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COMPARISON OF BOAT-WAKE AND
WIND-WAVE. ENERGY BUDGETS

Robert J. Byrne, John D, Boon IIT,
Rhonda Waller and Deborah Bl.ides

A, Introduction

This chapter presents a comparison between the
wind-wave energy at each of the study sites described in
‘Chapter IV for the year of observations (October 1978
thru October 1979), and the wave energy;in\gggn wakes
during the summer of 1979, This information was prodnced
as part of the study in order to interpret the seasonal
appearance of the shoreline profiles at each of the study
sites. A diséussion of the association between the wave
energy budgets and the fastland response is contained in
Chépter IX.

A relatively easy way to compare the potential for
shore erosion from boat wakes and windeaves is to
compare the wave energies from each source. Wave energy
is simply proportional to the square of the wave heights.
-However, a single value of the maqnitudé of wavé enerdy
within a given hour does not explain how that energy may
have been distributed within that hour. - For example, a

. few large waves in an otherwise calm hour would contain
the same energy as a greéter number of smaller waves -
du?ing the hour. Even a very smal; wave of 0.1 foot is
capable of moving sand when it breaks on the beach, but

its zone of influence on the shoreline profile is small.



A larger wave, say 0.5 foot, has the capacity to move more
sand per unit area over a larger area.

For ﬁhis study, the field measurements were used to
construct models ofrthe totél'enefqy contained in boat wakes
and wind waves. In,spité of the fact that»information'on
the individual waves is lost when the boat-wake and
wind-wave energy budgets are drawn, the expression of energy
provides an index for the Capacity of boéts and the wind to

do work on the shoreline profile,

Methods

It is important to realize that the values. presented
for total wind- and boat-wake energies are estimates. bA _
complete portrayal of the wave energy at each site would
have required continuous measurement of the waves at each
site which was well beyond the scope of the‘presént study.
The principal steps involved in the calculation of therboat—
wadke energy budget were:

1.) Develop for each site the regression relationship
between hourly boating frequency and total boat-wake
energy per hour. This relationship allows the '
simple estimation of hourly wake energy from the
hourly boating frequency.

2.) Establish the duration of the boating season. This
was assumed to extend from 15 May through 15
September. The data obtained in the boating
inventory (Chapter VI) indicated a dramatic decrease
in boating after about 20 Augqust. Thus two levels
of boating activity were assumed to apply: a high
level between 10 June and 20 August, and a lower
"transition" level between 15 May - 9 June and
between 21 August - 15 September.



5.)

Establish the average hourly boating frequency for both
‘weekdays and weekends at each site. This was achieved
by separately averaging, at each site, the weekday and
weekend hourly boating frequencies observed during the
inventory of boating activity. In order to describe
the higher levels of activity, the values and the
averaging was restricted to those observations between
10 July and 20 August. The transition periods (15 May -
9 June and 21 August -15 September) were assumed to
contain one-half the hourly boating frequency described
during July and August.

For the purposes of computation, the period of boating
activity each day was taken as 8 hours. This is
reasonably consistent with the observations that most
boating occurred between mid-morning and very late
afternoon or early evening.

Following steps (1) through (4), the wave energy due to
‘boat wakes was then calculated on a monthly basis and
also for the periods between surveys of the shoreline.

i. Boat Wake Energy Calculations

"Analyses from the initial 13—day observation‘period

indicated that the hohrlz boat wake energy was linearly
correlated with hourly boat frequency aﬁ eabh of the five
sites (Figureées 7.1 to 7.5). When boat £raffic was light,
the signatures of individual boat passes could be
discriminatéd in the record. 1In these cases, the hourly
boat-wake energy'was éimply the sum of éhe energies in
individual boat passes during the hour. When the boat
traffic was so heavy that it was not pdssible to

discriminate individual boat passes, the wave recorder was

turned on for 15 minutes_eaéh one-half hour so that battery

energy would be conserved, thereby insuring the capability

of the instrument to measure waves throughout the day. 1In

these situations, the hourly wave energy was calculated as a



mﬁltiple of the waQe enerqgy contained within the 15 minute
segements. But the frequency of boat passes and other
characteristics of each passing boat were still continuously
recorded on the log sheets.

The actual enerqgy of a wave is directly proportional to
the sguare of the wave height, The total enerqgy contained

in each boat wake reaching the shore was calculated as:

Ep
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where N Number of boat waves recorded
Hyons = Mean square wave height

= (g u?/nyp /2, i=1,2,...,N

!

Specific gravity of water

/09

= 62.5 lbs/ft3

The enerqy given by equation 7.1 requires an'adjustméntv
for backgroﬁnd enerqgy due to wind waves if any are présent.
Wiha—wavé enerqgy contributions were determined frdm samples
of wind waves takenrduring the absence of boats
approximately at the beginning of each hour. Using equation
7.1 together with the number of wind waves present in the
sample, an energy "C," is calculated as an'estiméte of the
wind~wave energy contributién dufihg subsequent boat-wake

events:

Cy = EwlAtyg/ At , 7.2

where /\ tp = Time duration of recorded boat
wave event

Time duration of wind wave sample

Aty
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The adjusted individual boat-wave energy is therefore

EB' = EB - Cw. If two or more bdat-wave trains were

encountered at one time, the resultant waves are treated as

a single event.

~ii. Regression Analysis between Wave Energy and

Boating Frequency

For the levels of boating activity and boat-wake
energies which were collected at the study sites, a line of
best fit to the data collected at each site was calculated
using linear regression through the origin (Table 7.1,
Eigures 7.1 thru 7.5). Regression tbrough the origin is
required since boat;wake enerqgy must approach zero as the
numbef of boat passes approaches zero. The model for this
regression is: | ‘
| Ey ¥/9fﬂ + & | 7.3

where Ey = Total boat enerqgy for a
given hour

£y = Frequency of boat passes
during the hour

/3 = Regression coeffiéient

£ = Dpeviation from regression

opposite: Table 7.1 (tdp) Results of regression analysis:
hourly boat-wake enerqgy as a function of
hourly boating frequency.

Figure 7.1 (bottom) Regression curve for boating
and wake energy at Site A.

next pages: Figures 7.2 to 7;5 Regression curves for boating
and wake energy at Sites B thru E.




Results of Regression Analysis:

Boating Prequency, EH = b fH'

Hourly
Boat Wake Energy as_a Function of Hourly

Regression Equation

‘Sample Standard

Site Confidence Interval
Estimate on Regression Deviation from
Coefficient Regression, S, ¢
A E, 4.89 fH + 0.73 3.84
EH 3.24 fH + 0.71 7.47
EH ; 2.2‘ fH + 0.46 3.69
Ey
B BH 2.82 fH + 0.47 5.98
[o EH 15.78 fﬂ + 1.47 22.95
D EH 10.64 fﬂ + 1.14 . 18.86
E Ey 2.27 tH + 0.34 2.95
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For the. purposes of this study, an extended form of
this model was constructed where the variance of &, is
“assumed to be directly proportional to the value of fy.
Using the assumption, /9 is then'estimated by the sample
regression coefficient "b", which is computed as "b" =
Ey/ fyq = Eg/fg. |

Obviously, the use of the model for obtaining daily
boat-wake energy assumes that the mixtﬁres of boating
characteristics remains consistent throughout the boating
season, and that the sample data are unbiased. The primary
benefit of the model is that it enables the prediction of
boat~wake energy to extend to all days during which the
fundamental variablé of boating frequency had been méasured.

Regression‘analyses were performed for each site using
saméles from the data acquired throughout the boating
season. The results of the regression analyses are-
presented in Table 7.1 énd shown in Fiqures 7.1 through 7.5.
Table 7.1 contains the indiviudal reqreséion estimates for
each site, tbe sample standard deviation from regréssion

(8 ), and a confidence. interval estimate on the

E°£
regression coefficient (Sp t 05) using Student's " at
an alpha level of 0.05.

" Multiple regression equétigns wére developed for Site A
since this site was exposed to wave energies arising from
boat traffic using both Harness Creek and Sodth River. Table

6.2 indicates that on weekends approximately 65% of the s

pDasses were associated with South River traffic, but the



level dropped to 46% on weekdays. The three regression
lines described in Fiqure- 7.1 {and Table 7.1) represent
conditions reflecting the different proportions of traffic
on South River. The upper curve {(July '79) was derived from
data samples on the 6th, 1llth and 31lst of July when only
about 25% of the passes were in South River, aﬁd thus
reflects the energies derived from boats relatively close to
shore. The lowest regression line (May '79) represents
sample from two days in late May when the majority of boat
passes were in the South»Rivér and the resulting wave
energies reaching the site were relatively small. 1In the
calculation of total boating energy during the boating
season (which will be discussed shortly) the regression
relation By = 2.24 fy wasvuséd,for weekend days and the
"combined" regression (Figure 7.6) was used to approximate
the relationship for weekdays.

iii. Average Hourly Boating Frequency and Wave Energy Due
to Boats

The regression analyses discussed abbve'éhable the
hburly boat-wave energy to be estimated from the hourly
boatiﬁg frequency At each site, a number of weekdays and
weekend days were inventoriedbduring the'bdatinq season
(Table 6.1). For each of these days an average hourly
boatiﬁq frequency was calcdlated (Table 6.1 and Figure 7.6).
Examination of Fiqure 7.6 shows that during the latter paft

of August and during September the average hourly frequency



had diminished relative to the mid-summer period. Althduqh
there are fewer observation daYs invlate May and early June,
there is also ‘a suggestion that the average hcurly
frequencies were also less in this early.part of the boating
season. These perioas of diminished activity can be
predicted since the local schools récess fbr summer in,egrly'
June and return in late August.

For the purpose of estimating the average hourly
"mid-summer" boating frequencf at each site, the period
bétween 10 June and 20 August was used. The weekday and
weekend hourly boating frequencies were separately éveraged.
Itvwas then assumed that the "transition" periods were
characterized by one-half of the respective "mid-summer"
levels.

The boating season was assumed to start on 15 May and
to end 15 September. Thus the transition periods were 15
May—to-9 June and 21 August-to-15 September. The average
hourly boating frequencies so derived are listed in
Table 7.2. |

The total wave energy in any monthly period (or profile

period) is estimated by the hourly wave energy at each site

opposite: Fiqure 7.6 Graph of average hourly boating
: frequencies at the five study sites.
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multiplied by the number of days (weekdays and weekend days)

and by the numbervbf boating hours per day (which was
assumed to be 8 houfs).

Results

The values for wave energy from wind waves and boat
wakes for the year and for the boating season are shown in
Table 7.2, together with the relative magnitudes. With

respect to wind-wave activity, the sites rank (in decreasing

~order) D, A, B, C, E for both the total year, and the 1979

"bOating season”. The sites range C, D, A, B, E with respect
to boat-wake energy. | ‘
Site C exhibited the highest (20.4%) percéntaqe of boat
wake energy during the boating_season. Note that
Figure 7.7 shows boats were not tﬁe principal source of wave
enerqgy at any of the shoreline sites during the summer
monﬁhs; Nearly one-half (42-55%) of the totél annual wind
wave energy occurred during the bhoating season
(May—-September).
Monthly summaries of the Qind— and boat-wave energies

are given in Table“7.3 and Fiqure 7.7. A summary between

opposite: Table 7.2 Comparison of Wave Energies for the
: - Year and Boating Season. '

next pages Table 7.3 Wind-wave and boat-wake enerqgy
budgets at each site between profile periods.

Table 7.4 (left) Wind-wave and boat-wake
energy budgets at each site by month.



Table 7.3

¥ind-Wave and Boat-Wake Energv,

ft-1bs/ft2 by Profile Period

Period SITE

A B C . D E
10/29/78- 357,845 361,120 241,211 390,062 227,638
11/25/78
11/25/78- 397,659 292,156 223,281 409,392 172,665
12/20/78
12/20/78- 501,347 388,154 350,278 1,069,687 219,930
2/3/79
2/3/79- 36,737 25,469 244,837 512,135 28,905
3/10/79
3/10/79- 637,492 526,448 383,118 690,178 334,576
4/15/79 |
4/15/79- 571,142 460,157 435,388 651,301 381,474
5/25/79
5/25/79~ 529,469 297,318 348,538 556,232 297,539
6/23/79 |
Boat 43,080 14,160 83,850 56,240 3,560
3 8.1 4.8 24.1 '10.1 1.1
6/23/79- 538,453 400,853 374,921 610,303 347,469
7/28/79 |
Boat 56,260 23,240 137,080 90,750 5,720
3 10.4 5.8 36.6 14.9 1.6
7/28/79- 369,195 310,968 236,258 408,779 220,484
8/18/79 |
Boat 32,030 13,300 78,880 53,280 3,370
3 8.7 4.3 33.4 13.0 1.5
8/18/79-" 578,233 426,361 411,982 670,357 437,187
9/15/79
Boat 17,820 9,400 65,400 36,500 2,300
3 3.1 2.2 15.9 5.4 0.5
9/15/79- 721,058 518,193 451,789 770,309 422,181
10/20/79 -

% Boat Energy = Boat Enerqgy % Wind Wave Energy x 100



Table 7.4 Wind-Wave and Boat-Wake Enerqgy,
— ft-1bs/ft2; by Month
Month SITE
a B - c D E
Nov,'78 368,876 382,030 243,274 401,653 231,533
Dec,'78 568,327 397,942 302,422 . 580,851 232,657
Jan,'79 286,499 220,384 203,256 729,965 131,259
Feb, '79 0 0 241,940 459,637 0
Mar,'79 426,045 290,674 284,571 582,364 240,740
Apr,'79 449,694 436,867 282,900 501,979 244,569
May, ' 79 494,260 333,635 373,589 550,673 327,697
*Boat 9,200 4,759 28,450 19,740 1,250
% Boat 1.9 1.4 7.6 3.6 .04
June;, '79 525,098 297,350 367,197 572,675 320,864
Boat 31,200 25,170 96,980 65,120 4,110
$ Boat 5.9 8.5 26.4 11.4 1.3
July,'79 453,541 377,932 303,306 512,831 286,220
Boat 37,700 19,790 117,250 78,940 4,950
$ Boat 8.3 5.2 38.7 15.4 1.7
Aug,'79 591,475 443,806 407,363 663,395 397,749
Boat 30,300 15,840 94,180 64,130 4,060
% Boat 5.1 3.6 23.1 9.7 1.0
Sep,'79 586,703 486,024 396,056 649,273 423,585
**Boat 9,700 5,130 30,180 19,730 1,240
% Boat 1.6 1.0 7.6 3.0 0.3
Oct,'79 697,298 466,529 418,117 764,014 344,376

* Boating Energy Based on 15 May - 31 May

** Boating Energy Based on 1 Sept. - 15 Sept.

% Boat Energy = Boat Energy * Wind Wave Energy x 100




profile periods is given in Table 7.2. - The zero entries
for wave eneréy at Sites A, B, énd E during February,
1979 represent ice-bound conditions. A relatively
strong contribution from boat- wake enefqy at Site C is
shown in Fiqure 7.7. In July 1979, boat-wake energy was
38.7% of the wind-wave enerqgy (27.9% of tﬁe total wave
enerqgy (Figure 7.7).

"It is of interest to compare Sites B and C. Both sites
were subject to essentially the same levels of wind energies
with the same percentage of that activity occurring during
the boatfnq secason (47-48%)., Inspection of Table 6.2
indicates the two sites have vefy similar levels. of boating
activity and about the.same ratios of planning versus
displacement hulls. Site C had a somewhat higher
percentage of water-skiing activity (45% versus 60%). The
major difference in the boating activity at the two sites
was the distance of the boat passes relative to the shore.

At Site B about 80% of the boat passes were at distances

next page:  Figure 7.7 Histograms of monthly wave energy.
Open boxes represent wind-wave energy and :
blocked boxes represent boat-wake energy. The
values entered above the boat-wake energy
represent the fraction of boat-wake energy
relative to the total (wind plus boat) energy
for the month.
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greater than 500 feet whereas at Site C over 80% of the boat
passes Were at distances less than 200 feet. 1t thus appears
that the closge proximity of passage at Site ¢ is the
principal cause of the relatively hiqgh boat-wake enerqgies.
In addition, the steeper nearshore bottom gtadient_at Site C

results in less frictional influence on the incoming waves.



VIII

WAVES GENERATED BY PASSAGE OF A BOAT

Robert J. Byrne, John D. Boon III,
Rhonda Waller, and Deborah Blades

" Introduction

This chapter presents the results of a modest
pxperiment conducted at one of the study sites to understand
:ﬁhe behavior of wakes produced by boats cruising at
different speeds and distances from the shoreline.

As a boat passes over the water's surface, part of thé
energy transmitted by the craft's propulsion unit is taken
up by the water in the form of surface waves. Thus, the
wakes are a manifestation of the resistance offered- by the
still water to the deformation caused by the boat's hull.
The earlicest studies of the waves caused by ships were
conducted from the viewpoint of how waves effect the
resi;tance of a ship (Froude, 188l; Kelvin, 1887). More
recently, attention has been devoted to the relation between
ship waves and the stability of banks on the waterways
through which the boats pass (Johnson, 1957; Das, 1969;
Sorenson, 1967).

The pattern of waves in a boat wake depends partially

on the value of the Froude number "F"* (which is the ratio

*The Froude Number is not directly measurable, but
represents the ratio of two variables which often become
"lumped together" in theoretical wave—energy equations. The
Froude Number "F" is the ratio of the boat speed "V " and
the speed "C" of a wave in shallow water. The wave speed is
in turn a function of the basin depth "d", since C = jga.
("g" is the acceleration due to gravity; "g" = 32 feet/
sec.2). So... Froude Number "F" = Vy/ JSad.

' 8-1




between the boat speed "Vs", and the speed "C" of a wave
in shallow'water). Both the Froude number and the configqu-
ration of a boat hull influence the maximum wave height
which will be experienced at a given distance from the
sailing line of the boat. |

A dispiacement hgll will generate a series of waves at
‘the bow and stern (Figure 8.1). At values ofl"F" below 1,
thé wave pattern in the vicinity of the boat, together with
the maximum wave height, can change fairly dramatically as
.the wake travels away from the boat. Each set of waves
produced at the bow and stern include a series of waves
divefging from the sailing line and a series of trénsverse
waves which move in the direction of boat passage. The
intersections of the transverse and diverqing waves are
points of hiqhef wave heights where breaking waves are most:
likely to occur in‘the wake.

These "cusp" locations may be connected to form a locus
of cusps which define an angle "@" which the wave front
makes with the sailing line (Figure 8.1). The theoretical
development of Kelvin (1887) predicts a value of g =
19528' for Froude number values less than 0.7 and for.values
greater than about 3. However, for intermediate "F" values,
the anqlei"ﬂ“ approaches a maximum of 90° when "F"=1. At

this ,point the transverse and diverging waves combine to

opposite: Figure 8.1 (top) Schematic drawing of waves
generated by moving boat.

Figure 8.2 (bottom) Definition sketch of boat
wake packet.

8-2



/ DIVERGING WAVES
TRANSVERSE ‘ ‘
WAVES

SAILING LI

BOAT WAKE WAVES

Figure 8.1

)
b
'

wave

TN R N
. "..4 : t (elapsed time) ——g———il

Figure 8.2

8-3




form a single wave with its crest normal to the sailing

line.

Besides the angle #, the maximum wave height (and
thus total enerdy) in the wake wave>"packet" varies with
the Froude number. A typical boat-wake wave packet is
shown schematically in Figure 8.2, Within,the packet
there is a single wéve with maximum height. Resuits of
some experiments with boat'models in a towing tank
(Johnson, 1957) are shown in Fiqure 8.3 to illustrate the
nonlinear behavior of "Hpyz," with Froude number "F",

After passing the critical value of "F", the values of

"Hpax" tend to approach a constant value.

Field Measurements of Conttolled Boat Passes

The experiment was éonducted at Site C (Broad Creek),
using boats operated by the Maryland Department of
Natural Resources Marine Police. Two boats were used: a
26 ft. Uniflite cruiser (Mariné'Police boat "Somerset"),
and a 16 ft. Boston Whaler. The Uniflite is a deep~V
planing hull while the Boéton Whaler is a 3—§oint planing
hull. Replicate passes were made at distancesrof 200,
150, and 100 ft. (also 50 ft. in the case of the Whaler)

from the shoreline for a range of speeds between 6 and 30

dpposite: Figure 8.3 (top) ‘Maximum wave height as a
g function of Froude Number for typical ship
model (Johnson, 1957).

Figure 8.4 (bottom) Typical record of boat
wake passing the wave gage in shallow water,
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knots. Boat speed was determined by measuring the time for
the boat to travel between two buoys anchored 100 ft. apatt.
The surface wave gauge (described in Appendix A)»wés located
apprOximately 24 feet from the shoreline in a water depth of
about 2.2 feet., With very rare exception none of the wéves
in the generated,trainé broke seaward of the wave gauge
position. A typicai wave record produced during the trial
funs is shown in Fiqure 8.4,

| The results of the experiment are shown in Tables 8.1
and 8.2. In these Calculations several different parameters
are of interest. Tﬁeée are:

"Hpax = the highest wave of the group
{measured in feet).

"t = the average wave period (defined as
the number of waves divided into the
duration of the wave packet).

"E" = average ensrqy per unit surface area
(ft-1bs/ft?) -
- 1 2 " "o 2 l/
=z PIHLygs where Homs (& HY/N.) /2
» i =1,2,....,N
"Ep" = total energy in wave train

(ft—-1bs/ft%)

= % /DQNHZrmS

b oL 1.657 vS/;/§a for boat speed‘in knots.‘
The results of the trial runs are graphed in Fiqures
8.5 thru 8.12. 1In the'pibt of‘"Ff’versus'"Hmax" (Figqures

8.5 and 8.6), there is an apparent peak in "Hpax' at

values of "F" between 0.8 td l.0. A definite relation of

"Hmax to the distance of the boat from the shore is also



apparent, and this relationship is stronger for the
deep~V hull. Figures 8.7 and 8.8, which are of boat speed
versus "H ", offer a simpler illustration of hbw

max

"Hpayx" varies with different boat speeds. As expected,
the deep—V hull of the 26 ft. cruiser generated the larger
waves. The largest "Hpa," occurred for speeds bétween 8
and 10 knots when the cruiser was in the displacement mode,
and the "Hpy,," values ranged between 1.25 and 1.75 ft. for
the distances tested. These values far exceed thosé which
were expected for wind-generated waves.

It is of interest to note ;hat the dependence of
"Hpax'W (or energy, Table 8.1) uponrboat,speed is highly

‘nonlinear. For the circumstances tested, "H ,x" varies in
a nonlinear fashion with.the inverse of speed. The "Hpg,"
for the Uniflite cruiser decreased as thebboat épeed was
increased beyond a "critical” Vvalue of78 to 10 knots. 1In
the case of the 16 ft. planing hull of the Boston Whaler,
the "critical" speed occurred between 6 and 8 knots when the

- Whaler was in the displacement mode.

For distances of 100 to 200 ft. from the shoreline, the
data in Figure 8.5 show there is little dependence for
~either the Whaler or the Uniflite Cruiser between “Hmax“
and the distance of the boat‘from shore. However, at the
cioser boat passes of 50 ft., ‘the range of "H . " is

dramatically increased. Again the nonlinear dependence of

next pages: Tables 8.1 and 8.2 Summary of observations of
controlled boat passes.
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"Hpax ' and distance is shown, although "Hméx" for the

Whaler approaches a constant value beyond the "critical"®

speed more quickly than in the case of the deep-V hull.

This is nO‘doubﬁ due to the fact that the planiné mode is

achieved at lower speeds in the Boston Whaler than in the
6

Uﬁiflite Cruiser.

Since the principal concern of this study is the
magnitudé of energy reaching the shoreline with each boat
pass,‘plots df‘t§tal wave enerqy "E" in the respective wave
packets is . shown as a function of the Froude Number “F"
(with distance as a parameter) in Figures 8.9 and 8.10.

The results presented above show there is a strong
ﬁoﬁlinear relationship between "F" and "Hpax's SO it is

not surprising that a similar nonlinear relationship exists
between "F" and total wave packet enerqgy at the shoreline,
In the case of the deep-V hull (26 ft. Uniflite cruiéer)
there is only a slight squestidn that wake energy is
dependent upon the distance from the shore for any givén
speed.f In the case of the Whaler, only tboée boat passes at
the 50 ft. distance show,ciear separation in theirrwake
energies. Part of the reason for a reduction in wave enerqgy
from boats passing at greater distances from the shore is
that the number of waves in a packet depends upon,distanée.
For-ékample, Tables 8.1 and é.ZAShow that waves genefated at
éloéé distance for any given speed contain higher waves but

fewer in number.



It is important to note that the peak values of "Eq"
and "Hpay" in Figures 8.9 and 8.10 lie in vicinity of A G
= 0.8 rather than the theoretical value of "F" = 1. This
observation is conéistent with the results of similar
experiments with the wakes of larqgqer—hulled craft reported
by Sorenson (1967).

Three runs were made by the Boston Whaler with a water
skier in tow. This condition wasvteéted to see in a
preliminary way whether the effects of the skier's weight
would cause the planing hull to "squat" and thereby generate

larger "Ep" in the wake. The plot of "Eq" versus “"F"
(Figure 8.9) does not clearly distinguish a difference.
However, a plot of "ET" versus boat speed (Figure 8.11)
suggest there may bé an effect; since two of the three runs

do show values for "Ep" which are higher than the general
trend. While‘thesevfew runs cannot be considered to display
a truly significant differenée, the results do suggest that
the effect of water skiers on boat wakes should be examined
further in future tests. |

The most important observation to be drawn from these

experimental boat runs is that maximum values of

next pages: Figures 8.5 (upper left) and 8.6 (lower left)
Variation 1in maximum wave height "Hmax" as a
function of Froude Number with distance of

passagqe as a parameter,

Figures 8.7 (upper right) and 8.8 (lower right)
Variation in maximum wave height "Hp,." as a
function of boat speed with distance of passsage
as a parameter,
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wave heights (and wake enerqy)} are qénerated for Froude
numbersrin the ranée between 0.7 and 1.0. Since the Froudé
number is dependent upon water depfh as well as boat speed,
those boat speeds'which generate maximﬁm wakes will vary
with different water depths inrdifferent waterways. Table
8.3, which lists thervarious Froude numbers arisinq from
dAifferent combinations of bdat speedignd water depth,
provides a simple illustration of what hight be expected for
a variety of "typical":conditions; For example, suppose a
boat was travelling at a s£eady speed of 6 knots while
running up a creek in which the depth décreased from 18 ft.
at the mouth to 4 ft. near}the héad. During the runrthe
Froude number would be small near the moﬁth ("F" = 0.42 to
0.56, respectively, for water debths of 18 ft. and 10 feet)
and relatively small'wave heights wédld_berqenefatedrin the
wake; But, when the boats reached dépths less than 6 feet,
the Table shows that maximum wave heights would be
generated.

Table 8.3 can also be usedrto show the effects of
another kind 6f boating pattern. Consider a creek where the

water depth varies from 10.féet:at the centerline to 2 feet

opposite: Table 8.3 Froude number for different
combinations of water depth and boat speed.

next pages: Figure 8.9 (upper left) amd 8.10 (lower left)
Total energy in the wave packet as a function of
Froude Number with distance. of passage as a
parameter.

Figure 8.11 (upper right) and 8.12 (lower right)
Total energy in theé wave packet as a function of
boat speed with distance of passage as a
parameter.
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near the bank. A boat travelling the ceﬁterline at arsteady
speed of 6 knots would have arlow Froude. number (0.56)
ahd small wake. The same'boat travelling at ﬁhe s ame speed'
closer to the shbre in’waﬁer.depths of 6 feet or 1ess would
be in the Froude number range between 0.7 and l.25>and would
be generating a maximum Qake. |
Table 8.3 dées not, unfortunately, allow for the
prediction of the magnitude of the wave energy reaching the
shore. The absolpte maqnitudemdf wave energy in any wake
would dependfupon hull characteristics and the slope of the
nearshore bottom, toqether withrthe boat speed and wéter
depth where the boat passes any paﬁticular'shoreline site.
But, Table 8.3 shows that disténce ffom shore is importént

in producing the wake in any specific boat pass.

c. SuspendedVSediments Resulting from Boat Wakes

Besides measuring wake characteristics in some trial
runs, other data were collegted at Site C to.give a very
§reliminary idea of the indreaée in suspendéd sediment
associated with bfeakinq wavés in boat wakes aionq'thé
shoreline. For this experiment, the Uniflite cfuiserk
.travellihg at a speed of approximatelylél kﬁots‘mAGe
repeated passes 200 ft. offéhqre, and samples were taken
after the breaking of the 1lst, 5th, and 10th wake‘packets.
The water in the nearshore was also sampled prior to the

passage of the boat and again at the end of all of the



passes of the Uniflite cruiser, The samples were collected
by immersing one-quart iars aBOut 5 cm. under fhe water |
surface immediately after the last wave in each‘packét broke
on the shoreline profiles. The water samples were filtered
through pre—weighed 0.6/gm Nuclepore filtefs. After
desiCCation, the filters were reweiqghed to determine»total
weight of suspended sediments. Then the samples were
cémpletely combusted to obtain the percent of organic
material.

The results are shown in Tabhle 8.4.

Table 8.4. Suspended Sediment Concentrations

Total Percent

Run Time Concentrations Organic
1.) Ambient 1045 EDT 0.0053 grams/liter 35.7
2.) lst Packet 1125 0.440 : 7 20.3
3.) 5th Packet 1127 0.120 21.8
4.) 10th Packet 1130 . 0.330 , 23.2
5.) End of Passes 1407 0.081 _ 14.3

Due to a reiativély high stage of the tide when the
Uniflite runs were conducted, breaking waves extended across
the entire foreshore, and the swash impinged against the
bank scarpvat Site C (Figure 4.17).7 Table 4.4 shows the
foreshore sediments at this site are composed principally of
sand with only a few percent of silt and clay. Yet, the data
in Table 8.4 show that the breaking waves resultéd in an
enhancement of the short-term load of suspended material by

more than two orders of magnitude over the ambient level.






