CHAPTER 16
FILLING PATTERN OF THE FORT SHERIDAN GROIN SYSTEM

Charles E, Lee
Great Lakes Division, Corps of Enginsers
Chicago, Illinois

ABSTRACT

An analysis of the action of & groin system through the 14
months following construction is reported herein, Six surveys were made
during this period which inecluded onshore elevations to the bluff line
and offshore soundings to approximately the seven foot depth oontour.
Wind records during the period of record were studied and hindcasts of
wave conditions made, Analysis of the basic data reveals that the cum-
lative volume of impoundment at the aystem may be expressed approximately
by K(I cos B)O0a97,

GENERAL

The groin system under consideration is located on the shore-
line of lake Miohigan within the reservation of the Fort Sheridan Army
Poste Fort Sheridan is located along the west shore of Lake Miohigan be-
tween Leke Forest and Highland Park in lake County, Illinois about 30
miles north of Chicago and 45 miles north of the south end of the Lake,

The area is a part of the Highland Park Iake Border Moraine, The bluffs
whioh vary in height from 50 to 70 feet above the beach are composed of
glaciel till and oontain about 10 to 15 percent, by weight, of beach
building material, Bluffs of this general oomposition are typical throughe
out the general area.

The reservation ocoupies about 1l-3/4 miles of shore with ths
beach alongshore ranging up to 150 feet wide at low water datum, (Low
water datum is a plane of reference 578,5 feet above mean tide at New
York and is referred to hersin after as IND.) INWD is about 2 feet below
mean lake level, In the area proteoted by the groin system the present
development along the beach includes a water pumping station, an officer's
beach, and an enlisted men's beach, The area along the top of the bluff
behind the groin system contains family quarters and other post buildings,

Lake Michigan is the third largest of the Great Lakes and has
a water area of approximately, 22,400 square miles (see fig. 1), The Lake
has a maximum length of 307 miles with the major axis lying in a northe
south direotion, The maximum width, whioh lies in an eastewest direction,
is about 118 miles, Maximum deep=water wave height, as determined by
hindcast methods and use of the Bretchneider (1)* ourves, is oonsidered
to be about 25 feet, Informgtion concerning Lake Michigan and Fort

# DNumbers in parenthesis throughout this papsr refer to references at
end of paper,
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Sheridan is given in other chapters.of the proceedings of this conference
and in references (2, 3, 4, 5)s General inforuation in regard to the veria-
tions in Lake Michigan levels during the period of record 1860 = 1952 is
tabulated below,
TABLE 1
VARIATIONS IN IEVEL OF LAKE MICHIGAN
DATE  ELEVATION®  FEET
Highest Monthly Mean Stage

(1860 = 1953) June 1886 583,68
Lowsst Monthly Mean Stage

(1860 = 1953) Feb, 1926  577.35
Mean Stage (1860 = 1953) 580,58

Maximum Temporsry Rises
at Milwaukee 2e3
at Calumet Harbor 2.8

% Referred to mean tids at New York,

The general alignment of the shore line at Fort Sheridan ig in a northe-
south direction and permits waves from the north through east to southe
southeast to affect the shore, The available fetches in nautical miles
are approximately 110, 210, 90, 75, 6V, 60, 45 and 40 from North, Wik,
NE, ENE, East, ESE, SE and SSE, respectively.

In the £all of 1950 in a report by the District Engineer, Chicago
District, Corps of Engineers to the Chlef of Engineers, based on informa-
tion gathered for a Cooperative Beach Erosion Control Study with the State
ot Illinois of the Illinois Shore of Lake Michigan (4), it was recommended
that the shore within the reservation of Fort Sheridan could best be pro-
tected Ly a system of 21 groins, However, it was also pointed out that
the rate of erosion and the degree of developuent of the shore at that
time justified only the protection of the central portion by the construce
tion of 10 groins., After congideration of the volume of available drift
it was decided that the initial phase of the construction should include
not more than five groins, Five groins were congtructed and comprise the
system discussed herein,
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The groins of the comprehensive system are identified by consecuw
tive numbers, the most southerly or downdrift numbered 1 and the most
northerly or updrift numbered 21, The five groins under consideration in
this paper are numbered 9 to 13 and will be referred to by number, Con-
struction of groin 9 was begun on Mey 26, 1951, construction of groin 13,
and therefore this system, was completed on August 8, 1951, The initial
plans included the congtruction of groins 14~18 during the spring of 1952.
However, due to the small amount of impoundment at groins 9 and 10 at that
time, further conglruction was posponed until October 1952, following the
final survey congidered in this paper,

The groins are of cantlilever type construction consisting of
singlerow, interlocking steel sheet piling., The shoreward ends of the
groin extend into the bluff or past the line of consgidered maximum erosion
of the backbeach, The tops of the groins at their shoreward ends are 5.5
feet above IND and extend horizontally from the bluff to about 100 to 150
feet lakeward thereof, then slope on a 1 on 30 slope to an elevation of
O0s5 feet above IND at their outer ends. The groins are so designed that
the breaks in elevation of the top edges form a smooth convex curve and
are coincident with the crest of the design forebeach, The groins are 250
to 300 feet in total length and are spaced from 350 to 390 feet apert,

SURVEYS

On August 14, 1951 following the groin construction, a sounding
survey wes mede by Chicago Distriet, Corps of Engineers, However, the
observations were taken only from the forebeach to the lakeward end of
the groins and the space between observatione was too great to furnish
sufficient information for true evaluation of the action of the groins,
Beginning with the survey of October 12, 1951 the program of observations
wes extended and remained consistent throughout the remaining surveys.

CObservations were taken on lines adjacent to each side of the
groins, from the outer ends of the groins lakeward to approximately the
645 foot depth contour, and midway between each groin from a point shore-
ward of the forebeach crest to the 6.5 foot depth contour. Except for
those lines adjacent to the groins the cbservations were taken at 20 foot
intervals, The surveys were plotted and submitted in map form. Contour
maps prepared from these data are presented herewith as Plates 1, 2, 4, 6,
8 and 10, Meps were also made showing change in bottom elevation between
surveys and are pPresented as Plates 3, 5, 7, 9 and 11, Discussion of the
pattern of filling of the groins is presented in a later section of this
paper. By use of a planimeter and the Plates showing change in bottom
elevation the volume of accretion or scour that occurred between the sur-
veys was obtained, Table No, 2 presents a summary of impoundment to the
ends of the groins and to the 6 foot depth contour,
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TABIE 2

VOLUME OF IMPOUNDMENT BY GROIN SYSTEM

VOLUME = Bluff to é=foot depth in Cubic Yards
AREA OF 110/12/51s 12/4/51s 4/18/522 5/28/52 s 8/12/52 3 TOIAL
THMPOUNDMENT s to ¢ to ¢t to s to s to s Per Area;
GROIN NUMBER 212/4/51 3 4/18/523 5/28/523 8/12/52 1 10/8/52 :
H H H H $ H H
200 £t, North of 3 H H H : H ]
13 to 13 t = 400 3 =1,820 s = 970 s £1,380 34 680 : ~1,130
13 to0 12 2 6,100 1 # 740 3 = 320 34 250 34 T 3 #7,560 3
12 to 11 $ £2,690 1 £2,140 3 £4,850 3 £1,120 3 = 630 310,170 3
11 to 10 tw 780 8 £3,360 1 £ 380 1 f 50 3 £1,440 3 fhy450 8
10 t0 9 $ =1,240 1 ¥ 890 3 £2,030 3 =1,680(1)s $2,120 3 £2,120
9 Yo 200 ft.
South of 9 g 44O 3w 590 3= 303~ 600(L): £ 90 3 =1,570 3
TOLAL $ £5,930 s F4,720 3 $5,940 3 £ 520 3 $4,490 1421,600
VOLUME = Bluff to End of Groins in Cubic Yards

AREA OF 310/12/51s 12/4/51s 4/18/523 5/28/52 s 8/12/52 + TOIAL 3
IMPOUNDVENT t to s 1o ¢ to 3 to s Yo s Por
GROIN NUMBER $12/4/51 3 4/18/523 5/28/52% 8/12/52 “s+ 10/8/52 3+ Area 3
H H H H H H H
200 ft, North of 3 ] t : H H H
13 to 13 t 4 400 8 =2,790 3 = 640 8§ T30 34 260 3 =2,040 3
13 to 12 $ F6,660 3 = 870 3 = 430 3 £ 240 3 «2,120 3 £3,480 3
12 to 11 2 £1,030 3 £3,460 3 £5,300 s £ 420 3 = 200 410,010
11 to 10 $ = 570 8 $3,460 3 £ 120 1§ 200 3 41,180 3 $4,390 3
10 %0 9 $ =1,370 1 f 140 1 £ 490 1 =1,030(1)s $1,200 s » 620
200 ft. South of ] H s ] 3 H

9 to 9 $ = 7203 = 590 3« 603 = 600(L)s £ 60 3 =1,910

TOTAL 3 £5,430 8 #2,810 3 £4,780 3 = 90 3 £ 380 3 £13,310 s

(1) Groin 9 Flanked during

this period,
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FILLING PATTERN OF THE FORT SHERIDAN GROIN SYSTEM
ENERGY - TNDEX
It was considered pogsible to express impoundment of the littoral
drift by the groin system in terms of an index derived from a combination
of the effects of the various pertinent meteorolegzical factors. It was
also considered that such a description could be an index of the energy
transmitted along the water surface, This index would therefore be an adw

aptation of the equation for total energy in a unit length of wave front,
The equation for total energy in deep water may be writtens

W _g TR ”
- R - H
o 3 (14493 ﬂ_)

in which Eg # total energy, W s specific welght of water in pounds per
oubic foot, g & accelleration of gravity in feet per second per second,
T = wave period in seconds, K = wave height (trough to crest) in feet,
and L = wave length in feet.,

The shape term, (1-4.9}%) , 1la negligible in such en approximation end
of the remaining terms of the formula, § 27 , are constent, Therefore,

1% is congldered that the principal variables, TR s of the energy formuls
would provide an adequate approximate measure for comparative purposes.

The energy index was computed for each storm throughout the pert-
od October 12, 1951 through October 8, 1952 in which a deepwater wave
height of 3 feet, or more, was generated, The wave characteriastics were
determined by hindcast methods (1) from wind data recorded at automatie
recording gages located at Navy Pier, about 30 miles south of the area,
for 1951 and at the South Side Filtration Plant, about 35 miles south of
the area, for 1952, The wind data were supplied by the Division of Water
Purification, City of Chicago.

In order to agsure a congistent evaluatlion, the wind record for
each storm was divided in such a manner that s mgximm value 1s obtained
as the index for the storm. The divislons are of two general classes.
First 1s the principal portion, or that part of the storm whisch ecould, by
itself, generate a wave height equal to the maximum of the entire stormj
and, second are the remaining portions as delimited by the prineipal porw
tion or by the effective feteh, The H2 TR ls computed for the significant
wave of eagh portion, summed, and divided by 100 to obtein the index of
the storm, The duration of the storm 1s thus given recognition in the
index since the emergy transmitted to the water by the portions of the
storm superfluous to that theorebdically necesaary for production of the
saximum wave height 1z included in the index as additional HPT2, Mgure
2 1 a graphic evaluation of the gtorm which ocourred on Ootober 23«24 1951,
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In figure 2, U = wind velocity in knots and I = energy index,
The prineipal portion of the storm, e,i. from hour 1400 to hour 03C0,
would zenerate a deepwater weve 12 feet high at Fort Sheridan; also, pre-
ceding thig portion of the storm, the wind occurring from hour O to hour
100 would produce a wave 7.8 feet in height, After hour 0300 on October
24 the velocity of the wind decreased rather rapidly and the directlon
changed to nortlwest, which is an offshore direction., The wind after hour
0300 was therefore not effective, The energy index for the storm would
then be:

2 32 2 5}2
W2 = 7= S2.8)° (7,0) iéo(lz.o) (845) 134

Energy index, I, referrad to throughout this paper was determined thus,

RELATTIONSHIP OF ENERGY INDEX T0 VOLUME OF TMPCUNDMENT.

The index ag described in preceding paragraphs wes determined
for the period of time between surveys and tabulated according to date and
directisn of propugation of the wave,

TABLE

SUMMARY OF ENERGY DATA

PERIOD COVERED ENERGY INDEX T BY DIRECTION

NORTH NNE NE ENE EAST ESE OSE SSE  TCOTAL X cos F

o

Oct.12, 1951 320 247 = - 16 13 19
Dec. 4, 1951  (52%) (40%) (3%) (22) (33)

Dec, 4, 1952 - 319 638 113 91 229 193 101 90 1824 1680
Apr. 18, 1952  (17%) (38%) (€2) (5%) (12%) (112) (6%) (5%)

4pril 18, 1952 - 30167 10 15 26 - - - 221 212
Yoy 28, 1952 (15)  (763) (48) (7%) (12%)

615 584

Mey 28, 1952 = 4 22 =« = 19 Y, 8 - 67 64,
Avg 12, 1952 (6%) (323) (28%) (20%) (14%)
Aug 12, 1952 = 70 46 T2 19 11 - - = 218 198
Oct 8, 1952 (324) (21%) (33%) (92) (5%)
TOPAL 716 1170 195 125 301 207 122 109 2945

(248)  (40%) (7%) (4%) (10%) (7%) (48) (4%)

The percentages shown In parenthesis are the portion of the total index for
the survey period that the value for the specific direction compriges,
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However, in order to relate the index to impoundment it was necessary to
resolve the index value to the direction of wave travel which wonld produce
naximum trensport. This direction in which maximum drift will occur is
assumed to be when the deer water waves approach the generalized chors line
at an angle of 459, since maximum drift will occur when the combiration of
the veloecity of littoral current and the erosion of updrift bluffs and
beaches 1lg meximum, Saville (6,7) determined that maximum littoral trans-
port occurred along an infinitely long straight beach when deepwater waves
approach ot an angle of 430 to the beach, Druun (8) estimeted that maximum
transport occurs when the waves approach at an angle of 400 to 500, Figure
3 shows the relative locction of the maximum drift produeing directions My
and Mp with respect to the recorded wind directions, when !} "nd My are at
an angle of 45° with the generalized shore line,

~ On the figvre 3, B is the angle between a line paraliel to the
actual direction of wave propagation and a line parallel to the dircction
of progagation which would produce maximum trangport, The corrected energy
index value was obtained by caleulation according to the formulas

I corrected = I cos B

4 study of the values of the erergy index and the impoundment of
the groin system measured between the bluff and the 6 foot depth centour
indicates direct relationghip, 4 plot was made in which impoundmert and
10 (I cos B) was compared. Inspection indicated that a fractionsl expo-
nent of 10 (I cos B) would approximately reproduce the impoundment curve
except for irregularities due to other wvariables,

In addition to enersy considerations the measures deemed neces=
gary to consider in describing the filling of the groins would be elevation
of the lake surface during the storms, the capacity of the groins to im~
pound the available drift, and ice effect on erosion and accretion on the
shore. From the available basic data it appears that cumulative volume of
impoundment at a 5 groin system at Fort Sheridan may be expressed,

Cum, Imp,= 100y (I cos B)0+97 Cp G3,
and simplified to,
K (I cos B)e?7
wherein X = 10Cj C, C3.

The three coefficients, G}, C2 and C3 are discussed in the following para-
graphs,

The coefficient Oy gives consideration to the ability of the
groins to impound a constant portion of the drift passing the arsa, and is
variable with time. Throughout the period of record of the groins C1 is
assumed to equal unity. However, as the system fills the retaining ability
decreases and therefore Ci would decrcase.
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Cy is a coefficient to correct for the effect of ice on erosion
of, and accretion on the shore line. Usually in the latter pert of Decem-
ber ice begins to form and the spray freezes on the shore, both having the
effect of decreasing the erodibility of the source of the drift, Also as
the ice thickens and windrows form, waves cannot attack the shore, The
ice also forms & barrier to tha shoreward movement of littoral drift., Us-
ually in the latter part of March or early in April the ice melts and the
necessity for this correction is nullified, Inspection of the available
data indicates that a value of 0,7 for C2 is appropriate for the ice effect
on the shore during Jamuary = April 1952,

C3 is the coefficient to adjust the énergy index to conditions
of change in Lake level, The monthly lake level in October 1951 was 581,54
feet above mean tide at New York, rising slightly to 581,66 in March 1952,
From March to August 1952 the level rose rapidly to 582,69, then declined
to 581,91 in Qctober 1952, Since the higher elevation could only have the
effect of increasing the amount of littoral drift made available by energy
acting on the shore, the shape of the curve reveals no apprecisble effect
caused by the higher lake level, Therefore, C3 is considered to be unity
for the specific conditions during this study, However, if at a later date
the lake level decreased appreciably so that the waves could not progress
inland to erode the bluffs 1t appears that this coefficlent would decrsase
to reflect the loss of efficieney of the energy index,

Considering the above evaluation of the coefficients the formula
expressing the cumulative impoundment for the period January-April may be
reduced to 7 (I cos B)e97 and for the remaining portion of the record is
expressed by 10(I cos B)«97, Figure 4 indicates that these values repro-
duce the cumulative curve within about 10%.

DISCUSSION OF PATTERN OF GROIN SYSTEM FILLING

Considering the survey of October 12, 1951 as a base, the patterns
of £illing of the system as shown by the surveys are discussed. A4ssump=-
tions are also made as to the causes of the particular patterns.

Survey of December 4, 1951, During the period of 12 Dctober
to 4 December 1951 the monthly average level of Lake Michigan varied from

581,54 to 581,58, a very small change, The energy factor for the period
was 616 with 320, or 52 percent from the north and 247, or 40 percent from
the northenortheast, The groins impounded & total of 5930 cu. yds., an
average of 3120 eu, yds. per month, The area of greatest accretion was
between groins 13 and 12 where 6100 cu. yds. were impounded, The greatest
loss occurred between groins 10 and 9 and amounted to about 1240 cu. yds,
411 volumes of accretion given herein are measured between the bluff and
the 6=foot depth contour unless otherwise indicated,

4s indicated above, the action of the groins wes generally posi-
tive in nature (see Plate 3), The greater bulk of the accretion formed a
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finger shaped ares beginning near ihe inner end, and north of groin 13,

and extending in a slightly eastward dirsction pact 13 and 12 to about

3/4 the distance between 12 and 11, The maximum depth of impoundment wes
4,7 feet and vas adjacent to the south side of groin 13, The depth of
improundment decreased fio 3,2 feet at the lakewsrd end of groin 12, 2nd to
zero 290 feet southward of the groin, It would appear that the predomi-
nance of southward moving wave energy moved a considerable amount of
material from the north. This material formed a beach north of groin 13
with a berm 10 feet above low water dztum or sbout 8,5 feet above the avere
age lake level with the forebeach extending lakeward with z 1 on 16 slope,
The sand was impounded about 4.5 fozt above the top of the groin thersfore
3rilling over the groin and piling on the south side, Since the predomi-
nant wave was diffracted by groin 13 much less energy was expsnded on this
impoundment, The circulation (9) hatween groins 13 and 12 distributed the
sand in a south=-goutheast direction around the end of groin 12, then dif-
froetion around the end of groin 12 directed it in a south direction. It
is evident that the portion of the snergy from the east (3%) was of suffi-
cient intensity to distribute a portion cof the shoal farther onto the shore,

From zgbout 120 feet north of groin 11 to the south end of the
study area the principal action was negative. The cause is assumed to be
e paucity of meterial reaching the downdrift groins, dve to the simulta-
neous construction of the five groins. The points of maximum erosion and
the points of minimum accretion, where there is accretion adjacent to the
north sids of the grolns, occurs between 100 and 200 feet landward from
the outer ends of the groins. Specifieally, the points adjacent to groins
13, 12, 11, 10 and 9 occur at a distance of 120, 100, 150, 190 and 200 fcet,
respectively, shoreward from the lakeward ends. It would appear then that
this is the point of maximum energy impingement on the groin. It would
also appear that a rip action occurs along the updrift side of the groin
during this particular predorinent direction of wave approach, The vari=
ance in distance of the erosion points from outer ends of the groins is
apparently dus to local refrcetion characteristics,

At the time of this survey, the beaches appeared to be rather
straight and sloping without noticeable bar formation as the impoundment
of material generally flattened the beach gradient, This is especially
apparent between the 1 and 5 foot depth contours in the area from groin
13 to groin 10, The elevation of the beach berms decreased from £ 10 feet
at groin 13 £ 5 feet south of groin 9. The beach slopes formed by groins
13, 12, 11, 10 and 9, between the berm and the flatiter offshore gradient
were about 1 on 16, 1 on 14, 1 on 10, 1 on 8 and 1 on 12, respectively,
the slope south of groin 9 was about 1 on 10,

Survey of April 18, 1952. The pariod December 4 to Aipril 18

includes that portion of the year in which ice forms a barrier on the
shore. This decreases the effect of the large energy index of 1324 for
the period. Several rather severe storms occurred during this period

242



FILLING PATTERN OF THE FORT SHERIDAN GROIN SYSTEM

rwhich generated maximum wave heights of 9.8 feet, 15 feet and 13 feet from
north~-northeast, and one storm from the north which developed a maximum
wave height of chout 10.5 feet, The energy index was distributed as fol-
lowss North 319 (17.5%); North-Northeast 688 (38%), Northeast 113 (6%),
East-Northeast 91 (5%), East 229 (12.5%), East-Southeast 193 (10,5%), South-
east 101 (5.53), and South-Southeast 90 (5%#), The elevation of the lake
level varied from 581.58 to 582,06 during the time period. The greatest
impoundment occurred between groing 11 and 10 where a volume of 3360 cu.yds.
was impounded, and between groins 12 and 11 where & volume of 2140 cu.yds.
acereted, Loss of volume occurred north of groin 13 by an amount of 1820
cv,.yds. and south of groin 9 by an amount of about 600 cu.,yds. The total
increased volume in the cystem amounted to 4720 cu,yds. during this period
of time, an average 1020 cu.yds, per month.

In examining the patterns of change in bottom elevation, it is of
interest to note the resemblance between the bend of accretion from north
of groin 13 to groin 11 on the map of the October~December change (Flate 3)
and the band of erogion on the map of the December-April change (Flate 5).
Referring to Table 2 and Plates 3 and 5, it would appear that the large
volume of material impounded between groins 13 and 12 during the period
October=December 1951 migrated to the area between groins 12 and 11, Assum~
ing this to be the manner in which the large accretion occurred between
groins 12 and 11, the areas of maximum influx were in the 3 %o 6 foot depths
lakeward of groins 13 and 12, between groins 11 and 10 and between 10 and 9,
The geometrical designs formed by the Ilmpoundment between groins 11 and 10,
and 10 and 9 indicate that a reverse circulation may have been set up which
caus2d erozion adjacent to the groins and deposits in the center of the
area. However, no observations were made during storm periods to substantia
ate such an assumption. It also appears that a congiderable littoral
current was produced which moved materiazl from the area immedlately north
of groin 13 and near and beyond the outer ends of the remaining groins.
Considerable scour may be noted near the outward extremity of each groin,
Continved erosion ig noted south of groin 9.

At the time of the April survey the beach was more irregular
than at the time of the December survey., This is accredited to the fact
that the predominant direction of energy approach changed from north to
north-northeast and that a greater nuber of eagterly end southerly storms
occurred,

Survey of 28 May 1952, The fourth survey of the study was come
pleted on May 28, 1952. Thercfore, the period of time covered by this
survey was 1.3 months, The monthly mean lake level for April was 582,06
and for May was 582,32. By reference to Table 3 it may be noted that
I =221 and I cos B = 212, It may also be noted that 76% of the energy
index was from NNE which is an angle of approximately 34° with the shore=

line, therefore, approaching closely the dircction of maximum 1ittoral
transport.,
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The highest rate of impoundment that occurred furing the peri-d
of study took place between the &pril and May surveys, The groins acemv-
lated 5940 cubic yards of material, which is 4570 cubic yards per month
for the 1.3 month period. Ths major portion of the accumilation, 4850 cu-
bic yards, occurred between groins 12 and 11, Groin 9 collected 2039 cu~
bic yards, which was the firgt large impoundment 2t that groin, Possibly
a congiderable portion of the groin 9 accumulation is migration from grcin
10.

The general pattern of change in the bottom configuration was one
of smoothing. The predominance of short period waves hod the effect of
slight erosion in the deeper water beyond the lakeward ends of groins 13
through 10, The ridge of sand midway hetwesn groins 11 and 10 was eroded,
and filling occurred adjacent to the groins. There was alsc some filling
downdrift of groin 10, but the general configuration remained constant.
Gentle erosion continued downdrift of groin 9, probably cdue to a paucity
of littoral drift. The accretion occurring below groin 9, landward of the
IWD shoreline, is evidently migration from the north zide of the groin.
The slight erosion along the berm mey have been caused by the westerly, or
offshore, wind movement which congisted of approximately 10,000 miles of
the 22,000 miles occurring during the months of April and May.

Survey of 12 August 1952, This increment of the time was the
least productive of any portion of the study as the total gain in impound-

ment was only 520 cubic yards, which is an average of 210 cubic yards per
month, There are two principal reasons for the small impoundment, the
smz) amount of energy developed and the fact that groin 9 was outflanked,
The energy index for the period was &7, an average of 27 per month.

The date of the actual flanking of the groin is not known but it
appears reasonable to assume that the storm of June 11~12 may have culmin-
ated the action following the constant erosion of the tne of the bluff on
the south side of the groin, The storm of June 1l-12 was the most severe
of this time increment, The computed meximum weve height and period was
7.1 feet end 6.2 seconds, respectively, from the east. This direction of
propagation would mean that waves approached pervendicular to the shore
causing severe erosion and little littoral current.

The wave action was sparse consisting of low, short period waves
which varied from about 4 to 7 feet in height and 5 to 6 seconds in period.
Tt is also of interest to note that 62% of the energy index came from the
southerly direction, opposite to the predominant direction of littoral
drift,

The general pattern of bottom change wos to further amooth the

beach except in the vicinity of groin 9 where an exceptional amount of ero-
sion occurred because of the outflanking of the sroin, In the area bounded
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by the bluff and the 6-foot depth contour, and lines 200-feet north and
200-feet south of groin 9, a loss of about 2280 cubic yards was experienced.
In the remainder of the system the beach prograded. The area of largest
accretion was north of groin 13 where approximetely 1380 cubic yards accumu-
lated, The prograding of this area is accredited to the smaller waves oc-
curing during the period which would cause less turbulence and also would
cause less overtopping of the groin, The greatest depths of accretion,
exclusive of that ncar the shoreline, was at the lakeward end of groin 13
and about 80 feet lakeward of the outer end of groin 11, where in both
cases a depression in the lake bottom had previously existed. The areas

of greatest erosion were along the lekevard ends of groins 12 and 11 where
small mounds of sand had existed at the time of the Mey survey.

The lake level during the pariod June through 4dusust varied from
elevation 582,48 to elevatinn 582,69, The monthly mean elevation for
August was the highest that had occurred since June 1886, This high lake
level would tend to make ths smeller waves more effective in eroding the
shore than if they had nccurred at a lower level,

Survey of October 8, 1952, This igs the final survey under con~
gideration in this paper and completes one year of study of the five-groin

system. The energy index for this period was 218, an average of 109 per
month, The north component comprised 32% and the NE 33 % of the index,
The syctem impounded 4490 cubic yards, an average of 2245 cubic yards por
month,

The wave heights contained in the index were greater than for
the preceding two surveys., The wave heights varied from ebout 5 to 10,5
feet and the wave periods from about .5 to 8 seconds. There were two rother
gsevere storms, one occurring on August 21-22 thet generated a maximum wave
height of about 10 feet with a 7.5 second period, the second occurring on
September 6th produced a wave 10,6 feet high with a period of about 8
seconds,

The larger waves involved were evidently in part responsible for
the irregular beach configuration existing at the time of the survey., 4
formation very similar to that observed on the plot of the December 1951
survey is evident, The formation consists of a cigar-sghaped impoundment
begzinning north of groin 13 and extending southward and lakeward, forming
2n angle of about 60° with the groin, The maximum depth of the aceretion
was 4 feet, occurring at the lekeward ond of groin 13, The other points
of moximum depth of accretion were midway between groins 11 and 10, about
60 feet lakeward of the lendwerd end of groin 10, and at the lakeward snd
of groin 10, both deposits were about 4 feet deep. In noting the similar-
ity in the impoundment formations at the time of the December 1951 survey
and the October 1952 survey, it may also be noted that at only these two
survey times were there a larger portion of the energy index resulting from
waves from the north rather than north-northeast. The reason is not
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apparent for the clearly definad erosion and accretion areas, For instence,
at the lakeward ends of groins 13, 12 and 10 there is definite accretion
while at the lakeward ends of groins 11 and 9 there is definite erosion,

Groin 9 was not tied back to the bluff prior to this survey.
Therefors, erosion alonz the bame of the bluff, and between the landward
end of the groin and the bluff continued, However, debris and bluff mat-
erial closed the breech to the extent that accretion in amount of about
2120 cubic yards occurred between groins 10 and 9,

SUMMARY OF FINDINGS

It has been attempted herein to follow the fillingz of a five
groin system, to point out some of the major patberns in bottom changes
caused by the groins, theorize as to elements of the cause of the patterns,
and to develop an empirictl expression to describe the volume change in bLhe
systen, It may be noted that impoundment is relatzd to an index of ereovzy
and no attempt is made to separate the effect of the various characteri.-
tics of the waves which contein the energy. The waves congidered cre storm-
generated, desp-water waves whose generation occurred during 993 bhours of
the 8,760 hours comprising the study time period, or ubout llp of the
total time.

It is interesting to note-that groin 13, which is the extreme
updrift groin, did not accumulate the largest impoundment. One feature
of the filling characteristics of the system was ths initial action of
this groin, For the first month or so after construction a prograding of
the bezch updrift occurred, thereafter retrogression followed for abouvt 7
months, Rapid prograding did not occur until after the completion of this
study when a short groin was constructed to the updrift, This feature is
considered characteristic since following corstruction of additional groins
to the system updrift, the area north of groin 13 began rapid prograding
and the new extreme updrift groin is following a pattern of retrogression,
This pattern of action indicates that the extreme updrift groin acts as a
wave disipator for the system and that diffraction of the waves and curr-
ents by this groin aids in the filling of those downdrift,

Groin 12 impounded corgsiderable material between the survoys of
October and December 1951 and the flow of materdial was directed around to
groins 11 and 10 thereafter. Both groins 11 and 10 collected o sizeable
impoundment between the surveys of December 1951 and April 1952, and groin
11 was very effective between the survev: of April and May 1952. It is
believed that groln 9 would have accreted beach between the surveys of May
and August 1952 had not the flanking of the groin occurred, The first pos-
itive action of groin 9 occurred between the surveys of August and October
1952,

The filling of a groin system is not necessarily a persistent
smooth filling process but is generally one of pulsating movement forming
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aress of slternate accrotion snd erosion. IThe actual configuration of the
bottom at any specific time depends largely on the condition of the sea
existing for an undetermined period of time preceeding the survey. The
data analyzed for this study indicates that the larger, longer period waves
form a very irregular beach configuration while the short period waves
smooth the contours and form a regular-shaped beach. The jrregular beach
pattern caused by the larger waves is assumed to be related to two apparent
characleristics of the impinging wave, First, the larger waves contain
greater energy which causes the suspension of a larger quentity of sand
thereby making it availeble for distribution, and second, the larger waves
trensport a larger quantity of water to the beach resulting in more intense
rip currents which, together with circulation between the groins causes
confused patterns of depositions, Such an assumption appears consistent with
the findings of Bruun (9).

It may 2lso be seen that the accretion is not confined to the area
shoreward of the lakeward ends of the groins, It is true that in the initial
stages the majority of availasble moterial is impounded within the limits of
the groins, but as the system £ills the accretion extends outward into deeper
uster, Between the surveys of October and December 1951 92% of the impound=-
ment occurred within the groin confines, between December 1951 and April 1952
che amount was 60%, from April to May 1052 80%, Moy to August 1952 a loss of
20%, August to October 1952 a gain of 8%4. On the basis of cumulstive amount
of impoundment the amount within the groins confines at the respective survey
times listed previously was 92%, 77%, 78%, 75% and 62% of the total impound-
ment. Therefore 38% of the total impoundment as of October 1952 was lakeward
of the groin system and was generally in a crescent shaped area extending
from approximately groin 13 to groin 11,

It is considered that comparison of detail prototype studies of
other groin systems are necessary to determine identitics of the process
of groin action, Also, it is hopes that further study of this system can
be made., The recently constructed groins updrift of the five reported on
herein will allow study of the effect of simultaneous groin construction
on a somewhrt stabilized system downdrift, Further study is slso necessary
to substantiate the validity of direct relationship between a storm wave
energy index and volume of impoundmernt,
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