made to comatruct them sand tight.

2. Acoreticn or shoaling. There has been considerable shoaling in
the réngle formed by the two structures &t luck Island. Periodical

‘drodging is required to keep the harbor to project depth. (16 ft.)

3. Erosion <r scouring. The whole boach has been subject to erosion
for s numbter cf years. Local interests have oconstructed a numter of small
jetties and walls elong the beach in an attempt to arrest further erosion
and to foree the ghore line to tuild out to 1te originel condition.

On the west side of Kelsey Point local interests have ccnstructed
short jetties as serious erosion has been taking place in this sectirn.
Trere has besn no recent survey of this section to determine what change has
taken plmoe in the shore line since 1515.

4. Detericration of structures.

&+ The Duok Island Vest breekwater sottled considerahly during
construotion and had to be partially rebullt. Settlement was due to soft
bottom material. This breakwater is subject to conslderably more deterioration
than the other two, due to its exposure to southerly storms.

be. Varlous maintenance operations have been undertaken since -
construction, mainly to the west treakwater at luck Ieland.

S+ A total of #46,940 has been spent for mmintenance of the break-
waters at en average annual cost of $2040.

d. Unit cost of maintensnce has averaged about £6.50 per lineal
foot repeired, or afout $4.15 per long ton of stone. The annual unit cost
of maintenance for the entire project has average about $0.25 per lineal

foot.
v. CONCLUSIONS

l. The improevement affords shelter for the passing commerce of long

~27-




Island Sound, adding materlally to the safety therecf.
2. There are no evident changes in design or comstruction which would

have produced more satisfactory conditioms.
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HEW HAVEN HARBOR, CONRECTICUT

Bandy Point Dike

1. GENERAL

1. Location. On the north shore of Long Island Sound sbout 71 miles
east of Yew York City. The harbor comsists of a bay about 4 miles long and
fran 1 to & miles wide. Mill and Quinnipfec Rivers enter at the northesst
corner of the harbor. Wost River enters the west side of the harbor north
of Sandy Point. (See accorpanying map Pile No. R:HM. 255).

2. Type. Dike and training wall,

I1. CONDITICRS PRIOP TC COHSTRUCTICH,.

1. 0enoral description of locality. Sendy Point is a long sand spit
extonding sasterly from tho west side of the harbor opposite Fort Hale,
There was very little change in its shape prior to the somstruction of the
dike, slthough its pesition had changed considerably betwesn 1872 and 1886,

2+ FNature of beach snd bottom meterials. The beach is composed meinly
of sandy material. The botbom in this vicinity, as determined prior to the
construction of the dike, was mud to a depth of ebout 25 fect below rican
low water overlying a etrathm of sand.

3. Averace slopes of beaches at various points. This information ie
not avallable.

4, Directlion of prevalling winde, Northwesterly winds prevail. (See
wind chart for New Heven, Connecticut, on map File No. RYHM. 255).

5, Dircetion of preveiling storms, Previiling storma are eastsrly.

6, Direction of prevailing littorsl drift, The littoral drift is said
to have been wesbtward at the entrance of the harbor,

7. Tidel ranges.

Yeen 6.3 foet
Extrems 10 feet or more.

8y Direction and intensity of tidal and other currents. The direction
of the tidal currembs in the immer harbor isg northerly on the flood and

southerly on the ebb. Flood currents flow northwesterly from the Sound into




the outer herbor turning northeasterly toward Sandy Point when they reach
'ﬁhe wost shore. \

There is some fresh weter inflow, but its effect is of minor importance.

9. BEffest of prevailing winds, Prevailing winds had 1ittle effect in
the irmmer harbor.

10, EBEffect of prevalling atérms. Prevailing storms decreasod the action
of the sbd tide in removing material from the inner harbor, and thus, with
the aid of high waves induced by these storms, inereased the deposition In
the inmer harbor.

11, Effect of tidal and other currents. Both flood end ebb currents
carry material in suspension.

12. Mscelleneous effects. The dumping of sewage in the harbor may have
caused some deposition on the bar below Fort Hale.

13, Ressons for the construotion, Sendy Point Dike wes oonstructed to
oontract and direst the tidal flow over Fort Hale Bar in order to maintain
the dredged chammel over the dar,
11X, CONSTRUCTION

1. Haterials, 1294 feet of thd inmner end of the shorc am are of rire-
rap. The outer part of the shore arm and 264 feet of the north end of the
shammel grm are bullt of 2 rows of creosoted piling, 8 feet apert, £illed
with ripraps 1816 feet of the chsmnel arm south of the plle work are of rip-
rap construction, of which the north 273 feet are on a log foundation. At
the north end of the chemnel arm is an ice brealmr, 20 fest long, of heavy
riprap on a log foundation.

4. Cross sectional dimensions end side slopes. That portion of the
dike built of riprap 1s of triangular cross section with side slopes of about
1 on 1. The rersinder of the dike is of pile and riprap construction 8 Peet
wide with verticel sides, Both were built to a heipght of 5425 feet sbove mean
low water.

5;9 iIne. Length, depth of water at outer ends, dimensions end alisnment
of channel. See map file No. R:HM, 262.




10. Cost of structure; original., Cost exclusive of engineering end
inspeotion was §57,174.

11, Unit cost, Log foundation cost 36.10 per lincal foot. Pile and
riprap construction coet $21.85 per lineal foot, The average cost of rip-
rap oonstruction was §9,88 per lineal foot. The average cost of riprap
was $1,16 per ton in place,

Iv. CONDITIONS AFTER CONSTRUCTION.

1. Permeability of structures to sand, This structure is permeable
to sand, but there is no evidence of send movement through it,

2. Accrotion or shoaling., The hish water line at Sandy Point has
bullt out northward from the dike in a long opit, Its eastward extensiom
has totalled almost 140! since 1886 immediately below the dike.

The low wabter line has besn more permansnt except west of the dike where
scme shoaling has otocurred. (See scoorpsnying map File No. RuHM, 262).

3, Erosion or scouring. There has been no erosion immediately edjacent
to the structures. Sandy Point itself has been in the past and still is of
unsteble character.

In the chammel, there has been no scouring. All depths were sttained by
dredping. The structure caused a reduction in the mmount of meteriel de-
posited on the bar.

4, Deterioration of structure, There have been no maintensnce opera-
tions on Sandy Point dike since its completions There has been soxw settloment
of the riprap section and some decrandation of top stones due to ice pressurs,

Plles show worm adtacl and scarification by ice. The oross section is
still emple and efficlent,

v. CONCLUBIONS,

Sundy Point diké end truining wall has decreased the width of the water-
way between Sandy Pcint and Fort Hale sufficiently to lessen ths deposition
of material on the bar. The structure has been ressonably successful in
acoomplishing its purpose: There are no evident chanzes in desism or con-

struction which would have produced better results,




MILFORD HARBOR, CONNECTICUT.

1. GENERAL

1. Location., Milford Harbor is on the north shore of Long Island
Sound about 8 miles west of Naw Haven Harbor. (See ascompenying map
File Ko, RuHM. No. 255).

2. Type.

2 gtone jetties

12 stone jetties for shore protection on east shore of Harbor
northwest of Welch's Point (not showh on map - location indofinite).
IX,. CORDITIONS PRIOR TO CONSTRUCTION.

1. General description of locality., Milford Harbor consists of a
brosd open bay, the Wepawsug River, a small tidal streen, extending sbout
three~quarters of a mile north to Milfordy and the Indian River, another
mmell tidel siream, extending northeasterly. The mouth of the Indian River
is partly closed by a dam formerly used to create power for a tide mill,

The original denth on the ber irmediately ocutside the mouth of the
river was 2 feet at mean low water, end in some places betwees this bar
and the Town Wherf, the ohannel was nearly bare at low tide,

Erosion of the east ghore of the outer harbor, caused by southerly
storma, was the predaminant cause of the bar in the upper harbor.

2., Rature of beach end bottom materiels, The beds of the rivers
are composed of olaysy rrad, while just outside their mouths is a broed
flet sand bar, Both sides of Wepawaug Rlver are compossd of tidal narsh-
land., The east shore of the ocuter harbor‘ is a gravelly beach with some
rocky material.

8. Aversge slopes of beaches at various points. This information
is not aveilable.

4, Direction of prevalling wirnds, HNorthwesterly and southwesterly
winds preveil. (See wind chart for New Haven, Commectiout, on map File No.

R:HY, 256).




S Direction of prevailing storms., Southeasterly storns prevail,

6. Direotion of prevalling littoral drift. The littoral drift
moves northwestsrly up from Welch's Foint and then scross the routh of
the river teking e westerly direotion,

7. Tidal range at Burns Point.

Mean 6.2 fest
Bxtrems 10 feel or nore,

8, Direction snd intensity of tidal ond other surrents, The flood
current passes westward in Long Islend Sound and flows along the east shore
of the Milford Harbor in a northwesterly direction. The ebb tlde reverses
this direotion,

There is very little {resh water flow into Milferd Harbor. The Wepa-
waug Kiver is a tidal stream, and the fresh water flow in Indlen River is
so slight as to bs practically megligible.

9=10, Effect of preveiling winds end prevailing storms., Prevailing
winds and prevailing storms from a southerly direction ceused erosiom along
the east side of the outer harbor in the vieinity of Welch's Point. Thie
material moved northerly on the flood tide and wans deposited on the outer
bar. The force of the sbb tide was insufficlent to remove it.

11. Effects of tidal and othsr currents, The eff'ect of the tidal
surrents was to increasss the dsposition of materiml in the outer harbor
snd to ald in the eroslon of the east shore.

12, Miscellaneous effects, Nens,

13. Reesons for the sonstructions The shore protection on the east
shors at Welch!s Point was inbended to prevent the comtinuous erosion of
the bank end the movement of materiel up the harbor.

The long Jetty ﬁelow the mouth of Indian River wae constructed to
provent the £illing in of the charmmel by sand brought elong the shore and
to direot the tidal current into the dredged channel.

The Burns Point jetly wms intended to modify the dirsction of the tidal

currents sc as to conduct them alonz the excevated chennel and to prevent



the arosion of the west bank immediabtely below Burns Point.
11z, CONSTRUCTION,
1. Meoterial. Tho material used for nearly sll the originel jetty
work wes stone picked up along the boach and placed by day lebor.
2. Method of applying material in structures, All of the Jetty
work wae dons by day lebors The placement of s tone was done by hand
sxcept for the lerger pleces which were placed with a derrick from shore.
A emall portion of the stone in the outer onds wes placed from derrick
SCOWB.
3. Alignment. A}l Jetties are straighi,
4., Cross sectional dimensions and side slopes,
8, BShort Jetiies along Welch's Polnt,
These jetties wore of triangular cross section, sbout 9 feet
in heizht above mean low wabter with eide slopes of ehout 1 on ),
b. Long jetty below Indian River.
This jetiy is 10-1/2 feet high, sbove mean low water, 6 feet
wide on top with side slopes of 2 on 3 on the outer side, end 1 on 1l on
the inner silde.
g+ Burns Point jetty.
Thia Jetty is of triangular cross section, wlth height of 7 %o
8 feet above mesan low wabter, and side slopes of 1 on 1.
5. Lengths,
2+ Bhort Jettles along Welch's Point.
These Joettles varied from 100 to 130 feet in length.
b Long Jetty. Built in reduced section in 1875, completed in 1892,
This Jetty is 810 feet in length.
S» Burne Polnt jetty, completed in 1879.
The jJetty at Purns Point is 350 feet longes
6+ Distancs spart.
The jJettiss for the protection of the sast shore of the harbor were
placed about 100 feet avart.
The long Jetty and the jetty at Burns Polnt are approxi—otely normal

to eech other and 280 fect apart,



Twle Dopth of waer ot oubsr ends, dinonsions and aligment of channol,
Bee map Flle Mo, RID, 368,
10, Cost of structures orizinml,
8 Jottles for ohore protootdon, completed 1874,
Total casby $06,000 for 12 short jottler, or about 3400 esch.
B Lomg Jebty.
Costir  about $6,000,
S« Burne Polut Jotly,
Consts sbout §1500,
1. Undt cost,
By Jetiles for shore protoction.
Looud 43,00 per lincal foot, or o oub $1.30 ror tom in place,
Be long fettys
About §11.00 per linesl foot, or about £1.40 ver m in plase,
8+ DBurus Point Jotty,
About §4.50 per linesl foot or ebout £1.65 ror bon Ain nlasc,
Iv, COIDITIONY APTDE O BIUOTING,

1: Pomeoability of struclures 4o spnds ALl of the struoturos were
folrly parmeable Bo send although there hee been bub libtble sdspepe throuph
them,

2+ Ascrebion or shoalings Tiw shoallng of the cuter harber, duo o
the littorel drift elong the east shore, wes arrdsted %o some oxbent
by the shord vrotective jetilos whioh prevented eroslion in this looalilye

Shonling osvurs sround the end of the lang jotty, but thie nrosoes
is not preat onought o be sericus.

Bhosling in the shennel, notioeabls before the eonetruction of the
Burns Point Jotty, has boen desremeed epprecisbly.

¢ Brosim or seourings Brosion alang Welsh's Point has been chooked
dups to the construstion of I8 short Jettlae,

. . Currents botween the ond of the long Jotily end Suime Toint jJebiy ere
wﬁai&t to prevent excessie deposition in the chennol,




4, Deterloration of structures.

&s Storms have csueed comsidermble damage to the protective jetties
along Welsh's Point, The other two jottiecas have not deteriorated greatly,
and are in ‘eir condition at the present time.

b« Slight ropailre were made to the jetties along the east shore
shortly aftor thelr construction. Their locations are now not clearly de-
fined.

The long jetity at the mouth of Indlen River was built oubt to pro-
jected cross section in 1892, The repairs dons st this time wore directed
in increasing the side slopes on the outer sidd fram L on 1 to 2 on 34

g+ Aversge axmmal cost of meintenance,

The average amnual cost of meintenance for the long jetly has
besn about §$60,00,

The sosts of maintenance on the short jetties is not avallable,
This sum would be very low. 80 far ns is lnown, no repairs have been mede
to the Burns Point Jetiy.

de Average axmual unit cost of maintenance.

The averags annugl cost of maintenance for the long jetty has
been about $0,10 per lineml foot.

The cost per ton of stone in 1898 for repairs to the long jetty
was $2.50C.

8¢ Averape anmial wiit cost of malntenance, before end after cone
strustion,

There were no opsrations in Milford Uarbor previous to the cone-
struction of the Jetties,
Y. . CONCLUSIOHS,
1. Have strustures completely fulfilled their purpose? The structures
checked srosiom along the east shore¢ of the harbor and lessened the deposition
of material on the bar,

LS P

2. & 2 ZUL iy dnins td 2B o
4. What changes might have made the structures more successful or more

economical? No suggestions,




HOUSATONIC RIVER, CONNECTICUT

I. GENERAL
1. Loeation. The Housatonio River riees in northwestern Massachusetts,
flows southerly 130 miles through Massachusetts and Connectiout, and empties
into Long Island Bound at Stratford, © miles east of Bridgeport Harvtor (Ses
acocompanying map File No. R&HM 255).
2. Type.
&« Ereakwater
b. Dike
1I. CORDITIONS PRIOR TO CONSTRUCTION
1, General desecription of locality. The original depth on the
bar across the mouth was 4 feet at mean low water.
Above the mouth, the river flows through alluvial flats and marshes.
The mouth of the river had a main channel and a lesser channel, thus

lessening the scouring effect of the tidal flow.

2. Nature of beach and bottom materials. The bottom at the mouth is

corposed of a non-erodible compaet gravel. Above the mouth, the bottom is
generally sandly. Milford Point is & sand spit. The shore, in general, 1is
glacial material.

3. Average slopes of beaches at various points. This information is
not available.

4., Direction of prevailing winds. Northwesterly and to a slightly lesser
degree southwesterly winds prevail. (See wind diegram for New Haven, Conn.,
map File No. R&HM 255).

5+ Direetion of prevailing storms. Southerly and easterly storms prevail.

6. Direction of prevailing littoral drift. The prevailing littoral
drift is from east to west except that from Stretford Point to Crimbo Point
the drift is northerly.

T. Tidal ranges.

Yean 6+.4 feet at the mouth
5.4 feet at Stratford

Extreme 11 feet or more at the mouth dininishing towards the head.
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8. Directicn and intenslity of tldel and other eurrents. Flood csurrent
flow northwesterly into mouth of river and ebb current reverses this direction.

Spring freshets reduce flood and increase el currents.

§-10. Effect of prevailing winds and preveiling storms. Prevailing
winds and storms tended to ohange the shape of Milford Point and to sheal
the outer bar.

11. Effect of tidal and other currents. Tidal currents were insufficlent
to prevent shoaling on the inner and outer bars.

12. Migoellaneous effects. None.

13. Reasons for the construction. The breakwater was constructed to
aild in the maintenance of the bar at the mouth and to protect the channel
from littoral drift moving in a westerly direction.

Stratford dike was constructed to concentrate the flow of the river
into cne fixed channel.,

I11, CORSTRUCTION
&+ Breakwater

1. Materials. The breakwater was built of riprap granite and
Hew York gneiss, no attempt being mede to obteln any uniform preoportion.

2. Method of applying materimle in structure. The stone wes placed
from light draft lighters.

3-9. Alignment, oross sectionel dimension and side slopes, length,
depth of water at cuter end, dimensions, and alignment of channel.

(See map File No. R&HM 264).

10. Cost of structure, original. The breskwater was completed in
reduced section in 1895 at & total cost of about $73,000,.

11. Unit cost. ‘

Cost per lineal foot was about $13.00.
Cost per ton in place was about $1.30.
b. SBiratford Dike

1. Materials. Riprap constrvetion. Outer 700 feet built on a layer
of quarry grout and main struoture contains quarry grout also.

2. Method of applylng materials in structure. All stone was placed

from shallow draft lighters.
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This dike was bullt in sections at various times. The first section
to bte completed in 1893 was 6566 feet in length. It was extended 365 ft.
in 1908 and completed to its present length of 1255 feet in 1816.

3-9. Aligoment, length, depth of water at outer ends, dimensions and
alignment of channel. (See map File No. R&HM 264).

10. Cost of structure, original. About $25,000 for 1255 feet.
11. Unit cost. The cost per lineal foot was sbout $20.00.
The cost per ton of stone in place was about £1.60.
Iv. CONDITIONS AFTER CONSTRUCTION
8. Breskwater

l. Permeability of structure to sand. This structure is built
antifely of lerge size stone. It is rermeable to sand.

The inner portion of the breakwater is below high ticde level, and
some sand is washed over the top of the structure.

2. Accretion or shoaling. Littoral drift causes some sand to bte
carried around the end of the breakwater and deposited on the outer bar.

Milford Point has elongated and is now approxirately parallel to the
channel at the outer end.

3. Erosion or scouring. There has been enocugh scouring power in-
duced by the breskwater to maintain a failrly conatant depth over the outer
bar.

Some socouring has oceurred arcund tho osuter end of the breakwater.
This has not been excesaive.

Immediately following construction, & break was formed ir the inner
arm where it crossed an 0ld natural channel. After repairs were made, no
more trouble was experlienced at this point.

4. Detaricration of structure.

ac The breakwater as originally completed in 1895 was in greatly
reduced section. Consequently, it was structurally weak. MNuch damage was
caused by lce and southerly storms.

b. Maintenance operations have been extensive. The breakwater

hes been strengthened, reised, snd widened between 1897 and 1915 bringirg




it to its present cross seotion as shown. Repairs were made again in 1836. Al-
though it never was built to the proposed dimensions, it is strong emough
to withstand the effects of ice and storms.

¢+ The average annual eoet of maintenance since 1896 has heen
about $1280.

d. The average annual unit cost of maintenance hes been about
$0.25 per lineal foot.

e. The average annual unit cost of maintenance bvefore and after
econstruction cannot be readily determined.

b. Stratford dike

1. Permeability of structure tec send. The dike le permeable to
sand, but there is very little sand movement through it.

2+ Acoretion or shoaling. The dike's function is primarily that of a
training wall. There has been little shoaling in the channel near this
structure.

3. Erosion or scouring. The dike has concentrated the flow of the
river in one channel and decreased the depcsition so that dredging operations
in this vicinity have been materislly reduced.

4., Deterioration of structure. There has been only slight deterlora-
tion of the structure. It is in fair condition at the present timse.

There have been no maintenance operations on the dike.

V. CONCLUSIONS

l. . Since the completion of the breakwater, the shoaling of the
channel west of the breakwater has been reduced. B8light shoeling ocours
in the chammel rear the cuter end of the breskwater.

b. The Stratford dike has been very successful in its operation.

2. The origingl completion of the breakwater to greater structural
strength would have reduced maintenence operations but would have had

only a minor influence upon its effectiveness.
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BRIDGEPORT HARBOR, COBE., OOTER FARBOR.

1 GENBEAL.
8 Loestion, Rridgepert Harbor is on the morth shore of lLong Island
Sowhd sbout 57 miles easi of New York City. (Bee mcaompanying mep File Yoo

R4&RM 258).
2. rmo
&« 2 sonverging breakmters at entrines.
be Inner brsalwater.
Il. CORDITI: 'S PRIOR T¢ CCHSTHULTIGH.

) Deseription of lecslity, Bridgsport Harber sonsists of sn ocuter
main harbor sbeut 3,500 fest long and 4,000 feet wides The minimus low water
depths on ths ber at the sxutrenes was 8 feet.

leng Besch, ca the esstern side of the harber, had teen extended
nortiomr: in the fece of the surrent coming out of lewis Jut channel on the
obb tide, until the channel bad been ocurved to Lhe rortlaward, ifeanwhile,
the mainland on the nerth side of this chamnsl hsd been considersbly eroded.

19 Esture of bLeash and dottom meterialse long Deach is & sand spite.
The bottem was composed of sand and coarce grevel aand mud ia the inner bar
and noatly sand in the cuter bar.

3o Averegs slopes of beaches at warious peiatse ZThis informmtiom
is not svailable.

L 8 Diresotion of prevalling winds. From avallabls informatlion, mowtia-
west winds prevail. (See wind diagran for Rew Haven, Comn., on Map File XC.
R:EN 265).

8. Direction of prevailing storms, Easterly storms prevail.,

6. Direstion of prevailinz littorsl drift. The prevailing littorsl
drift ‘s from ssst te west.

Te Tidel renges at entrance.

Meonn 6.4 feet.
Extreme 11 fest or mores
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8. Direction and intensity of tidal and other currents. The ebb
ourrent emitting from Lewis Gut forced the ebb tide oaming down from the
fnner harbor to the west side of the main entrance in a southwest direotion
until it mot the ebb tide in the Sound, when the resultant of these currents
assumed & southward direotion.

o, Effect of preveiling winds. Unknown.

10,  Effect of prevailing storms. Prevailing easterly storms in Long
Island generally cause an inorease in the heipht of the flood tides and in-
orease the erosive power due to wave astion. At Bridgeport southerly and
easterly storms inoreased the carrying power of the longshore currents along
Long Eeach.

11, Effeot of tidal and other mirrents. The ebb tide rumming ocut of
Bridgeport Harbor in a southwesterly direotion kept the depth fairly permanent
on the westerly side, probably due to its failure to deposit on this side.
The current was spread over such & large area that there was little or no
soouring eflect.

The current of the flood tide ran northwesterly along Long Beach.
This longshore current carried seand and other material along the beach and
probably deposited same sand along the north tip at the entrance to Johnsons
River,

12, Jiscellansous effeots. ¥None.

13, QResscns for the comstruction. The ocuter breakwaters were con-
structed to provide a permanent channel into Bridgeport Barbor, and to de-
erease the necessity for snmual dredging after the required depth over the
outer bar hed been atteainsd. They were also btuilt to provide protection
from storms.

The inner breskwater at Tongue Foint was built te proteet the
inner harbor and to make the channel more permanent by esoncentrating the

tidal action of the ebb curremt from the inner harbor and its tridbutaries.

B




II1X CONSTRUCT IOR
A, Fast Breakwmter ocompleted 1908.

1., Materials. Of riprap granite construction, stones averaging
1-1/4 tons each with nome less than 1/4 tom. The portion ccmpleted in
187% has s foundation of very large flat sons.

2, Method of spplying mmterials in structure. Stone was deposited
from lighters,

8.9,ins. Aligment, oross seotional dimensions and side slopes,
lengths, distance spart, depth of water at outer end, dimensions and
aligmment of Chammel. Ses Map File No. RN 265,

10, Cost of struoture, original. The east breakwater cost about
$90,000.

11. Unit Cest, The aversge cost per lineal foot was about $28.

The averags unit cost per tom in place was $1,.50.
B. West Breskwater, completed 1909,

1-2, Seme as east breskwater.

3.9,in0, Aligrment, cross ssotional dimensions and side slopes,
lengths, distance apart, depth of water at outer end, dimensions and
aligneent of Chamnel., See Map File No. R&HN 265,

10. Cost of structure, origimel. The west breakwater origimlly
cost ebout $46,000,

11, Unit cost, The average cost per lineal foot was about $22,00.
The sverage eost per ton of stone in place was $1.17.

C. Inner breakwater completed 1892, outer 350 feet removed in
1920,

l, Materials, Riprap granite.

2, Placement. Same as other structures.

3-9, inc. Aligmment, cress seotionsl dimensions and side slopes,

lengths, distances apart, depth of Water at outer end, dimensions and
aligmment of chammel. See Map Pile No.R&HM 265,

10. Cost of structure original. About $12,000.

11. Unit cost. The averare cost per lineal foot was about #10.
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The average cost per ton of stone in place was shout $1.29.

IVe CONDITICES AVTER COBSTRUCTION,

l. Pormeaiillity of structurs to samle. 3Some attempt was made to
nake these structares sand tight, tut they are not sssentially impermsable
structares as oo sore wWag used in them.

2. Agcretion or shoalings Shoaling om ths south side of the east
Yreakwater tas been s'wmady. 2t the present tims the high wmitsr line has
Yeen exterded as much as €00 feet, This duilding out of the high water
line slcur Long Renolh: has been apparsnt for scme distancs soauth of the
breskwnter,

On the rorth side of the esst breskweter, the high water line
has Bullt ok abou? the same distance cawmsly GO0 feet, hut the width of
thiz sand strip is only sbeut 100 fest, h

The longshore eurrents soming uwp loag Bsach havs besn deflested
westmard along the breslwatsr snd deposited maturisl alomy its entire length,

Skoelingy adjneent to the other two treskwaters ie not as extensive,
Some shorlinz has oscowrred slong the west btreakmater on the imner side at
the weztern end,. The shore on tho wost side of the hardor is entirely
enclosed b~ walls and bulkheads,

Se Erosion or somuringe. The oaly discernible ercsion or scovring
dus te thess structures bas been directed in the ohtmpele, ard this wey
well bs dne to a lack of deposition rather than to sny seouring effect.
Whether there would have heen ;roalcn om the wes’ shore ig unknewn a8
this entire section is protected by wlls and bulkhesds, Fouse memt

¥o. 89, 624 Cong. 146 Sossion contalns report on candition of leng Tench.

oA —" e

4. Deterioration of strusturss,
5_.‘ The struotares hava shown 1ittla dearspioratti-m, Feo main.
Senanee has been neeossary on the immer brsakmator. 7Ths cudsr breakmters
kave bewn dsmagsd smewmt by storms,




b Maintenance opsrations on the outer breskwaters have repaired
the slopes and replaced stomes on the top demeged by storms.

Ss The average annual cost of maintenance has been about $875.00
for the east broakwater and about $570.00 for the west breskwater.

d. The average anmml maintenace cost per liveal foot has been
about $0.20 for toth breakwaters.

e. The average anmual unit cost of maintenance before and after

sonstrustion is mot zpplicable.

Ve CONCLUSIONS,

These struotures have been quite successful. There is preo-
tically no shoaling in the harbor due to littoral drift and the outer chan.
pel has been fairly permanent since their eonstruction. Little dredging
has been required to maintain 2 project channel.

The east breakwater might have been oonetructed at a less
ocost if it had beenm built as & whole. However, as it waz built originally
it was adeguate for the them exiszting needs of the harbor.

There are no evident changes in design or construction which

would have produoced bstter results.




BRIDGEPORT HARDBOR, CONNECTICUT.

Bleok Bock Harbor

1. GFENERAL

1., Location. Blaclk Rock Harbor is onm ths north ghore of Long Islamd
Sound ebour 2 miles west of Bridgeport Main Rarbor. (See map File No.,
REHM, 255),

2. Type.

8. Breslarater connssting north amd south portions of Fayerwcather
Igland.
be Breakwnter cormecting Faysrwesther Island with the miniand.
8+ Jetties for the protection of Fayerweathor Islarnd.
11, CONDITICNS PRICR TO CONSTRUCTIONI,

1. CGensral desoription of locality., Black Reck Harbor is a small bay
now glmost entirely protected on the east by Payerweather Island. Before
any improvements wers made, this island wes in 2 parts, separated by a
narrow strip of semd, bare at low water. B8eparating the islond from the
mainland to the northeest was a broad flat sand ber bars et low wmter. The
island wes connected to the maminland i- 1885 by a breelowatcr cver the flat
in an attempt to incresse the tidal flow past the west side of tho island
into Cedar Creek.

Before improvement, Cedar Creek extondinz to the northcast had 2 depth
of from 8 to 4 feet at mesn low water, and Burr Creek extending to ths north
was alnost bare at low wmter.

Tho depth of water in the outer harbor was from 6 to 12 feet at nean
low water.

2. Nature of beadh and bottom materiels. The upper part of Feyerwecether

Islend was entirely sand and marsh. The lower portion waes, and is gravel and

boulders.

The harbor bottom is composed pgenerally of send end mud with some gravel,
and nunerous rocky outerope opposite the south end of the islend.

3. Average slopes of beachos et verious points, Thie informetion is not

avellable,



4 to 7 ine, Direotion of prevalling winds and storms, dircction of
prevailing littoral drift, tidal ranges, See report on Bridgeport Main
Harbor.

8, Direotion and intensity of tidal and other currents. The lood
tide swept from the southeaat between and around the 2 detached portions
of Fayerweather Island,

The ebb tide from high water to half tide ran between Feyerwealther
Island and the meinland in a southeasterly directlon. The remainder of
the ebb ran southerly past Fayerweather Islaud.

9 & 10, Effect of prevailing winds end storms, Preveiling winds and
preveiling storms ceused the wave action on Payerweather Island and aided
in itse erosion.

11, Effect of tidal and otler currents., ’iave actlion on Fayerweather
Island was gradunlly eroding it and tidal currents carried the sendy material
westerly and northerly into the harbor and Cedar Creek. #s the harbor was
used congiderably as e harbor of refuge the loss of protectirn afforded by
the island wae serious. Sand travel into Ceder COreclk damned bthe dredred
chamel.

12, M¥iscellaneous effecte., None,

13+ Regesons for the construction. The brealwater connccting the two
detached section of Feyerweather Island was bullt to prevent the total dee
struction of the island by wave actlon and tidal curremts.

The breakwater conneeting the island to the mainlend was constructed
to protect the ohammels in Cedar Creek from littoral drift and o increass
the tidal flow on the weet side of Fayerweather Island.

The jetties along the west side of tho island were intended to protect
the island from eérosion and the Cedar Creek chamnel fram deberlioration.
III, CORSTRUCTION,

A, Breskwanter comneoting two portions of Faysrwesther Island,

1. Materials. Cobbles and erall boulders, faced with larger flat ctons,

2, MBethod of applylng meterials in structure. Yo date.




8 to 9 ine., Alignment, oross-sectionsl dimensions and side slopes,
length, dimensioms end aligrment of chermel, Bee map File No. ReHM. 266,
Aveilable data shown on mep.

10. Cost of structure, original. §21,580 appropristcd and spent om
this structure.
11, Unit cost. Average cost par lincal foot was atout $10,00,

B¢ Breakwater conneoting Island end Mainland.

l. ¥aterisls. Riprap construction,

2. Methods of placing materials iIn structure, This breoalkwater was
built from lighters.

S to 9 inc, Aligment, cross-sectional dimensions end side slopés,
lengths, dimensions and aligmment of channel. Spe map File No, R:HM. 266.
Avallable data shown on map. Length 2744 feet,

10. Cost of structure, original. About $13,000 as comstructed. This
breakwatsr wad never carpleted as originally proposed. The area north and
south of 1t has been filled for use asz a clty park,

11. Unit cost. The averape cost per lineel foot wvms about §5.00. The
cost per ton of stone in place was $1.22,

Cs EBhore protection on Feyerweather Island.

1, M¥aberlel., Riprap construction.

2. Mothod of applying materials in gtructures, Placed fron lighters,
under contract, .

3 to 9 inc, Aligmment, erosseseotionsl dimensions and cide slopes,
lengths, distances apart, depth of water at outer ends. See map File Fo.
R:HM, 267,

10. Cost of structures, original. About §7,500,
11. Unit cost. The average cost per lineal foot was about §6.50.
Iv. CONDITIOUS AVIER CONSTRUCTICY.

1, Permeability of structures to sand. These structures were practi-

celly sand tight.

2. Accretion or shoaling, Up to the time the short protective jetties
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were built, there was practically no accretion to the shore line, Shoaling
ocourred in the Cedar Creek Channel.

After the construotion of the jetties on Fayerwesther Iplend some sc-
cretion began to oecour along the west shore immedistely adjacent to each
Jetty., The shoaling of Ceder Creck was materially reduced.

8. Erosion or socouring, Erosion of prectically the entire shore line
on the west side of Feysrwosther Island cccurred provious to the construction
of the protesotive jetties in 1901.

The oonstruction of jetties proteoted the shore line. At the present
time the west shore is falrly stabla.

Considerable erosion has taken place on the southern tip of the island.
Wave gotion has eroded material on the east side of the islend and the 1lite-
toral currents have carried this material around the end of the island into
the hartor. See map File No. R:HM, 268.

Insufficient data makes 1% mpossi‘ble to determine the shore line changes
since 1929.

4. Deterioration of structures, R

8. The brealwatar connecting the two .arts of Fayerweether Islend
is exposed to the force of the waves from the east. Oonsidering the age of
this structure, it has withstood the effects of storms and wave action re-
markebly well, BSoms of the top stonss of the structure had beecn displaced
and some denger of itz undermining wms imminent up to the tine of its re-
pair in 1903, This struoture is in need of repairs at the present time.

Likewise the jetties have suffered some deteriocretion due to wave
astion. Deamage has consisted in displacing the top stones and undermining
at the outer ends. Theee structures were repaired in 1907 and are in good
comdition,

The breaivmter commecting the mainland was nover completed to pro-
Jected eross section as it was believed to be sufficiently strong as built.
The structure is now buried under a hydraulic fill. The area is used for

park purposes,




b, Yaintenance operations undertaken on the breakwater connecting
the two portions of the island consisted in resetting displaced fece stones
on the sound side, filling the interstices between them with concrete,
placing a conerete toe at the foot of the slope and protecting thls tos
with an apron of cobbles, and protecting the rear harbor) slope with riprap
where nccessgary. This breakwater was extended by £illing and paﬂiﬁg e
breach at its north end.

8¢ The average annual unit cost of maintenance has beent For the
breskwator cormecting the two portions of the island e total of $11,000 has
been spent since 1838 at sn averags annmual cost of about $110,00,

Por the protective works: a total of $1680 for repairs at en
average annusl cost of sbout $47,00. |

d. The average srmuel unit cost of maintenance per lineal foot of
Jetty has ‘esn about $0.,05

S. Average agnual undt cost of meintensnce before and after comstructiom
1s not epplieable.
A\ CORCLUSIONS,

1, The breakwater commnecting the parts of the island has been very
suocessful,

24+ The protective works feailed to immedistely helt the erosion of Fayer-
wopther Island. Botween 1918 and 1929 a fairly stable condition had been
reached. -

3. It is believed thal with a closer spacing the jJetties would have

bean nore effective.
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SOUTHPORT HARBOR, CONN.

I. ‘ GENERAL.

1. Llocation. Southport Harbor is on the north shore of Long Island
Sound about 50 miles east of XNew York City, snd 6 miles west of Bridgeport
Harbor (see acoompanying map File No. RAHM 255).

2. Type.
1. Breskwstér. Jet
3. Dike.
11, CONLITIONS PRIOR 7O CONSTRUCTION.

1. Description. Southport Harbor inoludes the tidel portion of
Mill River, about 1 mile long, enghring an outer bay extending one-half
mile south and about 1 mile wide. Before any work was done in this har-
bor by the United Btates the navigable low water depth was less than 2 feet,
and the ohannel was in danger of beooming filled in by sand carried in by
the littoral currents from the east.

2. Nature of Beach and Bottom Materials. The beach is sandy while
the bettom is oomposed of mud and sand overlying numerous ledge outorops.
The srea immediately east of the present breakwater was tidal marsh land.

8. Average Slopes of Beaches at Various Points. This information
is not available.

4. Direction of Prevailing Winds. Prevailing winds are northwest
snd to a slightly lesser degree sou'hwest. (8ee wind ochart for New Haven,
Conn. on map File No. R:ENM 2865.)

6« Direction of prevailing Storms. EKasterly storms prevail.

6. Direction of Prevailing Littoral Drift. The prevailing littoral
surrents move parallel to the shore from east to west in this looality.

7. Tidal Ranges. The mean range of tide is 8.9 feet, and the ex-
treme range, due to the combined effect of wind and other causes, is 1l feet
Or mOTe.

8. Direction and Intensity of Tidal end other Currents. There is

no information svailable relating to tidal ourrents in the looality.
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9. BEffect of Prevailing Winds. Unknowm.

10. Rffect of Prevailing Storms. Prevailing storms increased the
aotion of the littoral ouwrrents.

11. Effect of Tidal and other Currents.  Mill River is a tidal stream.
The small tidal flow in and out of this stream maintained a depth of sbout
2 feet at mean low water.

12. Misoellaneous Effects. Nane.

13. Reasons for the Construotion: The strustures were bullt to confine the
tidel prism to the main chennel and to prevent sand drifting in from the

sastward.

111, CONSTRUCTIOR.

1. The original breskwater was built of long and largs stone quarried
in the viocinity of Southport. These stones were laid as headers with a
eore of small stone. The struocture was oapped and raised 2 feet with large
stomes in 1878, The total length of this bdreskwater was 1,320 feet.

The dike was built 1,350 feet long of marsh sods laid with a batter of
approximately 1 on 1. The interior was formed of alternate layers of brush
aud mud., Where the bottom was sofé a foundation of fascines was used.
Revetment was then placed on the channel side of the dike.

2. Method of Applying Naterials. Both struotures were built from
land during the times of low water. No fleating equipment was used ox-
cept for the tramsportation of stone and for the placement of large oeps.

3. to 9., inoclusive. Alignwent, eto. See map File No. RAHM 268,

10. Cost of Btruotures (originsl). The breakwater and dike oost
$10,587.28 including the sost of engineering and inspectien.

11. Unit Cost. It is impossible to break down the total cost into

unit ocosts as the individusl costs of the breakwater and dike are not known.

Iv. COBDITIONS AFTER CONSTRUCTION.
1. Permeability of S8truotures to 8and. The breakwater was of im-
permeable construotion. There has been little or no seepage of sand or

other material through the struoture.
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2. Aceretion or shoaling. Accretion has occurred by the action of
sand.. drifting over the top of the breakwater and passing thrcugh holes
treached by wave action. The high water line on the east side had built
out about 150 feet tetweon 1836 and 1838. There has bteen some shoaling on
the west side of the entrence as svidenced by the change of the low water
lines tetween 1910 and 1933. As there 1s no map avallable prior to
oonstruction in 1838 the changes occuring in the shore-lines immediately
after construction are not known.

3. Eroslion or scouring. There has teen prastically no erosion at
Southport..

4. Deterioration of structures.

a. The breakwater has deteriorated from wave attsok. This dammge
has largely eonsisted in breaches mear the desch line and the consequent
displacement of the ocap stones. Some settlement has occurred along the
structure.

b. Between 1836 and 1875 the resldents of Southport repaired the
breskwater snnually, replacing cap stones and filling eany geps ceused ty
wave action.

Since 18765 the United Stmtes has repaired the structures at verious
tines. In 1875 the breskwater was raised 2 feet with a stone coping B
feet wide. Since 1875 various maintenance cperations have been completed
to the breakwater. The expense has been slight.

c+ The average annual cost of maintenance prior to 1875 was £60.
for the dreakwater.

Since 1875 the average annuasl cost of meintenance for the treslvwater
has been about 3110..

For the dike about 2130. wam spent in repairs in 1876. Sfince that
time there have been no maintenance operations. The sunken grourd in btack
of the dike has been filled with dredged material by the Fairfield Country

Club.

d. The average annual unlt cost of the breakwater since 1875 has

been about £0.10 per lineal foot.
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v. CORCLUSIONS

The breakwater and dike have assisted in the maintenance of the channel.
A channel sufficient for the needs of the locality has been supplied by
dredging. The hartor is used almost exclusively by pleasure craft. The
breakwater has prevented excessive drifting of sand.

These structures were built at a reascnable first cost and the cost

of maintenance has been low.
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