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FOREWORD 

Sand suitable for beach nourishment is frequently available in 
connection with dredging for navigation purposes. This material is 
generally dumped in deep water by hopper dredges or barges. The 
question sometimes arises as to whether deposition as close to shore 
as the vessels can operate safely will be beneficiai to shore stability. 
The test described herein was designed to furnish additional data on 
that question. A previous report on the test was published as Tech
nical Memorandum No. 17 in June 1950. The present report supplements 
the previous one by subsequent survey and other data. 

The present report was prepa.red by Robert L. Harris, Hydraulic 
Engineer of the Engineering Division, Beach Erosion Board under the 
supervision of J. V. Hall, Jr., Chief of the Division. At the time 
the report was prepared, the technical staff of the Board was under 
the general supervision of Colonel W. Po Trower, President of the 
Board, Lt. Colonel E. A. Hansen, Resident Member, and R. O. Eaton, 
Chief Technical Assistant. The report was edited for publication by 
A. C. Rayner, Chief, Project Development Division. Views and con
clusions stated therein are not necessarily those of the Beach Erosion 
Board. 

This report is published under authority of Public Law 166, 79th 
Congress, approved July 31, 1945. 
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RESTUDY OF TEST - SHORE NOURISID1ENT BY OFFSHORE 
DEPOSITION OF SAND, LONG BRANCH, NEW JERSEY 

by 
Robert L. Harris 

Hydraulic Engineer, Engineering Division 
Beach Erosion Board, Corps of Engineers 

INTRODUCTION 

A test to determine the possibility of nourishment of the shore by 
offshore deposition of sand was made in 1948. The hopper dredge GOETHALS 
of the Corps of Engineers deposited 601,991 cubic yards (bin measure
ment) of sand off Long Branch, NeH Jersey from April to August 1948. 
The material, dredged from New York Harbor entrance channels, Has placed 
in a ridge 7 feet high, 750 feet wide and 3,700 feet long. The ridge 
was located about 1/2 mile offshore with its southerly limit on an 
east-west line about 1,500 feet north of the Long Branch Pier. The depth 
of water at the site was 38 feet at mean low water. 

The shore area at Long Branch is a summer resort. The terrain has 
an elev~.tion of about 20 feet above mea.'1 low water at Ocean Avenues> which 
is protected by a timber bulkhead. The beach is steep and narrow. It is 
crossed by numerous heavy stone groins. The Long Branch Fishing and Recreation 
Pier is 900 feet long and terminates in about 20 feet of water. The 
locality is shown on Figure 1. 

Northward from Long Branch the elevation of the land is about 7 feet 
where it becomes a barrier beach less than 300 feet wide at its narrowest 
point. Along the greater part of this section, the beach is backed by a 
high rubble-mound sea wall designed to prevent storm waves from breaching 
the barrier. 

The area covered by detailed studies in this investigation extends 
about 2 miles northward along the beach from the Long Branch Pier to 
Shrewsbury Rocks opposite the Monmouth Beach Coast Guard Station. 

SURVEYS 

Hydrographic surveys defining offshore conditions were made before 
the deposit of material. Throughout the period of material deposit, 
surveys were made of the stockpile at about weekly intervals to determine 
the location of the sand dumped by the dredge and to insure the safety 
of the dredge in operating over the dumping grounds. Complete hydro
graphic surveys of the study area were made in April and July 19480 
After completion of dumping, complete surveys were made in October 1948, 
April and October 1949, and in October 1952. These surveys covered the 
area from the Long Branch Pier to the Monmouth Beach Coast Guard Station 
and from the high water shore line seaward 6,000 feet to about the 42-foot 
depth contour at mean low water. 



TABLE 1 

WAVE SUMMARY FOR LONG BRANCH I NEW JERSEY 

Percentages of Occurrence 22 April 1948 to 1 November 1952 

Height Period in Seconds Total Cum. 
in Feet o - 2 ~ £:....::...2 i...=...2 6 - 7 7 - 8 ~ 9 - 10 10 - 12 12-- 14 J!L Percent Percent 

o - 1 11.0 0.2 0.1 0.5 2.1 6.4 11.0 10.5 10.6 1.7 0.3 54.4 100.0 

1 - 2 0.2 005 103 3.7 5.8 ' 8.1 5.6 4.3 0.9 0.1 30.5 45.6 

2 - 3 0.1 0.2 0.4 1.2 1.9 2.1 1.1 1.3 0.3 0.1 807 15.1 

3 - 4 0.1 0.2 005 0.6 0.6 0.4 0.3 001 2.8 6.4 

4 - 5 0.1 0.1 003 0.3 0.3 0.2 0.1 0.1 1.5 3.6 

5 - 6 0.1 0.1 0.1 0.3 0.1 0.1 0.8 2.1 

6 - 7 0.1 0.2 0.1 0.1 0.5 1.3 

7 - 8 0.1 0.1 0.1 0.3 0.8 
I\) 8 - 9 0.1 0.1 0.2 0.5 

9 - 10 0.1 0.1 0.3 

10 - 11 0.1 0.1 0.2 

11 - 12 0.1 0.1 0.1 

Total 
Percent 1100 0.5 100 2.6 8.1 15.6 22.7 18.1 1608 3.1 O.~ 100.0 

Cum. 
Percent 100.0 8900 88.5 8705 84.9 76.8 61.2 38.5 20.4 3.6 0.5 

Note: The heavy line indicates the approximate boundary above which waves will not move the stockpile sand in 
40~foot depth, as indicated by Manohar's investigations. 
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SAND CHARACTERISTICS 

A sample of the material in each dredge load was taken before 
dumping at the site. The geometric mean diameter of the material 
averaged 0.34 millimeter. 

Sampling from April to October 1948 revealed that the geometric mean 
diameter of the native material on the beach ranged from 0.35 to 0.91 
millimeter, with an average of 0.66 millimeter. Sampling in October 1952 
showed a range for the beach from 0. 27 to 0.48, with an average of 0.33 
millimeter. 

Sampling of the offshore bottom revealed geometric mean diameters 
of 0 0 39 millimeter in 1948 and 0 0 32 millimeter in 1952. 

Petrographic analysis of samples in 1948 revealed no distinctive 
criteria between dredge, beach and bottom samples, and it was concluded 
that mineralogical composition was not a satisfactory criterion for 
determining sand movement in this testo 

WAVES AND SAND MJVEMENT 

A wave gage was operated intermittently in about 20 feet of water 
at the Long Branch Pier from April 1948 to November 1953. The records 
were analyzed for significant wave height and periodo Table 1 gives 
the percentages of time that waves within the indicated height and period 
groups occurred during the 4-1/2-year period from April 1948 to November 
1952. 

Figure 2 has been prepared from the wave data tabulated in Table 1 
to show the cumulative frequencies of occurrence of wave height and 
period during the entire period of study. The curves show for any 
given wave height or period the percentage of time that the waves exceeded 
that height or period at the 20-foot depth near the Long Branch Piero 
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Analysis of the records indicates t hat the mean wave height and period 
for short durations of time are essentially the same as the mean values 
indicated for 4-1/2 years. 

The relation between sand movement and wave action depends upon the 
orbital velocities in the waves. In the previous report (Technical 
Memorandum No. 17), data a ssembled by Hjulstrom(l) on velocities required 
to erode bottom materials in streams were used in comparison with computed 
orb~ velocities in the waves. It was indicated that velocities of 
0~48 to 0.79 foot per second would erode sand of the size dumped on the 
stockpile~ However, these velocities were based on unidirectional flow 
and thus are not strictly applicable to the case of reversing flow 
accompanying passage of waves. 

Recent laboratory work by Manohar(2) on oscillatory .flow indicates 
that for periods of about 2 to 9 seconds, average velocities over the 
wave cycle from 0.4 to 0,9 foot per second would cause general movement 
of grains of 0.28-millimeter median diameter. As the motion used in the 
experiment was harmonic, these velocities correspond to instantaneous 
peak velocities during the cycle of 0.7 to 1.3 feet per second. 

In order to determine the range of wave heights and periods capable 
of eroding sand in 40 feet of water,the depth surrounding the stockpile, 
the bottom velocities of a wide range of waves were computed. The 
resulting values have been appliea to the wave heights and periods 
given in Table 1. All groups of waves with heights and periods below and 
to the right of the heavy line are capable of moving sand slightly 
finer than that on the st ockpile, based on the required peak 
velocities as indicated by Manohar's investigations. By adding the 
percentages under the line, it is indicated that not more than 3.4 percent 
of all waves reaching the area are capable of causing general movement 
of grains of the sand tran the pile. This compares with values of 14 to 
79 percent of occurrences for various periods computed on the basis of 
data for"unidirectional flow. 

SHORE LINE AND OFFSHORE DEPTH CHANGES 

The following surveys were made in relation to the time of offshore 
deposition. 

(2) 

Hjulstrom, Filip, Transportation of Detritus by Moving Water,in 
Recent Marine Sediments,published by American Assoc. of Petroleum 
Geologists, Tulsa , Okla., 1939. 

Manohar, Madhav, Sand Movement Mechanics in Deep Water, Univ. of 
California, Ins-& • . of Engineering ieeea.reh, Berkeley, Ca11fOTJlia, 
Series No~ . 'l2, 'Issue No.2; E>ctober 1953. 
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Time of Survey 

April 1948 (Base survey) 
July 1948 
October 1948 
April 1949 
October 1949 
October 1952 

Status of Offshore Deposition 

Before dumping 
During dumping 
2 months aft er dumping 
8 months after dumping 

14 months after dumping 
50 months after dumping 

These surveys were used as a basis f or determining changes in the position 
of the high water shore line and t he 12, 24, 30, 36 and 42-foot depth 
contours. The positions of the shore line and depth contours as 
determined by the April 1948, Oct ober 1948, October 1949 and Oct ober 1952 
surveys are shown on Figure 3. The purpose of pr esent i ng this comparison 
is to detect any realigmnent of the depth curves and shore line resulting 
f rom the movement of the dumped material. 

For convenience in des cr ibing the changes which have occurred along 
the shore line, the area has been divided into f our sections. The first, 
extends from a point 500 feet south of the Long Branch pier northHard 
to the limit of the bulkheaded secti on of the shor e (Ranges 13 through 
31)0 The second extends thence t o the Long Branch-Monmout h Beach jetty 
(Ranges 31 through 50) 0 The third extends to t he Monmouth Beach Club 
jetty (Ranges 50 through 72) , and t he fourth includes the remainder of 
the study area (Range s 72 through 83 ). 

In order to shO\.[ more cl early t he movement of t he hi gh water shore 
line in the various sections during the various per iods of study, Table 2 
has been prepared by aver agi ng t he changes of horizontal position of the 
high water shore line, (4.3 fe et above mean low 1,-rater) for each period, 
taken a t 200-foot intervals along the shore after complet ion of dumpingo 

TABLE 2 

HI GH WATER SHORE LINE CHANGES I N FEET 

(- indicat es ero sion, f i ndi cates accretion) 

Ranges Oct048 - Oct ?z2 A:Qr.48 - Oct , 42 Oct I ?z2-0ct I ~2 Oct248- 0ct l ~2 

13 to 31 -14 -14 .,tn -3 
31 to 50 -43 -51 -15 -58 
50 to 72 -14 -31 -22 -36 
72 to 83 -14 -'29 - 2 -16 

The table sho\.[s t hat the history of the entire stretch of beach dur
ing the period of study is one of progressive erosion, averaging in one 
section as much as 43 feet for a one-year periodo The t able shows further 
that for the 12- and I S- month periods ero sion was quite rapid, while over 
longer (3-and 4-year) periods , t he total erosion was not quite as higho 
One section even shows an accretion over a 3-year period "ith a slight 
erosion over a 4-year periodo 
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Seaward from the shore line, a study of the depth curves shows that 
in general, the 12-, 24- and 30-foot contours moved toward the shore. 
This substantiates the increased erosion as shown by Table 2. The move
ments of the 36- and 42-foot contours were too irregular to show any 
trend t~ward either erosion or accretion. In general, erosion was con
fined to that area land\.rard of the 30-foot contour with the area 
seaward of the 30-foot contour showing a shifting pattern without any 
definite trend toward erosion or accretion. 

SAND MOVEMENT DIAGRAMS 

Sand movement in the study area from April 1948 to October 1952 is 
shown on Figures 4 to 8, incl. The diagrams were prepared by dividing 
the study area into 200-foot squares, computing the average change in 
elevation in each square, and contouring to show the extent of vertical 
change in the ocean floor between the survey periods. The contours 
were drawn along the 0.2 and 0.5-foot depth changes and at 0.5-foot 
intervals for greater changes. Depth changes less than 0.2 foot were 
neglected as being of the order of the accuracy of the data. 

Figure 4 shows the changes between April and October 1948. The 
entire stockpile was deposited by 19 August 1948, two months before the 
latter survey date. Scattered areas of acr~Atinn and erosion are shown 
with the major changes appearing in the stockpile area as accretion re
sulting from the dlUnped 1,l8.terial, and erosion nearshore in the center 
of the study area. 

Figure 5 shows the net bottom changes which occurred during the 
year from October 1948 to October 1949. This period covers a complete seasonal 
cycle after completion of the dlUnping. Accretion was general over the 
offshore area including the mound, but erosion occurred on the shoal at 
the southern limit of the area. Nearshore erosion was extensive over the 
year as shown on Table 2. The general accretion over the mound in 
conjunction with the extensive erosion along the shore indicates that the 
deposited material has not benefitwd the beach. 

Figure 6 shows the changes in depth from the inception of the study 
April 1948 to October 1949, a period of 18 months. A comparison between 
this figure and Figure 3 shows the mound to be nearly intact. In 
considering the entire area, it can be seen that if all differential 
contours of less than one foot are disregarded, there has been little 
change in the area, except along the shore. Along the shore in the 
central area and northward, erosion has been progressive and extensive. 

Figure 7 shows the changes in depth during the 4-1/2-year period 
from April 1948 to October 1952. There was considerable erosion in the 
nearshore area with the greatest recession occurring upcoast from the bulk
headed area a A general erosion or flatt ening of the mound occurred, 
but upon closer examination a spreading effect over the adjacent area 
seaward of the mound can be noted. This leads to the thought that some 
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of the material may be moving seaward of the mound rather than landward 
as had been expected. The area south of the mQund began to show signs 
of accretion similar to those of the area north and seaward of the 
stockpile. 

Figure 8 shows the bottom changes which occurred during the 4-year 
period October 1948 to October 1952. This period covers four complete 
seasonal cycles after completion of dumping. There was considerable 
erosion in the nearshore area and a continued flattening and spreading out 
of the stockpile mound. Some accretion was apparent all around the mound 
with the greatest amount seaward and upcoast from the stockpile. The 
other areas of accretion were rather scattered, but in one area landward 
of the southerly limits of the original stockpile some accretion fairly 
close to the shore line was indicated. This area of accretion may have 
been caused by movement of material from the stockpile, however additional 
later surveys would be needed before a definite conclusion could be made. 
The general condition of the entire study area seems to be that of erosion 
with the stockpile still substantially intact. 

VOLUMETRIC CHANGES 

Volumetric computations of sand movement were based on the system 
of 200-foot squares used for the preparation of the sand movement diagrams. 
The change in elevation in each square was determined by averaging the 
differences in soundings at each of the four cornerso 

In order to simplify the volumetric study of the movement of sand, 
the surveyed area was divided into three zones; the area landward of 
the 18-foot depth contour as of October 1948, the area embracing the 
stockpile as delineated by the 0.2-foot change contour around it, as shown 
on the April to October 1948 sand movement diagram, and the area seaward 
of the 18-foot contour as of ~ctober 1948, excluding the stockpile. 
The volume changes in these three zones and the total area computed for 
the periods between the April 1948 ,October 1948, April 1949, October 
1949 and October 1952 surveys are given in Table 3. Cumulatives changes 
between the first and last surveys are also given. 

The history of the shore area at Long Branch, New Jersey, before 
the beginning of this study was one of progressive erosiono Table 2 
shows that during the 3- and 4-year periods of the study, the shore line 
continued to erode. Only at one time, during the 3-year period, was 
there any evidence of accretion, and that was a seaward movement of 
approximately 11 feet in Section 1, the most southerly sectiono During 
the period October 1948 to October 1952 there was a net loss in this 
area (landward of the 18-foot depth) of 622,000 cubic yards of material 
between ranges 13 and 63, corresponding to an average annual rate of 
loss of 156,000 cubic yards. This is a little less than the annual rate 
of 177,000 cubic yards over an 18-month period, as formerly reported. 

The area within the boundaries of the stockpile shows a small amount 
of erosiono The loss of only 38,000 cubic yards of material during the 
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Period 

Apr 48 - Oct 48 

0> Oct 48 - Apr 49 

Apr 49 - Oct 49 

Oct 49 - Oct 52 

Oct 48 - Apr 49 

Apr 49 - Oct 49 

Oct 49 - Oct 52 

TABLE 3 

VOLUMETRIC BOTTOM CHANGES IN THOUSANDS OF CUBIC YARDS 

LandW'ard of 
18-ft. Depth 

For 
Period Cumulative 

-114 -114 
-127 -241 

- 25 -266 

-470 -736 

-138 -138 

-84 -222 

-576 -798 

Within Oct. 1948 
Boundary of Dump 

For 
Period Cumulati v!i! 

For Ranges 13 to 63 

1-605 -1-605 

-122 +483 
+161 1-644 
- 77 +567 

For Ranges 13 to 80 

-122 -122 

+161 + 39 

- 77 - 38 

Seaward of 18-ft. 
Depth, Excluding 
Dump Area 

For 
Period Cum]) At i va 

- 81 - 81 

+317 +236 

-189 + 47 

- 94 - 47 

+W +w.-
-259 +182 
-283 -101 

Net Change Over 
Survey Area 
For 

Period CumulatiY!i! 

+4l0 .,l4l0 

I- 68 +478 

- 53 ..f425 
-64l -216 

..;tun ;t18l 

-182 - 1 

-936 -937 



4-year period October 1948 to October 1952. shows that the stockpile 
is still quite stable, 94 percent of the material dumped in 1948 being 
still in place. The area seaward of the 18-foot depth, excluding the 
stockpile, had an erosion of 101,000 cubic yards over the 4-year period, 
October 1948 to October 1952. 

Over the entire area of the survey between ranges 13 and 80, there 
was a considerable amount of loss, 937,000 cubic yards of material over 
the 4-year period, October 1948 to October 1952. 

DISCUSSION 

The purpose of the test was to determine the feasibility of nourish
ing a shore area by offshore deposition of sand. The conditions under 
which the test was conducted were typical of conditions under which an 
operation of this type is economically feasible. The eroding shore area 
is close to a site of dredging for navigation purposes and thus the 
material was obtained at relatively little additional cost. The material 
was dumped in 38 feet of water. Although such depth may militate against 
transportation of the material onshore, it was controlled by the depth 
required for safe operation of the dredge. Similar conditions obtain 
in many cases where it is desired to nourish the shore in connection 
with dredging for other purposes. Although occasionally it is feasible 
to place the material in shallower water, no evidence of onshore move
ment was obtained at Atlantic City, New Jersey; Rochester, New York; and 
Santa Barbara, California where material was dumped in depths of about 
20 feet. 

Another factor to be considered is the capacity of the waves at 
the locality to move the material from the stockpile, especially in a 
landward direction. The study of orbital velocities in conjunction with 
the most recent data on velocities required to move sand in reversing 
flow indicates that only about 3 percent of the waves occurring at Long 
Branch are capable of moving the material. Of this movement part would 
be in each direction, with no reason to expect a predominance in either 
direction. This is confirmed by survey data which show that during 
the first 6 months after dumping the pile lost 122,000 cubic yards of 
sand, but the next 6 months showed a gain of 161,000 cubic yards. This 
gain was lost in the following 3 years, with a net change for 4 years 
being a loss of 38,000 cubic yards, or about 6 percent of the initial 
stockpile. 

During the first year after dumping, practically no net change 
occurred over the entire study area; however, it appeared that about 
200,000 cubic yards of material were shifted from landward to seaward 
of the IS-foot depth contour. Subsequently erosion of the bottom 
occurred over the entire survey area with the net loss over 4 years 
amounting to nearly a million cubic yards. This was accompanied by 
severe recession of the shore line, except for the section protected by 
heavy groins just north of the Long Branch pier, where only minor 
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recession occurredo It thus appears that the stockpiling operation had 
little effect on the littoral processes in the area. 

CONCLUSIONS 

Restudy of the test of shore nourishment by offshore deposition 
of sand at Long Branch, including a resurvey of the test area 4 years 
after completion of dumping, substantiates the findings of the original 
report. There is no evidence that material moved ashore from the 
stockpile or that the shore was benefitted by the operationo Shore 
erosion continued during the 4 years subsequent to placement of the 
material. It is evident from this test and other offshore dumping 
operations, that in order to benefit the beach, material must be de
posited in water less than 20 feet in depth. Since it is known that 
during seasonal profile adjustments, material moves onshore from offshore 
bars, it appears that it may be necessary to place material on or land
ward of the offshore bar to obtain benefits in the form of shore 
nourishment. 
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