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In 1957, to restore and stabilize the beach of Sherwood |stand
State Park, send was pumped to the shore from an ofishore borrow area
by a hydraulic pipneline dredge. In addition, two training walls were
constructed to contine the iniet at the east end (updrift; and a groin
built at the west end of tha park, The entire beach was widehed and
raised, and in addition, an extra amount of sand was placedu cn Sherwood
Point 1o act as a feader beach. The material from the borrow area proved
to be suitable beach tili, 1In 1962, surveys showed i1nat while *he actuai
net loss of sand from the project area was slighit, losses from the tidal
2one in the updrift and centrel parts of the area were major. These
losses indicate tha! maintenance fill is now reauired and that ithe con-
struction of several short groins west of Sherweod Point (downdiift)
may be desirable. Data, in graphic inrm, show comparalive protiles of
the area, changes in shoreline, and composite size-disltribution curves
for sand samples, TYables show auantitative volume changes and sand
sample data, Initial and annhual cos? figures are given,

FOREWORD

A basic effort under the general investigations program at the
Coastal Englnsering Research Center (CERC) is to follow the behavior
of selected works with the view of develoning new or improved design
criteria and techniques for applicatlon tc future works, This report

describes results of the sand beach fill placed at Sherwood Island State
Park, Connecticut, in accordance with a plan developed by 1he U. S, Army
Corps of Engineers. This is one of a series of reports of iis lype, The
most recent, which dealt with Seaside Park, Bridgencrt, Connecticut, was
published as CERC Technical Memorandum No. |I. Study results pertaining
to the effectiveness of these operations will, at a <ubsequent time, be
correlated with results trom other beach fill operations, and hopefuily,

more positive design criteria can be derived through empirical con-
sidsration.

e This report was prepared by William H. Vesper, Hydraulic Engineer,
Engineering Development Divisior, Csastal Ingineering Research Center,
At the time of completion of this revort, Colone! F. ¢, Diercks was
Director of the Center and J. M. Caldwell was Technical Director.

Field data utitized herein were obtained ithrough the U. S. Army Engineer
Division, Mew kngland,
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NOTE: Commenis on this publication are invited, Discussion will
be published in the next issue ot the CERC Bulletin.
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This report s published under authority of Public Law 166, 79th
Congress, approved July 31, 1945, as suppiemented by Public law (72,
88th Congress, approved November 7, 1963,
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BEHAVIOR OF BEACH FILL ANC BORROW AREA
AT SHERWOOD ISLAND STATE PARK,
WESTPORT, CONNECTICUT

by

William H, Vesper
Engineering Development Division
Coastal Engineering Nesearch Center

Section | INTRODUCTION
1. General

Sherwood Island State Park is located In the towi. ot Wesiport,
Connecticut (see Figure 2). lts shoreline extends generally northeast and
northwest from Sherwood Point and is about 6,000 feet in length. In 1949,
the U. S. Army Corps of Engineers, in cooperation with the State of Con-
necticut, completec a beach erosion control study of the Connectlcut shore
from Ash Creek to Saugatuck River which included Sherwood Island State
Park.* The purpose of the cooperative study was to determine the most
suitable methods of stabilizing and improving the shoreline. The study
reve:led that a natural source of supply of littoral material no longer
existed within the area and that improvement of the shore could best be
accomplished by artificial replenishment of the beaches. The most logical
source of sand for this purpose was deemud to be offshore. A plan for im-
provement was developed and recommended which involved pumping sand onto the
beact trum un offshore borrow area, employing a hydraulic pipeline dredge.
The plan, authorized as a Federal project under the 1950 River and Harbor
Act, provided for widening approximately 6,000 feet of beach to a 150-foot
widgth atove mean high water by direct placement of sand, creation of a
stockpile by placement of sanc¢ to an additional width of 100 feet over a
distance of 1,000 ,eet both east and west from Sherwood Point, construction
of two training walls 400 and 500 feet in length at Burial Hi!l Creek, con-
struction of an impermeable rubble groin 500 feet long at the west end of
the park, and maintenance of the improved beach by perlodic nourishment,

The purpose of a stockpile at Sherwood Point was to feed the beach
areas east anu west of it. The purpose of the groin and training walls
was to catch and hold littoral material and thereby stablilize the beach to
oroject dimensions at the extremities of the park fill area. Intermediate
structures were not recommended because it was believed that they would
interfere with the feeding of sand to the adjacent beaches by natural move-
ment away from the point, For this reason it was also recommended that a
proposed fishing pier should be an open-pile structure.

The restored beach was to have a berm elevation of 3 feet above mean
nigh woter and o berm width generally about 80 feet increasing to 180 feet

* Arca | - Ash Creek to Saugatuck River, Connectlicut, Beach Erosion Control
S1udy, published as House Document No. 454/81/2.
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at Sherwood Fuint. The anticipated foreshore slope a*ter natural shaping
by wave action was | on 20 above and | on 30 below mean high water. The
estimated quantity of sand required to provide a beach of these project
dimensions and the stockplle at Sherwood Point was 460,000 cubic yards for
the initial tiil, and an average requirement of about 4,600 cubic yards

annua!ly for nourishment. ‘

2. Summary of Physical Data

Sherwood Island State Park is a State-owned public park located at
Westport. The shoreline of the park extends generally in a southeasterly
directior from the Compo Mill Beach Association development for about 2,500
feet to Sherwood Point, thence northeasterly about 3,500 feet to Burial Hill
Creek. The urea is sheltered from waves from the Atlantic Ocean by Long
Islang which servee 2c a3 natural breakwater for most of the Connecticut
store. |t is exposed to waves which are generated in Long Island Sound and
these can approach the park shore from the east through the scuthwest.

There is a seasonal variation in tittoral transport along the Connecticut

shore; it varies in quantity and direction as well as from place to place.
Sherwood Point is probably a nodal zone as the direction of |lttoral movement
appears to be both northeast and northwest away from Sherwood Point; however,
the northeastward movement is not too clearly indicated by physical evidence.
Tides in the area are semidiurnal with mean and spring ranges of 7.0 and 8.3
feet. There are no continuous stormtide records for any locality between

Ash Creek and Saugatuck River; however, during the hurricane of September
'928 tide stages of 13.4 and 13,8 feet above MLW were recorded at Southport
and Bri‘geport, respectively. These tides are the highest tides of record

for the area.

Before improvement, the shore area consisted generally of low lands
and marshes. The shore from Sherwood Point northeast to Burial Hill Creek
consisted of a narrow be: :h of mixed sand and cobbles backed by a low dune
and the marsh. Northwest from Sherwood Point the shore consisted of marsh
areas bordered by a narrow beach of coarse material ranging from shingle to
cobbles extending along more than half its length., The remainder of the
beach to the northwest was composed of medium sand. The original beach
slope was steep between high and low water and averaged about | on 0. The
slope flattened near meai. low water, except in the vicinity of Sherwood
Point where the flattening occurred at depths between 10 and 20 feet.

Prior to the improvement project, public conveniences such as parking
areas, bathhouses, sanitary facilities, |ifeguards, fireplaces and tables,
were |imited. As part of the genera! beach erosicn control and improvement
program for the shoreline of Connecticut, extensive improvements for this
park, comprising a pavilion, pleasure~boat development, and fishing piler,
were included in the State plans.
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3. Project Construction

The State of Connecticut initiated the Sherwood Island project in
July 1956 when construction began on the rubble groin at the west end of
the park. The groin required placement of about 4,000 tons ¢* stone and was
completed in Oc*ober of the same year at a cost of about $58,000. Between
September 1956 and February 1957 the Burial Hili training wall!s were built
at a cost of approximately $60,000, and during June 1957, about 535,000
cubic yards of sand were piaced on the beach, at a cost of about $440,800,
completing the authorized work under the project.

4, Survex Data

In March 1955, about 2! months before fill placement, 31 profiles of
the shore and offshore bottom were surveyed generally at 200-foot intervais
(ranges A+600 to E+800 - see Figure 2). Alil ranges were resurveyed immedi-
atetv after the fil!! nlacement in June 1957 and the surveys were repeated
again in November 1957 and June 1958. A condition survey of Sherwood Isiand
was made in June 1962; however, during this survey, only |7 selected ranges
were resurveyed because of limited funds. The borrow area was sounded along
I3 ranges in August 1957 after dredging at t100-foot intervals (ranges 2+00
to 14400, inclusive, Figure 2). These soundings were compared with those
taken along the even-numbered ranges earlier in 1957 before dredging. Ouring
the June 1962 survey, the borrow area was again scunded along the seven even-
numbered ranges (2+00 to 14+00).

Only three sand samples of pre-fill beach material at the project site
are available and these were taken from midtide level in 1948, Ffifteen core
borings were made in the borrow area in March 1957 before dredging. During
the repeat survey of June 1962, 36 surface samples were taken from the beach
and nearshore zones and 16 subsurface samples were taken in the borrow area.
The sand sanmple data are given in Table Z.

Section |} ANALYSIS OF DATA
. Profiles

Comparative profiles obtained from 5 surveys from 1955 through 1962
are shown in Figures 3 through 6. Successive profiles of the same range
either close or apprcach to within one foot ot closure from 600 to 800 feet
offshore of the baseline. Profiles of the four ranges in the western sector
(ranges A+600 to A+1400) close at about 600 to 750 feet offshore of the basa-
line and, excent for range A+600, in depths of 3.0 to 3.5 feet. Range A+600
extends through the impounding area of the stone groin at the western end ot
the park and profiles of this range close at about mean low water. Profiles
of the remaining ranges at Sherwood Park do not completely close; however,
they do converge to within one foot of closing. Except for range C-3, pro-
files of ranges located at Sherwoocd Point and in its vicinity (ranges B+200
to C+600) approach closure from 630 to 850 feet offshore of the baseline in
depths of from 7 to 12 feet. Range C-3 extends through Sherwood foint and
profiles of this range converge to within one foot of closing at about 540
feet offshore of the baseline in a depth of trom 4 to 5 feet.
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_ Volume changes were computed for the 17 selected ranges resurveyed

tr. 1962.  Since profile adjustments creating the greatest volume change
appeared tc be between the planes of mean high water and mean low water,
the beach and nearshore area were arbitrarily divided into rhree zones for
analysis as follows:

I, Above mean high water (between MHW and baseline).

Z. Between mean high and mean low water |ines.

5. DBelow mesn low water (between MLW and the point where com-
parative profiles approximately close or terminate in the nearshore area).

2. Volume Computation

The data in Table | indicate that during the 5-year period since
tili placement, the trend of shore processes over the project shore has been
accretion in the western sector and erosion at the Point and in the eastern
sector. Accretion in the western sector was general in all zones except in
the tidal 2one near the Point, and the total gains amounted to over 50,000
cubic yards. At Sherwood Point losses amounted to 11,100 cubic yards above
mean high water and 31,300 cubic yards in the tidal zone. Below mean !ow
water 5,300 cubic yards of material accreted which produced a net loss of
37,100 cubic yards. In the eastern sector there was accretion of 22,700
cubic yards above mean high water, erosion of 66,400 cubic yards between
mean high water and mean low water and accretion of 31,100 cubic yards below
mear. low water for a net loss of only 12,600 cubic yards. Thus, for the
entire proiect shore at Sherwood !siand State Park (6,000 feet), the effect
of the material movement has been a gain of 33,800 cubic yards ot material
above mean high water, 1nss of 95,900 cubic yards from the tidal zone and
a ga‘n of 57,400 cubic yards below mean low water. The net result then
(without regard to accuracy of survey measurements) is a loss of 4,700 cubic
yards out of the project area or net losses at the rate of about 940 cubic
yards per year. However, net losses from the eroding sectors of the project
beach approach 10,000 cubic yards per year over the full profile, or about
17,500 cubic yards per year if only profile zones above MLW are considered.

3. Shoreline Changes

Changes in the mean high water and mean |low waier shoreline are
shown graphically in Figures 8 and 9. There was little change in the
position of the high water line from July 1957 (immediately after filling)
to June 1958 except in the vicinity of Sherwood Point where the shoreline
receded. East of the Point the high water shoreline was more or less
stable, while west of the Point there was a small advance. Between June
1958 and June 1962 the high water shoreline receded at Sherwood Point and
east of the Point, while it advanced in the area west of the Point. The
net change in the high water shoreline by June 1962 was one of recession
at Sherwood Point, advance in the western sector and |ittie or no change
in the eastern sectc~. Erosion at Sherwood Point was anticipated, however,
and additional fill had been placed along the Polnt to create a stockpile
to nourish the beach on either side. Although the high water shoreline had
receded about 120 feet since fill placement, nowhere along the beach had it
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recedod to its position before Improvemeni. Changes in the low water line
followed a pattern simliar to that for the high water |ine; however, the
net change was one of recession at Sherwood Point accompanied by little or
no change in the eastern or western sectors.

4. Borrow Area Behavior

Prior to initial dredging in 1957, the borrow area was sounded
agling thirteen ranges spaced at intervals of 100 feet (ranges 2+00 ro 14400,
‘ncluslive) and again sounded in August 1957 after dredging. A line connect-
ing station C and Station F (Figure 2) was used as the base line of reference.
These two seis of soundings were compared and the guantity of material ex=-
cavated from tha borrow area was computed to be 557,200 cubic yards. Of
this quantity, 525,000 cubic yards were deposiied on Sherwocd lsland Beach
and 17,000 cubic yards were placed on Burizl Hill Beach; the remaining
5,200, which represents a little less then one percent, can be accounted
for by probabie error in procedures used for measurement and computation,
r losses during pumping.

The seven even~numberad ranges (2400 to 14400, inclusive) over the
borrow area were sounded again in July 19062 to obtein an indication of the
rate of natural refilling or shoaling. Comparative profiles plotted from
these surveys are shown in Figure 7, Computations therefrom indicate that
between August 1957 and July 1962 the borrow area shoaled 43,900 cubic yards
or an average of about 8,800 cubic yards annually.

5. Sand-size Analysis

Sand sample data given in Table 2 show the results of sieve
analyses. One of the midtide samples was taken in the western sector and
two in the eastern sector. The sample from The western sector was abcut
90 percent gravel with a median diameter of 2% mm. The two samples from
the eastern sector were about 70 percant gravel and had median diameters
aoproximating 5 mm. Samples taken from the beach zcne in July 1962 had
median diameters ranging from 0,16 mm to 720 mm with an average median
diameter of about | mm. The median diameters of samples from borings
obtained from the of fshore borrow area in March 1957 ranged from 0,215 to
0.62! mm with an average median diameter of about 0.40 mm, Analysis of
core samples takea from lhe borrow area in July 1962 shows an average of
about 90 percent of the shoaling material in the bottom of the pits to
be finer than 0,062 mm, The material composing the botiom adjacent to
the borrow pits averaged 60 percent finer than 0.062 mm. Cumulative fre-
quency curves for particle-size distribution and computed composite curves
+hereror have been constructed for midtide samples taken in 1948, the
samples taken in July 1962 and for the borrow area samples t ken in March
1957, using the method given by Krumbein.* Phi-unit values .re used for
convenience in the statistical analysis, and phi-unit equivalents for
standard sieve-mesh openings in the range of particle-sizes commonly found
in beach sands are given in Tavle 3. Data for the observed composite size

* Krumbein, W. C., A METHOD FOR SPECIFICATION OF SAND FOR BEACH FILLS,
Beact Erosion Board Technical Memorandum No. 102, October 1957,




e
|

f ..m‘iiniﬁhl”'

frequency and computed composite curves for the beach, borrow and midtide
samgles are shown in Tables 4 and 5, . .speclively, and plots ot tThe curves

are shown on Figure 16. The phi standaid deviations for the computed curves

for the 1962 beach, 1957 borrow end 1948 midtide sampies, respectively,

are 2,58, 1,41 and 0.88. The differences betwean these values are rela~-

tively large which indicates the variance in sorting between the bsach

: marerial, borrow mater al and the midtide samples, the 1562 beach material :

el G

being by far the most poorly sorted. A comparison of median diameter for
the 1962 beach samples and samples of the borrow materiai (Figure 10) shows
that the composite median diameter of the beach samples is much larger.

This weuld indicate that there had been mixing of the fill material with i
: The coarser material composing the original native beach and that atso much
: of the tiner size material may have been lost from the fill during placement

or by subsequeni action of tittoral forces. Normally, when entire class ;
fractions are removed from the size~ciass distribution of a mixture of B
= naterial, the remaining materia! exhibits better soriing. For the 1962 -
1 beach samples, the indicated poor sorting, as well as coarseness (in some
i deqree), are believed to be derived from the mixing of +he till material
I with the coarser native beach material,

Secticon 1il RESULTS AND CONCLUSIONS

l. Interpretation of Profile Changes )

it the assumption is made that the computed volume changes shown
in Table | do truly refiect the quantitative results of changes in the
available sand on the shore, the following interpretations might be placed
thereon. During the 5-year period immediately foltowing placement of beach
fill, 37,100 cubic yards of material were eroded from approximately 600
linear teet of shore at Sherwood Point and 12,600 cubic yards were eroded
from the 3,400-foot sector eist of the Point. During this period accretion
amounting to 45,000 cubic yards occurred in the 2,000-foot western sector,
indicating a net loss of material from the project area of 4,700 cubic yards.
If the data are examined over various segments of the profile, deficits
created by movement of beach material are indicated to be predominantily
between mean high water and mean low water and almost entirely conflined to
Sherwood Point and the eastern sector. Most of the losses can be accounted
tor by accretion in the zones above and be!cw the tidal zone and sy the
general accretion which occurred in the western sector thereby indicating
only a relatively small actual nel loss of material from the project area.
However, *“he loss of appri<imately 96,000 cubic yards of material from the
tidal zone of the project beach between Sherwood Polnt and the eastern
extremity indicates that at least 18 percent of the original 535,000 cubic

yards of beach fili placed in 1957 has been repositioned by wave forcos
from its initial zone of placement. Actually only 4,700 cubic yards of
fill is indicaled as having been entirely removed from the project area,

which would represent net losses of less thzn | percent for the 5-year
period, Undoubtedly the littoral forces have moved and redisiributed
gross quantities of material substantially greater than the cited figures
indicated by net quantiiies.




2. Interpretation of Beach Areal Changes

Before constructlon of the beach improvement project, the shore
at Sherwood Island had beach widths above mean high water ranging
1:om 5 to 65 feet. The average above~MHW width &t Sherwood Point was
about 50 fe-*, In the sector cast of the Point this width averaged about
45 feet whiie In the western sector the width was much less, averaging
only about 20 feet. The comparative high water shoreiine changes (ligure
8) dev2loped from the survey data show that beach wicths greater than
project dimensions (150 feet wide above MHW) were attained throughout the
area by the fill placed in June 1957, The average width above mean high
water was about 208 feet in the western sector, 265 feet at the Point and
190 feut in the eastern sector. Minor adjustments occurred in the beach
fill during the 5 months from June to November 1957. Along the western
sector there were alternate short segments of shore respectively exhibil-
ing acvance and recession of the high water line which about equalled one
another, At sherwood Point the high vater shoreline receded and along the
eastern soctor there was a small genera! advance. During the next survey
period, November 1957 15 June (958, the high waier shoreline advanced along
the western sectlor, receded at ihe Point and was generally stable along the
eastern sector. During the last survey period, the four years from June
1958 to June 1962, the greatest changes ir the high water shoreline occurred.
The grestest shift was in the vicinity of Sherwood Point where the shoreline
receded somewhat more than 100 feet., At the western end of the Park, the
high water shorellne advanced about 100 feet while receding about 50 feef

the easiern end. The net result of these fluctuations in position of
1ne high water shoreline over the 5-year period following fili placement,
was that there had been an advance of about 100 feet at the west end of the
: ] western sector, recession at Sherwood Point of about 150 feet and slight
¢ i ) recessicon along the eastern sector.

By June 19€2 the average beach width above mean high water had in-
creased in the western sector and decreased in the eastern sector and at
; Sherwgod Point. In the western sector the beach width had increased from
N the ﬁ@erage of 210 feet immediately after fill placement to about 245 feet.
At Sherwood Point the average width had decreased from 265 feet to |10 feet

A Aacranen £ - VO L asd L 1IN
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and in the castern soctor the decrcase was from abouv 190 fteet o 170 feev.

‘ and in the caste
’ Changes in beach widths in the 5 years since fill placement represent an
average annual increase in the width in the western sector of 7 feet and
average annual decreases of 4 feet in the easiern sector and 30 feet at the
Point. However, bez:h widths of specified minimum project aimensions or

: greater still existed at this time aleng most of the project are at Sher-
: wood Istand. |1 was only at Sherwood Point and along & 400-fcot stretch
b ot shoire at the easternmost 1imit of the Park adjacent 1o Burial Hill Creek

that besach widths were less than the project width of (50 feet. The nar-
rowest widlh at Sherwood Poini was about 90 feet, and in the vicinity of
Burial Hili Creek, 75 feet.

A beach of project width existed throughout mosT of the area even
though no maintenance fill was placed since completion of the project and
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beach slopes in the foresnore zone had become signlficantly steeper due to
natural romovai of material from this zone. The authorized project for
Sharwood Istand provided for the construction and maintenance of a 150=foot
beach widih above mean high water, It is probable that the rate of move~
ment from the beach zone at Sherwood Point may decrease if a flatter and
more stable slope develops in the inshore zone. Howsver, a maintenance

program should be initiated whenever the beach is significantly less than
project dimensions.

b atibn o

3. Uiscussion of Nourlshment Requiremsnts

W 1 B

Vo'ume changes ccmputed for Sherwood lIstand indicate that practic-
ally all of the sand-fiil losses were from the stockpiled beach at Sherwood
Point and the beach zone between mean high water and mean low water and in
the eastern sector of The park. These losses wera relatively large, amount-
ing to appruximately 97,700 cubic yards or an average annua! loss of about
19,50C cubic yards. While presumably accretion offshore ot the mean low
water line will cause the future rate of erosion to diminish, it is prchable
that losses will continue to be heavier than initially estimated due to the
relative alignment of the projecting Sherwood Foint with the adjacent shores.
Possibly the instal lation of severa!l short groins of low profile to retard
movement from the zone between mean high water and mean low water would
raduce the erosion rate to & degree more than sufficient to justity their
construction. The groins envisioned at this time would terminate at the
mean low water line and be low enough to permit the passage of some sand
over their tops tfo maintain uniform berm width as well as to nourish the -
cdowndrift beaches. It is estimated that stone groins of this type could
be constructed at an initial cost of about $8,000 sach. Considering main=- -
tenance, interest and amortization over a 50-year period, the annual cost
per groin wou!d be about $400. This cost would be about equal to the cost
of placing 275 cubi¢ yards of material on the beach each year at $1.45 per
yvard and it seems reasonable o assume from data available at this time
that suitably designed groins could reduce the rate of eroslon by a much
greater amount. As the lcsses are principally westward from the Point,
groins located west of the Point would probably be most effectl!ve,

bl

Survey datas of June | 00 cubic yards of
v dredged from the offshore bLorrow pits. A comparison
of the June 1957 and June 1962 surveys indicates that approximately 43,900
cubic vards of material had ccltected in the borrow pits during that period
or an average of 8,800 cubic yards annually. Particle size analvsis of The
material accumulated in the borrow pits shows that an average of about 92
percent of thar material was finer than 0,062 mm in diameter, Samples
taken in June 1962 indicate about 63 percent of the surface material on
the natural bottom adjacent to the borrow pits was finer than 0.062 mm in
diameter. |1 thus appears that perhaps none of the coarser fractions
(beach~sice) of the material pumged onto 1he beach in 1957 moved as far
seaward as the borrow area. It may be assumed that the material that has
collected in the borrow pits is composed of sediments from the natural
bottom adjacent to the pits and perhaps some oif ithe liner fractions of
those particies composing the beach fill placed in 1957,

Pl N

$57 show ihai approximately 557,2
material were initiall re
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The borrow pits are refilling very slowly at 8,800 cubic yards per
year; at this rate It would lTake about 63 years for the holes to fill, The
toe of the original veach 111 initially averaged about 100 foet distant
from the shoreward edge of the borrow holes, and during tha 5 years since
fill placement the average advance of the toe toward the pits has been less
than 70 feet, If the toe of the {ill continues to iove seaward, the rate of
shoalling In the pits could eventually increase very rapidly. However, con-
clusions regarding such an event from present data are purely speculative.
The slow rate of shoa ing and the fact that coarser beach materials have
not collected In the pits are indications that the borrow area was located
far enough seaward to preclude inducement of the beach fiil ‘o move back
intfo the borrow pits.,

4. Project Ecenomics

a. First Cost

The first cost of the improvement project was about $559,200
which includes contract cost, cost of engineering and supervision, and a
Federal share of one-third., A breakdown ¢f costs is given below:

Item Cost
Sand fitl $440,800
Training Walls 60, 3406
Groin 58,054

Total $559, 200

b, Annual Charges

Estimated annual charges for the project based on a useful
fi1fe of 50 years and with the originally estimated maintenance charges
adjusted to the 1957 cost index are shown below:

Intersst on Investment:

Fedora! 3% $ 5,600
Non-Federal 3%% 13,050 $18,650

Amortization 50 years:

Federal 31 $ 1,650
Non-Federal 3% 2,850 4,500
Maintenance:
Sand fill 4,600 cu yds €@ $1.45 $ 6,670
Training wall repair 605
Groin repair 435 7,710
Total annual charges 130,860




Annua! sand maintenance requirement is presentiy sstimated at 16,000
cubic yards, which is 11,400 cubi¢ yards greater than originaliy estimated.
This reprasenis an increase in the esiimated annuxl cost ot $10,530, re-

sulting in a total estimeted annua! cost of $47,390,

The cost flgures iIndicate that under the above conditions for sstimation,
a beach of project dimensions can be established and malntained along 6,000
test of shoreline at Sherwood Island State Park for a cost of about $7.90
per linear foot per year, Even thcugh a beach of project width axisted along
most of the shore in June 1962, the foreshore slopes have greatly steepened
and material losses from between mean high water and mean low water have been
much greater than anticipated. Although there had been no program of perlodic
maintenance, it is apparent that under present conditions annual maintenance

costs will be much greater than originally estimated.

5, Conclusltons

The fill placed under the authorized project for Sherwood lsland
State Park initially proviced a beach of greater than project dimensions,

Although actual net loss of material from the project area was only
abou* 1,000 cubic yards per year, losses from the tidal zone In the updrift
and cenira! parts of the project area averaged about 19,500 cubic yards per

year.

Consideration could be given to the construction of several short stone
grains of low profi'e 1o reiard the erosion rete a8t and west of Sharwood
Point,

A maintenance program should be initiated to replenish losses from the
tidal zone if project widlihs above mean high water are to be retalined.

The material borrowed from offshore was suitable beach fill,

The annual cost to provide and maintain a beach of the authorized
project gimensions will apparently be about $8,.00 per linear foot of shore
when considered over an estimated 50-year amoriization period.
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JABLE 1

SHERWOOD 1SLAND-STATE PARK, CONNECTICUT
VOLUME CHANGE =~ THOUSANC CUEIC YARDS

June 1957 to Nov. 1957 Nov. 1957 to June 958 June 1958 to June 1962 June 1957 to June 1962
Abo MLW MLW MLW W MiLwW
ve to Below Above  to: Below Above to Below Above to Below
PROF | LES MHW  MHW  MLW Net MHW  MHW - MLW Net MHW  MHW  MLW Net - MHW MHW  MLW Net
A+ 4
0.5 -¢c.: 0.3 0.5 0.4 0.3 0.1 0.2 3.8 2.2 -0.1 5.9 4.7 1.6 0.3 6.6
A+ 6
0.6 0.2 0.6 1.4 0.7 0.0 0.t 0.8 4.2 2.4 0.2 6.4 5.9 2.6 0,% 8.6
A+8B
0.1 0.2 0.5 0.8 0.7 -0.5 0.2 0.4 2,2 2.0 0.2 4.4 5.0 1.7 0.9 5.6
A+ 10
0.t 0.9 0.9 1.0 0.1 «t,0 11,6 0,7 3.0 1.3 2.2 6,5 3.2 1.2 38 8.2
A+ 14
0.7 -0.7 1.9 1.9 1,7 0.2 1.0 2.9 2.3 -3.4 8.3 1.2 4.7 -3.9 1.2 2.6
B+ 2
0.4 0. 0.6 1.1 0.9 0.t -0. 0.9 -0.2 -1,6 3.8 2.0 by -t.4 4.3 4.0
8 +4
Sudbtotat 2.4 0.4 3.9 6.7 4.% -t.% 2.9 5.9 153 2.9 14,2 32.4 22,2 1.8 21,0 45.0
B+ 4
0.t -0.7 0.2 -0.4 -0.1 -2.6 -0.i <-2.8 -2.7 -4,0 6.0 -0.7 -2.7 =1.3 6.1 =3.9
C+ 1
-0.2 -0.9 -0.8 -i.9 0.} =t =0.9 1,9 -i.8B =-2,4 2.1 «2,1 =~1.9 -4,4 0,4 5.9
C+2 .
-0.1 =t.8 =1,0 <2.9 0.3 ~1.5 -1.2 -2.4 2,0 -2.5 2.0 -2.% ~-1,3 -%8 -0.2 -7.8
C+3 .
«0.% ~4.8 =-1.2 -6.% 0.l =4,2 «6.0 -10.1 -4,3 -4,8 6.2 -2.9 -4,7 158 ~1.0 19.%
C + 200
Subtotal -0,7 -8.2 -2.8 11,7 0.4 -9.4 -B,2 -17.2 =10.8 «13.7 16.3 =8.2 <1{.1 =31.3 5.3 =37.1
C + 200
-0.2 -0.6 2.0 .2 0.9 -2.0 -3.0 -4,1 -i,t -3.9 B.0 30 -0.&4 -6.5 1.0 0.1
C + 600
-06.t -0.% .4 0.8 0.0 -1.0 0.9 -0.I 5.4 -3.1 3.7 4.0 3.5 -4.6 6.0 4.7
€ + 1000
-0.3 0.5 0.6 0.8 1.6 =1,7 0.8 0.7 6.9 -7.0 4.6 4.5 8.2 -8.2 6.0 6.0
D+ 4
0.0 -0.8 0.8 0.0 0.8 =2.2 -0.% -1.9 4,1 6.4 4,6 2.3 4.9 -9.4 4.9 0.4
D+8
0.5 -1.4 0.0 -t.9 0.5 =2.2 =-1.0 =2,7 3.4 7,2 4.9 -1.9 4.4 -10.8 0.9 -5.5
D+12
g.! -3.6 0,7 =2,2 2.5 -3.2 0.0 -2.7 0.% -12.2 3.3 -8.4 3.1 «19.0 4.0 -11.9
E+ 4
C.4 -1.7 0,2 -t,i 0.3 «t.6 0.2 <.} 1.5 4,6 1.9 «4,2 =-0,8 -7,9 2.3 -6.4
E+8
Subtotal 0.4 -8.1 5,7 =2.0 6.6 ~13.9 2,6 «9.9 15,7 ~44,4 28,0 -0.7 22,7 -66.4 3.t ~12.6
10T~ 2.1 =159 6.8 =7.0 11,9 =-24,8 7.9 ~21.2 20,2 -55.2 58.% 23.%5 33.8 -95,9 57.4 -4.7
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TABLE 3

PHI VALUES OF STANDARD SIEVE MESHES

(ASTM Sieve Scale)
Openling,
Mesh Number MJllimeTers Phi-Unit Value
5 4,00 ~-2.00
6 3.36 -1.75
7 2.83 -1.50
] 8 2,38 -1.2%
e 10 2,00 1,00
e 12 I.68 -0.75
] ; 14 1.41 =0.50
16 .19 -0.25
2 K] .00 6,00
— _ 20 0.84 0.25
s - 25 0.7} 0.50
H 30 0.59 0.75
35 0.50 1.00
: 40 0.42 1.25
45 0.35 1.50
: 50 0.297 1.75
, 60 0.250 2.00
: 70 0.210 2,25
80 0.177 2.50
100 0.149 2.7%
120 0.125 3.00
. 149 0.105 3.25
; 170 0.088 3.50
! 200 0,074 3.75
239 0.062 4.00
276 0,053 4.25
325 ¢.044 .50
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TABLE 4

SUMMARY OF DATA FOR OBSERVED COMPOSITE SAND SAMPLES

Percent

Courser

1

84

95

Beach Semples

Borrow Samples

Mid=Tide Samples

23

July 1962 March 1957 1949
¢ Values ¢ Values ¢ Values
~2,15 ~1.43 ~4.03
=1.5! ~0.29 <3.55
-1.06 0.32 =3.33
0.02 1,37 ~2.82
0.76 2,08 -2.28
.21 2,42 ~1 .68
.55 3.13 ~0.82




TABLE 5

COMPILATION OF COMPUTED COMPOSITE CURVE

2 - A2 $B-M)Z  (B-p)2
ocaw of 12 * n-1
_ BiA
50 = 7
_ BHA
®o =7 %comp

B+A
tgy T3t %comp
2
where o comp
mean varlance of the individual distributions. A and B are the extreme
phl means and n is the number of samples In the set.

Is the varlance of “he computed composite curve, 02 is the

Beach Semples - July 1962

Phi Mean ]
Sample No. B A B~A Q;ﬁ o2
7 2.87
| ~2.85 5.72 0.01
20 3,66
|1 =5,83 3 9.49 -1.08
: Average 7.60 ~0.54 .44
é
E ‘ 2 2
o 2 _ 2, (BeA) (B=M)2 57.76 , 57.76
Coomp T 0T Y ey S MM S5 Y A

t.44 + 4,813 + 0,506 = 6.76

Seomp ° V6,76 = 2.58 Sid Devialion
_B+A .
bgp =~z = ~0.54
- BA = 20.54 -« 2.658 = -
¢16 =5 ocomp = =0,54 2.58 3.12
B+A

- -0 5
¢84 = -—?— + OCOﬂlp 0.54 + 2.58 2.04

24
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TABLE 5 (Contlnued)

Borrow Area Samples -~ March 1957

PhT Mean )
Sample No. B A B-A Q%ﬁ 02
! 2.13
2 0.69 .44 1.41
1 2,22
9 1,10 112 .66
Averagae .28 1.53 .83
52 s o2y B’ eem? )
comp 12 6(n=1) : 78
= 1,83+ .137 + ,021 = 1.988
o = /1,988 = 1.4} Std Devistion
comp
. BtA a
s 7 =133
bg = B - Oomp = 1153 = 1.41 = 0,12
- B+a -
a0 T 7 " Ocomp = 249
Mid-Tide Samples
Phi Mean
Sanple No. 8 A B~A E%A 02
§-22 -2.5%
$-24 -3.20 +0.65 ~2.88 .7038
2 o g2 4 AB=M2 0 (B-MZ 24225 | .4225
“eomp = 0° T Bty T 7038t S i3
= ,7038 + ,0352 + ,0352 = .7742
oComp = 0,88 = 5td Deviation
o Bra
bog = 7~ = 288
B+A = -2 88 - sa - 1 3
bl © T3 T Oeomp T 2088 - 0,88 = =3.76
_ B+A - - N . o
0ga = "7+ Ocgyp T “2+00 + 0.88 = -2.00




