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SHORE PROTECTION BQARD
Office of the Chief of Engineers
Washington, D. C.

August 15, 1938,

Subject: Report on Jetties.
Tos The Senior Member, Shore Protection Board,

1. The following report is submitted in accordance with verbal

instructions from the Senior Member of the Shore Protection Board.
I. PURPOSE.

2. The primary purpose of thg investigation was to determine -
the effect of various types of entrance channsl stabilization and
improvement works on the shore line, In addition, data were available
to pernit a general comparison of the‘various types of structures, the

¢ factors which have proven beneficial and those which have proven

detrimental. These have been included in the report in order that
futurs planning of guch structures may profit from the successes and

failures of the past.

II. NOMENCLATURE.

3. There exists in reports on this subject a wide divergence in
nomenclature, Similar structures serving & common purpose are frequent-
ly designated by different names., In this report the followingkdefini~
tions will be adhered to so far as vracticable, There are borderline

cases in which the structure in gquestion serves two or more purposes,

Such cases might appropriately be designated by one of two or more

names.

a. Breakwater. A structure whose purpose is to intercept




waves and protect a portion of a waterway from wave action.
b. Groin. A structure normal to the shore line whose purpose
is the protection or improvement of the shore line.

¢, Training Wall. A structure approximately parallel to the

direction of the current, vhose purpose is to maintain or improve a
channel by confining and directing the course of the current in an

already restricted waterway.,

d. Jetty. A structure approximately parallel to the direction
of a current, whoée purpoéa is to maintain or improve a channel by
oopfining and direcﬁing'tha course of the current and by preventing
kthe drifting Qf'beacﬁland Yottom materials into the channel from the
side. | o -

= Sgur Jéttz. A structure normal tQ«the,diraction_of a {

_current, whose purpose is to maintain or improve & channel by con-
fining and directing the course of the current.

III. SCOPE.

4, This report cdvéré the existing jetties from the following
points of view&- |
a. The effect upon the adjacent shore line and bottom, of
-tge type, alignment and spaéing'bf the structures With.refefence to
currents #nd drifts.

b, The relative effectiveness and economy of various

alignments upon the provision and maintenance of the channel or other

physical feature.
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cs The effect of the materials used in construction and

their disposition in the structure upon the effectiveness of the

gtructure,

d. The relative economy of various materials as to first
cost and maintenance cost of the structure.

5. The jetties reported upon have been divided into two general.

groups for study, single jetties and double jetties. BEach group has
been subdivided into several types. Representative examples of each
type under varying conditions have been selected for detailed study.

The report has been prepared in accordance with the following outline:-

a. Single Jetties,

5 (1) Where littoral drift is from one direction only.

. (2) Where natural conditions give the effect of a
double jetty.

(3) Where the direction of inlet currents holds the

channel against the jetty, including reaction
Jjetties.

b. Double Jetties.

(1) Parallel and obligue to shore.

(2) Parallel and normal to shore.

1
1

(3) Coﬁverging.
(4) Curved.

c. Misgcellaneous.




IV. SINGLE JETTIES.

6. Location., Single jetties or breakwaters have been constructed
at many inlets on the édasts.df the United‘States.~ A list of those of
sufficlent importance to warrant investigation in this study is given
below, From this lisﬁ;“tﬁgiéal structures have been selected for

detailed study. In some cases where single jetties were constructed

their failure to accomplish the desired results required the subsequent
construc?ion of a second jetty. These are considered under double jetties

in this report.

a. Location of Singlé Jetties.
(1) East Entrance, Cape Cod Canal, Mass. (supplemented by
short sand trap). .

(2) Great Salt Pond, Block Island, R. I,

P

(3) Housatonic River, Conn.
(4) Southport Harbor, -Conn.

(5) Port Chester Harbor, N..Y. (bgeakwater)

(6) Greenport Harbor, N.: Y. (breakwater)

(7) Sag Harbor, N.r Y. (breskwater)

(8) Bast Rockaway Inlet, N. Y. - |

(9) Jamaica Bay (Rockaway Inlet), N. Y.
(10) Larchmont Harbor; N. Y. (breakwater)

(11) Flushing Harbor, N. Y. (breakwater and curved, or

reaction jetty)

(12) Glen Cove Harbor, N. Y. (breakwater)

(13) ‘Manasquan Inlet, N. J.

el




(1k)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(2k)

(25)
(26)
(27)
(28)
(29)
(30)
(31)

(32)
33)
(34

(35)
(36)
(37)

Broadkill River, Del,

Claiborne Harbor, Md.

Urbanna Creek, Va.

Carters Creek, Va.

Nomini Bay, Va.

Silver lake Harbor, N. C.

Cape Lookout Harbor of Refuge, N, C. (Bré@kggféf)ﬁi

St. Lucie Inlet, Fla,

Miami Harbor, Fla. (Second jetty subsequently)

5t . Petersburg Barbor, Fla,

Port Aransas, (Aransas Pass) Texas (Second jetty
subsequently)

San Diego Harbor, Calif,

Yewport Bay Harbor, Calif.*(SecondAjetty(subseqnently)

Santa Barbara Harbor, Calif,.

San Iuis Obispo Harbor, Calif. (breakwater)

Monterey Harbor, Calif, (breakwater)

Noyo River, Calif.

‘Humboldt Bay, Calif. (Second jetty subsequently)

Crescent City Harbor, Calif. (breakwater)
Coquille River, Oregon (Second jetty subsequently)
Coos Bay, Oregon (Second jetty subsequently)

Tillamook Bay, Oregon.

Columbia River, Oregon (Second jetty subsequehtly)

Grays Harbor, Wash, (Second jetty subsequently)

B




7. Classification of Single Jetties.

a. Successful sinale jettles. The results of the study
indicate that single jetties may be expected to prove guccessful only
when one or more of the following sets of coﬁditions exist,

(1) A littoral drift in Qné direction only, with
practicelly no reversals\gf direction. |

" (&) Examples

1. Jamaica Bay (Rockaway Inlet), N. Y.
2., Santa Barbara, California.
3, ‘East Rockaway Inlet, N. Y.
4., Great Salt Pond, Block Island, N. Y.

(2) Where a fairly stable shore line 1s so disposed as

to parallel the single jetty and give in effect the action of two <
structureé. o .
(a) Examples

"1, 'San Diego Harbor, Calif.

"2 'Housatonic River, Comn. '
3. Southport Harbor, Conn.

‘ﬁ(jy::Where % confined and predominant ebb current issues
from an inlet or rivur motth at such an angle ‘that a single jetty can be
80 aligned that it 1 et at an angle to or in a curve acrosse the path of
the current. The roriedtwa of the current ig used to hold the channel

against the jetty without recourse %o a" second Jjetty,

B




(a) Examples

1, Tillamook Bay, Oregon,

2. Flushing Harbor, N. Y.

b. Unsuccessful Single Jetties. In other cases, single

Jjetties have been constructed but have failed of their purpose and have

been either abandoned or removed in whole or in part, or supplemented‘by

the construction of a second jetty.

(1) Examples

(a)
(k)
(c)
()
(e)
(£)
(g)
(h)
(1)
(3)

<

Manasquan Inlet, N. J,

Miami Harbor, Fla.

St. Petersburg Harbor, Fla,.

Port Aransas (Aransas Pass), Texas.
Newport Bay Harbor, Celif,

Humboldt Bay, Calif,

Coquille River, Oregon.

Capé Ba&, dregon. |

Columbia River; dregon.

Grays Harbor, Washington.

8. Detailed Study

of Jamaica Bay Jetty. A detailed stuﬁj of

the effect of the Jamaica Bay jetty has been made as an example of the .

type listed above under paragraph 7a(l). This inlet and jetty have

also been described and discussed in detail by the Shore Protection

Board in its report on Fire Island Inlet, N, Y. A map taken from that

report is appended hereto to show the’priﬁcip&l shore line changes.

-




Owing to the configuration of the shore 1ine the vicinity of Rocka™ay
Inlet is exposed to severe wave attack from the southeast gquadrart only.
This fact with the existsncé of stfong flood-tide currents moving west-
ward along the shore toward New York Bay resuits in an active movement
of sand from east to wept ohong the shore wiik no appreciable reversals
of direction.

a. Location. Jaraica Bay is a land-locked indentation near
the westerly end of the soith shore of Long Izland, about & miles east
of The Narrows, New Yorl Harbor., It is connected with the Atlantic
Ocean by Rockaway Inle§§

b. History..

(1) Forrmasl oﬁ of the Inlet.j As a result of the sand
movement, there has bce eni plogw\t9ﬁ wgstward from the east land point
of the original inlet a NALTOT qqmpound recurv;ng sand spit nearly
4 miles long, known as Rockemay FPoint. This point has overlapped the
south shore of the west land poigt, leaving Rquaway Inlet between the
spit and the mainland. Between 1835 and 1921, the average annual wagl-
ward extension of the spit was from 205 to 260 feet. Between 1921 and
1928, an average net 1oss in tenyths of about 57 feet per annum took
place. The progrensive criension of the spit is shomn on Plate 4 of
the report of the £nore *r ection Bnar& dat@d February 13, 1937, on
the proposed improverent of Fire Island Inlet, N. Y., a copy of whieh
is appended hereto, Under the patural conditions preceding any improve-

ment of the inlet, there existed through the gorge of the inlet a

&~
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natural channel 1000 feet or more wide and up to 45 feet deep. Opposite
the tip of Rockaway Point, however, where the channel enterasd the open
ocean, the depths decreas=d over the bar to a controlling depth of about
20 feet, BRastward of this entrance channel and southward from the tip
of Rockaway Point, a shoal area about 6000 feset wide, projeeted south
some 10,000 feet into the ocean, with minimum depths of & to 12 feet
over considerable areas of its crest.

(2) Plan of Improvement. The River and Harbor Acts

of June 25, 1910, and September 22, 1922, adopted a project for Jamaica
Bay (H. Doc. No, 1488, 60th Cong., 2nd Session). The plan included
among other improvements the provision of an entrance channel through
Rockaway Inlet 30 feet deep and 1,500 feet wide, protected by one or
two riprap jetties as might be necessary. In view of the unidirectional
movement of the littoral drift, it was believed that the proposed
entrance channel might be adequately protected by a single jetty. The
proposed jetty was to extend from the tip of Rockaway Point, west and
gouth along the easterly side of the channel to the seaward face of the
bar, It was expected to intercept the westward movement of the sand
and prevent it from encroaching on the channel, without at the same
time interfering seriously with the tidal flow through the inlet,

Construction of the jetty began on March 11, 1931, and was completed
on August 5, 1933. It was constructed of random rock, placed both

from a trestle and from barges; 532,973 tons of rock were used costing

$1,993,252.99.
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Cs Shore Line Changes 31nce Jetty Construction.

(l) Bast of Jetty. The shore line locations east of

the jetty for 1928, l93h and 1936 are shown on Plate . From the
original ehore end of the jetty outward to the seamard end of the curved
section, about h 500 feet, sand has accumulated against the jetty toa
maximum height of 10 feet The seaward advance of the 10*~water shore
line, about 1,500 feet, has resulted in a straightenihg of‘the béach io’
the jetty.- : b . " ,. :

(2). West of the Jetty. The shore of Coney Island, west

of the Jamaica entrance is well protected from storm wévé action by
the~westward &qd,seawafd-axtepsion.of Rockaway Pgigt andﬂghe Jetty.

I§ 1s well protegted by groins, _Erigroﬁe the qonstruct%onigfiphe,
Jetty the béach was from:time to.time artificlally refilled betwgen the
gro;ns. Consapuctionfdf‘the‘Ja§pyghasAcagsed noégoticeablq,cbangp in

those conditiong.

. : . Yo

4., Offshore Changes.

(1)  East of Jetty. . TR

(a) Over the shoal area within SQQOO;feet‘east of
the jetty, shoaling h&s.o¢éurred.in‘tha landward:area and scopring in
the seaﬁard area; The 6-foot contour has advanced offshore.as much as
1,500 feet., .The l2- and 15-foot contours have not shiftad\matérialii.

Seaward- of the 15-foot contour and immediately east; of the seaward end

of the jetty the crest of the shoal, over which formerly depths of 6
to 12 feet existed, has disappeared. The 24~foot contour, delimiting

the shoal area, has experienced comparatively minor shifting tending to

10w
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shorten and widen the tip of the shoal. The crest of the shoal has
present depths of 13 to 25 feet. 4 study of the contour changes from
year to year indicates that the material of the shoal has prdbably
moved south and southmest into deeper mater rather thanvshoréward;into
the bend of the jetty.

() Along the offshore farther east than 6,000
feet from the jetty, the of fshore bar has narroved and moved slightly
gseaward, the 6-foot contours have ghifted seaward, the 12- and 15-foot
contours have experieﬁced little change, while the 1l8&-foot and 2l-foot
contoure have shifted shoreward by amounts between a few hundred feet and
1,000 feet, The 2h-foot contour has shifted but slightly and the 30-foot
contour shovs a slight tendency to shift seaward. '

(2) In the Entrance Channel. Over a strip roughly 2,000

feet wide west of the jetty, the entfanca channel has deepened and
widened. 4&lonz the northwest shore of Rockaway Point, where the gorge
of the inlet enters the wider reach west of the tip of the point, the
2u~foot contours on both sides of the channel remain substantially
unchanged. The 6-foot contour has moved shoreward toward the Jjetty
about 200 feet. &round the tip of the point, the steep easterly edge
of the channel curve has maipntained its position., The westerly sdge
more remote from the jetty has moved- westward so that the width of
channel between 2U-foot contours has increased from the briginal 500
feet to a present 1,500 feet or more. & shoal which formerly bounded

the west edge of the chaunel at this point, and over which a ninimum

]l
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depth of about 12 feet existed, has been eroded so that depths of 2U to

28 feet are found., A channel 2l feet or more deep with the exceotion of ’f'
one small shoal spot, and from 600 to 1200 feet wide between 2lhefoot
contours has veen scoured through the bar where formerly depths of 11

to 18 feet existed. This channel swings over toward the Jetty and

opens into deep water immediately west of its seaward end. After

passing the end of the jetty, it trends away to the southWest. All
‘along the westerly edge of this deepening channel, shoaling has occurred
and a bordering shoal appears to be forming. Around the aeaward end of
- the Jjetty, a deép hole has bean ‘scoured thh max1mum depths of 30 to 32

feet. This has causeéd the unaermininp of a sectlon of the Jetty about

& &
L BN .

40O feet from its outer' end.

e, Effects of the Jetty. = =~ F ' L

(1) The observed effects of the jetty are aoparently due

to its double action of cutting off the sand encroachment into the

entrance channel and of eliminating ‘the competxtion of east~to~west

alongshore currents with the predomlnant eob current issuing fram the

inlet. Along that section of the beach lying more than some 6 000 feet
east of the jetty, in water less than about 2k feet deep but more than
12 feet deep, the principal current action on tne bottom ia due to the

floodwtids currents. Under the combined action of these currents and

deep-seated agitation of storm waves, with a shoreward undertow during

of fgshore gales, the bottom material apparently moved diagonally and

gradually shoreward, This action has apparéntiy.cdntinued since con-

“12- o




gtruction of thoe jetty as evidenced by the fact that the &4-faot and

3

1ittle, whereas the 2l-font and 1R7.

lz—fans contouvrs have chan

I

1 -

Tont contours have ncved generally shoreward. The offchore bar along

L

ion of the beach was presumably formed of and is largely

maintainad o

i

matefial moving in from deeper water outside,

{2) 1Ia the comparatively narrow belt of water between
ghaﬂlszsut contour and slore, the westward movement due tn flood-+1ide
currents Ls intonsified by dlagonal wave etiack due to the conficuration

of the ohore. ‘the westward novement of the sand tak

<D

s place principally
in that “elt and chiefly within th2 h-Ffnst contrur. Orisin~lly a large
part of this material was carried past the tin of Eoclaway Feint and
cenosited teupororily in tha deeper weter of tie entrrnce :mannel,

Therce it vums moved Dy the oredominant b cur-ents issuin:lfr@m *he
inlet, acd corried senwa=d %o be again ¢enositad on the be~, over which
depthé‘c? 11 to» 20 feset were found. Oving to the constant westmard push
of *the cutside currents, thore was a tesleacy Lo kold the Jeeper water
¢f the enlraucs channel te the west agelivst the shoals whi-lL “craed
along the cruvexr side of the curve,

(3 Comstrutinn of the jetty intercerted trhis wastward
Nt & W

3

movemernt c¢f currents and material. The letter, moving chletly inviide
the 6-font contour along the teach, was accumilated in the bend of the
jetty. The westward moving current near shore vas deflected seaward by

the jetty and added to the currents further offshore to reinforce their

action near the Jjetiy unon the shorsward face of the east end of the

] B

i
i



origzinal bar shoal. The crest of this shoal was thus removed and
carried south and southwest around and past the tip of the jetty into
water over 24 feet deep, and there redeposited, The crest of that sectlon
of the shoal has not changed as nmuch beiween October, 1936 and September,
1937,‘és it did at first. It appears ﬁhat a condition of approximaté
equilibrium has beeﬁ ésﬁablished there,

k(h) Méantime, ﬁhe ebp currents f%om the inlet, relieved
of the task of removing shore-drift material deposited in the channel,
have been enavled to devote all their energles to scouring out a deeper
and wider channel west of the jetty, bounded by a growing shoal along
the outside edge thereof., This boundary shoal, no longer exposed to the
westward urge of the ocean currents, has grown with sufficient rapidity
to force the ebb currents from the inlet into a sharper curve toward
the jetty. The material scoured from the channel and not directly
redeposited to the westward thereof has been carried seavard and added
to that brought around and past the end of the Jjetty from the east.

This has moved the outer face of the bar seaward and transferred it
laterally along the shore by current and wave action. 4s the ebb
current passes the seaward end of the jetty, it is compounded with
the westward-moving along-shore current rounding the end of the
jetty. The resultant scouring action trends sharply away to the south-
west .

(5) This jetty has been substantially effective in

causing changes for only some 6 years. The resulting changes are still

=14

e




R RRRET . 5

2'91d

8€/6!1/8 LHOJLIY ALLIF 'Gd'S

WAR DEPARTMENT

CORPS OF ENGINEERS, UJ. S. ARMY

73 us !

14 0° 36"

73 uy

Fe_EASTERN LIMIT OF

73 w2 E

40" 3s’ *} i 19311936 ED. SURVEYS
o la 7
¢ L AWV 17, ¢
¢
0 LEGEND:~
HW. SHORELINE 1835 U.5.C.8 G. 5. FIRE ISLAND INLET, NV
33 EE ] ’855 bE
o s 1880 — — — 1 CHAMGES AT EAST ROCKAWAY IMLET
i3] LR} ‘879 e o ER] 1000
EX3 $3 '909 o e e 1% =
r " 1914 - M SHORE PROTECTION BOARD, wAsmn ,v
e " I928 + sn.u 5 SuBmMiTTIL
m Iy ,927 o 8 g £ 0
.o oae L umED e ;,:“:‘:;.;::;:,i:s
" e 1936 - U, 5.£.D.
| Tl wl TO ALCOWPANY REPORT DATIC FEB 13,1937
PLATE 5




in proerese, thouga svparontly at o doceleraticg rate, Tt seems probadble

& EX R S “ et e L o N e D Yooy o . 3
i thaty fooomher ohb JU11 vs o in the sane ddrcotion as thowe alrendy nohed
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9. Xconomy., During the nrocess of channel scouring some 3,000,000

cubic yards of material have been removed from the area through which
the project channel should pass. If the entire cost of the jetty be

taken ags the cost of the channel improvement to date, the unit cost of

such sand mcanval has heen about 66 cents per cuble yard., Or, from
another point of view, if tasz jetty be credited with the removal of
material ot 15 cents per cubic yard, abtounl $UR0, 000 could be charged
_off to that activity, leavines approzimately $1.%500,000 of the total
ccat to be balanced azainst channel mairtenanca and other purposes,

\ Inasmuch as the project cnrauel 20 feet deep acd 1,500 feet wide has

not as yey been credged and maintained, no actzal data based on ew-
. perience ar2 avallable &s to the econony of tha jetty as a means of

channel maintenance, Howeier, in view of ths fact that the jetty has

caused to forn, and is more than maintaining, a channel néarly 1,500
feet wide throuthout most ¢f its length, with usual depths »f belmeen
25 and 30 feet, it seems likely that 1t «111l care for subctantielly the
entire maintenance of thne prnject channel exceost at its entrence sca-
ward of the Jetty end, where material brought out from the channel bty
ebb currents may b2 expected to mingle with material carried around

the end of the jetty by ocean currents to cause some shoaling., What

the rate of such shoalinz will be, and the annual cost of its removal,

15—




cannot be determined in advance of the fact. Nor can it be definitely
accepted that the single jetty would have been successful during the
earlier years of the more rapid growth of the spit.

10, Discussion. If, about $450,000 of the cost of the jetty be
charged off to channel improvement, and about $1,500,000 of its cost
be considered as having been expended against future channel maintenance,
intsrest at 3% per cent on that capital investment would yield an annual
sum of §$52,500. From that point of view, therefore, and neglecting the
cost of maintenance of the jetty, if the annual cost of maintenance by
dredging alone, would exceed $52,500, the jetty would be economically
justified as a measure of channel creation and maintenance. As a unit
cost of 15 cents per cubic yard for dredging, that sum would remove
annually 350,000 cubic yards of material from the channel, It seems
hardly probable that this would have been required, but not impossible.
The presumption would appear to be that, if dredging —ith a seagoing
hopper dredge were practicable at a unit cost of 15 cents a cubic yard,
or less, the creation and maintenance of the channel could have been
accomplished more economically by dredging alone, particularly in view

of the fact that some maintenance dredging will be required even with

the jetty and that some expenditures for maintenance of the jetty will

also be required.

11. Jetty at FEast Rockaway Inlet, N, Y. The single jetty at

East Rockaway Inlet, N. Y., is so similar in the conditions under which

it was built, its general shape, and the shore line changes that have

] B
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ort ool thr Thiora Piotoelicn Roard on Il=e Ieiland
inlet, ¥, ¥,, aad showing tho shovaslizme chanves at East Rockamay Inlet,
is appended hereto,

12, Breakwater at Santa Barbara, California.,

&. Introduction. Although the structure at Santa Barbara,
kCélifo?nia, is a brggkwater rather thar a Jjetty, it exemplifies cartain
aspcects of sanre line changzs which are of interest, and isg therefore
included in this study. The naturc and causes »f the changes are the
subject of a comprehensive report oy the Beach Zrosion Board (. Doc.
wo, BRB2, 75tn Cong,, 3rd sess.),

Ze ILocetion. Santa Barbvara is located on the southern
coast of Czlifornia, 90 miles northwest of Lus Mnzeles and 320 miles
scutheast of San Frencisco. (U, 8. Coast and Geodetic Survey Chart
No. 5261 and the map appeadsc hereto),

¢. Description.

(1) General, The rugsed and generally rocky coast in
the vicinity of Santa Barvara breaks sbarply in its alignment af Point
Lreuello and Point Conception, two headlands about 13 miles apart west
of Santa Barbara, North of Point Arguello, the coast sxtends almngt
due north for about YO miles, thence northwesterly, Zast of Print

Conception, the coast extends easterly for over 50 miles, turninre then

to a southeasterly aligment, About 25 to 30 miles south of the east-

-17-




ward-trending section of the coast, 3 islands are set end to end in a
chain parallel to the coast line, San Miguel Island is practically due
south of Point Conception, and the distance through Santa Rosa Island
to the easterly end of Santa Cruz Island is about 55 miles. The water-
way between the chain of islands and the mainland‘is‘known as Santa
Barbare Channel. BSanta Barbara is situated on the north shore of Santa
Barbara Channel, about 45 miles east of Point Conception.

(2) Local, Just west of Santa Barbara, a rounded head-
land kno™n as Santa Barbara Point projects southward from the general
alighment of the coast, partially protecting a recurving open roadstead
east of the point and in front of Santa Barbara. The curving shore of
this roadstead was originally composed largely of sand beaches underlaln
at no great depth by gravel and rock boulders. The tides have a diurnal
inequality, the range of tide between mean higher high water and mean
lower low water being about 5.4 feet. The maximum storm range is 10.5
feet. Owing to the prevalence of winds and waves from the westerly
quadrant, to the sheltering effect of the island chain to the south
and the configuration of the shore line, the littoral drift isufrom
west to east, with practically no important reversals of direction,

d. Conditions Prior to Improvement.

(1) The report of the Beach Brosion Board brings out
clearly the fact that the beach material along the coast east of Point
Conception is furnished by the numerous small streams which drain the

narrow watershed along the coast and on the sides of the nearby
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nountains., Little if eny of tris material rouwads Poaint Conception from

further narth, Thiv om0 maved eastward along the ahrre to and past

the Santa Barbara wateriront, and replenished and maintained the veaches
at and east of Santa Barvara, which formed a very important part of the
recreational attraction of the vicinity. ZEven under those circumstances,
severe storms not infrequently denuded some of the beaches to the under-
lying zravel for long periods, but these were in time renlenished by

the sand traveling along the shore.

e, Plan of Tmprovement.

(1) In order to provide a more sheltered harbor for
commercial and redreational navigation, local interests constructed, in
1527-28, a rutsle mound breakwater with concrete cap at a cnst of abrut
$750,000. The brenizrater was originally built roughly L-shaped, vith a
long aim nearly parallel to the shore for a lsewgth of l,MESEfeet, and, at
its westerly end, a short arm about 40O feet long extending toward the
shore but leaving an openiny 600 feet wide between it and the shore,
The purpose of the gap was to permit the unobstructed flow of the sand
along the shore so as to avoid damage to the beaches., For reasons
brought out in subsequent paragraphs, the zap was closed in 1930 by
extending the shore arm to the shore,

f. Effects of the Breakwater.

(1) Before the gap in the shore arm was closed, sand
moving toward the btreakwater from the west passed through the gap as

was expected., Hovever, instead of continuing to move along the harbor
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waterfront to the beaches east of the town, the sand settled in the
harbor itself just within the gap, forming a shoal which threatened
to £ill up the harbor area in the lee of the breakwater. This result
proved conclusively that the movement of the sand along the shore wasg
caused primarily by wave action, so that the sand settled as soon as
the waves were intercepted by the breakwater, = This resulted in the
closing of the gap in the breakwater in order to prevent deterioration
of the harbdor.

(2) With the closing of the gap, the moving sand
began to be deposited in the outside angle between breakvwater and
shore. By the fall of 1933, the shore line had been advanced about
1,000 feet to the angle of the breakwater and by diminishing amounts
over the 3,400 feet more or less between the breakwater and BSanta
Barbara Point., Sand had also banked along the seaward face of the
longer arm, and began to round the end of the breakwater and accumulate
as a shoal just insicde the harbor entrance. In the fall of 1935, about
202,000 cubic yards of material, ‘place measurement, were dredged by a
Government hopper .dredze from both sides and around the seavard end of
the breakwater. This material was. spoiled in about 20 feet of water
about a mile east of the brealwater in a ridge about 2,000 feet long
lying 1,000 fset offshore, in the hope that it might be carried ashore
by natural forces to replenish the beaches. Soundings made in 1937
indicate that most of the material still remained in the disposal area,

little if any having reached the beaches. .
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¢ With the constructinom of the trealmates, the cand £1qw
Tas cut off, and the teacies alors the Santa 2ovbara Taterfront and
easﬁ thereof began to deteriorate, vAt snme places alons the shore
the sand blanket has deen conipletely removed from the beach, leaving
only the coovle and boulder covered foundations, Even where some
sand covering remains, it is so thin as to Dbe unsuitable for a
bathing beach, The effects of this dearth of sand 8upply have been
felt as far as 13 miles east of the breakWafer.

13. Dotailed Study of San Diego Bay Jatty.

2. Location. An instance of the second class of single
Jetties, (par. 72(2)) is that at the entrance of San Diego Bay, California,
& few miles north of the Mexican border}

2. Description. The gorge of the ontrance channel extends
about dur acrth and south between Point Loma on the west and North
Island on the szast, and is generally about 3,000 feet wide. Point Loma
is a narrow racky headland projecting south ficm the mainland, about
14,000 feet wide at its base and 27,000 feet long, Its width 19,000
feet north of the tip is about 6,000 feet, and tapers progressively to
about 2,000 feet near the rounded south tip. About 6,500 feet north

of the south tip of Point Loma, a narrow rocky spur known as Ballast

Point projects from the east shore of Point Loma across the entrance
toward the southwest tip of North Island, known as Zuniga Point, sharply
reducing the width of the entrance at that point to about 1,700 feet,

Northward of the gorge, the shores of Point Loma and North Island diverge
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to open up into San Diego Bay. The natural deep water channel, about
1,500 to 2,000 feet wide between ol.foot contours, with natural depths
generally between 30 and 70 feet, curves northeast, east and southeast
around the north shore of Nofth Island through about a 120° arc with a
centerline radiuve of some 10,000 feet. The south shore of North Island

trends east from the entrance, and Point Loma projects south into the

ocean more than a mile beyond Zuniga Point. These conditions are shown
on U. S. Coast and Geodetic Chart No. 5107, and on the map herewith,

¢. History. Under the natural conditions preceding the
construction of the jetty, the shore line adjacent to the harbor
entrance was protected by Point Loma and North Island from active wave

attack except from the south and southeast. The predominant littoral

drift was thus from southeast to northwest, toward the entrance, This
movement was reinforced by flood-tide currents moving northward under
the draw of the entrance. The large area of San Diego Bay, coupled :

with tidal ranges of 5.6 to 9.0 feet, caused powerful tidal currents

through the entrance channel. The flood currents, entering the wide
opening between the tip of Point Loma and the shore of North Island,

and concentrated progressively as they approached the narrow entrance,
acted over the entire area and against both shores to move material

toward the entrance, whereas the ebbd currents issuing from the narrow
entrance tended to be confined to a narrow area extending almost due

south from the entrance., Under the influence of these currents, beach

and bottom materials were carried north and northwest toward the entrance
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and depogited in the angle of the shore or cairje& Uarowsh iHe erniimnce
and deposited on the middlezround shoal north of Ballast Point.~ Sueh
material deposited in the path of the powerful ebbd currents iséﬁing

from the entrance was moved back seaward and redeposited on the offshore
bar seaward of the south tip of Point‘Loma. There had thua been'bﬁiit

up a shoal known as Zunige Shoal, projecting southward from Zunigai‘
Point, roughly symmetrical with Point Loma and separated from it by the
deeper channel maintained bty the ebb currents. The base of Zuniza

Shnal betwcen 18-faot contours was about 7,000 feet wide along the'shore,
and the 1& foot contour at its pointedvsouthern tip Gas aboﬁt.9,000

feet sovtii of the shore.' The west face of the shonal next to ﬁhe.hatural
charnel we staso, th@-6~foot and 18-font contours being only iOO'tb

500 feet apart. The cast face was flat, with émfdat‘aﬁd 18-foot co£€§urs
about  OCC feet avers. The crest of the shoal wag thué near its westerly
edge. Although the shoal shifﬁéd vack and forth somewhat undef.varying

conditions, it had maintained its general shar~ and size fairly constant

between 1851 and 1893, when the jelty was started.

&. Plan of Improvement, The River and Harbor Act of September
19, 1890, provided for a single Jetty extending from Zuniga Point enuth

along the crest of Zuniga Shoal tn about the 12-faot contour at the

southern tip of the shoal., It was believed that this structure would

So concentrote the ebb currents on the bar as to incresse the controlling
depth from 21 feet to 26 feet, The Jjetty was bezun in September, 1893

and completsd in 1904, It was built in part of granite and in part of
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sandstone, on brush mattresses. The stones ranged from 50 pounds to 6

or 7 tons in weight, averaging 2 to 3 tons.

e, Shore Line Changes since Jetty Construction.

(1) East of Jetty. As soon as the jetty was extended
seaward‘frcm the shore line,. sand began to accumulate against it on the
east side, and dufiﬁg'its construction the shore line east of the Jetty
advanced over a shore length of 2,100 feet for a maiimum advance of 700
feet”nexﬁ to the jetty. - Some sand also percolated through or\?assed
overvﬁhevjetty to bank up against its west face. Since compietion of
.the jeﬁty, the low water line has advanced gensrally by between 250 and
hOd feet for a distance of about 7,000 feet along the shore, Farther
east énd south, there has been a tendency to recession with which,
however, the jetty pr esumably had no connection.

(2) West of the Jetty. Considerable erosion of the

shore of North Island opposite Ballast Poinp occurred. The rocky
~easterly shore of Point Loma shows little change.

f. Offshore Changes.

(1) East of Jetty. &s the jetty was extended seavard,

thé crest of the shoal was scoured ahead’pf it by between 3 and 13 feet,
chiefiy by flood currents crossing the shoal toward the entrance., .This
added conéiderably to the estimated cost of the structure. The 6~foot
contour has advanced seaward an average of about 500 feet, curving
across the angle between jetty and shore to meet the jetty about 2,000
feet from shore. The 12-foot contour also advanced an average of 200
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feet, the amount‘increasimg to about 500 feet as the tip of the shoal
was approached, At the tip,however, the 12-foot contour moved shoreward
by 1,500 feet or more, so that the tip became shorter, wider and more
rounded, The lSQfoot contour also advanced along the east side‘by from
40O to 750 fect, but receded nearly 2,000 feet at the tip.

(2) West of Jetty.

(a) Between the Jetty and the East Bdge of the
Channel. The general effect has been a progressive chuange from a
slight fill at the shore angle to an incroasing erosion toward the
seaWafd end, The 6;foﬂt contour, whicn met the jetty in 1898 about
1,700 feet from its landward end, now meets it only a few hundred feet
from the landward end. The 1l2-foot contour, whick in 1898 paralleled
the jetty roughly at usual distances of betwesn 400 and 800 feet there-
from, and which rounded the seaward endi of the jetty, has changed its
position but little off the landward 2,000 fest nf the jetty but has
receded sharply seaward of that point and now mests the jetty about
3,500 feet shoreward of its scaward end, The 1%-foot contour has
remained about unchangad off the shorewsrd 2,000 feet »f the Jetty,
receding then sharply tn meet the jetty about 2,500 feet from its
scaward end, whereas in 1898 i1t rounded the Jjetty tip about 1,700 feet
seaward thereof -~ a total recession along the line of the jetty of
about 4,200 feet, Around the seaward end of the Jjetty a deeper hole
has scoured, with depths of over 30 feet where only about 12 feet

existed formerly.
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(b) In the Channel, Little effect of the growing

Jetty uponvthe channel and bar was observed until the jetty épproached

completion, when a deepening of about l% feet took place on the crest
of the bar. The greatest depth secured by scour was &bout 22% feet
instead of the 26 feet hoped for, and channels dredged to 27 and 28
feet soon shoaled to 2U or 25 feet, and have required considerable
redredging for the maintenance of projecf depths.

(c) Between the Channel and Foint Loma. There

has been a general tendency toward deponsit, expecially active‘toﬁard'

the inner end of the entrance near Ballast Point,. The 6»foot“contbur .

has moved offshore fairly uniformly between 150 and 200 feet. From

the tip of Ballast Point south along the channel a distance of s mile,
the 12-foot contour has moved offshore by 500 to 1300 feet, and the
18-foot contour by 200 to 700 feeﬁ. Farther south around the southeast

tip of Point Loma, both l2-foot and 18-foot contours have only advanced

channelward by between 100 and 300 feet, and the top of a tailing shoal

which extended south along the edge of the former channel line has been

3

renoved to depths greater than 18 feet.

(4) Inside Ballast Point. 4 final change which

has been brought about by constfuction of the jetty has been a deerease

in the rate of deposit of material on the middleground shoal in the
entrance channel north of Ballast Point. This shoal was originally
formed and maintained largely by sand car}ied from the south across

Zuniga Shoal and through the narrow entrance by flood-tide cﬁrrents;
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Before construction of the Jetty, attempts were made to redge a chaunel
tetween the midﬁlegrouﬁd and Norta Isiant, dbub such channel had aLvays
filled in rapidly. Since the jetty has cut off the movement of sond
across Zuniga Shoal, the dredging necessary to maintain the inner channel
throusk the gorge has greatly diminished.

14, Detailed Study of Tillamook Bay Jetty.

a. Location. An instance of the third case of fairly
successful use of a sinzle jetty (par. 7a(3)), in which the momentun
of a diverted current is used to hold it artainst the Jetty is afforded
gy the structure at Tillamnok Bay, Oregon, about RC mileé south of the
mouyh of the Columbia River,

ST e obe Deseription. Tas bay is about 6 miles long and 3 miles
wide and generally shoaly five small rivers eupty into it, The tidal
range varies betwoen 7.9 and 11 feet, The predominant littoral drift
is from north to south, although winter storms, particularly, mav reverse
the directinn at times,

c. Eisbtory. Prior to the construction of the jetty, the bay
emptied into the ocean through a gorge about 750 feet wide, with @
maximum depth of about 60 feet and usual depthe of 25 to LO feet., The
channel throusgh the gorge extended northwesterly to a point aboﬁt 2,000
feet north of’the south land peint. It then turned sharply almost due
west toward the ocean, with dspths nf over 1% feet for over a mile west

of the bend before the shoreward face of the nffshore bar was reached,

Over the crest of the bar the inner and nuter 18-fnot contours were
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only about 600 feet apart and the controlling depth was 17 feet.

d. Plan of Improvement. The River and Harbor Acts of July

25, 1912, and March 4, 1913, provided for the jetty and a channel over
the bar 18 feet deep and as wide as could practically and economically
be maintained, Construction of the jetty was Legun in March 1914, and
was completed in October 1917, There were placed in the jetty 428,671
tons of ruck at & cost of over $700,000., The jetty extended in a
westerly direction from the shore north of tle entrance, roughly
parallel to the natural ocutside channel and firom 1,300 to 1,700 feet
north thereof, It was slightly curved toward the channel at its outer
end. It was about 5,400 feet lonz and built up to about high water.
In 19%1-33, the jetty was repaired and extended to 5,700 feet long;
320,350 tons of rock were used for this work at a cost of over $525,000,

e. Snore Iine Changes since Jetty Construction.

(1) North of the Jetty. Both high and low water lines

have advanced. The high water line has advanced along the Jetty about
3,000 feet, the advance diminishing rapidly to 500 feet about 3,000
feet north of the jetty, and to 100 feet or less some 10,000 feet north
of the jetty. The low water line has advanced about 1,300 feet next to
the jetty., The advance diminishing rapidly in the first 3,000 feet
north of the jetty. Farther north a general advance of 100 to 200

feet has occurred.

(2) South of the Jetty. The ocean shore line of the

south land point has receded, Over a shore length of sone 15,000
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feet, the Lish mater line has receded from 600 feet at the north end
to 100 feet farther south. The low water line has receded 1,500 feet
at the norfh end, diminishing to the south,

f. Offshore Changes.

(1) North of the Jetty.‘ The 18-fnaot contour has

changed but little except in the l,OOO’feet imnediately north of the
seavard end of the jetty. There the contour has bulged seaward along
and beysnd the jetty for about 2,000 feet. The general result has been
a filling in of ths angle between the jotty and the shore. There has
been a sfeepening of the beach and offshnre bottom, and a building out
of a shoal iﬁ prolongation of the jetty alignment,

(2) South of the Jatty. The original channel which lay

some 1,500 feet south of the Jetty svung rapidly northward. By 1916,
while tﬁe construction of the jetty was still in progress, scouring
along its south face was noticeable., By 1913 the ebd current, issuing
in a northwest direction from the gorge, had scoured a channel from 22
to 35 feet deep and UOO feet wide along the south edge of the jetty,
By 1930 depths in this channel had increased to 25 to 40 feet. The
dept h therein has since been maintainéd at not less than 20 feet,

with maxima of 47 or U8 feet. The currents following this channel
along the jetty attacked the offshore bar seaward of the jetty end.

In 1917 the controlling depth over the bar was but 10 feet; in 1918,
22 feet over a width of 200 feet; in 1919, 24 feet for a width of 1,000

feet, The crest of the bar had been moved seaward 1,000 feet. At that




time, however, shoaling began to take place, probably because, with
advance of the shore line along the jetty, material from the north

had begun to sweepraround the end‘ofAéhe jetty. In 1920, the con-
tfolling depth was reduced to 21 feet for a width of 1,000 feet; ih
1921 to 13 feet. Between 1921 and 1927; controlling depths of 16

to 19 feet were maintained in that chanbel, but the width ﬁés de~
creased from 1,000 feet to a usﬁél width of abﬁut 300 feet, and the
crest‘of the bar moved shorefard from an original 2,000 feet to a final
1,400 feet beyond the end of thenj@tty. Some shiftings back and forth,
with minor variations»in depth, occurred, presumably as a result of
varying storm conditions, but the general average remained constant.

A second channel also opened up extending southwesterly from the end
of the jetty, with deptihs of.lg to 19 feet over widths of as mucﬁ as
800 feet. In 1928, however, the‘generél shoaling of the bar had pro-
gressed to the ?oint where the currents could no longer maintain thé‘
bar chénnel. ‘It shoaled rapidly to a depth of only 12 feet. In 1929,3
66,898 cubic yards of sand were dredged from the bar channel, despite
which it shoaled to 11 feet; in 1930, 96,622 cubic yafds were dredged
and the depth increased‘to 14 feet; in 1931, 72,251 cubic yards were
dredged, increasing the controlling dePth to 17‘feet; in 1933, 139,107
cubic &ards‘were dredged, increasing the depth to 20 feet over a width |
of U0O feet. By 1936, with no maintenance dredging, the channel had‘i |
shoaled to lﬂ%ifeet on the center line fénge, élthough a depth of 20

feet was stili‘available 200 feet soutﬁ of the range. Meanwhile the
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1&€~foot contour off the south land point moved lardward by from over
2,000 feet at the north end to some 200 feet at the south limit. Tho
interception by the jetty of the southward moving sand supply hLas
doubtless contributed to the recession along the south land point.

15, Although thouse and other instances indicate that under
.certain favorable conditicns a single jetty may be successful, there
are other instances in which a single Jjetty has failed to accomplish
the results expucted, necessitating the construction of a second Jetty.
Examples of this are found at the mouth »f the Columbia River, Oregon,
at Coquille River and at Co>s Bay, both in Oregon, at Humbnldt>Bay
and Newport Bey, both in California, and at Grays Harbor, Washington,
at Ararsas Pass, Texas, and at Miaui Harbor, Florica. There are alsn
nunerous instances in which althouth two Jjetties were pleonned, ong was
constructed substantially in advanceé of the other, thus affording, for
a time, opportunity to observe its effect as a single Jjetty. A study
of those cases indicates that only under special and rather udusual
circunstances can it be expected that a single jetty will be successful.

16. At Miami Harbor, for example, it was anticipated that the
north jetty would be sufficient, in view of the north-tn-south direction
of the predominant littoral crift. The jetty was extended 1,500 feet
from shore, but when channel dredging to 18 feet was attempted thru the
land strip south of the jetty, it was found that the south land point
of the inlet opening was cut back. The dredged chanunel filled in very

rapidly. The construction »f the south jetty therefore became necessary.
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17. Similarly, at Humboldt Bay, California, it wasg originally
believed that a single jeity extending from the south land point and
cutting off the predominant south~t§~north littoral drift, would be
effective in stabilizing the channel. &after construction of the
gingle jetty was begun it was found that the north land point began

to erode rapidly. The width of the entrance increased durinz the first

year from 2,100 feet to 3,500 feet, and during the second year from
3,500 feet to over 5,000 feet (Anhual Report for 1900, pp. bez7-Laus),

It was found necessary to cdnstruct a north jetty. Immediately following
its provision the north land point began to be repaired by accretion,
which haé continued since.

18. At the entrance to Newport Bay, California, which is discussed

in more detail hereinafter, a single jetty was provided on the west side
of the entrance in 1918, The beach west of the jetty then receded over
a considerable distance, and was subsequently restored by the deposit of

dredged material. The beach east of the entrance also receded steadily

until 1928, when the east jetty was provided. Sand then began to
accumulate along the adjacent shofe east of the jetties, and a stable
beach has fofmed there., West of the jetties'the tendency continued to
be one of recession. ‘ |

19. In the case of the jetties at the entrance to the Columbdila

River, discussed in detall hereinafter, a south jetty Ui miles long was

constructed first, The initial effects were most gratifying; the mi-

gration of the channel over the offshore bar was checked and a straight-
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ou£ channel scourad throush the bar about 1 mile wide and 30 feet or
mors doep. Then‘the bar channel began to widen both north and south,
and shoaled to abaﬁt 20 feet, The south jetty was then extended another
3 miles, and maintenance dredging tried 5n the bar without satisfactory
results, It was finally decided to build a north jetty., After ite
construction the channel ovér tﬁe bar narrowed and deepened to over

4O feet. This has been maintained since that time. The shoreline both
north and south of the jetties has adVancad.

20. At Grays Harbvor, Washington, discussed in more detail herein-
after, it was decided, after considerable difference of opinion (Annual
Report for 1895, p. 3517 et. seq.) that a single south jetty should be
btuilt. This was begun in 1898, and completed to a length of 13,784 feet,
in 1902, The jetty caused large accumulaﬁion of sand alonz both sides
and recession of the north land point, In the channel, the first effect
wés gratifying. Between 1898 and 1902, the channel was diverted to a
westerly course acronss the bar, and despened from an original 11 feet to
about 19 feet., During the following years, however, scouring around the
end of the Jetty crested a'second channel, and the main channel shoaled
and shifted considerably., By 1907, the minimum channel depth over the
bar was reducsd to 12 feet. It was then decicded thet a north jetty
would be necessary,

21, At Aransas Pass, Texas, more fully 6iséussed hereinafter, it
was similarly decided thaf a sihglé Jjetty would be sufficient, This was

built from the south land point between 1881 and 1884, to a length of
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4,050 feet from the shore, The seaward 1,698 feet recurved northward
toward the channel, presumably with the idea of utilizing the principle
of the reaction jetty. The jetty accumulated sand along both sides.
There'was an initial deepening effect upon the channel. The original
depths over the bar had varied from 7 to 9% feet, This was increased
between 1881 and 1385 to nearly 12 feet. In 1856 a gevere storm
shifted the channel southward toward the jetty and shoaled it to about
10 feet., By 1888 the minimum channel depth had diminished to 2,8 feet,
The project was then turned over to a private company, and two jetties
were bullt,

22, From a study of these and other cases it is indicated that
only in the exceptional case can a single jetty be expected to prove
successful. Even in cases which promise the possibility of success for
a single jetty, it is advisable to plan the jetty with the probability
in mind that a second jetty will sooner or later have to be provided,

V. JETTIES (DOUBLE)

23, Location. Double jetties have been provided at a number of
sites on the coasts of the United States. A list of the more important
is given below. From this list, typical cases have been selected for

more detailed study and description.

a, Location of Double Jetties.
(1) Saco River, Me.
- (2) Newburyport Harbor, Mass.

(3) Nantucket Harbor, Mass.
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(4)

(5)

(6)

("

(8)

(9)
(10)
(11)
(12)
(13)
(1h)
(15)
(16)
(17
(18)
(19)
(20)
(e1)
(22)
(23)
(2k)
(25)
(26)
(21

Block Island Harbor of Refuge, R. I.

Point Judith Harbor of Refuse, R, I.

Connecticut River (Saybrook jotties), Conn,

Milford Harbor, Comn.
Bridgeport Harbcr,“bonn.
Mattitucl: Harbor, N. Y.
Patchogue Harbor,‘N' Y.
Browms Creel, N. Y.
Shark River, N. J.
KHanasquan Inlet, N, J.

Cheesoquake Creek, N, J.

Wilminston Harvor (Christiana River), Del,

Cold Spfing Inlet, N. J.
Ocean Cit& Inlet, Mc.
Winyah Bay; S. C.
Charleston Harbor, 5. C.
Savannah Harbvor, Ga.
Fernandina Haroor, Fla,
St. Jokns ﬁiver,'Fla.

Fort Pierce Inlet, Fla.

Lake VWorth Inlet, (Port of Palm Baach) Fla.

Hollywood Harboar, (Port Everglades) Fla.

Miami Harbor, Fla.

Caseys Pass, (Venice Inlet) Fla,
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(28) Sabine Pass, lLa, and Tex,

(29) Gélveston Harbor, TexX.

(30)‘ Freeport Harbor, Tex.

(31) Port Aransas, (Aransas Pass) Tex.
(32) Brazos Island Harbor, Tex.

(33) Newport Bay Harbor, Calif.

(34) Humboldt Bay, Calif.

(35) Coquille River, Oregon.
(36) Coos Bay, Oregon.

(37) Umpgua River, Oregon.
(38) Siuslaw River, Oregon.
(39) Yaguina Bay, Oregon.

(40) Nehalem River, Oregon. i\

(41) Columbia River, Oregon.
(42) Grays Harbor, Wash.

(43) Guillayute River, Wash.

o, (Classification of Double Jetties. Double jetties will be

discussed under the following headings:i-

Parallel jetties oblique to the shoreline.

e

Parallel jetties normal to the shoreline.

I

o]

. Converging Jetties.
4. Curved and reaction jetties.

It should be noted, however, that many cases partake of the character-

istics of two or more of these élaséifications; thege will be considered

under the heading to which their chief characteristics assign them.,
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25+ Location of Double Jetties Obligue ta Shoreline. Among the

more important cases of double jetties which have been constructed
oblique to the shore line are the following:-

. Shark River Inlet, N, J.

?._.

b. Manasquan Inlet, N, J.

Ce. Miami Harvor, Fla,

d. Sabine Pass, La., and Texas.
e. Nowport Bay, Calif.‘

f. Humboldt Harbor, Calif,
g. Yaquina Bay, Ore,

J.

[
o

26. Detailed Study of Menasguan Inlet, N

a. Location. Mancsguan Inlet, N. J., connects the Manasquan
River and a number Qf‘coastal lagoons with the Atlantic Ocean, about 26
miles south of Sandy Hook.

b. History.

(1) Migration. The predominant littoral drift at

Manasquan Inlet is from south to north, Prior to the construction of
the jetties, the inlet had a tendency to move northward, owing to the
elongation and osverlapping of the south lend point and erosion of the
beach to the north, When the northward nmizration had proceeded far
enough to considerably reduce the hydraulic capacity of the inlet, it
would break through at some other point nearer the southerly end of
the overlapping south spit. The old inlet would close, and the

migration cycle would be rencwed,
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(2) Early Improvements. In 188l the inlet was in about

its present location. Between 188l and 1686, north and south dikes
were built by the Federal Government across the ends of the land points
on cach side of the inlet to stabilize the opening. A&t first these
dikes had a beneficial effect, resulting in deepening the channel

over the bar from about 1F feet to about 4 feet. By 1884 a shoal was
forming inside the inlet on the north side, and encroaching gouthward
into the inlet channel. Progressive southward growth of the shoal
forced the channel over against'the gsouth dike, and finally flanked
the structure. By 1689 the inlet had broken through south of the
south dike and the channel between the dikes was almost blocked by

the inside shoal encroaching from the north and by a& tailing sand spit
growing northward from the south land point around the seaward end of
the south dike and across that entrance to the inlet. The shoaling
continued and ty 1920 the inlet was completely closed by a high sand
bar which filled the original channel between the dikes as well as
‘the flanking channel south of the gsouth dike. The inlet was reopened
by local interests, and in 1922 a Haupt-designed treaction® jetty of
timber piles and cribbing was built by local interests along the
south side of the entrance channel. This jetty completely failed of
its puroose, and the inlet closed again in 1925, The reaction jetty

was buried in the accumulated sand.

(3) Plan of Improvement. The River and Harbor Act of

July 3, 1930 adopted the existing project for Manasquan Inlet (H.Doc.

~38~




No. 482, 70th Cong., 2nd sese.). This provided for two random stone
jetties with steel sheet-pile core walls, extendﬁd‘at their shoreward
ends by steel sheet-pile bulkheads. The north jetty is 1,230 feet
long, and projects intc the ocean along the alignment of the old north
dike produced., The south jetty is parallel thereto, about L00 feet -
therefrom, and 1,030 feet long, and projects somewhat farther seawsrd
than the north Jetty. The jetties form an angle of absut 120° with

the shore line to the north and 60° with the nriginal shore line to the
sout h. Th@y thus project at a sharp angle into the anproach of the
predominant littoral 4rift. The jettios ~ere completed in 1931, and

a channel 150 feet =mide and 8 feet desp was then dredged between them
to reopen the inlet., The fem&ins ofF the nld south dike and reéction
Jjetty were removed. In 1933 the channel was enlarged to 250 feet wide
and 10 feet deep between the outer ends of the Jetties, flaring to 300
feet wide and 8 feet deep between the inner ends. The dredged material
was déposited on the beach north of the north jetty,

€. Shore Line Chanczes since Jstty Construction.

(1) Gemcral. Tie changes in the shore line and the
of fshore area caused by the constrction of the»jetties are set forth in
detail in the report of the Beach Erosioun Board on "Beach Erosion at
Manasquan Inlet, N, J., and idjacent Beaches" (H, Doc, No. 71, 75th Cong.,
1st sess.)., As soon as the Jjetties began to pr&jecf geaward of the ShQT84
line, the beach in the angle between the south Jetty and shore began tn

edvance and that in the angle north of the north Jetty to recede, With
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some occasional reversals due to storms, to the deposit of dredged
material on the north beach, gnd to the construction gf a protective
bulkhead and 2 groing adjoining the‘north jgtty, the general tendency
for the beach to advance on the south and recede on the north of the
jetties has continued.

 (2) South of South Jetty. 3By 1931, when the jetties

were completed, the beach south of the south jetty had advanced along
the jetty about 400 feet. The advance tapered to zero about 1,000
feet south of the jetty. Since 1931, the junction point of the teach
with the jetty has remained fairly constant, with minor advances‘and.
reaessions of less than 50 feet., Within a short distance south of

the jetty more extensive variations have taken place, affecting the
shore line over a front of about 4,000 feet. Within 300 to 1,000 feet
of the jetty, the shore line advanced from 50 to 100 feet between
October, 1934, and March, 1935. It then receded from 25 to 80 feet
by May 13, 1935, nearly to its former location. By July 20, 1937,‘}3
had advanced about 50 feet, and by January 6, 1938, had agein receded
by 20 to 25 feet in the 500-foot frént next to the Jjetty while~advancing
some 4O feet along the shore further south. The net result of these
changes during the past 3 years has been %o change the average position
of the shore'line gouth of the jetties but 1ittle. The possibility is
indicated that further considerable and.permanént advance of the shore
may not take place, at least at the rapid rate experienced'during the

first two or three years.
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(3) North of the North Jetty. North of the north Jetty,
over a distance of some 4,000 fest along the shore, the net effect on
the shore line itself has been one of recession. The amount of “change
iucreases as the jetty is approached, It is most{notice&ble within
1,000 feet thereof. Despite the fact that over 600,000 cubic yards
of dredzed material were deposited on the beach north of the Jetty
during the original opening of the inlet channel in 1931 to 1933, and

material dredged during maintenance in 1937 was again deposited in this

area, the shore line irmmedintely north of the Jetty receded so extensively

and rapidly as to threaten to flenk the shoreward end. This required
the construction of a steel bulkhead and groin to hold the beach at
that point. Iven this protection was fqund insufficient, except in-
the first 230 feet or so north of the jetty, and in 1936 the Beach
Erosion Board recommended that the existing bulkhead north of the

Jetty be extended northward alons the shore over a distance of 2,400
feet from the jetty, and that four additional groins each 300 feet

long and spaced 300 feet apart be built. To date the bulkhead has been
extended northward to a length of about 700 feet from the jetty and the
southernmost of the four additional groins has been constructed. Thess
structures have resulted in holdinz the beach immediately north of the
Jjetty.

d. Offshore Changes.

(1) General. Over large areas seaward of the 20~foot

~contour, the changes in progress along the besach appear to be practically
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reversed. The tendency of the shore line itself to advance south of the
jetties and recede north thereof has been accompanied by an ergsion of
the sea bottom off the advancing beach and a filling of the bottom off
the receding beach.

e. Effects of the Jetties.

(1) The observed effects of the Jjetties are apparently

due to a number of interacting causcs. The prevailing winds blow for
about 6 months of each year on the average from the northwest, west and
southwest, or offshore. Many of the severe storms also blow from that
quarter, Onshore winds blow somewhat more frequently from the south
and southéast than from the north and northeast, but severe gales are

experienced from both quafters. Ag a result, the predominant littoral

drift is from south to north, but this direction is not infreguently

and in inmportant degree reversed.

’ (2) It is probable that the prevailing of fshore winds

and storms set up offshore surface currents with a corresponding onshore
undertow, tending to mqve‘bottom material from deeper water toward‘the
beach., This would explain in part the scouring in deep water and
aceretion of the Leach observed south of the jetties. This material

was also moved generally northward with the pfédominaﬁt littoral drift,
particularly along the beach itself, until it reached the south jetty,

where it tended to accumulate in the angle between jetty and shore.

The beach slope was thus rapidly steepened until the waves were enabled

to carry offshore down the slope about as much material as was brought
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in by Veach drift and other causes, whereupon the shore line becane
fairly fixed in an average curve about which it oscillated as varvineg
directions and intensities »f wind and wave caused erosion or accretion
during alterneting periods. These jettiés:have only been in position
for some seven yvears, and it is not unlikely that over a longer period
of time the advance of the south beach will proceed farther than it has
so far - perhaps to and beyond the end of the south jetty,

(3) The principal changes norta of the nnrth jetty avpear
to have been due to winds aad storms from the northeasterly quarter.
The erosive effect of these was souewhat intensified by the cutting off
by the jetty of revlenishing sand moving north along the beéach., Waves
approaching the shore from the northeast struck brth shore and Jetty
at an angle, and tended to run together along them, with increasing
height and concentration of volume and encrgy into a smaller and gmaller
crest length, until the final concentration attacked the shore at its
Junction with the jetty., Thus the recession of the shore became more
rapid and proncunced as the jetty was soproached. This concentration
of wave attack from thne northeast is readily apparent in an eerial
photo of the vicinity printed as Plate B in the report of the Beach.
Erosion Board, and attached hereto,

(k) The water piled up on the beach @scapes as an undor-
tow, carrying with it much of the beach material churned into susvmension,
This undertow is held, by the narth-to-south drift induced Ly the

nertheast wind ard waves, aszsinst the side of the Jjetty, followine it
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out to and around the end, whence the drift currents carrty it awvay
gouthward for deposit in deeper water offshore. This offshore undertow
is probably responsible, in conjunction mith waves breaking at an angle
against the jetty, for the scouring of the deeper trench along the toe
of the jetty slope. At the time the photo was taken; dredged material
from the channel was being>deposited on the beach north of the north
jetty, and the course of that material is plainly shown in the pictu&e.

(5) Ultimately the material so removed from the beach
north of the jetty was returned northward by the predominant northward
drift, and deposited largely in deeper water of fshore beyond the ends of
the jetties. This process would explain the shoaling offshore in the
northern area instead of the scouring which might have occurred as
it did to the south had not the scour been more than counteracted by
the supply of dredged and other material carried into the area from
the beach north of the jetty.

f. Discussion.

(1) The question of chief interest in connection
with this study is what, if any, beneficial or injurious effscts upon
shore line changes were produced by the obliquity of the jetties to
the shore line. Although any discussion of this aspect of the casé
mist be to some extent conjectural, some pertinent evidence is afforded
by a study of the aerial photo hereinbefore referred to and of énoﬁher
printed as Plate C in the report of the Board. Plate B records the

conditions during a wave advance from the northeast; Plate C those
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during a wave advance from the soﬁtheasﬁ.
(2) A study of Plate B showe quite clearly that when
the waves are advancing from the northeast, both the volume of
water in each wave and the associated ehergy are concentrated toward
the jﬁﬁétion of jetty and shore. It shows eqﬁally‘élearly fhaf Sﬁ¢hk
waves rounding the seaward end of the south Jetty are refractoed into
a curved form so that they meet tﬁe curve of the beach neér the jetty
nearly normally at all points., This réfraction increases the length
of each wave crest and diminishes iba voiume and energy at any given
point, and therefore dscreases the vigor of the wave attack on the ghore,
(3) Plate C shows almost as cleérly that waves from the
southeast are travelling practically along the direction of the south
Jetty, when they reach its there is thus less tendency toward concen—
tration of the wave attack on the Junction of jetty and shore. The ends
of the waves are retarded against jetty and shore and their middla section
forges ahead of the ends so that the wave strikes the curved shore about
normally at every point, as do the northeast —aves. It secms prababié

that the position and curvature to which the beach rapidly advenced at

first, and whick it secems to have approximately meintained in recent

years, Wwere determined by the fact that with that position and curvature

the waves from all directions impinge upon thoe beach as nearly as possible

normally at all points,

(4) 1In contrast to the considerable refraction »f ﬁaves

from the northeast by the south Jjetty, Plate C shows that waves fram the

L5




southeast are refracted but little in rounding the tip of the north Jetty,
and attack the beach at an éngle almost from the junction of jetty and
ghore, instead of striking the beach aboux nornmally.

(5) Had the jetties been comstructed substantially normal
to the shore line, the following changes in their observed effecta upon
the shore line might have been thereby effected:-

(a) North of the nofth jetty, the length of wave
crest from the northeast intercepted between the jetty tip and the shore
would have been reduced and the concentration of their attack upon the
junction of Jjetty and shore correspondingly decreased. The volume and
force of the undertow would have been proportionally less. The greater
change in direction of the southbound drift necessary to round the jetty
would have dissipated more of its energy. Waves from the éoutheast, on
the other hand,would have been more actively refracted, striking the
ghore near the jetty more nearly normally, with decreased tendency to
move material northward along the beach, The rapid removal of beach and
dredged material should therefore have been uuca«’“ retarded. |

(r) South of the south jetty, the length of wave
crests from the southeast intercepted between the jetty tip and the
shore would havé been increased, and those waves would have met the
jetty at a greater angle. Concentration of wave attack on the junction
- of Jjetty and shore would have inereased, The deflection of the pre-
dominant northward drift to round the Jjetty would have been facilitated,

‘and the refraction of waves from the northeast and the bowing of waves
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from the southeast, diminished. All this should have led to a more
effective and extensive removal of sand from the shore angle, and a
diminished accunulation of material in that angle. The shore line

changes on the two sides of the jetties should thus have been more

nearly eaoualized,

27. Jetties at Shark River Inlet, N, J. The jetties constructed

by local interests at Shark River Inlet, N. J., present a very similar
case to those at Manasquan, These jetties project into the ocean at

an angle of about 125° with the general shore line, and as at Manasguan
Inlet, the acute angle faces into thevncrthward advance of the predominant
littoral drift. The changes in shore line caused by these jetties are
strikingly similar to those heretofore described for Manasouan Inlet.
There 1s the same accumulatinn of sand in the angle between the south
jetty and the shore, withvthe difference that the shore has built out

to the end of the jetty and the shoaling extended beyond it, instead of
building out part way as at Manasquan, and then apparently halting its
seavard advance at least temporarily. This difference may be due to the
fact that the Shark River Inlet south jetty has been in place longer
than that at Manasquan Inlet, or to the fact that the former is only
650 feet long whereas the latter is 1,030 feet long. There has been the
same erosion of the shore line north of the north jetty, more active

and extensive in the immediate vicinity of the junction of the jetty
and shore, and which would presumably have progressed even farther had

it not been checked by groins. There has been at Shark River Inlet a
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similar general advance seavard of the 6-foot contour and a movement
landward of the l2-foot and 18-foot contours. All these changes are
susceptible of explanation on the same basis as those at Manasquan,
without the comp1icatiQn arising from the deposit of a;largedvolume‘of
dredged material on the north beach.

28, Jetties Oblique away from Drift.

&s Locatibﬁ. Examples of jétties oblique to the shore line,
btut at an angle QWa& from instead of inéo the direction of the predominant
littoral drift are:-

(1) Miami Harbor, Fla.

(2) Sabine Pass, La. and Tex.
(3) Newport Bay, Calif.

(4) Humboldt Bay, Calif,

(5) Yaquina Bay, Oregon.

29. Jetties at Sabine Pags, La. and Tex.

8. location. The jetties at Sabine Pass, on the boundary
between Louisiana and Texas, have resulted in notaﬁle changes in the ~
adjacent shore lines, and under water conditions whiéh differed in some
respects from those obtaining at other inlets, Sabine Pass is a tidal
waterway some 7 miles long and 2,000 to 5,000 feet wide which connects
Sabine Lake with thé Gulf of Mexico. Sabine River empties into Sabine
Lake and thence through the pass into the Gulf. The 00§dition§ are
shown on U, S. Coast and Geodetic Survey Chart No. 517, and on the map
herewith.,
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b. Conditions Prinr to Improvement. Prior to improvement

of the pass, there existed in the pass itself a narrow and winding
cliannel with an availabl; navigable depth.of about 20 feet. Outside
the Gulf entrance, the bottom sloped off gradually, and there vas a
bar across the entrance; in 1884, the 2U4-foot contour was about 18;000
or 20,000 feet offshore. The bottom material in the pass and offshore
was chiefly soft mud, instead of the sand usually found at inlets,
The flood current entered the pass around the east point, and the ebd
current flowed out around the west point., The ebb currents had created
and maintained a fairly fixed channel throusgh the bar averazing about
4,500 feet wide with a controlling depth of 6 to 6% feet., The prevailing
winds: were from the south to east quadrant, and the most severe storms
were from the north and northwest in winter and from the southeast in
sumer. As a result, there was a marked predominant littoral drift from
east to west past the mouth »f the pass.

¢. History. Under the original project for improvement of
the pass, dredging was. carried on-every year between 1876 and 1881 in an
attenpt to provide and maintain an entrance channel through the bar 12
feet deep, 150 feet wide, and 24 miles long. Although the desired depth

was several times secured, shoaling folloved rapidly and the channel

deteriorated.

d. Plan of Improvement. The River and Harbor Act of August

2, 1882, provided for the two jetties (H.:Doc. No, 47, UTth Cong., 1st

sess,). The west Jetty was begun in January, 1883, and the east in

-4g.
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March, 1885; construction proceeded alternately, and by 1896 the east
Jetty had been extended to a length of 19,SOQ feet and the west Jetty
to 14,875 feet. By August, 1900, the east jetty was 25,100 feet long
and the'%esﬁ”aé,OOO feet long., The jetties were raisgd. repaireﬁ and‘ 
sonewhat ‘extended from time to time. By 1912 the east jetty was'abouyi
25,270 feet longz and the west about 21,860 fget.lgng, Thg jgt;iés argv
slightly converging to an opening 1800 feet wide ap_their seaWaré gﬁds.
They were built of randem rock on rush mattresses.

&. Bffect of Jetties on Channel.

(1) As the jetties advanced seamward, scouring took place

‘between them, but to a much less extent than had been anticipated. By
1893, when dredging was begun in the entrance channel, the contrOlliég
depth had been increased by scour from 7 feet to & little over 10 feet,

In 1893-94, a channel was dredged through.the bar_}6Afeet‘de§p by 100

feet wide, By 1895, the channel had been dredged to 25§ feet.deep by T

100 feet wide. Between 1896 and 1899, 600,000 cubic yards were dredged
from the channel to maintain the 25-foot. depth, In 1900_&9& 1901, the
channel shoaled from 25 feet to 20 feet,: and 260,000 cubice yards were
" then dredged to increase that depth to.22.5 feet,. - |

(2) - Between 1901 and 1922, rap;dvshoaling took place

continuously in the entrance channel, and maintenance dredging was required
ipfaétically‘every‘year. “During the. 21 years, 7.85039H2 cubic yards of
'mﬁd,'wéré drédgsdgfroﬁ the entrance channel in méintaining‘co§trolling

i

depéhé‘ranging~ffom'l9 to 29 feet, on-a 25-foot project depth.
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(3) In 1922, the projcct dimensions were increased tn 30
feet deep by 200 feet wide between the jetties and 33 feet deep by U50
feet wide seaWard>of the jetties, 1In 1935 the present project cdimensions
were adopted, namely, 600 feet wide and 36 feet deep from Gulf tn the
outer ends of jetties, dacreésing progressively between the jetties to
400 feet wide and 34 feet deep at the inner ends of the jetties. Between
1922 and 1937, 25,376,357 cubic yards were dredged from the entrance
channel in securing the enlarged project and even so full project
widths have not yet becn attained. Doubtless a considerable though
indeterminable smount of this was material which accumilated in the
channel during the period., In 1937 alone, 1,811,029 cubic yards were
removed as mainténénce.

(4) The history of this imprcvement shows that the
jetties have had iittle effect in so concentrating the ebb currents as
to assist m&teriailj in keeping the channel open by scour. The jetties
mere designeC with the idea of maintaining a channel 20 feet deen by
100 feet wide. In the first place they proved inadeguate even for that
planned purpose, andAin the second place, the cross-section of the
existing channel is 6 to & times as great as that for which they were
designed, Therefore, even had the original design been perfectly
adeéuate»for its purpose, it would be inadequate for the gxistine channel.
This éxamplifies a fact cormmon to practically every system of jetties
includgd in this study, namely,that whatever engineering basis there

may have been for the adopted spacing of the jetties was predicated upnn
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channel dimensions which were later increased so that even a design

originally adequate for its purpose was no longer entirely effective.: ¢
Jetties have been spaced too far apart in many more instances than too

close together.

f. Shore Line Changes. -

(1) East of the Jetties., In the 55 years since the

jetties were begun, the shore line has advanced notably both east and
west of the jetties. To the =ast, on the gide from which the predominant
littoral drift comes, the low water line has advanced next to the jetty

about 7,400 feet into the Gulf,

: i‘.(é) West of the Jetties., On the west or downdrift side,
the shore line has advanced along the jetty about 4,000 feet.

g2. QOffshore Changes.

(1) Bast of the Jetties. On the east or updrift side, the
6-foot contour has advanced about 9,000 feet. The lz;foot contour receded .
at first about 1,500 feet between 1884 and 1922, then advanced again by
about 2,000 feet by 1937, a net advance of about 500 feet. The 18-foot
contour advanced about 2,000 feet between 1884 and 18gh, then receded
about 2,000 feet by 1922. It then -advanced from 1,000 to 2,000 feet by
1937, The 2U-foot contour has advanced fairly continuously a total
distance of about 7,000 feet, chiefly in the form of a shoal just outside
of and along the alignment of the east jetty. The 30-foot contour has
advanced along the line of the jetties and channel by 10,000 feet or more.

(2) West of the Jetties. On the west or the downdrift
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side, the 6-foot COntQur has advanced about 10,700 feet next to the
jetty.‘ It is now somewhat seaward of the 18-foot contour on the east
side, The l2~foot contour has advanced some 8,000 feet and the 18-Ffoot
contour about 10,000 feet, the latter being now about opposite the 2~
foot contour on the east side of the channel. The 24-foot contour has
also advanced about 10,000 feet, and is now about 2,000 or 3,000 feet
farther offshore to the west of the jetties than to the east.

(3) Summary. There has thus been greater accretion on )

the west qgwdgwndrift gilde of the Jetties than on the east or updrift

side. Approaching the jetties from tho east, the 18-foob contour, for

example, sensibly parallels the shore at a distance of 13,000 to 1k, 000
feet therefrom until the jetties aré almost reached, It then bends
sharply offshore around the jetty ends. West of the jetties. however,
it swings farther offshore, with a maximum offshore distance of about
22,000 feet some 4,000 feet west of the Jetties, returning gradually to
its usual offshore distance of some 13,000 feet only gt a point about
38,000 feet west of the jetties. The Jetties have thus creatéd a rounded
shoal projecting from shore, but instead of the shoal being disposed
more or less symmetrically ubout the jetties as an axis or about an a;is
on the updrift side, the axis in this case is about 10,000 feet on the
downdrift side of the jetties,

(4) Discussion. The formation of this extensive shoal on

the downdrift rather than the updrift side of the Jetties is probably due

to two principal causes. First, the nature of the bottom material, which
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is soft mud. Currents carrying this material from the east along the
shore(toward,the jetties can much more readily retain it in suspenéidn
and carry it around and past the jetty ends for dé@oﬁit in thé quiefer
water west of the jetties than if it were heavier sand, Ebb cﬁfreﬁts |
1gsulng from between the jetties trend off'to the west, and carry théié
suspendéd md in‘thax direction. Second, & large amount ofAﬁaterial
dredged from the channel has been deposited west of the jetties, and
has contributed in no small measure to the formation of the shoal on
that side., The long flat slope of fshore tends to cause ihe higher
waves to break far out and to be converted largely into waves of
translation, and the frequency of offshore winds and gales ‘from the
nnrth and narthwest by inducing a shoreward undertow, may also con-
tribute to the general onshore movement. of bottom material. The shore—
bullding forces predominate over the shore eroding forces, and the u
general resultant is a tendency for the.shore to advance on both sides
of the Jjetties.

30, Comparison of Cases. In the foregoing cases of jetties oblique

to the shore line into the advance of the littoral drift (Manasquan Inlet
and Shark River Inlet) the general effect on the shore line has been |
erosion in the downdrift obtuse angle and accretion in the updrifi

acute angle. At Sabine Pass, where the jetties were oblique aWéy fromi
the direction of the littoral drift, the result was accretion in ﬁoﬁﬁ
angles, but a much greater accretion in the downdrift acute angle. At

Miami Harbor, Florida, Humboldt Bay, California, and Yaquina Bay, Oregon,
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the effect of the jetties has also been accretion in both angles, but
with the greater sccretion in the updrift angle., All these cases,
however, tend to confirm the analysis of the effect on the shore line

changes at Manasquan and Shark River Inlets which would have been pro-

duced by diminishing the obliquity of the jetties (Pars. 26£(5)(a)-26£(5) (b))

It may even be concluded that some slight obliquity away from the advance
of the predominant littoral drift might be advantageous insnfar as
equalizing the shore line changes on both sides of the jettlesg, and
particularly in avoiding erosion in the downdrift angle. Before this
conclusion can be accepted, however, the case of the jetties at Newnort
Bay, California, should bte cousidered.

31. Jetties at Newport Bay, Califcrnia.

a. Conditions Prior to Igprdvement. The entrance to this

harvor was very unstable priof to the improvement. It moved eastward
2,000 feet between 1875 and 1883, The deeper channel through the
entraﬁce also shifted back and forth, tending to be close tn the easterly
side during the fall and winter months, then‘shifting gradually across

to the westerly sidec and belug close to that side during the summer
months. The shore line lies generally southeast and northwest, The
jetties project glightly east of south, forming an angle of about 1350
with the shore to the west and MSO with that to the east. Wave avproach
is usually from the west or southwest, Flood tide currents set northward
along the coast. There seems thus to be a conflict 6f tendencies to

littoral drift both northwest and southeast with first one and then the

other ascendant, and no well-defined predominance in either direction,
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b. Plan of Improvement.

(1) The west jetty was constructed in 1918, 2,200 feet
long into 1% feet of water at its outer end. The east jetty was built
in 1928, to a length of 700 feet into water 5 feet deep at its outer end.
In 1935 and 1936, the west jotty was extended to a length of 2,860 feet
and the east to 1,620 feet,

c. Effects of the Jetties.

(1) The immediate effect of the construction of the west
jetty was erosion of the beach to the west, particularly active in the
vertex of the oblique angle between jetty and shore, and active recession
of the esst land point and beach., After construction of the east jetty,

the shore in that acute angle began to advance, and has filled out along

the jetty. Recession of the beach west of the jetties has continued, é

and local interests counteracted it to some extent by pumping about
5,000,000 cubic yards of sand from Newport Bay across ;he barrier strip
and depositing it on the beach,

(Note) If predominant drift is east to west, this places Newport
in the class with Manasquan and Shark River, with similar effects on
shore line. If from west to east, it.places Newport in an intermediate
class, with the orientation of Sabine Pass, Miami, et. al. but shore
line effects of Manasquan. The final write up and placing in report

"will have to amait the receipt of addipional information.

32, Parallel Jetties Normal t9 Shore Line.

a. Location. Another type of jetties is that of parallel
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Jetties substentially normal to the shore line. Instandes of this
type on various sections of the coast arei-

(1) Cold Sprinz Inlet, N, J.

(2) Savannah Harbor, Ga.

(3) Fort Pierce Inlet, Fla.

(4) Lake Viorth Inlet, Fla.

(%) Freeport Harbor, Tex.

(6) Coos Bay, Oregon.

3%, dJetties at Cold Sprine Inlet, N. J.

(1) Cold Spring Inlet, N. J. is located near the southerly
extremity of the New Jersoy Coast, where the general scuthwesterly trend
of the coast bends sharply to the west to Cape May Point, on the east
side of the entrance to the Delaware River. It is about 5%'miles slightly
north of east of Cape May Point. The inlet connects Cold Spring Harbor
(also known as Cape May Harbor) with the Atlantic Ocean. The ceneral
vicinity is showm on U. 8. Comst and Geodetic Charts Fe. 1219 and 234, and
on the map herewith,

b. Dascription.
(1) Owing to the configuration of the shore line, ConlAd

Spring Inlet is exposed to wave atitack from the southwest through
southeast to northeast directions snly. The viclent gcales are more
frequently from the northeast, and tend to move beach material to the

west toward Cape May Point., This tendency is reinforced by strong
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flood tide currents moving —westward tovard the entrance to Delaware 3Bay,
and by eddy or reaction currents which also set to the west along the
shore when the ebb currents are issuing from the bay. Except for the
Comparatively.rare times when storms from the southwest are blowing,

the littoral drift is practically constantly from east to west., The
shore line is straight and free from any but minor irregularities. The
mean tidal range at the inlet is 4% feet, with very much greater storm
ranges,

(1) Prior to conétruction of the jetties, the gorge of
the inlet passed through the barrier land strip between Cold Spring
Harbor and the ocean in a south-southeasterly direction. It was fairly
_stable in position and dimensions. The inlet was about 500 feet wide,
with depths of as much és‘29 fget in the gorge, The ocean entrance to
the inlet was obstructed by an offshore bar about % mile out, over which
depths of 3 to 33 feet were found. Under the urge of waves and currents,
beach and bottom materiai was carried practically continuously along the
coast from east to west to be deposited ultimately on the extensive
shoals off Cape May Point in the entrance to Delaware Bay. A gradual
recession of the shore line had been taking place for many years,

d. Plan of Improvenent.

(1) The River and Harbor Act of March 2, 1907 (H. Doc.
No. 388, 59th Cong., 2nd sess.) provided for a channel 25 feet deep and

40O feet wide through the inlet, protected by two parallel jetties 700
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feet or mcfe apart, The east Jjetty is a rubble mound M‘SMS feet 10nw;
the west jetty is 4,410 fest long, of which the shoreward 2,000 feet is
of stone filled pile and timber construction and the balance rubble mound,
The jetties were built 850 feet apart. Construction of the Jetties besan
in 1903 and was completed in 1911,  About 326,049 tons of rock were used,
in adaition to piling, brush, and other materisls. The cost was
$721,203.12 not including incidental government costs, Dredginé of the
channel was completed»in 1913, The structures have thus been operative
for‘25 yeafs or more. During the dredging of the channel, about 1913 and
191k, some 1,000,000 cubic yards of spoil were placed upon the béach west
of the west jetty. 4 small quantity of spoil was also depoeited east of
the east jetty.

e. Shore Line Changes.

(1) Since construction of the jetties the principal
changes in the shore line vwhich can be ascribed invpart at leasﬁlto
their'presence have Veen an advance east of the jetties and a fecession
west'thereof. The beach east of the east jetty has advanced 1600 feot
along the jetty itself, and the advance has been backed up along the
beach in progressively diminishing amount as far as Wildwood, N, J.‘ébout
5 miles éast of the jgtties. West of the Jetties -the beach ad?anced‘about
1,000 feeﬁnby 1924, due in part at least to the deposit of dredged
material in thét area, tut has since receded by some 200 feet along the
Jjetty, the same recession extending to a point about 6,700 feet west of

the jetties, where the gystem of groins protecting the developed area of
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Cape May begins. Owing to the action of these groins{.assisted by the
influx of material eroded from the unprotected area between the jéfties
and groihs, the changes which might otherwise have resulted along.that
section of the shore have been largely prevented, and the shore line
has remained substantially unchanged.

34, Other instances of parallel jetties normal to the shore line

on a straight coust line which have produced similar effects on the
shore line are those at Fort Pierce Inlet and Lake Worth‘inleé, Florida:
in both cases accretion has occurred on the north or updrift side and
erosion on the south or downdrift side, except for a comparatively small
area in the angle between jetty and shore, where accretlon h;s occurrcd.
At Freeport Harbor, Texas, a somewhat different result followed construc~
tion of the jetties. Between about 1830 and 1930, the shore line on the
east or updrift side advanced about 900 feet while that on the south or
downdrift side advanced over L,000 feet. During that period, however,
the entire discharge of the Brazos River passed into the Gulf ﬁetween
the jetties, carrying with it large quantities of silt, especially
during floods, This silt was carried westward by the predqminant
iittoral drift and deposited to the west of the jetties, causing that
shore to advance more rapidly than that to the east, the effect being
siﬁilar to thai at Sabine Pass, Louisiana and Texas (Par. é%g(E))- In
1930, however, the discharge of the Brazos River was diverted to a new
channel, about & miles south of the jettied entrance, and sincé then

the shore line changes have taken place under more usual conditions.
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Under these conditions the east or updrift shore has advanced from 100
to 600 feet over more than a mile of shore whereas the west or down-
drift shore has receded by as much as 1,000 feet or more in places,
Since the elimination of the river deposits, therefore, the effect of
the jetties at Freeport have been the same as at the other similar
locations heretofore mentioned,

35. At Coos Bay, Oregon, jetties normal to the shore line have
caused advance on both the updrift and downdrift sides, In that.Case.
the situation is complicated by the fact that, about a mile éouth of
the jetties, on the downdrift side, a rocky promontory projects sharply
from the shore into the ocean about 1,500 feet, acting itself as a long
groin to trap material rounding the ends of the jetties or tending to
escape southward along the intervening shore, This material is then
carried back toward the downdrift side of the south jetty during the
frequent severe storms blowing from the west, and is thus held in the
pocket between the jetty and the point. |

36, Jetties at Savennsh, Ga.

a. Description of Conditions.

(1) The jetties at the mouth of the Savannah River, Ga.,
present complications not found in those heretofore considered. Instead
of extending directly into the ocean from a fairly uniform and feature-
less shore-line, the Savannah River jetties are locauted at the apex of a
triangular indentation in the general run of the coast. From the north

land point at the mouth of the river, the shore extends northeasterly.
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From the south side of the meuth it extends generally somewhat gouth of
east to the northeast tip of Tybee Island, breaking there sharply to the '
south.. From Hilton Head, about & miles northeast along the coast from
the Savannah River, a long shoal projects east of south about 8 miles,

A straight line drawn from the southeasterly tip of this shoal to the

mouth of the Savennah River is also about & miles long, and passes

through the northeast point and roughly along the north shore of Tybee
. Island.

(2) The sphere of influence around the mouth of the
Savannah River is thus in the form of an equilateral triangle, of which
the east side is formed by the shoal projecting from Hilton Head, the

weat side by the shore liune petween Hilton Head and the mouth of the

Savannah River, and the south side or base by the shore between the
river mouth and the northeast point of Tybee Island and by shoals

projecting eastward from the point of the i{sland. The Savannah River

empties into this triangular area at its southwest vertex and in an
easterly direction parallel with its base. Calibogue Sound empties into
it at its northern apex, west of Hilton Head, and in a n&rth and south
‘direction roughly perpendicular to the base. The main channel from the
triangle to the ocean passes out in a southeasterly direction at the

: southéast‘vertex of the triangle. The general features af the locality

‘are shown on U, S. Coast and Geodetic Survey Chart Nn. LU0 and on- the

‘map herewith,

(3) From a point on the crest of the east shoal adout
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6 miles south of Hilton Head, a straight line dra'm along the érest of
Gainor Bank to the mouth of New River; about the nidpoint of the west
side of the triangle, divides the area roughly into the spheres nf
influence of Calibogue Sound and the Savannah River, Flood tide

currents moving along or tovard the shore from the open ocean pass in

a westerly direction over the crest of the east shoal and are immediately

drawn northward &loﬁg‘the deeper channel westxof the Shoal to enter
Calibogue Sound. XEbb currents issuing southvard from the sound
spread gradually eastward secking to escape over the crest of the
east shoal. There is a general concentratisn of the flood currents
tOWaid the share and the north end of the shoal, The ebb currents
issuing from the sound tend to carry southward along the shnal before
being diverted seaward to pass over it. These back and forth currents
across the shoal create and maintain 3 oor 4 shifting curved channels
through the shoal. |

(4) Flood tide currents entering the trianzle through
the chénnel and over the shoals at its southeast apex are drawn sharply
around the projecting northeast tip of Tybee Island and thence westerly
toward and into the entrancé of the Savannah River. Prior to the
construction of thé Jjetties, the ebb currents also folloved that
coﬁrse in reverse, issuing eastward from the three channels of the
lower river, and being crowded against the tip of Tybee Island by the
considerable remmant of the southward moving ebb current from Calibogue

Sound which had not escaped over the east shoal, as well as by less
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‘potent ebb currents from New River and other small streans entering
the ocean along the northwest side of the triangle.

b. Conditions Prior to_Improvement.

(1) Bffects of Tidel Curremts. Prior to the improvement,

the interactlon of these various currents had produced the foli§mi§%
principal effects uponAthe shore line and offshore.bqttam;

(a) Flood currents rounding Tybee Island Point had
eroded material’from the east face of the point and carried it mestward
tovard the mouth éf the Savannah River. The ebb current, reinforced by
the river flow, had brought material dowastream for deposit at the
mouth. Material from both directions had thus formed shoals in and
outside of the river mouth. The river discharge on the ebd had created
and-maintained 3 more or less equal channels, separated by long narrow
sand bar islands through these shoals. Through thesg three cﬁannels
the river entered the ocean and the constant conflict between eﬁb and
floqd currents resulted in shiftings and shoalings which renderéd none
of the channels consistemtly suitable for navigation.

(b) The preponderant ebb current issuing eastward
from the river, compounded with the ebb currents from New River and
Calibogue Sound moving southeast and south respectively, cut close to
the tip of Tybee Island and in turn eroded the north face of the point
and carried material eastward around it for deposip_offshore along the
easterly shore of the point, building out a shoal ip that area, to which

was added material brought south along the seavard face of the east
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shoal Dy the predominagéjnorth~to~southq}ittaral drift, Alopg'tb@ gast
shore of Tybee Point there was thus a constant conflict between a north-
ward movenent of material by flood currents and winds from the southeast,
aﬁd a séuthward movement by «bb currents and northeasterly winds and
gales, QThe net resultant of this conflict was a prepcnderant movement
toward the south with & recession pf the tip and east shsre of the
island, Meaﬁtime the southerly tipAof the east sheal tended ton elongate
southward and encroach on the channel under the urge of the predominant
littoral drift. This trend was count@racteﬂ by the tendency of the ebb
current to cut across the south tip of the shoal and maintain its course
to sea. |

c. Plan of Improvement.

(1) The inprovenent of»the river nouth for naviegation
éonsisted of the construction of several Wipg dams and training‘walls
by which the northernmeost of the three outlets was blocked off, the
south channel partlally‘blocked ané the river discharge concentrated
and directed largely into and along the niddle channel,vand in the
further confining and directiné of the current between two parallel
Jetties extending seaQard from the entrance to that channel, as sho'n on
the maps., These structures were provided in successive stages chiefly
between 1885 and 1895, |

d. Effect of Jetties,

(1) on Channel. The improvement has resulted in con-

siderable modlfication of the regimen of the waterway, and in correspond-
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ingly considerable shore line changes. At the mouth of the river,
increasing the capacity of the middle chanpel by scour and dredging

has diminished the proportion of the tidal and rivgr flow carried by the
south channel. This resulted in shoalinz in that channel and in other
side channels. The jetties now confine the river discharge to a point
north of and slightly beyond the northeast tip of Tybee Island, thereby
eliminating the former erosion of that tip by edbb currents. The ebb
currents are no longer deflected so far south by the New River and
Calibogue Sound currents. They impinge upon the west gide of the east
shosl a mile or more farther north than vas formerly the case. The
current is then deflected more sharply southeastward along the west edege
of the shoal and travels farther in that direction before swinging toward )
the east into the open ocean. é

(2) On Tybee Island. On Tybee Island, the tendency of

the flood currents has always been to erode the east shore and deposit
around the tip to the north. The ebb currents tendgd to erode the north
shore and deposit on the east. Prior to construction of the Jjetties,
the ebb currents were more effective than the flood. There was deep
water and ‘a straight shore on the nerth face of the point, and shoal
water and a projecting shore on the east face. The diversion of the

ebb currents north and east away from the point has given full play to
the flood currents which still round the point. This is probably

supplemented by an eddy current when the ebb is running. As a result,

there has-been erosion in the entire offshore area ecast of Tybee Island. .
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The east face of the point has receded by as much as 1,600 feét, whereas
the north tip has advanced by about E,MOO feet toward the seavard ends of
the jetties, The entire ares north and northwest of the point between it
and the south jetty has shoaled, Material carried into that area by the
flood curreﬁts has been picked up in part by ebb currents f1§Wing out of
the south channél'aﬁd between the south, jetty and the north shore of
Tybee Iéiand. It moves eastward past the tip of the island to form a
pointed shoal extending somowhat squth.of cast from the tip of the
island roughly along the south edgelof the present ship channel. The
south tip of the east shcal has advanced gouthward by someiu,OOO feet,
and the course of the deep-water channel has becone more ziéuzaé. |

37. Convergine Jetties. Examples of convergineg jetties in which

the shorewmard ends arec considerably farther apart than their seamaréb
ends are:-

a. Newb&ryport Harbor, Mass,

D. Ocean City, Md.

€. Winyah Bay, S. C.

d. Chafleston Harvor, S. C.

e, Fernandina Harbor, Fla.

ﬁ.. St. Johns River, Fla.

gL Galveston Earbor, Tex.

h. Brazos Island Harbor, Tex,
« Coquille River, Ore,

4+ Umpqua River, Ore.




k.  Columbia River, Oregzon.
1. 'Gravs Harbor, Wash.

38, Jetties at St. Johns River, Florida.

a. Location.

(1)  As a comparatively simple instance of converging
jetties those at the mouth of the St. Johns River, Florida, may be
cited, Their vicinity is shown on U. S. Coast\and Geodetic Survey
Charts Nos. 577 and 1243, aud on the map herewith.

b. Conditions Prior to Improvanent .

(1) Prior to improvement, the river entrance was very
unstable. dJust within the mouth the width gradually increased from
1.735 feet at Mayport to about 2,500 feet at the southwest point of
Fort George Island, the north land point of the entrance. The shore
1ines then diverged gradually, the north shore soon curving northward
away from the entrance, ¥hereas the sounth shore continued south of
east for about two miles before recurving toward the south. The south
land point thus projected seaward over a mile farther than Fort George
Island. There was a fairly stable channel within the river, HO0 to 600
feet wide with an available navigatle depth of 20 to 21 feet, But as
the entrance flared into the ocean, the depths decreased over a bar
completely across the entrance. Parts of this bar were bare at low
water and the maximum depths on the crest of the bar were only 6 to 8
feet,

(2) The prevailing winds for about 80 per cent of the
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year are from the southeast., These are usually nmoderate, The violent
gales from the northeast usually occur in =inter. There is a long slow

movement of beach material from south to north during most of the time,

and the beaches tend to build out slowly. This tendency is more than
counteracted by the rapid movement of beach material from north to south

during the northeasters., Aalthough the vrevailing drift is from south

to north, the predominant drift is from north to south,

(3) Under tae influence of the predominant drift, the
Channel over the bar wes originally crovwded southward toward the long, f
’ straight northeast face of the scuth land point, When it reached its 7
southeromost pasition it would bresk through at some point nearer,ﬁhe E

" northern end of the bar, and repeat its migration. There were also AN
' i 4

abrupt non-periodic shiftings due to storms. The crests of the shoals |
which were baré at'low water moved about all over the bar area. These |
changes are clearly shown on a map published in the Annual Report of the
Chief of Engiﬁeers for 1879, opposite page 784, The mean tidal range at

the entrance is 5.3 feet,

c. Plan of Improvement.

(1) The original plan for the jetties provided that
thay were to start fron ovpnsite land point; of the entrance and converge
to near the bar, extending tﬁen parallel and 1,600 feet apart. The §
north jetty was to be 9,U00 feet 1ong and the south jetty 6,800 feet |
1ong, extending to the 16-foot contour on the Seaward face of the bar.
The outer 2,000 foét section of each jetty was to be tbuilt to half-tide
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level and the remaining shoreward sections to 3 feet below mean low

water. They were to be 20 feet wide on top, and to'be built of alternate

p courses of brush mattress and stone, but the use of brush was found
unsatisfactory due to the inroads of the teredo, and was soon abandoned.
i It was also found advisable to raise the jetties beyond the elevations
originally planned. o

(2) The south jetty was begun in 1880 and the n&rth
jetty in 1882, They were raised and extended at various times and
completed to their present lengths in 1895 and 1900 respectively. The
north jetty is 14,300 feet long snd the south jetty 11,183 feet long.
" The shore ends are about 6,000 feet apart, and the jetties converge to
1,600 feet apart at a distance of 4,022 feet from their seavard ends.
From this point they are parallel to the enda. They were built of
granite, partly on brush mattresses but chiefly without, and sﬁone has
been added from time to time to raise them to thelr present height of
g feet above mean low water. In recent years soveral thousand feet of
the shoreward end of the north jetty have been capped With concrete to
prevent passage of sand through the interstices of the jetty.

(3) The cost of the morth jetty has 5eén $990,410, and
of the south, $1,119,014%, for new work. About $1,500,000 have been
spent for maintenance of- the structures.

d. Shore Line Changss Since Construction of the Jetties.

(1) The principal changes in the adjacent shore lines

and bottom since construction of the jetties have been:
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() The current velocities between the jetties
have been so concentrated and intensified that a channel 800 feet wide
and 30 feet deep is now maintained between them with combaratively
little dredging.

(b) The offshore bar, formerly about midway of
the jetty length, has been moved secaward to its present position about
4,000 feet seaward of the Jetty ends, and somewhat south of the jetty
alignment. At first some dredging was required to provide project
depth through the bar in its new position. Since then it has remained
substantially stable.

(¢) North of the jetties, accretion has extended
the south point of Little Talbot.Island southward by about 3,000 feet.
This has forced the mouth of Fort George River, which empties into the
ocean around the south tip of Little Talbot Island, southward almost
against the north jetty. The mouth of this river formerly went through
a cyclic migration from north to south similar to that of the channel
through the bar. It now seems fairly stabilized in its position close
to the north jetty. A long narrow sand point has built out along the
north side of the north jetty to about 4,500 feet from the original
shore line. This point is formed partly of beach material brought down
the coast and partly of material dredged from the channel between the
Jjetties and spoiled north of the north Jetty.

(d) For about 1 mile south of the south Jetty,

accretion has filled in the angle between the jetty and shore, the
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maximum advance along the jetty being some 4,000 feet, This prograding
seems to be continuing. This accretion has apparently been caused by
the deposit of sand carried northward along the beach by southeast
winds during the summer mopths.

» (&) Beginning about 1 mile south of the jetties,
~ the shore line for several miles farther south has receded considerably,
the effect having been particularly noticeable during northeasterly
gales. This recessionAhas~presumably,been somewhat hastened by the
interception of the predominant ssuthward drift by the Jetties.

39. Jetties ot Brazos Island.Barbor, TeXas.

g. Shore Line Changes.

(1) The snore line changes at Brazos Island Harbor,
Texas, have §een gimilar to those at the St. Johns River entrance.
The cqnverging4jettieg(become parallel and 1,200 feet apart for the
seamard 2,000 feet of their lengths. North of the north jetty, on
the updrift side, the mean low wmatsar shore line has generally advanced
over a distance along the shore of about £ mile, the greatest advance
being along the jgtty and agounting tn over SO0 fest. South of the
‘ éouth(jetty,vnn the downdrift side, the shore line advanced along the
jetty about 1;600 feet, but the advance extended only over about 2,000
feet of the beach, Souﬁh of the north jetty there has folloved a
general recession of thg geamard side of the narth land point over a
d{stance’pf l,OOp.feet from the jetty, the maximun recession having

been about 400 feet. North of the south jetty the shore receded
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rapidly by as much as 1,100 feet over a distance of 1,700 feet from

the jetty between 1927 and 1936, but has advanced slightly since.

~Ho.. Jetties at Coquille River, Oregon.

&» Shore Line Chanzes.

(1) The results at Coquille River, Oregon, have also
been similar to those at the‘sﬁ; Johus River., North of the north jetty,
on the uydrift side, ﬁhe high water shore line has remained fixed except
within about 1,000 feet of thabjetty, in which angle the shore line
advanced by as much as 500 fest along the jetty. The low water line,
on the other hand, advanced botween 400 and 600 feet over more than a
mile of shore, South of the south Jetty, both high water and low water
shore lineé advanced abéut 600 feet along the jetty. The advance
extended over a distance of some 4,000 feet south to whers Coquille
Point and a group of iocky islands act as a huge groin projecting into
the;ocegn and aiding in retaining the deposited sand between them and
the jetty. The 18~f$ot contour advanced 200 to 300 feet nver a space
of 2,000 feet seaward of ﬁh@ ends of the jetties, Inside the base of

the south jetty, a recession of the south land point of about 750 feet

took place,

L1, Jetties at Uupqua River, Oregon.

a. Shore Line Changes,

(1) At the mouth of the Umpqua River, Oregon, there
has been the same advancé of the shore line on the north or updrift

side, amounting to §,000 feet along the north jetty, and extending over
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was carried forward ahead of the north jetty. Both jetties were below
low water and sand was carried southward across the north jetty line

to form a shogl encroaching upon the channel and driving it over against
the south jetty. This shoal finally crossed the channel nscessitgt@pg
removal of 600 feet of the jetty to enable ships to traverse.the channel.

The channel continued to swing to the south till 1897, mhen,.with in-

creasing height of the south jetty, a new deep channel started to scour
between the jettiss about 1,000 feet souéh of the north jetty. During

- 1897-98, the south channel shoaled so rapidly as to require frequent
maintenance dredging and removal of parts of the sout@;jetty, to open
“a gep for the channel to pass through. During 1900-1501, the north
jetty was raised and externded rapidly, with a simultaneous acceleration
of the scouring of the new north chennel. This channel finally broke
through the bar to deep water and was pub in service in 1902.

'd, Changzes since Completion of Jetties.

(1) In Channel. After completion of the jetties the
north channel began to shoal again, and the channcl along the south
© jetty to deepen. The crest of the bar moved eastward to and beyond the
ends of the jetties. As a result of this action and dredging, there
are at present two channels bstween the jetties, one near each jetty,
" with depths of from 30 to over 4O feet, separated by a niddleground
shoal about 1,000 fe:t wide between 30-foot contours.. Depths over the
shoal vary from 14 to 28 feet, This situation could doubtless have been

‘avoided had the parallel section of the jetties been spaced considerably
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less than 4,000 feet apart. The channel along the north jetty alone
breaks through the bar to the northeast around the seamard end of the
north jetty, and is the one used by shippin@. The south channel fans
out over the bar, with a controlling dépth of about 22 feet,

(2) Shore Line Chanzes.

(a) DNorth of North Jetty. The shore line has

built out along the jetty about 1,300 feet between 1900 and 1934, the
advance tapering off for about 2 miles nnrth of the jetty.

(b) Between Jetties. ,The shore line has built out

along the south side »f the north jetty about 1,300 feet between 1900
and 1934, a considerable part of the accretion being ascribed to the
passage of sand through the jetty. On the north side of the south
jetty, the éhore line advanced about 1,200 feet along the jetty between
1879 and 1900, the advance diminishing to zero within 2,000 feet along
the shore. Bince 1800, a slight recession of 100 to 250 feet has talken
place, the least change beingz against the jetty.

(¢) South of the South J=tty. The low water line

has advanced along the j:tty about 800 feet, the advance diminishing
progressively for a mile south along the shore,

(3) offshore Changes.

(a) North of the North Jetty. Between 1900 and 1934,

the 6-foot contour near the junction of jetty and shore has advanced
seaward and the old north channel filled up. Fartner offshore off the

seavard two-thirds of the jetty length, the crest »f the original bar
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has scoured, the amount of the deepening increasing progfessivaly as

the end of the Jjetty is approached.

(3) Between the Jetties, Except for shoaling in

the immediate angle between jetty and shore, scouring has gensrally
teken place. The crest of the bar has been carried seaward and southward.

The outer 30-foot contour, which was formerly 500 or 600 feet beyond the

jetty ends, is now about 4,000 feet seaward thereof.

(¢) South of the South Jetty. The angle between

Jjebty and shore has filled in, The f-foot contour has moved seaward as
much as 3,000 feet in places, and the old soutn channel hag filled in,
On the other hand, off the seaward half of the jetty length, where the

original bar crest was located, scouring has taken place. Farther south

along the shore, the 12-foot contour has receded 700 to 900 feet and the
6-foot contour nearly 2,000 feet in places.

(4) Summary of Changes. Apart from the deepening

between the jetties aue to their confining of the currents, the effect
both north and south of the jetties has been to flatten off the crest

of the old offshore bar, carrying soms kathe material shoreward into

the angle between jetﬁy and shore, and some probably seavard to the

new bar. It is probable that the results would have been more generally
beneficial had.the jettiss been spaced closer together.

43, Jetties at Winyah Bay, 8. C.

a. Description,
(1) The. jetties at Winyah Bay, S. C., are in many respects ¢
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comparable with those at Fernandina Harbor, As in that case, the jetties
converge from the north and south land points to a distance of 4,000 feet
apart for 4,179 feet at the outer ends. The south jetty, howaver, is
straight and extends h,&OO feet beyond the north jetty., The ebb current
issuing from the inlet approaches the south jetty almost at right*ahg1es
and has to be turned to an easterly course to reach the sea.

b. Effects of the Jetties.

(1) Genersl. In general, the effects of these Jetties
have been similar to those at Fernandina. The original offshore bhar
has been deepened both between, north of and south of the jetties,

(2) North of North Jetty. The north point shore line has

extended along the jetty about 2,500 feet and advanced seaward amay from
the jetty by between 100 and 1,500 feet, Seavard of the new low water
shore line, howvever, there has been a general deepening where the former
offshore bar was located, until the former 18-foot contour was reached
beyond that, shoaling took place so that the old 18-foot contour advanced
seaward by about 6,000 feet on line with and for 10,000 feet north of,

the alignment of the north jetty.

(3) South of South Jetty. An even more pronounced

acéretion and sho&ling has taken place south of the south Jetty with

the exception of a comparatively small area along the crest of the
original bar, where deepening has occurred, the area between the seaward
end of the south jetty and the shore has shoaled, The former main channel,

which extended across and south of the south Jjetty near shore, has filled
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up, and the shoaling has been so great as to create a crescent-shaped
sand bar, bare at high tide, following roughly an arc of a circle dra™n
about. the 5horeward end of the jetty as a center with a radius equal to
_half the length of the Jjetty. This bar extends from.ﬁh@;39¥ﬁﬁ_§}§ﬁ_0f
the: jetty around to thhin about 2 SOO feet of the shore. |

(4) Betveen the Jetties. There isa considerable similar—

ity betveen the Winyah Bay jetties and those at Fernandina. There are
two_ﬁeeper channels at the entrence, 0ne near sach jetty, separaped by
a middleground shoal. In this case, however, aming to the considerable
change in the directicn of the current, tho deepest channelkhuge the
south jetty. Depths in this channel are 20 to 26 feet. The north
chennel is wider but more shalloW, Depths are from 12 to 23 feet.
There are general depths of 3 to 6 feet on the crest of the middlegroundi\
shoal.

c. Discussion.

(1) Here again it seems that the midth of 4,000 feet
left between the jettles was unnec¢ssarily and pe;haps inadvisedly
great, Except in the vieinity of the middleground shoal and the former
main channel near the shore end of the south jetty, where shoéling has
occurred, the interjetty area has generally scoured, particularly where
the crest of the former sffshore bar was loceted. The priﬁcipal
differences bgtween the ﬁinyah Bay and Fernandina jetty effects has
been that the:e has been less deposit to the north and more to the

south of the former than of the latter.

=80




U4, Jetties at Coluwbia River, Oregon.

a. Locatinn,

(1) One of the largest and most successful cases of
converging jetties is that at the mouth of the Columbia River, Oregon.
They are shown on U, S. Goast and Geodetic Survey Chart No. 6151 and
- on the. accompanying map.

| b. Conditions Prior to Improvement.

(1) Prior to any improvement, the river at itg mouth
flowed northwest between Point Adams (the south land point at the
entrance) and Chinook Point. It then swung to a westerly CQﬁrse around
the north tip of Point Adams and entered the ocean between Point Adams
and Cape Discovery, a rocky headland which formed the north land point
of the entrance. Langward of Cape Discovery, Bakers Bay opened northward
off the main course of the river. The river channel at times followed
& sharp loop into Bakers Bay and passed out to sea on a southwesterly
course past Cape Discovery. The width between Point Adams and Chinonok
Point was about 18,000 feet and betwsen Point Adams and Cape Discovery
about 30,000 feest,

(2) The large amount of sand brought down by the river,
and the wide variations in current velocities between flood and low
stages, led to a constant and considerable shifting of the sand bars
both within and without the entrance. At times thers wag snly one
maln channel, Usually there were two or three branching channels

separated by shifting shoals., At times the main channel would swing
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close around the north tip of Point Adams and enter the ocean in a
gouthwesterly direction. At fhese times there would be an extensive
middlééraund shoal in the area between Point Adams and Cape Discovery.
At other times a sand spit kmown as Clatsop Spit would build out
northwest from Point Adams toward Cape Discovery, forcing the channel

of fshore and diminishing the area »f the middleground gshoal, or even

eliminating it entirely. Projecting south and souﬁhwest from Cape
Discovery there was & gecnnd shoal, known as Peacock Spit. Between
the main channel end the loop channel in Bakers Bay there is a third
shoal ‘known as Sand JTslsnd. Connecting the west shore of Cape Discovery
with the west shore ¢f Point adams there was a wide erescent-shaped

of fshore bar, of which Peacock Spit and Clatsop Spis were the north and

south shoreward ends, respectively.
(3) Through all the shiftings of shoals and channels
within the river entrance, there was usually maintained a practicable

depth of at least 40 feet in the main channel until the offshore bar

was reached. There the channel shoaled and widened, and the available
depth over the bar was generally less than 30 feet, and sometimes as
little as 20 feet. Tﬂis fact, added to the fact that the channel
crossed the bar, from one time to annther, over the entire arc between
close to Point Adams to close to Cape Discovery,hampered the use of the

river entrance as a harbor by shipping. 4 good account of the changes

in the conditions up to 1903 1is found in the Annual Report for 1903,

beginning on page 2305, *
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€. Plan of Improvement - (Sincle Jetty)

(1) Description, It was at first believed that a single
south jetty, extending northwesterly from Point Adams along the crest
of Clatsop Spit to the offshore bar, and preventing the emcape of a
~considerable portion of the ebb current southwest across the spit,
would sufficiently concentrate the ebb flow upon a restricted section
of the offshore bar to create and maintain a channel through the bar
with a navigable depth of UO feet. The construction of the Jetty was
begun in 1885, and it had advanced to its planned length of 4% miles by
1892, although not to its full final height throughout. The jetty was
constructed of a mattress foundation course with rock piled thereon,
the materials being placed from a trestle.

(2) ZEBffects of Single Jetty.

(a) As soon as the jetty began to project from the
shore, sand began to accumulate against both south and north sides. The
spit continued to lengthen and widenAbetween low water lines on both
gides throughout the consiruction period. The widening to the south
was more extensive., The widening of the dry-land area of the spit was
accompanied by a recession of the 18-foot contours along the sides, and
an advance along the axis at the tip. By 1895, Clatsop Spit had widened
between low water lines, and narrowed and lengthened between 18-foot
contours on the south side of the jetty until the 18—foot contour was
10,000 feet offshore at the landward end and 4,000 feet off from the

jetty near its seaward end. Over 3,200 acres of beach had been created
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{n that area. DNorth of the jetty, the area along the jetty had filled
up over a width of 1,000 to 3,000 feet away from the jetty, beyond which
linit scouring of the channel had occurred. There was a recession
northward of the north edge of the channel, The spit had gxtenéed sea-
ward 14,000 feet in line with the jetty until the 18-foot contour at

its tip was about 15,000 feet seaward of the end of the jetty. Beyond

the tip of Clatsop Spit, a channel 30 feet deep and 7/8 mile wide had
been scoured throush the bar., It extended almost due west into the
ocean., Up to that time the results had bean very favgrable.

(1) Betveen 1895 and 1903, however, the channel
deterlorated, The section over the bar shcgled along its south édge

and was crovded nortamard, while the westerly tip of Clatsop Spit was )
|

N

eroded. This widening of the channel both north and south with shoaling
in the middle continued until in 1900 the depth was reduced to 23 to 2l

-feet. By 1902, two channels erossed the bar, separated by a middleground

shoal, ‘the north channel 21 feet deep and the south 20 feet deep. The

‘widening of the bar channel was accompanied by a shortening of ﬁhe tip

of Clatsop Spit and by heavy scouring around the seaward end of the Jetty.
(¢) In 1904, extension of the jetty and maintenance

dredging by the Chinook were begun, Ahs the jetty was extended, Clatsop

Spit advanced correspondingly, The bar channel narrowed and deepened

again. In 1910, the advance of Clatsop Spit filled up the south channel.

By 1911, the bar channel had shifted 3,500 feet farther northwest and

deepened to 273 feet, The channel within the river shifted northward
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by filling along the jetty and erosion of the opposite edge. By 191k,
the jatty had been extended about 3 miles. Although conditions over
the bar had improved somewhat, it had become evident that the channel

could not be stabilized at the location and depth ds:sired without the

‘Provision of the north Jetty.

4. Double Jetties,

(1) Bffect on Crannel durineg Construction., Between 191k

and 1917, the north Jetty was built.‘ 4s the jetty was extended, Peacock
Spit shoaled rapidly alonz the advencing jetty, whersas the Projecting
tip of Clatsop Spit was washed away., The bar channel moved back south-
ward. By 1915, a new channel hed been opened closer to the end of the
south jetty, with a depth §f 30% feet, By 1916, three channels crossed
the bar, the north channel 31 feet deep, the main channel 36 feet deep
and the south channel 31 feet deep. "By 1917, the north channel had
shoaled to 30 feet, whereas the main channel had deepened to 41 feet and
the south to 32 feet.

(2) ZEffect on Channel after Conpletion, During the next

few years, partly by scour and partly by dredging, a channel 40 feet
deep and 6,000 to 8,000 feet wide was created crossing the bar in a
southwesterly direction. This channel had a center depth of U5 to Uo
feet over a width of 2,000 to 3,000 feet. Since that time it has main-
tained itself without dredging. In 1937, 12,737 tons of asphaltic mix
vas placed in the seaward end of the south Jetty in an attempt tn re-

inforce it against storm attack., About 2/3 of that material was
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demolished within the year.

e. Summary of Changes.

(1) The principal changes in Clatsop Spit may be summariz-
ed as followss~ In 1885, when the gouth jetty was started, the epit was a
broad sand shosl extending west of northwest from the land to Point Adams.
The 18-foot contour was atout 18,000 feet offshore, and the wide flat

tip of the spit was about 18,000 feet across normal to its axis. By

1895, when the first M% mila section of the jetty had been completed, the
material from the sides of the spit had veen removed so that the 18-foot
contour on the sides had receded vy from 3,000 to 5,000 feet. The
eroded material was deposited alons the axis of the Jjetty and shoal so

as to widen the dry land area and extend the length of the spit by about
/

16,000 feet. The shoal was then roughly trice as long and half as wide
within the 18-foot contour as in 1885, Between 1895 and 1904, when the
extension of the jatty begen, the gpit shortened and widened again. The *

18-.foot contour at the tip receding aboutb 11,000 feet, and at the sides

advancing generally avout 3,000 feet esach way .

(2) After extension of the south jetty but prior to
consbtruction of the north jetty, i.e., bevreen 1904 and 1914, there mas
1ittle chanze in Clatsop Spit north of the jetty. There vas marked
erosion along its seaward face, the 13-foot contour moving inward toward

the jetty by 4,000 to 5,000 feet and more. Since constructing the north

jetty, the 18-foot contour north of the south jetty has advanced seaward

along the jetty about 7,000 feet in generel over & width of 4,000 feet
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from the jetty, A farther recession of 1,000 to 1,500 feet has taken
place along the seaward face of the spit,
(3) During construction of the first section of the south

Jetty, the deflection northward of the ebb currents caused a recession

- of the 18-foot contour south and east of Cape Disappointment by 3,000

feet and more as the channel broke through the bar and shifted northwest—

ward, kThis recession was accompanied by an advance on the northwest side
of Peacock Spit., Retween 1895 and 1914, the 18-foot contour sdvanced
again south and west by 4,000 to 6,000 feet. There was a recessinn of
500 to 2,000 feet on the northwest face of the spit, JWith construction
of the north jetty the spit south of the jetty eroded ravidly, The
18-foot contour recedad about 11,000 feet along the Jetty line and
2,000 feet south of the cape. An advance took place north of the Jetty,
the high water line advancing seaward about 10,000 feet along the jetty
and filling out from 2,000 to 5,000 feet off the jetty., The 18-foot
contour advanced about 5,000 feet westward beyond the end of the Jetty.
This westward advance of the north shoal accompanied the southward
swing of the bar channel toward its present position,

(4)  4s might be expected, these changes show an intimate
interconnection. 4Thus the great elongation of Clatsop Spit between 1885
and 1895 was accompanied by a recession of the south and east edge of

Peacock Spit. The recession of Clatsnp Spit batween 1895 and 1914 was

accompanied by an advance of Peacock Spit., Since construction of the

north jetty, the recession of Peacock Spit has been accompanied by an
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advance of the opposite area of Cletsop Spit, and the growth of

Peacock Spit north of the north jetty has been accompanied by a recession
of Clatsop Spit south of the south Jjetty.

45, Jetties at Grays Harbor, Waghington.

a. Similarity to_ Columbia River Jetties, The converging

Jettles at Grays Harbor, Washington, present many points of similarity

to those at the mouth of the Columbia River, although on & smaller scale,
As at the mouth of the Columbia, it was first believed that a single
jetty would produce the desired results. It was latgr found that this
was ineffective and a second jetty had to be built,

b. Original Conditions.

(1) The conditions existing originally at the entrance

of Grays Harbor are described in considerable detail in the Annual

Report for 1895, beginning at page 3517. The gorge of the entrance

lay between Point Brown on the north and Point Hanson (now known as

Point Chehalis) on the south, In the harbor, a number of channels

running between tidal flats bare at lov water converged into a single

channel northeast of Point Hanson. The single channel then flowed

1t was separated

southwesterly and westerly close to Point Hanson.

from Point Brown by a shoal area over 2 miles wide. In the gorge,

depths of from 50 to 100 feet existed in a channel 2,500 feet wide

at its narrovest point and about 6 miles long. This comparatively

parrow and deep cut widened and shoaled as it extended wastmard into

the ocean, until over the crescent-shaped offshore bar, the crest of
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which was some 8 miles offshore, there was nn defined permanent channel.
A number of shifting outlets existed in which the controlling depths
were usually about 12 to 13 feet. The north shore end of the offshore
bar at Point Brown was known as North Spit, and the south end at Point
Hanson as South or Trustee Spit,

(2) The land points originally showed a persistent and
characteristic tendency to terminate in recurving tailing sand spits,
sometimes several in number and a mile long, turning inward from the
tip of the land points toward the harbor, In 1862, the shortest
distance between high water lines on the two pointe was-about 17,000
feet, The distance from the north point high water line to the low
water line was about 9,000 feet, the corresponding south-point distance
about 4,000 feet, leaving between- the -low water lines an-opeming 4,000
feet wide through which-the entranse- channel passed., Along the ocean
face of North Spit, -a-sandy peninsula-and island bare at high water
extended from the shore of Point Brown somewhat east of south a distance
of over 3 miles. This terminated in a recurving sand spit similar iq.

thoge at the two points,turned inward toward the harboe, -

. ¢. -Changes prior to Improvement.

(1) Between 1862 and 1899, when actual construction of
the south jetty was begun, the principal shore line changes were the
extension of Point Hanson toward the northwest and west by accretion,
and the gradual retraction and recurving shoreward of the island

projecting from the north point until it practically joined the north
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point shore, By 1899, the northwest face of Point Hanson, both high
Water‘and low water lines, had built out into the ncean by a mile or
more, The sand bar island off North Spit bhad curled north and east

© . by from 2,000 feet at its north end to 10,000 feet at itsksouth tip.

It remained as another of the inwardly recurving épité which terminated
both land points.

d. Description of Improvement.

(1) In 1899, the south jetty was begun. By 1903 it
bad been extended to a length of 13,784 foet, slightly north of mest
along the crest of South or Trustee Spit. Owing to the failure of
the original estimate to allow for the additional material required
due %o -scouring of the bottom ahead of the advancine jetty, the funds
were insufficient to extend the jetty to the originally plaauedaleﬁgth
of 18,500 fest. No work mwas done from 1903 to 1903. Iz *Co% the north
jetty was startéd, It was completed in 1916, The jetties vere built
. of stone nn brush mattress foundations. The material was placed from
trestles.

e, ' Changes since Improvement.

(1) With one jetty only. .~ .

(&) South of Jetty. Between 1€%9 and 1808 one

n D e oy

jetty alone was functioning. During this time Scush “pit eiienied
seamard along thé south side of the jetty. The hizh =ater Lin: of
the beach advanced a maximum of over 2,500 feet near the jetty, the

advance tapering south along the shore to 1,000 feet at a distance of

«90w

e
f
i
4
5,

N

f
H



10,000 feet south of the Jetty. The low water line made a corresvonding
advance, Shoaling occurred over a belt 500 feet wide along the south
edge of the jetty, and over an aroa E,OOO feet wide extending seaward
along the jetty alignment from 1,500 feet east of the jetty end tn Y4,000
feet‘weétlthereof. "In the obtuse angle between the shoaled areas next
to the jetty and shore, however, erosion had teken place, so that the
12-foot, 18-foot, 2U-foot, and 30~foot contours had moved shoreward by-
maxima of from 1, 200 to 2 000 feet roughly along the bisector of the

angle.

(2) North of Jetty. Immediately north of the

first Jetty, scouring had taken place, so that the 2U—font contour along
the south edee nf the deep channel had avproached the Jetty by from 100
feet at its shoreward end to 1,500 to 2,000 feet along its seaward half,
This shifting of the south channél edge was accompanied by an alnunst
equal shift southward of ths north edge of_the channel, due to a wide-
spread shoaling north thereof, The’aQGrage widéh of the channel in 1tg
new position was about the same as that befﬁre the jetty was built,
Across the crest of the bar the new channel had deepened somewhat.
Depths of 12 to 2U feet were found where only 12 to 13 feet had existed
before the jetty was built, Farther to the north the crest of the old
bar south and west of Point Brown had deepened, so that the 12=~foot
contour had moved landward by better than a mile in blacas. The ocean
face of the bar had shoaled so that the 18-foot contour hagd advanced

3,000 to 4,000 feet and the 2U-foot and 30-foot contours an almost equal
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amount .

(2) Shore Line Changes with Both Jetties.

(2) North of North Jetty. Between 1908, when the

north jetty was started and the present time, the high water 1ine north
of the north jetty has advanced 7,500 feet soﬂthwestward along the jetty.
The advance tapers off gradually toward the north, but is still 3,000
feet 12,000 feet north of the jetty. The low water line has advanced
only 5,500 feet and less than 3,000 feet at the same locations, so that
the beach ig steeper in its mew location than it formerly was. This
advance did not take place at a uniform rate throughout the period.
Between 1908 and 1916, a comparatively sloW and uniform advance .of the
high Watcr line took ﬁl&Cb, totalling sbout 3,000 feet at mast for the.
period., In 1912 a small shoal bare at low water appearal in the bend of
the jetty. By 191l this bad extended to a width of 4,500 feet along the
Jetty, and a length of 7,000 feet perpendicular to the jetir. In 1916 a
small shoal bare at hl?h water appeared in the bend of the jetty and the
low water shoal had practically joined the main land. By 1§20 the shcal
bare ét high water had greatly enlarged but was still separsted from the
main land point. By 1921 the shoal had been united with the land at its
northerly end, leaviﬂg a lagoon bare at lo¥ water bet&een the hooked spit
and the jetty. The changes since 1921 nave been comperallirroly minor,
consisting of alternate advances énd recessions which aave lefi the
shore line in a fairly stabdle average position. Lbout 75 per cent of

the shore line advance occurred during the 10 year period between 1912
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and 1921, These were the years immediately following the constructing

to full length and height of the north Jjetty,

() South of South Jetty. The construction of the

north jetty had little effect on the shore line south of the south jetty.
Between 1906 and 1937 there has been a slow and generally uniform re-
cegsion of both high water and low water shore lines south of the south
Jetty. The maximum recession near the jotty has been 2,400 feet for the
high water line and 3,800 feet for the low water line, ?he advance
tapers off to zero in about 12,000 feet along the shore. This general
recession has been interrupted at tines by periods of slight advance,
but the general tendency has been uniform,

(3) Offshore Chances with Both Jetties,

(2) Between the Jetties. There has been a tendency

to shoal along the south side of the north jeéty shoreward of the bend

and on the north and northeast faces of the soﬁﬁh‘land‘écipt.‘ Where
shoaling has occurred there has been evidenced‘éfpf;ngunéeﬁ'tendency
for the material of the shoals to move inward toward ﬁhé hafﬁor._ Thus
in 1921, when the shoal north of the north jetty bend was Joined to

the mainland, and its hitherto rapid growth north of ths Jjetty ceased,
the south tip crossed the Jetty at the bend tn form a small projecting
spit recurving téward the harbor, By 1923 this spit had elongated to a
length of 2,500 fest above high water, By 1924 its length was 5,000
feet, with a width of 300 to 700 feet. Since 1924 it has lengthened but

little, but has widened and narrowed alternately by accretionn and erosion
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on its south or channelward face. Its greatest width at the tip was
over 2,000 feet in 1936, and its greatest width in 1937 was about 900
feet. Southward of this spit‘the 12-foot contour has advanced tovard
the channel by a maximum of nearly 2,000 fest. At the shoreward end of
the jetty, scouring has taken place over about 4,000 feet of the jetty
length. This has ceused the high water line to shift northward 1,400
feet, from €00 feet south to 600 feet north of the jetty. ‘The north
tip of the south land point has extended northeastward in a spit 3,500
feet long and 1,200 feet wide within the high water line. It parallels
the deep water channel toward the bey. North and east of the spit
shoaling has taken place.

(b) In the Channel area, The south edze of the

deeper channel, which had scoured and moved southmard befcre the north
jetty was built, continued to scour acainst the south jetty to and
beyond the seaward end. The north edgé of the channel, which had moved
south under the urge of shoaling along the north side when only one
jetty existed, has deepened. The 18-foot contour moved north 3,500

feet in places, the 2U-foot contour about 3,000 fset, and the 30-foot
contour from 1,500 to 2,000 fest., The 36-foot contour in 1937 coincided
roughly with the 30-foot contour in 1909 between the seaward ends of

the jetties and the junction of south jetty and shore. Thravwgh the
gorge the‘1937~36~foot contour is found about whaere the low water line
of the middleground shoal was formarly located. The‘original middleground

shoal of 1909 -moved harborward and diminished in size. It finglly dis-
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appeared about 1925, Over its site water now 12 to MOAfeet deep is

found.

(¢) Seaward of the Jetty Ends. This tendency

toward scouring between the Jetties was projected seaward beyogd the ends
of the jetties over the crest of the original bar for about a mile along
the 1ine of the south jetty produced and nearly 2 miles along the line
of the north Jetty produced, n@arlb to the 30-*oot offshore contour,

Due west of the jetty ends, the 24-foot contour shifted seaward about

700 feet on the line of the south Jetty produced, but shifted shhreward
about 3,500 feet on the line of the north Jjetty produced. The scouring
also extended north of the north jetty over a belt about 2 miles wide

offshore from the present snore line. In that area the 18&-foot contdur

" moved shorewgrd g@nerallv from 1, 500 to 3 000 feet and the 2U-foot

contour from 500 to 3,000 feet, DBeyond 2 miles offshore, however,
shoaling took place over a distance of about U4 miles northward from the
line of the gouth jetty proﬁuced. The Soffoot contour moving seaward
from 500 to 1,500 feet, the 36-faot‘and Lo~foot contours from a few
hundred to 1,800 feet, and the 50-foot comtour from 600 to 1,800 fest.

(4) South of the South Jetty. Deepening occurred

over the entire offshore area coincident with the recession of the shore

line already mentlon de. The maximum scour was roughly along the bisectnr

of the angle between Jetty and shore. Along this line the 12-font and

lgnfoot contou*s approached the ghore by about 2, OOO feet the 24-faot

contour by 2,600 feet, the 30-foot conteur by 3,400 feet, the 36-faot
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contour by 3,000 feet and the 42-foot contour by 3,400 feet. The extent
of this scouring, and the great depth at which it continued to be mani-
fosted, make it evident that there has been soms general and deep seated
cuirent action in that'area not caused by surface wind and wave affects

alones

46, Jetties at Charleston Harbor, S. C.

a. Jetties with Submerged Inner Sections. The jetties at

Charleston Harbor, §. C., afford an instance of the use of submerged
shore ends designed to permit the ready inflow of flood-tide currents
while confining and directing a large part »f the ebb-tide flow wupon
a restricted section of the offshore bar to assist in creatihg and
maintaining by scour a channel through the bar. Tue vicinity ié shown
oﬁ'U. S. Coast and Geodetic Survey Chart No. 470 and on the map hereWith.<
b. Description.

(1) Charleston Harbor is formed by the confluence of
the Cooper River, flowing south, and the Ashley River, flowing southeast.
The city of Charleston occupies the peninsula between the two ;ivers.
From the southerly tip of the peninsula, Whavg the rivers come together,
the harbor extends easterly about 3% miles, with a width of about 2 miles.
It then narrows and turns southeasterly to vpass into the ocean between
Sullivan Island on the north and Morris Island on the seutgr The high
water shore lines of the two land points are about S,OOOFfeet apart.
Fort Moultriec is situated on the south tip of Sullivan Island and Fort

Sumter occuples an artificial island about half-way across the entrance
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near its.harbor end,

(2) The inner harbur possesses several channels S@p&ratﬂd
by shoals bare or nearly bare at lom tide. These converge as the
entrance is approached. Between the land points a single channél ébsut
3,000 feet wide between 1&-foot contours, and with géneral depths of
25 to K50 feet and;maximum‘depths‘of 80 feet, passes north of Fort Sunter
and through the throat of the entrance.

Ce Conditions Prior to Improvement.

(1) Prior to the comstruction of the jetties, the con-
figuration of the waterway was such that the eastward-moving ebd current
concentrated by the several channele of the inner harbor passed north
of Fort Sumter to impinge upon the south tip of Sullivan Island west of
Fort Moultrie, It was then deflected southeast and south into the ocean
to form the main channel, almost parallel to the shore of Morris Island.
The channel was about 3,000 feet offshore asg it enters the ocean and
about 8,000 feet 4 miles south of the entrance. South of t_hé main
channel, between Fort Sumter and the south land point there WAs a wide
flat shoal much of which was bare at low water,

(2) Between the main outer channel and deep water in
the ocean, a long tapering shoal sxtended from the shore of Sullivan
Island, north of the entrance, southward about 10 miles to swing over
to the beach again on Morris Island. The shoal was abouﬁ 1{75 miles
wide between 18-foot contours, It had a s?eep western or‘éhannélward

face and a flat eastern or oceanward face., The main channel skirted




the western edge of the shoal, becoming more and'moré sﬁailoﬁ until it
finally p{,{ss»ad_l sver the bar to sea with usual depths of 12 to 1%.5 feet,
From 4 to 6 secondary channels usually departed eastward and southeastward
from the main channel, and crossed the bar with usual depths of 10 to
12 feet. Between these channels there were depths of 3 to 9 faet over
the crest of the bar. The predominant littoral drift ié ffom northeast
to southwest, -

(2) The ebb-tide flow, iééufng fram baetween the land
points in atconfineﬁ and ¢irected current, followed chiefly th= main
channel southward 5ehind the bar, mith side currents through the
secondary chaimels. The fla0d-tide flow, on the other hand, was
gathered in by the wile funnel shape of the shore and aPPTOaCth the
entrance more or less uniformly over the bar. It was thﬁs forced éut
to the sides against the shores of both islands to form flood channels
near shore. The flood velocities in these channels were greater than

elsewhere in the entrance,

d. Plan of Improvement.

(1) The project for the imprdvemenﬁ of the entrance to
Charleston Harbor to give a depth‘nf 21 feet ihrough the offshore bar
by the construction of two converging Jjetties and‘by dredging —as
' adopted by the River and Harbor Act of June 18, 1878 (An.Rep. for 1878,
'ép; 553-572). Constructicn began in 1878 but proceeded slowly owing to
insufficient annual appropriations;‘ It was not completad until 1896,

The jettiss were constructed of granite on log and brush mattresssas,
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placed from barges instead of a trestle. The method departed from the

~usual plan in that the mattress foundations were extended tn full length

as rapidly as possidble and the jetties were then raised to full height
beginning at their outer ends and progressing shoreward,

(2) The jetties spring about normally from the shores
of ‘the land points about 13,000 feet apart and converge to become parallel
and 2,900 feet apart for the seaward 4,000 feet or more of their lengths,
The north jetty is 15,443 foet long. The south Jetty is 19,104 feet long,
They were originelly brought to an average height of & tn 10 feet above
mean low water, except that ths shorsward 5,800 feet of the north Jjetty
and 6,000 feet of the south Jetty were ralsed only a few feet above the
bottom. These submersed sections were designed to permit the inflow of

flood-tide currents without a corrssponding escape of the ebb-tide

~currents. That this has been accomplished is evident from the fact that

the flood-tide current velocities bLetween the Jetties range from 1.5 to
2,5 feet per second, whereas the ebb tide velocities are between 2.5 and
over 4,0 feet per second. The cost of the jetties was $3,906,869.73,

2+ Changes since Construction of Jetties.

(1) North of the North Jetty. The ansle between Jetty

and shore has generally filled in out to and beyond the 18-font contnur,
Over a distance of 2 miles nr more, the shore line has advanced from 15
to 30 feet, The 6-foot contour has a@vanced about 500 to 1,000 feet,
the'12~foot contour up to as much as 5,000 feet in places, and. the 18-

fout contour by 1,000 to 2,000 feet. The only material exception to the
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general shoaling of that ares is along and near the shoremard end of the
jetty. There a gap was left over the crest of Drunken Dick Shoal AQring
the construction. In this gap scouring of the crest of the ghoal took
place on both sides of the jetty before it was closed. This area is still
deeper than it was originally. Sand has been carried over the crest of
the submerged shoreward section and also around the seaward end of the
north jetty over a distance of about &,000 feet along the jetty line
produced. It has encroached upon the channel area from the north,

(2) Between the Jotties. Active scouring has taken

place over most of the interjetty area. During the construction period
(1878-1896), 2,205,554 cubic yards of material were removed from the

interjetty area by dredging and 4,094,247 cubic yards by scour. The

gshoals which originally occupied portions of the area, with depths of Q

9 feet or less over their crests, have deen moved seaward and largely
dissipated beyond the jetty ends, By this scouring and dredging, a
channel 21 feet deep was finally secured., At first some shoaling
occurred between the jetties, unecsssitating some magintenance dreéging.
Since the adoption of the 30-foot project in 1917, no maintenance

dredging between the jetties has heen required. In the entrance channel

seaward of the jetty ends gradual shoaling, chiefly from the north side,

has necessitated some maintenance dredging at the rate of about once

every two years. A total of 3,490,070 cubic yards has been so removed
at a cost of $273,121.26. The shore line of the north land point has

changed little weat of Fort Moultrie. Betmeen Fort Moultrie and the

~100-

R




Jetty it has advanced from about LO fegt at Fort Moultrie to about 400
feet at the shore end of the north Jetty. These changes oceurred: chiefly
prior to 1921 and little change kas been noted since then., Flood~-tide
currents entering the harbor over the submerged éhore end of the south
Jetty have scoursd a channel 20 to 30 feet deep and 500 to 1,000 feet
wide between 18-foot contours, extending past the north tip of Morris
Island and the east side of Fort Sumter. The north tip of Morris Island
has receded during this process by from 600 to 800 fset. Much of the
material removed appears to have been carried onto the shoal between
Fort Sumter and the south land point, where coansiderable shoaling has
occurred. Another large pert of the material removed has been deposited
in a long narrow shoal separating the flood channel from the main gship
channel,

(3) South of the South Jetty. Scouring has taken place

over the entire area except the deeper trenches cf the original main
channel and a sgCondary channel which fornerly crossed the bar south of
and parallel to the Jetty., These former channels, originally despor
than the surrounding shoals, have bLeen partially filled, The filling
of the original main channel had been acceleratad by the deposit of
spoil therein during the early dredging in the present”ship channel,
The ocean. shore of Morris Island has continued to recade slowly excevt
in the imnmediate vicinity of the shore end of the south jetty, whaere an
advance of 100 to 200 feet has taken place. The genersl recession of

‘the shore line of Morris Island has bsen about 100 tg 150 feet, Offshore
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‘the erosion has been much greater., The f-f30t contour has moved land-

ward by from 1,000 to 1,500 feet, the 1l2-foot contour by 500 to 4,500
fest and the 18-foot contour on the seawerd face of the bar by from
1,000 to 3,000 feet.

f. Beonomic Justification.

(1) If the original cost of the jetties Dbe considered
nerely as the cost of securing the original 2l-foot channel, the unit
cost of the removal of material from between the jetties by scouring
would have been nearly 955 conts a cubic yard. If, however, it be
considered that the unit cost of removing the scoured material from
between the jetties by dredeing would have been 15 cents, then $614,137
of the original cost of the jetties might be considered‘as having been
expended for the creation of the deeper channel, leaving a balance of
about $3,202,700 to be considered as Having been investsd in securing
reduced maintenance of the ship channel. At 3% per cent, that sum
would yield an annual income of about $115,250. This would have paild
for the dredging from the channel of about 770,000 cubic yards of
material anmially as maintenance at 15 cents a cubic yard. If it had
been practicacle to provide the ship channel by dredging only, .without
jettiss, at a cost of not over $614,137 more than has been spent for
new work dredging, and if the channel, once dredged, could have daen
maintained by dredging with a seagoing hopper dredge at an annual cost
of not sver $140,000 ($115,000 interest on cost of jetties plus $25,000

annually actually spent in dredging in the entrance channel), the con-
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struction of the jetties as a measure of channel provision and main-

tenance was not justified,

VI. MISCELLANEOUS TYPES.

L7, Jetties at Port Aransas (Aransas Pass), Texas.

a. Location. Aransas Pags, the entrance to Port Aransas
apd the harbor at Corpus Christi, is on the sautherly portion of the
coast of Texas, 180 miles southwest of Galveston and 132 miles north of
the mouth of the Rio Grande, (See U, S. Coast and Geodetic Survey Chart
No. 1285 and the map herewith),

b. Description.

(1) Aransas Pass separates too long, narrow barrier
islands which form part of the Gulf coast of Tezas, 5t. Josephs Island
extends northeasterly from the Pass about 23 miles., Mustang Island
extends southwesterly about 18 miles., Between the islands and the
mainlsnd are a number of interconnected tidal sounds, including Corpus
Christi Bay and Aransas Bay. At the bayward entrance to the Pass,
Harbor Island extends completely across the alignment of the Pass. The
channel from Corpus Christi Bay pssses nnrtheasterly betwesen Harbor
Island and Mustang Island, azd the channel from Aransas Bay passes
southerly between Harbor Island and St. Josephs Island, These channels
unite at Aransas Pass which extends southeasterly between St, Joseuhs
and Mustang Islands into the Gulf. The normal tidal range is about 1,1
foot. During severe storms ths extreme range may be as rmuch as 5 faet

QT more,
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c. Conditions Prior to Improvement.

(1) St, Josephs and Mustang Islands are composed of
fine sand. Under the predominant littoral drift from northeast to
southwesty the point of St. Josephs Island was extended southwesiward,
and the north point of Mustang Island correspondingly eroded, The Pass
thus moved toward the southwest, Between 1868 and 1878, this migration
had been at the rate of abmt 260 feet a year. In the throat nf ths Pass
a channel existed from 300 to 500 feet wide btetween 2U-foot conteurs, and
with usual depths of 27 to 35 feet. A crescent-shaped offsbgre bar across
the Gulf entrance, reduced the best navigable depths over the bar to
between 7 and 9% feet,

<

&. FPlan of Improvsment.

(1) The improvement of the harbor toolk place in 3 &\
successive stazes, namely:-
‘(a) Original Federal project.
(g) Improvement by the Aransas Pass Harbor Co,
() Existing Federal project,

(2) Original Federal Project. Between 1880 and 1890,

the improvement of the Pass was accomplished by the United States.
Beginning in 188C, a breakwater 450 feet long was constructed of fahore
from Harbor Island, A seawall or revetment &70 feet long mas constructed
“along the shore of the north tip of Mustang Island, and 7 spur dikes

were extendad normal to the revetment into the Pass to lengths varying

between 124 and 280 feet, into water generally about 20 feet deep, The
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purpose of these structures was: to hold the channel in the Pass off the
north end of the island and prevent further erosion of that shore, 1In
1881, a south jetty was started, extending from the shore of Mustang
Island into-the Gulf,.: Work on this jotty, often referred to in sub-
sequent reports as the Mansfield Jetty, was completed in 1885, at which
tima it extaﬁded straight out from shhre 2,352 feet, then curved towgrd
the'north and toward the channel an additional 1,698 feet, The Jatty
was constructed of brush and log mattressws‘weighted with stone, By
1888, the revetmernt and groins along the north end of Mustang Island
had been largely undermined and washed avay. In 188% and 1%89 about
2,700 linear feet of the north tip of the island *ere revetted enew with
an apron of rock 18 inches thick, This was intendec to hold the shore
and prevent further migration of the pass. In 1830, the improvemant of
the Pass was turned over by the United States to the Aransas Pass
Harbor Company.

(3) 'Work by Harbor Company: The Aransas Fass Harbor

Company carried on improvement worlk at the Pass from 3830 to 1899, The
first construction was started in 1892, when a new south jetty, knowm
as the Nelson jotty, wes tegun. This jetty was from-600 to 1,000 féet
north of the original government south jetty, I¢ '%as about 1,800 feet
‘long and concave toward the channel. It consisted of a Tow of light
cylindrical wood caissons 7 feet in diametér, filled %ith sand and stone
and riprappad to a certain extent. Construction of this jetty was

suspended owing to exhaustisn »f funds. Betreen August 1%95 and
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September 1896, the north jetty was built.  As planned, this jetty
started at the 6-foot contour, about 1,500 feet of fshore from St.

Josephs Island, extended thence seaward for 2,000 feet on a curve of
3,000-foot radius convex toward the channel, then on a reverss curve
2,200 feet long with a 6,000-foot radius compounded with a second

curve 2,000 feet long on a 4,000~foot. radius, both concave toward the
channei. This north jetty was only partly finished by the Harbor Company

when their rights were turned back to the United States in 1899.

(4) Work under Zxisting Federal Project. By 1899, the
Nelson Jjetty was very dilapidated and had in large part disappeared,
due to the ravages of the teredo and storme. Beginning in 1902, thé
north jetty was repaired and complcted, the work continuing spasmodically )
ﬁo 1906, In 1909, the north jetty was connected with St. Josephs Island |
and the building of a straight south jetty spproximetely parallel to the
north jetty was begun. The latter was completed about 1915. During
that period, the Mansfield and Nelson Jjetties were partially removed in
successive sections to clear the interjetty area of obstruction. Dredging
in the channel began in'1912 and has been continued annually since then
to include 1937. 4 total of 23,216,392 cubic yards have been dredged in
securing and maintaining project dimensions, at a total cost of over
$2,000,000, an average of aboul 9 cents per cubic yard. In 1922-23 four
spur Jjetties were constructed in the concave Ccurve of the reaction
section of the north jetty, extending channelward to about the chord

between the extremities of the curved gsection. These converted it
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”practically inte a straight section. Dikes have also been constructed

at right angles to the jetties on St. Josephs and Mustang Islands, to
prevent breadhing'of the islands by storms. A dike has been ruﬁ‘along
the south tip of St.~Josephs‘Island; In 1936, portions of the jetties
ware capped with concrete, '

€. Effects of the Improvements.

(1) Revetment of Mustane Island. The original groins and

revetment on the north tip of Mustang Island temporarily delayed the
erosion of that tip. The structures were undermined by eddies, and

by 1888 had largely disappeared, the shore line having receded 100 to

200 feet south of the original dike line. The paving of the entire

slope with an 18-inch thick rock revetment in 1888 and 1889 successfully
stopped the erosion of the point. Meantime, the south point of 8%,
Josephs Island continued to grow scuthward, narrowing and deepening the
throat of the Pass, Between 1887 and 18597, the width of the gorge

channel decreased from 1,785 feet to 750 feet; the maximum depth decreased
from 38 feet in 1887 tn 31 feat in 1895. It then increased to 45 feet in

1897.
(2) Mansfield Jetty. Sand accumulated gl ong both sides

of the jetty. The shore line advancad along the jetty, particularly
along the south side, By 1900 the shore line had advanced along the
Jetty 750 feet beyond its position in 1899. The osffshnre contours
showed a corresponding advance. The first effect of the jetty upon the

channel was to cause some reopening by scour through the bar. "By 1885,
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the depth in the bar channel had increased from 7 feet to about 11 feet,
and the 12-foot contours had been shifted considerably seaward over the
bar. In 1886 an unusually severe storm damaged the jetty, shifted the
channel southward close to the jetty, and dimin;sﬁeé the controlling
depth in the channel to about 10 fest. By 188%, the curved outer

portion of the jetty had practically disappeared. The main channel had

shifted farther south and crossed the jetty near its outer end. The
controlling depth hed decreased to 8% feet. By 1898, the remains of the
jetty were completely coversd with sand.

(3) Yelson Jettv., This structure is reported to have

caused some deepening and advance in the channel as it was extended, but
within a few years it lhad largely disappeared, and it never produced the
results expected of it.

(4) Curved North Jetty. This was designeC as a "reaction"

jetty, to produce scouring along its curved face by ine dsflected currents.
The section completed by the Harbor Company was expezted to produce a depth
of 15 feet, and the jetty, if completed as planned, was supposed to Ppro-
duce a channel 20 feet deep. By 1900 there was reportec a least depth

of 15% feet in the channel, but the channel was SO close to the jetty, &0
narrcw and irregular, that it was nnt practicable for boats drawing more
than 10 feet. By 1902 the least depth had decreased to bz feet. With

farther building up of the curvad north jetty, considerable deepening of
the channel took place, but it was still too nmarrow and too close to the

jetty for convenient navigation.
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(5) Present Jetty System.

(a) Channel Changes, With the connection of -the

curved north jetty with the shore and the coustruction of the present
south jetty (1909-1915), increased scouring took place in the channel,
By 1911, the last year in which no dredging was done and the effects
were due to scouring alone, the channel was 20 feet deep with a least
width of 100 feet., Since construction of the U4 spur dikes to straichten
the channel (1922-2%), it is reported that little shoaling takeg place
in the channel across the ends of the spurs, but smme shoaling does
occur betveen the shoreward spur and the gorge of the Pass. The fact
that in 1935, 1936 and 1937 over 600,000 cubic yards were dredzed each
year in maintaining project dimensions indicates that the jetties are
not entirely adecuate to the maintenance of the existing channel.

(b) Shore Line Chanves,

1. North of North Jetty. Beginning in 1907,

the low-water shore line advanced at first rapldly, then at a decelerating
rate. 3By 1909, the advance along the jetty hal been aloat 1,400 faet,
tapering off rapidly -with increased distance from .the jetty. By 1916,

a farther advance of abéuﬁ 600 feet had occurred, and by 1936, another
advance of about 500 feet, 3Between 1936 and 133%%, a recession of 100

to 200 fest tock place.

.2, South of South Jetiy. Taere has been an

acdvance of the shore line, but on a much less extensive scale. Between
1907 and 1922, a general advance of about 700 feet along the Jetty

occurred, and of 250 to 350 feet along the more remote shore., Between
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1922 and 1927, the shore line remained practically unchanged except

for a slight recession immediately adjacent to the jetty. Between 1927
~and-1929, the shore line advanced adjacent to the jetty, but receded by
" as much as 400 feet farther away from the jetty. There was a slight
‘advance by 1930 and another slight recession by -1931. Between 1931 and
' 1932, the shore advanced little at the jetty, but by an increasing.
“amount farther off, amounting to LOO feet 2,500 feet south of the jetty.
It was almost as far out on the jetty as in 1922 and 1927. By 19356 it
had again roeceded about 200 feet next the jotty and 500 feet 2,500 feet
south of the jetty, and in the past 2 years has advanced again by from
B0 to 200 feet.

VII, SUMMARY OF CHANGES.

4g, Chanzes in Updrift Angle.

a. Shoreline.

(1) General. Of the 56 cases studiad in some detail, 49
shawed an advance of the low water shore line, ranging from slight in
many cases to as much as 7,MOO faet along the east jetty at Sabine rass,
Louisiana and Texas, and 9,500 feet along the north jetty at the mouth
of the Columbia River, Oregon. Of the 7 femaining cases, one (Grays
Harbor, Washington) advenced 2,500 feet along the south jetty while only
one jetty existed, then receded 3,500 feet after the north jetty was
puilt for a net recession of 1,000 feet, one (St. Andrews Bay, Florida)
reported a slight recession on the updrift side, two had ingufficient

information as to changes, one showed no change due to the existence of
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a bulkhead, and in two cases there wag uncer;ainty ags to the directinsn
of the drift, _

(2) Accretion, Of ﬁﬁ@ ﬁ9 éases which definitely showed
an advance of the shore line on the updrift side, ten are’definitely
knon to have been affected by the deposit of dreﬁgéd material in the
updrift angle, whereby the amount of change due to the jeﬁty alone is
masked to -some extent, In five of ths‘h9 cases, the avallable iﬁforman
tion as to the amount of the advance is insufficient. The amouﬁg of the
advance along the jetty for the remaining 44 cases is indicated in the

following table,

Amount of ALédvance Ho., of Casgs Per Cent of Cages,

(Feet)

1-100 g 18,2
101-500 | 11 25.0
501-1000 11 © 25.0

1001-2000 6 13.6
2001-3000 1 2.3
30014000 5 11.4
Over L0QO 2. k.5

m | 100.0

It therefore appears thét in only 18.2 per cent of tﬁs cases was the

. advance 100 feet or less; that In B0 per cent of the cases the advance
Vas more than 100 feet but not nver 1,000 feet, and that in only 31.%
per cent of the cases did the shore line advance more than 1,000 feet,

The maximum advance was about 9,500 feet, against the north side of the
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north jetty at the mouth of the Columbia River, Oregon.

(3) Variation between Accretion and Brosion. The

distanée along the shore over which the ;dvance took place showed great
variations. .In many cases the surveys did not extend far enough to
determine that distance, and no comprshensive comparison can be made.

In the case of the St. Johns River, Florida, the accration to the shore
took the form of a long narrow Yeach along the side of the jetty, about
4,500 feet along the jetty but only 250 to 300 feet wide throughout most
of its length except at the seaward tip, where a hooked poiﬁt had built
out to a distance of about 1,700 feet from the jetty. Dredged spoil had
peen depesited in the area, and it 18 uncertain how much of the_accretion

is due to that and how much to drift. The accretion north of the north

jetty at the Columbia River entrance assumed a gomevhat similar form, \

being 9,500 feet long along the jetty by about 2,000 to 5,000 feet wide,
On the other hand, in many cases, such as Coos Bay and Coquille River,
Oregon, the advance along the jetty was comparatively small, but its
effect extended over many miles of the beach. Many intermediate grada-
tions are found.

b. Of fshore Changes.

(1) Nature of Change. The offshore changes on the

updrift side cannot be so satisfactorily gummarized as the shore line
changes. In 33 of the 56 cases, no information wes furnished by the

‘districts. The data in the remaining 23 cases are tabulated below:-
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Nature of Chance No. of Cases No, of Cases
(Updrift) ; (Downdrift)
General shoaling 13 : 7
Shoaling next to shore, little
or.8light deepening in inter-
mediate area, shoaling farther ,
Cout, ) -
Shoaling next to shore, deepening
farther out, - 1
Shoaling next to jetty, deepening
farther away. b4 -
Deepening next to shore, shoaling
farther out. - 2
Spotty deepening and shoaling - 1
_ General deepenine 2 13
/ : - 23 2k

) : ' o . (2)  Discussion, The general tendency toward aceretion

Iy

on the updrift side and erosion on the domndrift side is thus much more

pronounced in the offshore area than along the shore line,

5l. Changes in Area between Jetties.

a. EBffect of Jettiss on Channel.
(1) oOf the 56 cases4studied, 12 were cases of breakwaters
which had no effect on a channel and 18 were cases in which no definite
information has been furnished. The results, frequently incomplete, in

the remaining 26 cases, are tabulated in a general way below:.
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Amount of Scouring in Channel No. of Cases Per Cent of Cases.

sdequate scouring to naintain chennel
between jetties and through offshore
bar with little or no dredging. 2 7.7

Adequate scouring to maintaln channel
between jetties, but not through
bar, with little or no dredging. 3 11.5

Insufficient. scour to raintain channel,
but enough to diminish somewhat the

naintenance dredging required. 11 42.3
Little or no scour 6 23.1 N
Scouring in some spots and shoaling in ' i
others b 15.4 /

26 100.0

(2) From the information now at hand, it thus appears

that, insofar as the purpose of jetties way be taken as the caring for {
all or a large part of the provision and maintenance of a channel by the
scouring effects of the confined and directed curfents, those hitherto

constructed have been largely successful in less than 20 per cent of the

cases, and only moderately or 1ittle successful in over 80 per cent of
the cases.
VIII. CONCLUSIONS.
52, In a general way, the study of the incomplete information so
far collected indicates that the following results, héving folloﬁed
provision of the jetties hitherto constructed, are likely to follew the

construction of future jetties.

a. Shore Line Changes.

(1) The shore line on both updrift and downdrift seaward
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Nature of Change No. of Casesg ' Per Cent of Cases.
General shoaling 13 56.5
Shoaiing next ton shore, little

change or slight deepening in
intermediate area, and shoal-

ing farther out. n 174

Shoaling next to jetty with deep- :
ening farther away. Y l?.h
General deepening. 2 B.1
23 iO0,0

(2) EBffect of Jettv Incliuation. Of the 10 cases which

evidenced more or less scouring in the updrift offshore area, two were
cases in which the argle votween jetty and shore was less than 90°, two
in‘which the angle was about 900, and six in which the angle was greater
than 90%°, 1In nine of the ten cases, there was an original offshore bar,
the shifting of which after construction of the jetties caused or con-

tributed to the deepening.

49, Changes in Downdrift Angle,

a. Shore Line.

(1) Nature of Chanze. Of the fifty-six cases studied,

six had insufficient inforuamtion and five were so masked by the disposal
of spoil or other causes that the affazct »f the structures themselves
could not be determined even approximately. Tha raesults in the other

forty-five cages are tabulated as followg:-
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Nature of Change No, of Cases Per Cent of Cases.
General advance 25 5546
General recession 7 15.5

Advance at first, followed by i
smaller recession 5 11.1

Recession at first, followed by .
greater advance 1 C . Bl

Advance near jetty, recession

farther away 4 8.9
¥o material change 3 _ 6.7
us 100.0

(2) Extent of Chonge. The amount of change, as

_represented by the amount of advance or recession along the jetty,

varied from maximum advances of 13,500 feet along the south jetty of <?
the Columbia River entrance and of 10,000 feet along the west jetty
at the entrance to Galveston Harbor, to a maxirum recession of less

than 500 feet at a few of the jetties. It should be noted, however,

that in a nunber of cases where initial recesslon was raﬁi&, either
protectiﬁe-WOrkS were provided which prevented the erosion from
running its full natural course, or subsedﬁent advance crunteracted
the initial effect. The amounts of the advance or recession along the

jetty are tabulated below:-
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Amount. of Advance (+)
or recession (~) (feet)

-H00 to O

No material change
0 to +100

+101 to +500

+501 to +1000
+1001 to + 2000
+2001 to +3000
+3001 to +4000
over L4000

b. Offshore Changes.

No, of Cases

= -
A PO AL AT O ~d

Por Cent of Cases,

, o] U ST
£ OO - D ovan
& £ 2 %

&

B # )

Frrdsd OB 1o~

Lo:

100,0

The available information as to offshare

changes on the down drift side is incomplete. In 31 of the 56 cases,

no information has been furnished, or the information is so scant as

to be unreliable, Of the remaining 24 cases, a considerable number

show only a single contour, or are in other respects incomplete, The

available results are,however, tabulated below:-

Nature of Chance

No., of Cascs

General deepening 13

Deepening next to shore, shoaling
farther out 2

Shoaling next to shore, deepening
farther out 1
General shoaling 7
Spotty deepening and shoaling 1
2U

50« Comparison of Updrift and Downdrift Sides.

a« Shore Line Charzes.

(1) Comparison.
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Per cent of Cages

"L, 2

g.2

In comparing the relative tendency




toward advance or recession of the shore line on the updrift and downdrift
sides of the structures} the following tabulatinn of the results has
been preparedi-

Nature and Amount : No. of Cases No. of Cases

_of Change (Updrift) ~_(Downdrift)
Recession 2 k~7
Advaﬁée of 1000 feet or less 30 - B 27
Advance of over 1000 feet 14 | 11

46 L5

(2) Discussion. The fcregoing tabulation indicates that,
although there is a tendency toward less aceretion and more erosion on
the downdrift tnan on the updrift side of jetties and SyéakWaters,'the
tendency is not so marked, at lecst in the afea‘iémediately adjacentAto {"
the jetties, as might have been axpected; Iv appeérs that even when, \
as in most cases, there is a pronouﬁced predominant 1it£oral.§rift in
one direction, there are usually gsufficient reversale of drift direction
to cause accunulation of sand in the downdrift as ﬁéll as the updrift
angle, although in lesser arounts on the average.

b. Offshore Changes.

(1) Comparison. The relative tendency tomard shoaling
or deepening in the offshore area on the updrift and downdrift sides

are indicated in the following comparison:-
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sides of the jettieg w 11 advance, the amount of the advance, both along
shore and along the jetty being greater, other things being equal, on the

updrift than on the downdrift side.

(2) The advance will be comparatively rapid at first,
decelerating until finally a condition of substantial equilibrium will be

attained, with alternate periods of minor advance and recession about an

average location,

(3) The advance will be greatest next tn the Jjetty, taper-
ing off rapidly at first, then more slowly with increasing distance from
the jetty, so as to form a curved shore with curvature accentuated near
the jetty. The position and form of the curve will be such that the
incoming waves meet the beach line substantially normally at all points

for as much of the time as may be.,

. (4) Beyond the sphere of action of the jetty on the up-
- , drift side, usually not over a mile or two, the beach will continue to

build out or recede as it was doing before the structure was providsd,

(5) Beyond the area of accretion on the downdrift side
of the Jjetty, usually less than a mile, any previous tendency tomard
erosion will be intensified owing to the interception of sand from the

updrift side,

(6) Any tendency toward scouring of the shore in the

angle between jetty and shore is likely to be most pronounced in the

case of an obtuse angle facing into the direction of the more severe

- storms, particularly if on the downdrift side,

~119.-




b, Offshore Changes, The provision of jetties is likely to

result in general shoaling of the offshore area on the updrift side and
general deepening on the downdrift side, with the tendency toward shoaling

slightly ascendant, If an offshore bar existed before the jetties were

constructed, as-is usually the case, the original crest of the bar will

‘be planed dovn, and a new crest bullt up which will lie seaward of the

driginal erest and of the ends of the jettles. Like the shore line
changes, the offshore changes will proceed rapidly at first and then
progressively more slowly until a new condition of equilibrium/is
established. If the shifting vottom material is in large measure Cow-
posed of sand moving along the shore, the bulk of the new bar will form
on the updrift side of tie jetties and erosion of the bottom on the
downdrift side will wmore likely occur. If much material is scoured from{
the chann61 between the jetties, or brought down dy rivers, particularly

in flood, or if the Jjetties are too short tn prevent the littoral drift

from rounding their ends, the bulk of the bar is likely to builld up on

.the downdrift side,

¢. Changes in the Channel.

(1) It is almost axiomatic that the aligmment and
gpacing of jetties should be such as to pass the tidal prism moving
between them with velocities which will prqduqe neither too much nor too
1ittle effect upon the channel. The cross sectional area betveen the
jetties must then vary, in large measure as the volume of the tidal prism,

and be in some way proportioned to that volume. Indeed, one simple
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approximate relationship for the two has been proposed - that the cross
sectional area of the interjetty area in square feet should equal the
volume of the tidal prism in acre~feet, This approximation has been
found to work fairly well in some cases, but to fail in others, as might
indeed be expected. Such a formula would require that the same cross
sectional area of channel should be provided for a given tidal prism
distributed over a large basin with a rise of one foot as for an equal
tidal prism distributed over a basin of 1/10 the arca with a rise of

10 feet, which is untenable.

(2) Instances of the dependence of jetty spacing upon
tidal prism volume could be cited at length. Of the two cases heretofore
listed as most successful, the jetties at Miami Harbor, Florida, are
parallel and 1,000 feet apart, whereas those at the entrance to the
Columbia River, QOregon, are converging and about & miles apaft at their
geaward ends, yet both have been successful, At Cold Spring Inlet, N. J.,
parallel Jjetties 850 feet aéart have had very liti{le effect in naintenance
of a channel 25 feet deep and 400 feet wide between them; in fact, on
June 30, 1937, the controlling depth was only 18,8 feet. On the other
hand, Jjetties 800 feet apart at Lake Worth Inlet, Florida, and 900 feet
apart at Fort Pierce Harbor, Florida, have diminished materially the

maintenance dredging reguired in channels approximately 20 by 250 feet

and 25 by 250 respectively, although neither has been completely‘successful.f

- Of the cusesheretofore tabulated in which the jetties have failed more or

less completely to assist in maintaining a chonnel, most are small
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instellations at the entrances to small tidnl basins, so that the tidal
prism is insufficient to produce the necessary current velocities even
in a channel only a few hundred feet wide.
{3) In the original planning of the jetties covered by
thig study, an attempt was made in most cases to derive a spacing of the
jetties‘from considerations of the tidal prism or the cross sectinnal
area of the original zorge, or both, Daspite the good intentions of

those attempts, hovever, the conclusion seems inescapable that Jetties

\{bave been spaced too far apart much more often than too close. together.
Except where the currents have been deflected against the jetties by
bends in the aligmment, hardly a case is found where serious undermiﬁing
of the jetties or other unfavorable result has arisen from too close
spacing, whereas in the great‘majority of cases the results gecured from
Jetty installations have been more. or less disappointing dna iphpart at
least to excessive distance between them.

(4) This result has apparently been due to two principal
causes, First, the fear of setting up currents with velocities unfavor-
able to navigation and sufficient to endanger the jetties by undermining,
and of diminishing unduly the volume of the tidal prism by restricting
the flood~tide inflow, has resulted in an unwarranted cauﬁion wbich hasg
led to a spacing too great to realize even the results originally aimed
at., Second, in practically all the more important cases, the ariginal
plans were drewn with channel dimensions in mind which were so increased

by subsequent projects that, even had the jetties been adecuately gpaced
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for their original purpose, they would have been inadequate to the
modified project, It appears that, in planning Jettias, it would be
preferable to space them as closely together as may seem reasonably safe
under tﬁe circumstances rather than as far apart as possible with any
basis of hope that they will produce the desired results, It is
doubtless preferable to secure a 30-foot deep channel on a 20-foot pro-
Ject than a 20-foot channel on a 30~foot project,

(5) With the incomplete information available, no opinion
as to an approximate relationship between the cross sectional area
between jetties and the volume of the tidal prism (or, more pProbably, the
area of the tidal basin and the range of tide) can be hazarded, In a
general way, it appears that Jetties between 800 and 2,000 feet apart
show a higher per centage of effectiveness than do those cloger together
or farther apart, but therg are notable exceptions on both sides. The
Jetties at the entrance to the St. Johns River, Florida, 1,600 feet apart
in their parallel section, have maintained a ch@nnel 30 feet deep and
800 feet wide between them with a minimum of maintenance dredging, By
contrast, at Sabine Pass, Louisiana and Texas, .with jetties 1,800 feet
apart at thelr outer ends, over 25,000,000 cubic yards of material have
been dredged from the channel in the past 15 years in the effort to
secure and maintain depths of 34 to 36 feet and widths of 400 to 600
feet, With complete data and further study it may be possible to for-
mulate some relationship between the varied and often complex factors

involved which may determine with at least greater definiteness than is
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e, it

now possible the spacing whieh should be adopted for jetties.

d. Economics.

(1) In attempting to analyze the economic justification

for the provision of jetties as an aid %o channel maintenance, many

difficulties are encountered. For one thing, it is in the nature of tho
case impossible to prove vhether or not in any given case, a channel
could have been provided and maintained by dredging alone, and 1f"so,

at what cost for new work and average annual maintenance, inasmuch as
the latter has usually not been tried. Then azain, in computing the
annual carrying charges on the Jjetty, the interest on the investment 1s
usually computed on the "original cost for new work", 'In view of the
fact that in a rock jetty, at least, there is only settlement and

displacement of the material, with practically no loss thereof, and thatb

‘Wpaintenance", so-called, consists in adding a permanent sunplv of rock

necessary to produce a final stable structure, it would geem not
illogical to base the comparable annual value of the Jetty on ‘its total
cost of both tnew work" and maintenance" - in other words, in the pro-

vision of a final and stable jetty, so-called “maintenance' enrockment

‘is as properly new work as the enrockment actually so-called, The

acceptance of this point of view would considerably and jusiifiably
1ncrease the capit%l value of the finished jetty and the potential
annual interest return therson which may prnperly be balanced against

the conjecturalbannual cost of maintenance by dredging, always assuming

that the latter would have been practicable. Furthermore, in computing




maintenance costs by dredging, it ig obvious that those costs many years
ago, with less effective equipment, were higher than now. It may even be
assumed that still further lmprovement of dredges and methods will be
made, with a further decrease in the unit costs of dredging,

(2) Enough evidence is, however, available to indicate
at loash a strong probability that, solely from the standpoint of channel
Provision and maintenance ﬁy scour, the provision of many jettieg appears
to have been economically wnjustificd, if the channel could have been
Pprovided and maintained by dredging alone. It 1s indicated that those
charged with planning inlet lfprovements in the future should exhaust
every possibility of providing and maintaining g channel by dredging
before previding Jotties, In nany if not most cases, it seeoms probable
that dredging with a modern seagoing hopper dredge might Profitably be
attempted first, and, if that failed, the Jetties could still be built,
The experimental dredging would usually cést only a small Part of the
cost of Jetties, and even if Jotties were saved in only one case out of
several, the elimination of the expenditure on o single jetty systen
would more than counterbalance the logs O a number of cases of unsuccessg-

ful experimental dredging,

Berkeley Blackman,
Engineer (Civil),
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