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PURPOSE 

~o~maximumscoafpo~whentidalebbdowis&~byaninltt 
navigation jetty. 

PROBLEM 

Scour hole formation adjacent to the channel-side toe of protective inletktty structures is 
a troublesome problem at some nivigation inlets. Without remedial action, continued scour hole 
growthmayresuhinjetty~~aadpartialcoIlapseofthestructure_ Inaddition.deep 
scouring adjacent to the channel side of a protective jetty may be accompanied by shoaling of the 

. . 
mamamcd navigation channe& shifting the de facto navigation channel dangerously close to the 
jct1y. 

DEFLEC’IZD EBB FLOW SCOUR 

From a survey of scour problems 
experienced at inlets (U&crop and Hughes 
1993), it appears that one of the mofe 
important physicalmecbanisms causing 
scour al k&s during the ebb flow tidal 
cycle is strong ebb currents tbat exit the 
inner bay and impinge on the structure at an 
angle, as shown schematically by Figure 1. 
Laboratory observations indicated that as 
the ebb flow is deflected, tbe width of the 
flow parallel to the navigation structure is 
reduced, much like the deflection of a 
water jet. This results in increased flow 
velocity adjacent to the jetty in order to 
maintain the same flow discharge over the 
reduced cross section. Over many ebb-tidal Ev l- Ebb *Ow deikction 
cycles, the increased velocities scour the 
bottom and enlarge the flow cross-sectional irca until eventually flow velocitk arc reduced to 
non-scouring levels. The scour process is further complicated by the influence of short-period 
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waves in the Chatme& en&kment at tk flow shearinterface, changes in flow velocity over the 
ebb cj&%nd the influence of a porousjetty structure. ‘. 

RemedS actions to protect *jetty may involve Milling the scour hole and protecting 
the bottom with a stone apron. Repairs which effectively reduce the ebb flow cross-sectional area 
are likely to produce in&i&d flo$ velocities, which may im+ct’inlet rikigation. 

ESTIMATION METHODOLOGY 

The physical process of ebb flow deflection by a structure can be approximated as an 
inviscid free jet exiting the ebb channel and impinging on the structure. Thisapproximation 
assumes that the flow distribution is uniform over the cross section of the flow ‘Iiet_ M In other 
words, boundary layer effects kre neglected, and no flow entrainment occurs’between the “ebb 
jet” and adjacent still water (as represented by the dashed line in Figure 1). Using the notation and 
coordinate system shown in Figure 2, an inviscid, potential flow solution was specified, that links 
the flow Geld to the geometry of the s&d boundarks (Hughes and Kamphuis 1996). This 
solution resuhed in implicit equations that cannot be solved directly However, the solution can 
be repmsented in .&s&n nomograms for a specifkd jet deflection~angle 8. 

Fv 3-5 present nomograms 
generated for ebbflow 
deflection angles of 30”. 45’. 
and 60” (klc= 7d6,7d4, and 
d3, Wly). 

L 

Thesolidhnesonthe 
nomograms are contours of 
qualva&sforUZandthe 
dashed lines represent constant 
values of ML. For a given iulet 
geometry, the unique solution is 
found at the intersqtion of the 
appropriate values of I/z and 
bL. At this intersectjon point, 
the ‘Velocityjbmtion” h is 
resdontheverticalaxis. The F’igure 2. EbbJet coordinate system 

unknown velocity V, corresponding to an entrauce char& value of V, can be determined from 
the expression 

Vi = h* Yn 
v, 

or vo =- 
h= 

(1) 

where rris the fraction associated with the deflection angle klc. The jet exit angle given on the 
nomogram abscissa is not used in this e&nation methodology. 
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Higurt 3. Velocity nomogram for ebb flow deflection angle of 30” (K = l/6) 
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Figuie !!. Velocity nomogram for ebb flow deflection angle of 60“ (K = l/3) 



The velocity estimate of V, found using Equation 1 assumes a flat bottom of constant depth, i.e., 
the depth adjacent to the structure is the same as the depth in the entrance channel where the 
velocity is V,. Consequently, the estimated value of V, represents the maximum velocity that 
couldoccur. 

SCOURESTJMA‘I’ES 

From simple flow cominuity the total d&charge at the entrance channel must be equal to 
the total dkcharge at the point adjacmt to the sttucturc where the flow width is minimum, or Q, 
= Qo. Diharge is the mean velocity times the cross sectional areq and assuming rectangular 
flow cross sections, flow c&luity can be expressed as 

(duwgn = vpyo Or 
Yn L daJ (yX-yXdl= 1 

0 0 0 
(2) 

wheredisthedepthatthelocationdeaotedbythesubsaipt;Listhewidthoftheentrance 
channel (see Figure 2); and w, is the murowe& width of the ebb jet. On a constant depth bottom 
d_==d, andEquation2becomes 

wO 
-Z h= 
L 

when the velocity ratio is substituted from Equation 1. Under the.assumption that jet width 
remains constant ifcrkion occurs at 4, Equation 3 can be substituted into Equation 2 to give the 
following continuity relationship for deflected ebb jets 

v, 1 dH 
(y’\hLl\d)= 1 

0 0 

(4) 

Assuming the velocity V, in the entrance channel is just at the sediment incipient motion 
threshold (and the jet width remains constant), it is hypothesked that the seabed at the narrowe~f 
part of the ebb jet will erode until the velocity at that location reduces from V, to V’. The depth 

.ofscournecessaqt0mGntaintheflowdischqeisfoundfiomEquation4withV,=V,or 

imucxTY ESTIMATES 

Ifdeflected ebb-flow suxr threatens the structural integrity of a navigation jetty, the usual 
solution is to fill in the scour hole to some depth and then protect the repair with a stone 
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apron. In this situation, flow velocities adjacent to the jetty should ilxxasebecausethcflow 
cross-sectionalareaisdecreastd. AnestiuWeoftheiocrtasedflowvelocityisneededtohelp 
design the stone apron and to assess poientialnavigationimpacts. . 

Under the same assumptions stated previously, the deflected ebb jet continuity equation 
canbeusedto~crudevelocityestimatesbysimplyrcarrangingEquation4intothefo~ 

%I 
4 h’i v. = (,.,,) 

0 m 

Because of the assumptions of (1) inviscid flow, (2) uniform velocity distributions, and 
(3)rectangularinietcrosssecti0ns,scourand~~estimatesmustbeconsideredcrude. 
Fortunately, comparisons with movable-bed laboratory tests ix&ate better correspondence close 
to the jetty where scour is more likely to cause stnrcturt damage. Also note that this method 
assumcsscouraexttothejetryiscausedsolelybytheebbcurrents. Impacts of waves, wave 
reflection and wavekurrent interactions are nc@ected. 

-- Jkample Problem --- --- 

EXAMPLEi APPLICATION 

Figure 6 is a sketch of Ponce de Leon Inlet, Florida, showing depth-averaged velocity 
vectors acquired about the time of peak ebb flow. Also shown on the figure are the.geome%ry 

variables used in the simple scour predktion method described in this note. The maximum depth 
at the ebb-chamxl entrance cross section was about 24 ft, and the maximum scour adjacent to the 
structure was around 38-40 fi (from 1994 SHOALS survey). 

Figure 6. Ponce de Leon Inlet example 
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Thc&~nangleis~~~6o”(nninradiaas),sotbe~parametcr isK=lB. 
ScaliugtheleugthsfromF5gure6yieldsthedime&o&ssratios 

$52.24 .and b4.84 
L 

Using these values for 44. and a with the nomogram for AT= l/3 (indicated by mark oniFigure 5) 
gives a velocity factor of 

h = 0.31 

(Note: For defkztion angles other than those given in Figures 3-5, cakulatc for angles given by 
the nomograms and interpolate between the values to find a value for h. Custom nomograms for 
any angJe can be generated on rtquest.) 

. 
um Scour Maximum deflected ebbfloW scour adjacent to the jetty is estimated using 

&ration5with&=24f&ie., 

do = 24 It 
(0.3 1)‘” 

= 35.5 ft 

This compares favorably with the actual maximum scour at Ponce de Leon Jnlet, but this 
agreement may be~fortuitous and should not be considered validation of this simple technique. 

Velocitv Adjacent to Jettv: Jf the scour hole were to be infihed to a depth of 30 ft, an estimate of 
peak ebb-flow velocity increase can be obtained using Equation 6 

v. = (24) vm 
30 ft (0.31)lB 

= 1.18 vm 

This result implies that maximum ebb-flow velocities adjacent to the jetty would increase to a 
value that is 18 percent greater than the maximum flow at the ebb channel entrance. (Recall that 
at maximum scour depth, it is assumed that V, = .V,,.) 
___________________-_________I_ _-____-_~____-_____~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~~~~~ 

FUTURE DEVELOPMENTS 

Future efforts will extend and refine this prehminary design tool by introducing empirical 
relationships to approximate bottom boundary layers and the effects of turbulent flow entrainment 
at the “ebb jet” shear boundary. Allowing for nonuniform entrance channel bathymetry and 
velocity distributions will require numerical model development. Validation at other inlets is 
planned after the enhanced scour prediction method has been developed. 
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