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ABSTRACT

The resuspension of bed sediments by natural physical processes was 
modeled from October, 1988, to October, 1989, for Thimble Shoals, an 
estuary mouth shoal environment of Lower Chesapeake Bay. A numerical 
model which considers the interaction of waves and currents in shallow 
environments, was used to estimate seabed shear stresses. Some portions 
of the total bed roughness (skin friction and biological roughness) were 
derived from field data, while ripple roughness and moveable bed roughness 
were model-estimated as functions of the boundary shear stress. 
Resuspension was calculated using an empirically derived equation based on 
the excess Shields Parameter. The results from the model indicate the 
potential for relatively constant reworking of the Thimble Shoals bed by 
sediment resuspension. The bed is likely reworked the most during times 
of major local winter storms (northeasters), and during times when major 
hurricanes pass close to the mid-Atlantic Bight region. Intermediate 
amounts of bed reworking were predicted for non-storm periods during fall, 
winter, and spring months. During summer months, the bed likely remains 
undisturbed by natural physical processes a large percentage of the time; 
however, reworking by benthic organisms may be greatest at this time.

The portions of the total predicted resuspension associated with two 
wave energy sources ("sea waves" and "bay waves") in Lower Chesapeake Bay 
were also modeled. Bay waves are locally generated, while sea waves are 
generated external to the Bay. Model results indicate that sea waves are 
responsible for a majority of the predicted bed reworking year-round. 
This contrasts the previously held belief that only bay waves contribute 
significantly to sediment resuspension in Lower Chesapeake Bay.
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MODELING SEDIMENT RESUSPENSION 
IN LOWER CHESAPEAKE BAY



INTRODUCTION

Sediment resuspension is a process occurring at the seabed which is 
crucial to understanding many characteristics of the existing bottom 
environment. The resuspension of bed sediments physically disturbs the 
bed and the resident benthic community, and provides for the exchange of 
oxygen, nutrients, and pollutants between the water column and the bed. 
Recently, estuarine bed environments have been subject to increasing 
alteration by human activities such as dredging and disposal. These 
activities lead to the destruction of benthic communities and to the 
addition of polluted material to the estuary floor. Because sediment 
resuspension is a strong determinant of benthic community structure, as 
well as of the transport and fate of pollutants, an ability to accurately 
predict sediment resuspension should allow for better assessments of the 
potential impacts of dredging and disposal activities. Successful 
modeling of sediment resuspension should augment many facets of benthic 
research.

Sediment resuspension is a process which depends on the friction 
generated between flows above the seabed and the bed itself. That 
frictional force is expressed as a bed shear stress, r0. The bed shear 
stress is a parameter which cannot be measured directly in situ, but may 
be derived using velocity profiles, or estimated using a numerical model. 
When flows are sufficient such that a critical bed shear stress is 
reached, sediment motion at the bed may be initiated. Thus, for 
successful modeling of processes such as sediment resuspension, accurate 
models for predicting the boundary shear stresses are an important first 
step (Grant and Madsen, 1982).
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3
In shallow coastal environments such as those of many estuaries, 

there are two aspects which a model for estimating bed shear stress must 
include. The first has to do with the combined presence of surface waves 
and currents which governs many of the physical processes affecting the 
bed in shallow environments (Grant and Madsen, 1979). In such 
environments, both wave motions and current motions will extend down to 
the seabed and interact with the bed to generate a combined r0. Generally, 
the most significant occurrences of sediment motion will be when the mean 
flow is enhanced by wave motion (Dyer, 1986). Waves will exert direct 
frictional effects on the bed, and also enhance the shear stresses exerted 
by mean current (Wright, 1989). Thus, models of boundary shear stress in 
estuarine environments should consider a combination of both wave and 
current processes.

The second factor which must be incorporated into a model for 
estimating seabed shear stress in the estuarine environment is accurate 
specification of the bed and substrate characteristics (i.e., bed 
roughness). In shallow environments, both the hydrodynamics and the bed 
roughness interact in order to determine the friction generated. The 
total bed roughness includes that due to the sediment grains on the bed 
(skin friction roughness, k ^ , physical obstructions to the flow such as 
flow-induced bedforms or biogenic elements (form drag roughness, kfd) , and
that due to a near-bed sediment transport layer (moveable bed roughness, 
k^). Skin friction roughness and the biogenic portion of form drag 
roughness may be easily estimated from field data, the remaining portions 
of the total bed roughness; however, must be model estimated. Once total 
bed roughness and the combined bed shear stress have been estimated, 
sediment resuspension may be modeled.

Physical processes occurring near the seabed such as sediment 
resuspension, are typically subject to significant spacial and temporal
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variability, especially in shallow estuarine environments (Wright, 1989). 
In lower Chesapeake Bay for example, Wright et al. (1987) described 10 
different bottom types based on spatially varying roughness 
characteristics and each associated with a particular subenvironment. 
Processes such as sediment resuspension will exhibit these same spacial 
patterns of variability mirrored by the bed itself (Wright et al., 1987). 
There also exists, in lower Chesapeake Bay, variability in the energy 
conditions which affect the bed. This arises from the presence of a dual 
wave energy source (Boon et al., 1990). The two wave energy components 
correspond to waves generated locally with a southerly direction of wave 
advance, and waves generated external to the Bay with a west to west- 
northwest direction of wave advance (Boon et al., 1990). In the past, it 
was thought that only the locally generated waves contributed 
significantly to sediment resuspension in Chesapeake Bay. Recent 
evidence; however, (i.e., Boon et al., 1990) indicates that a major 
fraction of wave energy affecting lower Bay benthic regions year-round may 
likely be associated with waves generated external to the Bay (Boon et 
al., 1990).

This study seeks to model local sediment resuspension in the Thimble 
Shoals region of lower Chesapeake Bay (Figure 1) over the year October, 
1988, to October, 1989. Thimble Shoals was chosen because it represents 
one of the 10 subenvironments described by Wright et al. (1987), (the 
estuary mouth shoal subenvironment), and because recent research at 
Thimble Shoals has produced a large database which can be applied to the 
problem of sediment resuspension. Total resuspension is modeled, as well 
as those portions of the total resuspension which are associated with the 
two main wave energy components affecting the site.

Statement of problem
The main problem sought to be addressed by this research was that of
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modeling sediment resuspension in response to natural physical processes. 
This problem was identified because of its importance in determining 
benthic community structure and transport and fate of pollutants, and its 
likely importance in better understanding potential impacts of dredging 
and disposal activities. In these cases, information regarding both the 
frequency with which sediment is resuspended and the magnitudes to which 
it is resuspended will be useful. Extreme events, for example, may 
mobilize very large amounts of sediment over relatively short periods of 
time. Such events; however, are typically rare. Thus, it is also 
important to consider those events which affect the bed most often. These 
events will strongly determine the typical condition of the bed. This 
study thus sought to model sediment resuspension with respect to both 
frequency and magnitude. Because resuspension is sensitive to grain size, 
modeling was done using the mean grain size, as well as characteristic 
coarse and fine grain sizes.

Objectives
1. To model the local resuspension at Thimble Shoals over the year 
October, 1988, to October, 1989, in terms of:

a)frequency of sediment resuspension
b)magnitude of sediment resuspension
c)characteristic coarse, mean, and fine, grain sizes of Thimble Shoals 
sediments.

2. To model the isolated portions of the total resuspension associated 
with two main wave energy components ("bay waves" and "sea waves"), in 
terms of:

a)frequency of resuspension
b)magnitude of resuspension

3. To compare the model predicted ripple dimensions to observed ripple 
dimensions in order to evaluate the appropriateness of the boundary 
roughness model.



Figure 1.  L o c a t i o n  of t h e  T h im b le  S h o a l s  r e g i o n  of l o w e r  C h e s a p e
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The research questions underlying these objectives and focused on 
determining the net effect of the frequency and magnitude of resuspension 
were: "When during the year is the bed reworked the most by sediment
resuspension due to natural physical processes?", and "Which wave energy 
component reworks the bed the most?".

The hypotheses generated in this study were based on a description 
provided by Boon et al. (1990) of the lower Chesapeake Bay wave climate. 
Their description was based on actual wave and current measurements taken 
within the lower Chesapeake Bay. They state that during fall and winter 
months, of the waves measured with significant heights greater than 0.60 
m, almost all were southerly directed, thus being of local origin. The 
largest wave heights observed year-round were also mainly associated with 
waves generated inside the bay. Of the waves in the mid-range of heights 
(0.20 m - 0.60 m), these were directed west to northwest greater than 50% 
of the time during fall and winter months (thus being of external origin). 
During summer months, intermediate height waves were generated external to 
the bay approximately 80% of the time, while locally generated waves 
reached only minimal heights. Thus, the external wave energy component 
was present year-round, generating waves of small to intermediate heights, 
while waves generated locally were larger in height during fall and winter 
months and smaller in height during the summer. Based on this 
description, the following hypotheses were formed:

Hypotheses
1. As predicted from modeling, the most frequent sediment resuspension 
will be during fall/winter months, and the least frequent sediment 
resuspension will be during spring/summer months. For this study, 
fall/winter months will include September through March, and spring/summer 
months will include April through August.
2. The greatest magnitudes of sediment resuspension will be during
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fall/winter months, and the smallest magnitudes of sediment resuspension 
will occur during spring/summer months.
3. The "sea wave" energy component will resuspend bed sediments most 
frequently year-round, but will resuspend the smallest magnitudes of 
sediment.
4. The "bay wave" energy component will resuspend bed sediments least 
frequently year-round, but will resuspend the greatest magnitudes of 
sediment.



BACKGROUND

Bottom Boundary Laver theory
Because this study addresses aspects of fluid motion near a bed, and 

its interaction with and effect on bottom sediments, it is essential to 
understand the dynamics of the region in which these interactions take 
place. Within the water column, this region of complex interactions is 
known as the Bottom (or Benthic) Boundary Layer (Nowell, 1983; Wright, 
1989; Grant and Madsen, 1986; Soulsby, 1983; Dyer, 1986). As Wright et 
al. (1990) note, the Bottom Boundary Layer (BBL) is the main link between 
water movement and sediment movement. It is the interface within which 
sediment particles, chemicals, and organisms are exchanged between the 
water column and the bed (Grant and Madsen, 1986).

Within the BBL, the main means of interaction between the sediment in 
the bed and the flow above the bed is by friction forces (Wright, 1989). 
A friction force may also be thought of as a momentum transfer rate - 
thus, one may view the interactions which occur between the sediment and 
the fluid as occurring via the exchange of momentum between the fluid and 
the bed, and between successive fluid layers (Wright, 1989). This 
exchange may be provided by either turbulence (random, quickly changing 
movements), or by molecular viscosity (slow, stabilizing exchanges).

The transfer of momentum which takes place within the BBL is 
expressed as a shear stress, t , (Wright, 1989). A shear stress is defined 
as a frictional force per unit area and is proportional to the viscosity 
and to the velocity gradient (Wright, 1989): t  - p e(du/dz), where e
represents both eddy and molecular viscosity, p is density,and du/dz 
represents the velocity gradient. For fully turbulent flows, molecular

9
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viscosity may be neglected. The bed shear stress, rof is of particular 
importance in moving sediment particles off the bed (Wright, 1989; Dyer, 
1986; Soulsby, 1983). If the bed shear stress exceeds a certain threshold 
value, t c, then sediment motion will be initiated.

It is important to note that the total bed shear stress may be 
assumed to be the sum of a skin friction shear stress and a form drag 
shear stress (Wright, 1989; Vincent and Green, 1990; Dyer, 1986), i.e., rc 
= T,f + Ta. It is the skin friction shear stress alone that is responsible 
for sediment resuspension, while form drag shear stress is due to physical 
obstructions to the flow, such as flow induced or biogenic bedforms 
(Wright, 1989; Vincent and Green, 1990; Dyer, 1986). These physical 
obstructions add resistance to the flow. The skin friction shear stress 
is that part of the total stress which is actually applied to the sediment 
particles; the effect of form drag shear stress is to reduce the space- 
averaged skin friction shear (Chriss and Caldwell, 1982). Thus, for a 
given total bed shear stress, an increase in form drag may cause a 
decrease in skin friction and a reduction in the capacity of the flow to 
transport sediment (Dyer, 1986).

Another way of looking at sediment entrainment is as a ratio of 2 
forces - that is, a force working to move sediment grains on the bed vs. 
a force working to keep the particles in place. This ratio may be
expressed by the Shields parameter, 6,:

6 (pe-p)srD (1>

where p, is the sediment density, g is the acceleration due to gravity, and 
D is the mean diameter of the bed sediments. Basically, the Shields 
parameter compares the shear stress with the immersed weight of a layer of



11
the bed of a unit grain thickness (Dyer, 1976). The shear stress is the 
dragging force trying to move the sediments, while the weight of a layer 
of the bed is the resisting force trying to keep the sediments in place. 
The critical Shields parameter, 0C, represents the point at which the 
critical shear stress, rc, necessary to initiate sediment motion is 
exceeded.

For research focused on sediment motion at the bed, the successful 
prediction of bed shear stress is of utmost importance, as t0 dominates the 
dynamics near the bed. For fully turbulent boundary layers, rc is related 
to the shear velocity, U«, by: t0 = pU*2 , where U* is a function of the
velocity gradient (du/dz) such that U. = kz(du/dz), (Wright, 1989; Dyer, 
1986). Here, k is von Karman's constant (k~0.41), and the product kz is 
known as Prandtl's mixing length, 1, which typically represents the length 
scale of turbulent eddies causing momentum transfer within the BBL (Dyer, 
1986). It is important to note that the above relationships apply only 
within the logarithmic layer of fully turbulent boundary layers. For 
fully turbulent flows, the logarithmic layer is that portion of the BBL 
within which the velocity profile is logarithmic with elevation above the 
bed (Soulsby, 1983; Dyer, 1986). Eddy viscosity is the main means of 
momentum exchange within this layer, and the local shear stress is 
constant with height (Soulsby, 1983; Dyer, 1986).

One very well-known relationship which is commonly used in the 
prediction of r0 is the von Karman-Prandtl relation, also known as "the law 
of the wall". This equation relates the shear velocity, U«, the local mean 
flow velocity, U, and the hydraulic roughness length, zQ, (conceptually, 
the height above the bed at which U=0), within the logarithmic layer of 
fully turbulent bottom boundary layers. The von Karman-Prandtl equation 
is:



(Dyer, 1986; Wright, 1989; Soulsby, 1983). To use this relation in the 
prediction of r0, the velocities measured from at least four different 
elevations above the bed and within the logarithmic layer, are plotted 
against In z (the natural log of the elevation at which the velocities are 
measured). Then, generally a least squares regression is done to obtain 
U« (and hence t 0) from the slope, and z„ from the intercept (Dyer, 1986; 
Soulsby, 1983; Grant and Madsen, 1986).

The (true) hydraulic roughness length, z0, as was mentioned 
previously, is conceptually where U=0. For an ideal case, without 
modifying factors and for a uniform grain size bed, the size of the 
sediment particles will be the main determinant of z0. In this case, zG = 
1^/30, where kb is the skin friction roughness expressed as kb=2.5 D, and 
D=sediment grain diameter (Dyer, 1986; Wright, 1989). Because there are 
almost always complicating effects present in nature, a more complete 
expression for z0 may be used such that z0 - kx/30, where kT represents the 
total or effective bed roughness (Wright, personal communication). This 
total bed roughness includes not only the skin friction roughness Iq, due 
to the sediment grains, but also a form drag roughness k^ which can be due 
to either flow-induced or biogenic bedforms (kb,=ripple roughness, 
kb;=biological roughness), and a moveable bed roughness k,̂  due to near-bed 
sediment transport (Grant and Madsen, 1982). Near-bed sediment transport 
will occur when the critical bed shear stress necessary for sediment 
transport is exceeded. With increasing bed shear stress beyond the 
critical, an increasing amount of sediment may be lifted into the flow, 
and ripples which initially develop may eventually be replaced by a flat 
bed. Thus, as k^ increases, k^ (and hence kg) may be reduced.



While the "law-of-the-wall" is well established in the literature, it 
can often be misleading. Many factors such as the presence of waves, the 
nature of the bottom topography, sediment transport, accelerating or 
decelerating flow, and stratification will all affect the velocity profile 
causing the apparent z0 and U. to differ from what would otherwise be 
estimated (Dyer, 1986; Soulsby, 1983; Wright, 1989). Some researchers, 
such as Grant and Madsen (1979;1986), have developed "modified law-of-the- 
wall" models to help deal with some of these modifying factors. Grant and 
Madsen's (1986) model accounts for the effects on t q and z0 caused by the 
presence of waves. Their model was used in the first portion of this 
analysis to determine the shear stresses at a site whose hydrodynamics are 
characterized by combined waves and currents.

Waves are important to bottom boundary layer dynamics, especially in 
shallow environments such as those of the continental shelf and many 
estuaries (Wright, 1989). Dyer (1986) states that in these shallow 
regions, it is likely that the most significant occurrences of sediment 
motion at the bed will occur when current motion is enhanced by wave 
motion. Typically the wave orbital velocity near the bed can produce a 
much greater shear stress than an equivalent current velocity. This is 
because of the small scale of the wave boundary layer relative to that of 
the current boundary layer, and thus the steeper vertical velocity 
gradient and resulting shear stress associated with the wave. Waves may 
thus act as an effective stirring mechanism, creating sediment suspension, 
while steady currents may then produce net sediment transport (Dyer, 1986; 
Grant and Madsen, 1979).

Situations of combined waves and currents cause two boundary layer 
(BL) regions to develop. A wave BL exists very near to the bed and is 
typically only a few centimeters in thickness (Wright, 1989). The wave BL 
is embedded in a current BL which is on the order of meters in thickness
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(Wright, 1989). Consequently, the presence of the wave BL will cause the 
current boundary layer to experience an increased roughness. This 
increased roughness will depend not only on the physical bottom roughness, 
but also on the wave boundary layer characteristics (Dyer, 1986; Wright, 
1989; Grant and Madsen, 1979). Thus, the current will feel a greater 
resistance due to the wave. The velocity profile associated with the 
wave-influenced current will be steeper than that of a current with no 
wave influence due to the increased resistance (Grant and Madsen, 1979). 
The ability to account for the wave influence on the current velocity 
profile is important in order to accurately calculate bed shear stresses 
in environments of combined waves and currents.

Grant and Madsen wave and current boundary layer model
Grant and Madsen (1979; 1986) have developed a model that considers 

both wave and current motions near the bottom, and treats their 
interaction as non-linear. In their model, the waves and currents each act 
to enhance one another. The non-linear interaction results in a combined 
wave-current shear stress, which is different from that which would
be estimated from simple addition of the current shear stress alone and 
the wave shear stress alone. Similarly, the wave-current shear velocity, 
U*^, is due to the enhanced wave and current contributions and does not 
result from simple addition of the current shear velocity and the wave 
shear velocity.

Within the wave BL, both waves and currents contribute to turbulence, 
while above this layer, the current is the only contributor to the 
turbulence (Grant and Madsen, 1986). Above the wave boundary layer, the 
velocity profile may be expressed by the von Karman-Prandtl equation, 
however, an increased roughness parameter must be used to account for the 
increased roughness experienced by the current due to the presence of the 
waves. The resulting equation is:
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Uc~ ~rr In— (3)

where ẑ . is the increased roughness experienced by the current. It is 
increased over that which would be expected if no waves were present as it 
is based on the physical bottom roughness as well as the wave 
characteristics. The major influence of the wave on the current, above 
the wave BL, is thus reflected through the apparent roughness z^.

Within the wave BL, the velocity profile is given by:

*7«=n r (T7:i,lnir (4)A  u +cw *  o

(Grant and Madsen, 1986). Here, z0 is simply the physical bottom 
roughness. In this equation, it can be seen that the current velocity, Uc, 
is modified by U^/U^ . This term is always <1, (since waves and currents 
existing jointly each act to enhance one another, the combined wave and 
current shear velocity will always be greater than the pure current shear 
velocity). Based on these expressions of the velocity profiles for both 
regions of the combined wave-current BL, it can be seen that the current 
velocity at any elevation will always be less in the presence of waves. 
The net effect is such that more resistance is applied to the current flow 
when influenced by waves (Grant and Madsen, 1986).

Grant and Madsen (1986) offer simple equations, which were used in 
this analysis, for the calculation of the characteristic shear velocities 
(and hence shear stresses) within the wave-current boundary layer. The 
maximum wave shear stress, is obtained such that:
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U 2 — ̂ W7n —
9 (( l n ^ ^ - l . l 5)2+( — )2)^ (5)zn 2

This equation shows that the current affects the wave stress through U,̂ , 
Another way of representing the maximum wave shear stress is:

ff..-<^)'*«<Cr)'S<-|=>'*I71> (6 )

where Cr is a coefficient relating U^, to U ^ :  C ^ f U ^ / U ^ ) 2, and fw is a
wave friction factor.

The local current velocity, Uc, is given by:

niauiiwS-) (7)
k U9CV zc 8W

where 5^ is the wave BL thickness for cases of combined waves and currents 
and is given by: 6W = 2(L), (Grant and Madsen, 1986). Here (L) is the
length scale of the region over which the shear stress associated with the 
waves is expected to be important, and is expressed as L^fkU,^)/w, (Grant 
and Madsen, 1979). Thus, the thickness of the wave BL is limited by the 
wave frequency o>, (longer period, lower frequency waves will produce a 
thicker wave BL). The wave BL thickness is important to consider in 
determining local current velocity since the wave BL itself is a roughness 
element to the steady current. It is evident from the equation above for 
the local current velocity, that its value will decrease as the wave 
motion (and hence and 6W ) increases (Grant and Madsen, 1986).

Rearranging equation 7 and solving for U*,. gives:



Through this equation, it can be seen that the wave affects the current 
stress through and through 6^ (the thickness of the wave BL for
combined flows). This equation also demonstrates that the mean current 
velocity, Uc, is the physical parameter responsible for developing the 
near-bottom current shear.

For the combined wave-current shear velocity, Grant and Madsen's 
(1986) model takes into account the angle made between the waves and the 
current, <p, such that:

V.a,= U.m U  +2 ( - ^ ) 2cos<|>+ (-^.)‘)^ <9)

Some influence of the wave (U.^) on the current (Û .) is always present, 
but this influence diminishes as Û . becomes large relative to and as
the angle between the waves and the current increases (Grant and Madsen, 
1979). This equation also demonstrates the relatively greater role played 
by the maximum wave shear velocity in developing the combined wave-current 
shear velocity.

Upon viewing equations 5 and 9, it may be noted that a situation 
exists in which is needed to solve for U^,, while is needed to
solve for U,̂ ,. In order to solve these two simultaneous equations, an 
iterative procedure is used. To begin, the parameter Cf is assigned an 
initial value and equation 6 is solved. The resulting value for is
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then used to solve for U^,, again using the coefficient Cr and the 
relation: Cr= (Û /U,*,,,)2. The resulting value for is used to solve for
6^, and subsequently for Û . by equation 8 . Equation 9 is then solved 
obtaining a new value for U.^, which is used to obtain an improved estimate 
of Cr, with which the procedure is repeated. The iteration procedure 
continues until sufficiently improved estimates of the parameters are 
obtained.

Grant and Madsen model for predicting boundary roughness
It is well known that the shear stresses developed within the bottom 

boundary layer depend upon the roughness of the boundary. Thus, as 
accurate models of the boundary shear stress are important to studies 
involving sediment transport, it is also critical that accurate 
specification of the bed roughness be incorporated into these models.

The procedure used in this study to estimate bed roughness is based 
on Grant and Madsen's (1982) model (hereafter GM82) to predict roughness 
in unsteady oscillatory flows over movable noncohesive beds. Their model 
predicts both the ripple dimensions (height (ij), and length (X)), and the 
boundary roughness as functions of the boundary shear stress, rather than 
as a constant set by a fixed roughness geometry as earlier fixed bed 
roughness models were designed (ie: Smith and McLean, 1977). Their model
is based on a bed of uniform grain size sediments. Though ripple 
dimensions are best determined from actual bottom observations, these are 
often not available and thus empirical relationships must be used for 
their prediction. This analysis used GM82's equations, described in this 
section, for the determination of ripple dimensions and total bed 
roughness based on field-collected wave and current data.
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Ripples start to form on a seabed as the friction at the bed 

increases from conditions just sufficient to initiate sediment motion 
(6M82). Grant and Madsen partition the subsequent bed roughness into two 
contributions, or two distinct ranges of ripple growth and decay - the 
equilibrium range and the breakoff range. Within the equilibrium range, 
the roughness is due to the form drag around individual bedforms. The 
steepness of the ripples, rj/\, formed in this range is near a maximum, and 
the ripple length is in equilibrium with the wave excursion amplitude, 
(GM82). Within the breakoff range, the bed friction increases beyond that 
at the equilibrium range and a decrease in ripple steepness occurs which 
is associated with a lower ripple height (GM82). The ripple length and 
the wave excursion amplitude are no longer in equilibrium and the 
roughness becomes predominantly due to the near-bed sediment transport 
(i.e., moveable bed roughness).

Within the breakoff range, the ripples may become obliterated by the 
flow for sufficiently large values of the boundary shear stress. The 
near-bed sediment transport rate will thus be high, in contrast to the 
equilibrium range when relatively lower values of boundary shear and of 
sediment transport occur (GM82). Because the conditions at the bed change 
as a function of the friction at the bed and the resulting shear stress, 
GM82 explain that the total bed roughness should thus be determined based 
on the skin friction bed shear stress. The geometry of the ripples formed 
should also be estimated as a function of the skin friction shear, and 
should be used in determining the ripple roughness portion of the total 
boundary roughness (GM82).

GM82 found the parameter 6'/6e to be useful in characterizing the 
behavior of the ripples and the subsequent sediment transport. They found



the ripple steepness to be nearly independent of 8'/8C within the 
equilibrium range. As ripples decay, however, 17/A becomes more dependant 
on 8'/8C, and as sediment transport increases, 8' /8C increases as well 
(GM82). The empirically derived relationships for ripple geometry given 
by GM82 and used in the analysis of this study are presented in Table 1.

The parameter 8' f8c is the ratio of the maximum value of the Shields 
parameter based on the skin friction to the critical value necessary for 
initiation of sediment motion. In this analysis, 0C is determined from the 
Shields curve, and 8' is given by:

^____e'=
/ p * „  < 1 0 >p( —  -DsrD p

where t ' is the maximum wave shear stress based on the skin friction 
(GM82).

Using the parameter 8'/8ef GM82 describe an empirically derived 
expression for the breakoff point between ripple roughness and moveable 
bed roughness:

(-£-) -1.85,0,6 (1 1 )

in which B denotes the breakoff point and S» is a
dimensionless sediment parameter (Madsen and Grant, 1976) given by:
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Table 1. Empirical Relationships for Ripple Geometry
Under Waves

Equilibrium Range Breakoff Range

< 0 ' / 0 c ) < ( 0 ' / 0 c ) b ( 0 ' / 0 c ) > < 0 ' / 0 c ) b

v/*b 0.22 (0' /0c)"016 0.48S»08 (0' /0C) *1-5
ij/X O.16(0'/0C)'004 0.28S*O<5(0' /0c)'!O
From Grant and Madsen, (1982).
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where v is the kinematic viscosity of water (0 . 0 1 cm2/sec), pt is the 
sediment density, p is the density of water, g is the acceleration due to 
gravity, and D is the mean sediment grain diameter.

The ripple roughness, k^, is expressed by GM82 in terms of the ripple 
geometry. It is proportional to the product of ripple steepness and 
ripple height:

GM82 also derive an expression for the roughness of the near-bed sediment- 
transport layer (k,,* - moveable bed roughness), in which K,̂  is related to 
the thickness of this layer. The maximum thickness, ht of the near-bed 
transport layer is given by:

in which e is a proportionality constant, and b = ec/e, where ec is a 
proportionality constant for the initiation of sediment motion (GM82). Cm 
is a mass coefficient which, assuming all particles to be spherical, Cm = 
1/2. Kobayashi (1979) found e=9.2 and b=0.7 in an experimental analysis 
for unidirectional flow. GM82 assume these values to be reasonable 
estimates and use them to simplify equation 14 to:

kb[=21.7 (t)> (-1) <13)

(14)

hc=42(-?J- + ± ) n 6 cU-¥-'> *-0.7) c p 2 0 C
2 (15)

The moveable bed roughness is then given by:

^«b“3 .8 (hc) (16)
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Though their model was developed for the case of waves only, the 

authors argue that it can be used to calculate roughness for the combined 
(wave and current) flow case. Evaluation of the Shields parameter based 
on skin friction, 0', must be done using Grant and Madsen's (1986) wave- 
current boundary layer model. In the analysis performed in this study, 
the combined wave and current skin friction shear velocity, was used
to evaluate S' such that:

0/_ ( cv(f) )
(£*-!>*> <17>

The skin friction shear velocity, U*^, is calculated using Grant and 
Madsen's (1986) wave-current boundary layer model (based solely on the 
skin friction roughness, i.e., kb=2.5 D, and z^kfc/30). In the case of 
combined flow, the boundary., shear stress is enhanced over that due to 
waves alone. Thus, if the maximum wave shear stress were used to estimate 
B' as described earlier, the total bed roughness condition would likely be 
underpredicted.

In the model used in this analysis, if B' is greater than 0B (Shields 
parameter for ripple breakoff - equation 1 0 ), then both ripple roughness, 
kfe, and moveable bed roughness, k,̂ , are estimated. If 0' is greater than 
0C, but less than 0B, then only k^ is calculated. For calculation of the 
hydraulic roughness length, z0, the total bed roughness is used such that 
zQ = kT/30. The total boundary roughness is assumed to be composed of 4 
potential components: one due to skin friction at the bed, k̂ , based only
on grain diameter; one due to form drag over the ripples, k^; one due to 
the near-bed layer of sediment transport (k^); and one due to biogenic 
elements at the bed (ky - biological roughness). If k^k^, then k^ is to 
estimate the total boundary roughness, i.e., kj = k̂  + k^ + k,,*. If k^k,*, 
then ky is used: kj = + k* + k,,*.
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Equation for the calculation of resuspension

In the model used in this analysis, an experimentally derived
equation was used to estimate the resuspension of bottom sediments 
(Vincent et al., 1981). Their equation was based on data from flume 
experiments of Kalkanis (1964) and Abou-Seida (1965) in which the effects 
of surface waves on a bed were simulated by moving an experimental sand 
bed. In these experiments, mechanically driven oscillating sand beds were 
placed on the bottom of a flume tank. The sand beds contained recessed 
trays which allowed for accumulation of the material lifted into 
suspension by the motion of the bed (Vincent et al., 1981).

Initially, the sand bed on the bottom of the flume is stationary and
no sediment is in motion. As the sand bed increases in speed, the 
critical bed shear stress, t c, is exceeded and some sediment is lifted into 
suspension (Vincent et al., 1981). With increasing bed motion, the bed 
shear stress increases further and sediment continues to be moved from the 
bed. Throughout the period that the bed shear stress exceeds the
critical, the number of sand grains in suspension remains a function of 
this excess bed shear stress (t ,* * r - t c) , (Vincent et al., 1981). While 
t  > rc, any sand which has been lifted from the bed and then moved over the 
recessed tray will be trapped by the tray, provided the time it takes for 
the sand to fall back to the bed is much less than a complete bed 
oscillation period. Thus, the mass of sand deposited in the trays per 
complete bed oscillation is interpreted by Vincent et al. (1981) to be a 
measure of the concentration of sand in suspension per wave period. The 
authors assume this interpretation to be reasonable if the height of the 
suspension of the sand is much less than 1 cm (the fall velocity for the 
smallest particles considered in the experiments of Kalkanis (1964) and 
Abou-Seida (1965) was about 1.5 cm/sec).

Vincent et al. (1981) plotted the data from Kalkanis (1964) and Abou-
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Seida (1965) as the average areal concentration (C* - the volume of
sediment mobilized per unit area of bed, with units of cm3/cm2) against the 
maximum excess Shields Number (8̂  = 8 - 8C) occurring during a cycle. They 
found that for data with Reynolds Numbers in the transitional to turbulent 
flow range, there is a clear linear relationship between the average areal 
concentration C* and the maximum excess Shields 8̂ . The proposed linear 
relationship between C* and 6 given by Vincent et al., is:

C*= (0 . 09±0 . 03) (0-0c) (18)

Though this equation was derived using data which are far from ideal, 
(relying on the simulation of the effects of surface waves on the bed by 
moving the bed, and on the recessed trays to effectively collect sand but 
not disturb the flow), Vincent et al. (1981) found predictions using their 
equation to be in very close agreement with observational data. Thus, 
equation 18 is used in this study to estimate the resuspension of bed 
sediments. The Modified Shields criterion (Madsen and Grant, 1976) is 
used to calculate 0C, and 8 is determined using the combined wave-current 
shear velocity as calculated in Grant and Madsen's (1986) model.



MATERIALS AND METHODS
Site

Chesapeake Bay may be characterized as a partially-mixed estuary 
which experiences a mean tide range of less than 1 m (Wright et al., 
1987). In lower Chesapeake Bay, a wide range of energy conditions, as 
well as spacial variability in bottom roughness and benthic fauna are 
typical (Wright et al., 1987). Sediments of the lower bay floor are 
mainly sandy - relatively clean sands are found in the more energetic 
areas of the lower bay region, while finer grain size fractions 
characterize the less energetic environments (Wright et al., 1987). This 
study sought to model sediment resuspension of the particular lower Bay 
seabed environment described by Wright et al. (1987) as an estuary mouth 
shoal. Thimble Shoals was chosen because it represents this seabed 
environment. Specifically, the Buckroe sand reserve portion of Thimble 
Shoals (Figure 2) was chosen because recent research activities at this 
site have produced an extensive database that can be applied to the 
problem of resuspension.

Thimble Shoals is located just west of the bay mouth, and is 
typically dominated by hydrodynamically induced roughness elements (ie: 
ripples) rather than biogenic elements (Figures 3 and 4). It is a 
polyhaline (>20 ppt) environment and is of a depth varying between 4 m and
5.5 m (Kimball et al., 1989). In a report to the Coastal Erosion 
Abatement Commission, Hobbs et al. (1982) described Thimble Shoals as 
containing a very large volume (approximately 1.2 x 1 0 8 m3) of potential 
beach quality sands. Further investigation of this area by Kimball et al. 
(1989) delineated three specific portions of Thimble Shoals as sand 
reserves suitable for use as beach nourishment material (Figure 2). Of

26
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F O R T  M O N R O E

T H I M B L E  S H O A L  C H A N N E L
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Figure 2. Location of the three sand r e ser v e  portions of  Thimble shoals as 

delineated  by Kimball e t  al., (1989). The Buckroe reserve  was the s i t e  of  

th is  s tudy.
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Figure 3. Profile photo of the Thimble Shoals bed (taken using the VIMS 
Surface and Profile Imaging System on 12 May 1988). Note the dominance of 
hydrodynamically induced roughness elements.
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Figure 4. Profile photo of the Thimble Shoals bed (taken using the VIMS 
Surface and Profile Imaging System on 3 November 1988). Not the dominance 
of hydrodynamically induced roughness elements.
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the three reserves described by Kimball et al. (1989) the Fort Monroe 
reserve was concluded to be the most desirable, in terms of location and 
nature of sand, for use as replenishment of eroding beaches of lower 
Chesapeake Bay communities (Kimball et al., 1989). The Buckroe reserve; 
however, was found to contain the largest volume of usable material 
(approximately 4 x 107 m3), as well as the lowest apparent benthic resource 
value and was thus the choice for mining in late 1989.

The Buckroe reserve is located less than 2.5 km offshore and covers 
an area greater than 8 x 106 m2. A medium to coarse grained sand deposit 
(mean grain size 0.5 mm; less than 1% silts and clays) lies more than 1 m 
below the seabed. Covering this deposit is an overburden of fine sand 
whose thickness ranges from 0.1 m at the western edge of the reserve to
1.5 m at the eastern edge. The mean grain size of the overburden is 0.17 
mm (2.5 phi) (Kimball et al., 1989).

Benthic faunal density and biomass values of the Buckroe reserve were 
investigated and reported by Kimball et al. (1989) based on vertically 
partitioned core samples. Cores were 10 cm in diameter and taken to a 
depth of 15 cm. Sample size was 15 cores. Faunal density was 10.6 + 2.6 
indiv./core and biomass was 0.12 + 0.07 grams/core. These values were the 
lowest of those for the 3 reserve sites. Based on underwater camera 
images, sedentary and motile epifauna (organisms which live at the 
sediment surface) were not observed at the Buckroe reserve (Kimball et 
al., 1989).

Data
Three types of data were needed as input for the numerical model used 

in this analysis including wave and current measurements, grain size 
distributions, and measurements of heights of biological roughness 
elements. The uses of these data in the model are discussed in the
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methodology section which follows. Wave and current data were measured 
using the Virginia Institute of Marine Science (VIMS) BBL instrumented 
tetrapod. These data were obtained by Boon et al. (1990) and are 
contained within their report. Grain size distributions used were those 
reported by Kimball et al. (1989). Biological roughness heights were 
measured on profile images taken by Kimball et al. (1989) at the Buckroe 
reserve using the VIMS Surface and Profile Imaging (SPI) system. Each of 
these data are now briefly discussed.

Wave and current data
For the period September 27, 1988, to October 17, 1989, VIMS had

deployed an aluminum tetrapod containing wave and current sensing and 
recording instrumentation (Figure 5) at the easternmost edge of Thimble 
Shoals (latitude 37° 2.4' N and longitude 76° 12.5' W - Figure 6 ), (Boon et 
at., 1990). The tetrapod was retrieved and re-deployed at monthly 
intervals to allow for cleaning and recovery of data. Instrumentation 
contained on the tetrapod included a Sea Data Model 635-9RS directional 
wave gauge with a Paroscientific high-precision pressure transducer, a 
Digicourse internal compass, and a Marsh-McBirney remote 2-axis 
electromagnetic flow sensor with a 4-cm diameter sphere. The flow sensor 
was 20 cm below the pressure sensor and 1.5 m above the bottom.

Data loggers on the tetrapod were programmed for burst-mode sampling 
once every three hours (8 bursts per day) at a rate of 2 Hz for a duration 
of approximately 8.5 min. per burst. Thus, each burst contained 1024 
measurements which were recorded on magnetic tape and later edited and 
processed in the lab in order to extract summary parameters representing 
that burst. The standard wave summary parameters are defined in detail in 
Boon et al. (1990) and are briefly described in Table 2 contained in this 
study. Of the 20 parameters, 8 were used for this analysis including 
Julian day, time, depth, mean current speed, mean current direction,



Figure 5. Photo o f  the Sea Data Model 635-9RS Directional Wave Gage 

mounted on the VIMS weighted aluminum tetrapod. From Boon e t  al., (1990).
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easternmost edge of Thimble Shoals in loirer Chesapeake Bay, for the period 

September 27, 1988, to October 17, 1989. From Boon et  al., (1990).
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Table 2. Wave Parameters and their Description
Field Parameter Description

1 Mon month (1 ..1 2 )
2 Day day (1..31)
3 Yr year (0 1 ..99)
4 Jday Julian day of year (1..366)
5 Time 24-hour Eastern Standard Time
6 Depth burst-mean water depth (meters)
7 MC SPD mean current speed (cm/s)
8 MC DIR mean current direction (0..360)
9 WavDIR principal wave direction (0..360)
10 Rvar reduction in variance (0 ..1 )
11 Hmo zero-moment wave height (meters)
12 Tz zero-up-crossing wave period (sec)
13 Tp peak spectral wave period (sec)
14 %E>12 s percent wave energy > 12 sec
15 %E12-8 s " " " between 12 and 8 sec
16 %E8 — 6 s " " " between 8 and 6 sec
17 %E6-4 s " " " between 6 and 4 sec
18 %E<4 s " < 4 sec
19 code data quality code (G,W,S,M)
20 source source data DOS file name

From Boon et al., (1990)
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principal wave direction, zero-moment wave height, and peak spectral wave 
period. The summary parameters were stored on floppy disks in ASCII text 
file format and were edited for use in this analysis using Quattro 
spreadsheet software (Borland International) and Procomm Plus editing 
software (Datastorm Technologies, Inc.).

Data collected from the Thimble Shoals wave gauge were used as a 
means of partially characterizing the lower Chesapeake Bay wave climate 
(Boon et al., 1990). The data indicate a bimodal distribution in wave 
energy conditions experienced in lower Chesapeake Bay. The two groups of 
wave energy correspond to waves generated within the bay with a southerly 
direction of wave advance, and waves generated external to the bay with a 
west to west-northwest direction of advance. The mean wave height during 
the measurement period was 0.4 m with an associated period of 6 seconds 
for both wave directions.

Grain size distributions
Grain size distributions used in this analysis were those reported by 

Kimball et al. (1989) for the Buckroe reserve of Thimble Shoals. 
Characteristic coarse, mean and fine grain sizes were needed. Sediments 
analyzed for the distributions were composites of surface grab samples 
(top 15 cm) obtained with a Smith Mac grab, and short core samples (top 
0.5 m) obtained with a modified vibrecore system developed at VIMS . 
Twenty-four samples were collected on April 4, 1988, and six samples on 
April 21, 1988.

Analysis of samples included separation of sand, silt and clay 
fractions, and calculation of the size distribution of the sand fraction 
using the VIMS Rapid Sediment Analyzer. Table 3 contained in this study 
presents summary data for the thirty samples including mean grain size, 
standard deviation, location, depth, and date taken.
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Table 3. Sediment data for the Buckroe reserve (HMP3(M))-HMP15(0)) and 
for the Thimble Shoal Channel reserve (HMP16(N)-HMP24) of Thimble Shoals.

mean grain size location date
sample # phi mm SD lat. long depth(ft) taken
HMP3(M) 2.6 0.16 0.27 37 1.3’ 76 l ^ ? 4-11-88
HMP3A(M) 2.6 0.16 0.22 371.1’ 76 13.7 ? 4-11-88
HMP3B(M) 2.6 0.16 0.24 37 1.3* 76 13^ 16 4-11-88
HMP4(E) 2.6 0.16 0.21 37 1.4’ 76 14.5’ 16 4-11-88
HMP5(L) 2.5 0.17 0.32 37 1.6’ 76 13.6* 17 4-11-88
HMP6(I) 2.5 0.17 0.34 37 2.0’ 76 14.0' 16 4-11-88
HMP7(J) 2.5 0.17 0.38 37 2.0’ 76 14.5’ 15 4-11-88
HMP8(K) 2.5 0.17 0.35 37 2.1’ 76 15.0’ 14/15 4-11-88
HMP9(H) 2.6 0.16 0.32 37 1.9’ 76 15.9* 16 4-11-88
HMPIO(F) 2.6 0.16 0.35 37 2.4’ 76 15.7 16 4-11-88
H M Pll(G ) 2.9 0.13 0.30 37 3.1’ 76 15.7 17 4-11-88
HMP 12(A) 2.7 0.15 0.29 37 2.9’ 76 15.0’ 14 4-11-88
HMP13(P) 2.5 0.17 0.36 37 2.8’ 7613.4’ 16 4-11-88
HMP14(Q) 2.5 0.17 0.39 37 2.9’ 76 13.3’ 16 4-11-88
HMP15(0) 2.6 0.16 0.27 37 1.3’ 76 15 S 15 4-11-88
HMP16(N) 1.8 0.28 0.40 37 1.0’ 76 15.6’ 13 4-11-88
HMP 17 1.7 0.29 0.48 37 0.9’ 76 15.4’ 21 4-11-88
HMP 18 2.2 0.21 0.79 37 0.7’ 76 15.5’ 33 4-11-88
HMP 19 1.9 0.26 1.00 37 0.7’ 76 16.0’ 29 4-11-88
HMP20 2.1 0.23 0.56 37 0.9’ 76 15.9* 21 4-11-88
HMP21 1.6 0.33 0.43 37 1.0’ 76 15.6’ 14 4-11-88
HMP22 1.7 0.30 0.36 37 1.0’ 76 15.6’ 15 4-11-88
HMP23 1.7 0.30 0.43 37 0.9’ 76 15.4’ 19 4-11-88
HMP24 1.7 0.30 0.44 37 1.0’ 76 15.5’ 17 4-11-88
HMP1 2.6 0.16 0.34 37 2.0’ 76 15.4’ 14 4-21-88
HMP 2 2.6 0.16 0.30 37 2.0’ 76 15.4’ 13 4-21-88
HMP3 2.5 0.17 0.29 37 1.9’ 76 15.5’ 14 4-21-88
HMP4 2.6 0.16 0.34 372.1’ 76 15.5’ 14 4-21-88
HMP5 2.6 0.16 0.28 37 2.0’ 76 15.3’ 13 4-21-88
HMP6 2.6 0.16 0.30 37 2.0’ 76 15.2’ 14 4-21-88
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It was initially thought that all thirty samples were indeed taken 

within the Buckroe reserve of Thimble Shoals - as this is what was 
reported by Kimball et al. (1989). A closer look at the location of each 
sample and plotting of sample locations (Figure 7) revealed that 9 of the 
samples (HMP16(N)-HMP24) were actually taken much closer to the Thimble 
Shoal Channel (TSC) reserve. Further investigation also showed that the 
grain size, standard deviation and depth of these 9 samples were very 
characteristic of those reported for other TSC samples (Kimball et at., 
1989). Thus, for this analysis, modeling of resuspension of bottom 
sediments characteristic of the Buckroe reserve did not include those 9 
samples. Predictions of sediment resuspension of the TSC reserve were 
made using the 9 samples characteristic of TSC sediments for a few months. 
This was done in order to compare predicted resuspension for the two 
different sediment populations under varying energy conditions.

Biological roughness data
Biological roughness heights were measured on slides obtained using 

a remotely deployed underwater camera system. This system is designed to 
provide information on the larger, more sparsely distributed organisms 
existing on or just above the sediment surface (Kimball et al., 1989). 
The Surface and Profile Imaging System (SPI) was developed at VIMS and 
provides a view of the sediment water interface. The system consists of 
a Benthos model 371 and 372 standard camera and flash which provides 
images of the sediment surface. The SPI system also contains a modified 
Benthos model 3731 sediment profile camera which actually penetrates the 
bed providing images of the sediment column 15 cm wide x 20 cm deep. 
Because heights of biological roughness elements were needed for this 
analysis, only the profile images were used.

On May 12, 1988, the SPI system was deployed at the Buckroe reserve 
obtaining 36 profile images (Kimball et al., 1989); on November 3, 1988,
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Figure 7. Location of the Buckroe reserve  sediment samples reported by 

Kimball e t  al., (1989). Modified from Kimball e t  al., (1989).
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6 more profile images were obtained. Table 4 contains biological 
roughness height summary data. In all 42 images, the bed was 
characterized by fine to medium sand and dominated by hydrodynamicslly 
induced bedforms (i.e., ripples), (Kimball et al., 1989; Linden, 
personal observation). Kimball et al. (1989) report observations of small 
tubes at the sediment-water interface in 17 of the profile images. I was 
only able to observe tubes in 14 of the images. Density information 
reported in Table 4 is based on my personal observations of the images. 
Roughness heights were measured directly from 35 mm slides and are mainly 
heights of tubes with the exception of BB22 which also includes a bivalve. 
Each image contained tick marks at 1 cm intervals, thus a conversion 
factor for heights measured on slides to real heights was easily 
calculated. Heights reported in Table 4 are an average of all real 
roughness heights measured on a particular slide. The mean biological 
roughness height of all slides was 0.50 cm.

As was mentioned previously, all of the 42 profile images from the 
Buckroe reserve showed flow induced ripples on the bed. Because the 6 

slides from November were the only images to correspond to a date of 
actual wave and current data, these images were used to compare observed 
ripple roughness to that predicted by the model. Ripple height and 
wavelength were measurable on 4 of the 6 images.

Methodology
The model used in this study to estimate combined wave-current seabed 

shear stress for subsequent use in predicting sediment resuspension, was 
that developed by Grant and Madsen (1986). Their model is described in 
the background section of this study. The key units of the model were 
implemented and programmed for use on PC-based software by S.C. Kim 
(VIMS). Additional portions of the model not described in the background 
section of this study, but necessary for the calculation of some



Table 4. Biological roughness height summary data
Tube density:

Measured from profile images taken at the 
Buckroe Beach site o f Thimble Shoal 
12 May 1988 and 3 November 1988

Station Sed. type interface heights (cm) density
BB-01 med/tine sand bed forms ....................  0.25 ---  L
BB-02 med/fine sand bed forms *nb
BB-03 med/fine sand bedforms nb
BB-04 med/fine sand bedforms nb
BB-05 med/fine sand bedforms 0.50 L
BB-06 med/fine sand bedforms 0.25 L
BB-07 med/fine sand bedforms nb
BB-08 med/fine sand bedforms nb
BB-09 med/fine sand bedforms nb
BB-10 med/fine sand bedforms nb
BB-11 med/fine sand bedforms 1.06 L
BB-12 med/fine sand bedforms 0.63 L
BB-13 med/fine sand bedforms nb
BB-14 med/fine sand bedforms nb
BB-15 med/fine sand bedforms 0.42 L
BB-16 med/fine sand bedforms 0.40 L
BB-17 med/fine sand bedforms 0.45 M
BB-18 med/fine sand bedforms nb
BB-19 med/fine sand bedforms nb
BB-20 med/fine sand bedforms nb
BB-21 med/fine sand bedforms nb
BB-22 med/fine sand bedforms 0.13 L
BB-23 med/fine sand bedforms nb L
BB-24 med/fine sand bedforms nb
BB-25 med/fine sand bedforms 0.63 L
BB-26 med/fine sand bedforms nb
BB-27 med/fine sand bedforms nb
BB-28 med/fine sand bedforms 0.54 L
BB-29 med/fine sand bedforms missing slide
BB-30 med/fine sand bedforms 0.38 L
BB-31 med/fine sand bedforms nb
BB-32 med/fine sand bedforms nb
BB-33 med/fine sand bedforms nb
BB-34 med/fine sand bedforms nb
BB-35 med/fine sand bedforms nb
BB-36 med/fine sand bedforms 0.25 L

BB-A med/fine sand bedforms nb
BB-B med/fine sand bedforms 0.63
BB-C med/fine sand bedforms nb
BB-D med/fine sand bedforms nb
BB-E med/fine sand bedforms nb
BB-F med/fine sand bedforms nb
*nb indicates that biogenic roughness elements were either not visible 
or not measurable on slide.
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L (< =5 tubes/image) 
M(6-25 tubes/image)

comments

Diopatra tube

solitary hydroid 
Diopatra tube

bivalve

mean biological 
roughness ht. =  0.50cm
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parameters within the model include the calculation of the critical 
Shields Parameter and various wave parameter calculations (cu, Ab, Ub, and 
kh). These parameters and their calculations are now briefly described.

In this analysis, a modified Shields criterion was used to estimate 
the critical Shields parameter (Madsen and Grant, 1976). It is based on 
a sediment parameter, S., which is a function of the sediment and fluid 
properties only, and is calculated using equation 12 given in the 
Background chapter of this study. S» is a dimensionless parameter which 
defines a critical combination of the two parameters, 0 and R*, (Shields 
and grain Reynolds number), commonly used in the Shields diagram for the 
initiation of sediment movement (Madsen and Grant, 1976).

Some of the wave parameter calculations used in the model are based 
on Nielson's (1982) explicit formulae for commonly used wave parameters in 
intermediate water depths. One such parameter is kh, for which Nielson 
(1982) derives an equation using a Taylor expansion:

a*±(k0d)*-^(k0d)z) (19)

In this equation, d is water depth, and k,, is the deep water wave number 
(k,, = 2rr/L0), where Lc is the deep water wave length (L0 = gT7/2n) and T is 
wave period. Other wave calculations used in the model include the radian 
wave frequency, a>, where a> = 2n/Tr wave excursion amplitude, At, where:

A H  (20)b 2sinh(kh)

and the equivalent orbital velocity amplitude, Ub, where:

Ub=Ab<& ( 2 1 )
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In equation 20, H is the wave height. The wave period and wave height 
used in these calculations were part of the input data set described 
earlier. The wave height used in this study is called a zero-moment wave 
height (Hmo) as it is derived from a converted pressure signal. Briefly, 
the pressure readings from the BBL pressure sensor are reduced to zero- 
mean value, and subsequently converted to a depth-frequency corrected sea 
level (CSL) series using the method of Nielson (1986, 1989) and linear
wave theory (Boon et al., 1990). The zero-moment wave height is then 
determined from the fluctuating (zero-mean) CSL series. It is defined as 
four times the standard deviation of the series and is considered 
equivalent to the significant wave height (Boon et al., 1990). The wave 
period used in this analysis is called the peak spectral wave period (Tp). 
It is determined using spectral methods, and is associated with the peak 
spectral energy density in each CSL series. Often, the spectra showing 
energy density as a function of frequency contained multiple peaks. In 
such cases, the highest peak was used to determine Tp as the reciprocal of 
the peak frequency (Boon et al., 1990).

Grant and Madsen's (1986) model to estimate bed shear stress in 
combined wave and current environments was developed based on the 
assumption of a wave-dominated environment. Though this is not a limiting 
assumption, it is important to realize in analyzing model predictions. A 
wave-dominated environment as defined by Grant and Madsen (1982) is one in 
which the near-bottom wave orbital velocity is greater than the magnitude 
of the mean current in the vicinity of the wave boundary layer. Thus, in 
such environments, the wave orbital velocity is most often responsible for 
moving bed sediments. In this study, all predicted resuspension events 
were assumed to be due to the wave orbital motion. It is important to 
note; however, that even in wave-dominated environments the mean current 
may sometimes cause sediment movement. In order to demonstrate the 
relative contributions of the wave and current forcings at Thimble Shoals
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to the combined bed shear velocity as estimated from Grant and Madsen's 
model, a description of the hydrodynamic regime is provided within this 
study. Plots of the mean current velocity relative to the equivalent 
orbital velocity amplitude (based on Hmo) are presented and are compared
to the combined skin friction shear velocity (that portion of the total
bed shear which is directly responsible for sediment motion). These 
comparisons allow determination of which velocity component (Ub or Uc) 
contributing to the combined skin friction shear, U*cw(f), maY be more
responsible for moving bed sediments. Also, in order to more directly 
address the role of currents in resuspending bed sediments at Thimble 
Shoals, plots of the model predicted current shear velocity, Û ,, and wave 
shear velocity, U*^, are included. All of these plots and a brief
discussion may be found in the following chapter of this study.

As mentioned earlier, in order to estimate bed shear stress in 
shallow coastal environments, accurate specification of the physical bed 
roughness is first required. The total bed roughness includes four 
separate portions which must be determined (skin friction, ripple, 
biogenic, and moveable bed). The skin friction roughness, since it is a 
function of sediment grain size, is calculated using the mean sediment 
grain diameter as estimated from the Buckroe reserve grain size 
distributions. These distributions were described in the data section of 
this study. Form drag roughness (both ripple and biological) is best 
estimated from actual field measurements. For this study, biological 
roughness heights were measured off images of the bed taken from within 
the Buckroe reserve (described in the data section of this study). 
Sufficient observations of ripple roughness were not available for this 
study. Thus, ripple dimensions and ripple roughness, as well as moveable 
bed roughness, were predicted using the roughness model developed by Grant 
and Madsen (1982) which is described in the background section of this 
study.
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After predictions of total bed roughness and estimations of the 

combined bed shear stress are complete, sediment resuspension may be 
predicted. For the prediction of sediment resuspension done in this 
study, the equation derived by Vincent et al. (1981) (equation 18, 
described in the background section of this study) was used. It is 
important to emphasize that the term resuspension implies only local 
entrainment; this is what was predicted in this study. Ordinary sediment 
in suspension which may exist at the site as a result of advective effects 
was not considered. Also, because resuspension is sensitive to grain 
size, predictions of sediment resuspension were done for the mean, coarse, 
and fine grain sizes as estimated from Buckroe reserve grain size 
distributions. Differences in the frequencies and magnitudes of 
resuspension predicted for each grain size were compared.

It is important to note that in analyzing the resuspension predicted 
using Vincent et al.'s (1981) equation, attention focused primarily on 
relativity rather than on the actual predicted resuspension values. That 
is, the relative differences in predicted resuspension with changing 
energy conditions, and for each wave energy component were emphasized. 
Though it is reasonable to assume the resuspension to be proportional to 
the excess Shields parameter, the constant derived by Vincent et al. 
(1981) in equation 18 may or may not be completely valid as applied to 
this study. A detailed discussion of the validity of their constant is 
beyond the scope of this study. It should be noted; however, that if the 
constant used in equation 18 were changed, this would not change the 
conclusions reached in this study.

Because one of the main objectives of this study was to isolate the 
portions of the local resuspension associated with the two main wave 
energy components affecting the Thimble Shoals site, criteria were needed 
in order to assign one or the other component to each resuspension event.
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Criteria used were based on Boon et al. (1990) Thimble Shoals wave 
characteristics description. All waves with peak spectral wave period, Tp, 
greater than 8.0 seconds were assigned to the "sea wave" condition. The 
peak spectral wave period was used as it is associated with the peak 
spectral energy density (Boon et al., 1990). Thus, it was assumed that 
the peak energy component was the one moving sediments at the bed. A 
window of wave headings was chosen based on Figure 6 (between 258° and 
302°) within which all waves with Tp>6 s and Tp< = 8 s were also assigned the 
"sea wave” condition. All waves with Tp< = 6 s, or Tp>6 s and Tp< = 8 s and 
outside of the 258°-302° wave heading window were assigned the "bay wave" 
condition. These criteria are summarized in Table 5.

All of the raw output data from the boundary layer model may be found 
in the Appendix.
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Table 5, Summary of "sea wave"/"bay wave" criteria
If: Then source is:

T > 8.0 s sea wave

T > 6 .0 s and T <= 8.0 s, and 
alpha > 258° and alpha < 302° sea wave
T > 6.0 s and T <= 8.0 s and 
alpha <= 258° and alpha >= 302° bay wave
T <= 6.0 s bay wave

(T represents the peak spectral wave period and alpha is 
the wave direction)



HYDRODYNAMIC REGIME

Figures 8-20 (a) depict graphically the hydrodynamic regime at
Thimble Shoals for the months October, 1988, through October, 1989. 
Equivalent orbital velocity amplitude (Ub - based on Hmo) and mean current 
velocity, Uc, are represented in a time series. Throughout this chapter 
and in the results section of this study, data for October, 1989, are 
shown, however, these results are not discussed relative to the other 
months as only a half month of data were collected. Mean current velocity 
was part of the input data set (one of the summary parameters measured and 
reported by Boon et al., 1990). Equivalent orbital velocity amplitude was 
calculated using equations 20 and 21 as described in the methodology 
section of this study. Julian day is represented on the x-axis; however, 
each tick mark on the x-axis represents a single burst (8 bursts per day, 
approximately 240 bursts per month).

Throughout all months, with the exception of AUG89 and SEP89, Ub 
overall remained less than Uc. In AUG89 and SEP89, Ub was generally equal 
to or slightly greater than Uc. For all months, the majority of Ub 
measurements fell between 0 cm/s - 20 cm/s. Values of the mean current 
velocity generally fell within 5 cm/s - 50 cm/s, and often were greater 
than 20 cm/s. This is important since a mean current velocity of greater 
than 20 cm/s is typically thought to be capable of causing sediment 
motion. With the exception of MAY89, JUN89, and JUL89, single sharp peaks 
and groups of peaks in Ub values which exceed Uc values may be noted for 
all other months. In MAY89, JUN89, and JUL89, peaks in Ub values do occur? 
however, these remained small (20 cm/s - 40 cm/s) and generally less than 
Uc values. For 7 of the months of measurements (OCT8 8 , NOV8 8 , DEC8 8 ,

47
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Figures 8-20 (a-c). Thimble Shoals hydrodynamic regime and model
predicted friction for the months of October, 1988, through October, 1989. 
A - Bottom orbital velocity vs. mean current velocity. B - Skin friction 
shear velocity. C - Wave shear velocity and current shear velocity.
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JAN89/ APR89, MAY89, and AUG89), peaks in Ub values fell between 40 cm/s - 
50 cm/s. For 2 months of measurements (JUN89 and JUL89), peaks in Ub 

values reached only 20 cm/s - 25 cm/s. During the remaining 3 months 
(FEB89, MAR89, and SEP89), peaks in Ub values were significantly higher - 
90 cm/s, 68 cm/s, and 60 cm/s respectively. In FEB89 and MAR89, peaks in 
Ub values occurred mainly during the major local winter storms. SEP89 was 
a particularly energetic month in terms of wave heights generated. No 
noteworthy local storms occurred in SEP89; however, two very large 
hurricanes did occur. Hurricane Gabrielle occurred between August 30, 
1989, and September 13, 1989, with maximum wind speeds of 125 knots.
Hurricane Hugo occurred between September 10-22, 1989, with maximum wind 
speeds of 140 knots.

Figures 8-20 (b) depict graphically the frictional result of the
hydrodynamic forcings just described. These figures show time series 
plots of the combined wave-current skin friction shear velocity, as
estimated using the Grant and Madsen (1986) model, for the months October, 
1988, through October, 1989. Equation 9 in the background section of this 
study was used for the estimation of where roughness was based solely
on sediment grain diameter. The combined skin friction shear velocity is 
shown here as it is that portion of the total bed shear which is actually 
responsible for moving the bed sediments. Thus, whenever peaks in U*^ 
occur, peaks in the predicted resuspension will also occur; these will be 
instances when the largest magnitudes of sediment will be mobilized from 
the bed. A comparison of the plots (a) and (b) for each month 
demonstrates which velocity component (Ub or Uc) contributing to the 
combined shear, U.^, may be more responsible for moving the sediments at 
the bed.

For all months except JUN89 and JUL89, sharp peaks in the skin 
friction shear velocity are mirrored by similar sharp peaks in the
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equivalent orbital velocity amplitude, Ub. In JUN89, the skin friction 
shear velocity remained at relatively low values (mainly between 0.5 cm/s 
- 1 . 5 cm/s) throughout the month. Throughout JUN89, Ub also remained at 
relatively low values (5 cm/s - 10 cm/s). In JUL89, the skin friction 
shear velocity was slightly higher overall than in JUN89 (between 0.5 cm/s 
- 2.0 cm/s). During this month, two sharp peaks in occur at JDAY198.
When compared to the hydrodynamic plots for JUL89, it may be noted that 
similar sharp peaks occur in mean current at this time. The peaks in Uc 
are likely the cause of the peaks noted in U^f,, in terms of the model 
calculations for U*^^. In nature; however, peaks such as these in mean 
current velocity are highly unusual, and those noted for JUL89 are likely 
some other factor influencing the data. During almost all other months, 
small peaks in U.^ occur which may correspond to similar small peaks in 
Uc. When these peaks in Uc exceed 20 cm/s, it may be that the mean current 
is responsible for any sediment motion at the bed.

In order to more directly address the role of currents in sediment 
resuspension at Thimble Shoals, time series plots of the model predicted 
wave shear velocity and current shear velocity are shown in Figures 8-20 
(c). A comparison of these plots with those for (8-20 (b)) indicates
which shear velocity component is likely the greater contributor to the 
combined shear velocity and thus likely responsible for the sediment 
resuspension. Throughout all months, the wave shear velocity remains 
greater than the current shear velocity. For the majority of all months, 
the current shear velocity remains between 1 cm/s and 2 cm/s and never 
exceeds 5 cm/s. The wave shear velocity fluctuates between approximately 
1 cm/s and 5 cm/s, with much larger increases during times of increased 
bottom orbital velocity (plots (a)). During instances of likely large 
magnitudes of sediment resuspension, where sharp peaks and groups of peaks 
in are noted, similar sharp peaks in the wave shear velocity of up to
15 cm/s also occur.
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Comparison of the three plots presented for each month indicates that 

whenever large sharp peaks in U ^ (f) occur, similar large sharp peaks in wave 
orbital velocity and in wave shear velocity also occur. This leads to the 
conclusion that whenever large magnitudes of sediment are resuspended from 
the bed at Thimble Shoals, waves are largely responsible. As mentioned 
earlier, this conclusion is what would be expected from a wave-dominated 
environment as Grant and Madsen's (1986) model assumes. It is important 
to remember; however, that even in wave-dominated environments, the mean 
current velocity in the vicinity of the wave boundary layer may at times 
exceed the bottom orbital velocity and may thus be the cause of sediment 
motion. As indicated, instances may be noted throughout the year when Ub 
is small, and small peaks in Uc occur which are relatively larger than Ub. 
These peaks in Uc were noted to often be greater than 20 cm/s, and to 
potentially correspond to small peaks in U*^^. During these times of the 
year, it may be that the mean current is more likely moving the bed 
sediments. Relative to the resuspension due to Ub; however, instances of 
sediment resuspension at Thimble Shoals due to the mean current are likely 
to be much less frequent and of much smaller magnitudes.



RESULTS

Roughness
Tables 6a & 6b contain the predicted and observed ripple dimensions 

(height, and length, X) and the predicted and observed ripple
roughness, Both predicted and observed k^ were calculated using
equation 13; however, model predicted rj and X were used in calculating the 
predicted k̂ ., and observed i] and X were used in calculating the observed 
k^. For the observed data, the only slides available for which 
corresponding real wave and current data were also available were 6 slides 
taken on November 3, 1988. Upon viewing the slides, only 4 of the 6

contained ripples which could be accurately measured. The model predicted 
ripple dimensions and predicted k br are shown for November 2 ,  1988, and 
November 3, 1988.

Based on the real wave and current data for November 3rd, the model 
predicted that no ripples would develop and thus that k^ = 0. Ripples 
which would actually be observed on November 3rd would be the last ripples 
formed by sufficiently strong flow conditions. The model predicts the 
most recent ripples to have developed on November 2, 1988, during the last 
burst of the day (21:00 hours). Comparison of ripple dimensions observed 
on November 3rd and those predicted for November 2nd show large 
differences. The predicted height for 21:00 hours is 2-2.5 times larger 
than the observed heights, and the predicted length is also 2-2.5 times 
larger than those observed. The predicted ripple roughness of 16.44 cm is 
approximately 2 times the average k br of 8.47 cm calculated using the 
observed ripple dimensions.

52
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Table 6a. Predicted ripple dimensions and ripple roughness

Date Time
Jhr)

ripple height 
(cm)

ripple length 
(cm)

ripple
roughness (cm)

11-02-88 0 4.79 30.32 20.94
11-02-88 3 4.58 28.86 20.17
11-02-88 6 0.00 0.00 0.00
11-02-88 9 4.84 31.21 20.80
11-02-88 12 0.00 0.00 0.00
11-02-88 15 6.09 38.14 26.89
11-02-88 18 0.00 0.00 0.00
11-02-88 21 3.79 24.18 16.44
11-03-88 0 0.00 0.00 0.00
11-03-88 3 0.00 0.00 0.00
11-03-88 6 0.00 0.00 0.00
11-03-88 9 0.00 0.00 0.00
11-03-88 12 0.00 0.00 0.00
11-03-88 15 0.00 0.00 0.00
11-03-88 18 0.00 0.00 0.00
11-03-88 21 0.00 0.00 0.00

Table 6b. Observed ripple dimensions (from 03Nov88 slides)

Date Time
(pm)

ripple height 
(cm)

ripple length 
(cm)

Slide

11-03-88 ? dimensions not measurable A
11-03-88 3:24 1.55 12.38 B
11-03-88 3:26 1.90 10.00 C
11-03-88 3:27 dimensions not measurable D
11-03-88 3:28 1.90 12.14 E
11-03-88 3:30 1.90 9.76 F
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Predicted total resuspension

Figures 21-33 contain time series of the predicted resuspension 
(using equation 18) for each month through the year OCT88-OCT89. 
Resuspension shown in these figures is the total amount of sediment 
mobilized per unit area of bed for the mean sediment grain size and for 
all waves regardless of direction or frequency. Julian day is shown on 
the x-axis, with each tick mark representing one burst (8 bursts per day, 
approximately 240 bursts per month). These figures provide a visual 
representation of relative changes in predicted resuspension throughout 
the year. Tables 7a and 7b summarize the predicted resuspension 
information in terms of frequency and magnitude for each month. Frequency 
is calculated as the total number of bursts in which sediment was 
predicted to be mobilized divided by the total number of bursts for the 
month. Magnitude is given in terms of the monthly mean and monthly 
maximum amounts of predicted resuspension. The cumulative resuspension 
(Table 7b) is the cumulative amount of sediment predicted to be 
resuspended for each month. It is calculated by adding the predicted 
resuspension for all bursts throughout each month. It represents the net 
effect of both frequency and magnitude of predicted resuspension (i.e., 
the number of resuspension events predicted to occur plus the predicted 
magnitudes for each of those resuspension events).

In terms of frequency of resuspension (Table 7a), some expected as 
well as some unexpected results may be observed. The month during which 
the most frequent sediment resuspension was predicted was SEP89, in which 
nearly half of the bursts (46%) predicted resuspension. The next most 
frequent resuspension was predicted for OCT88 and MAR89, (40% and 39% 
respectively). The least frequent resuspension was predicted for JUN89, 
JUL89, and AUG89, (between 12% - 17% of the bursts). Frequencies of 
predicted resuspension for the remaining months, (NOV8 8 , DEC8 8 , JAN89, 
FEB89, APR89, and MAY89), all fell within a mid-range of values between



Table 7a. Frequency and magnitude of the total volume of 
sediment mobilized per unit area of bed for both wave 
energy components.

Month Frequency Mean
resuspension 
(cm /cm)

Maximum 
resuspension 

(cm /cm )

OCT88 0.40 0.006 0.029
NOV88 0.23 0.006 0.041
DEC88 0.22 0.007 0.036
JAN89 0.29 0.007 0.025
FEB89 0.30 0.019 0.111
MAR89 0.39 0.018 0.074
APR89 0.30 0.005 0.036
MAY89 0.24 0.004 0.025
JUN89 0.12 0.003 0.010
JUL89 0.17 0.003 0.018

AUG89 0.13 0.008 0.045
SEP89 0.46 0.008 0.042
OCT89 0.23 0.005 0.023

Table 7b. Cumulative volume of sediment 
mobilized per unit area of bed, for each month.

Month
Cumulative 
resuspension 
(cm /cm )

OCT88 0.641
NOV88 0.321
DEC88 0.360
JAN89 0.529
FEB89 1.262

MAR89 1.749
APR89 0335
MAY89 0.277
JUN89 0.099
JUL89 0.136

AUG89 0.267
SEP89 0.875
OCT89 0.152
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Figures 21-33. Monthly time series of total predicted sediment 
resuspension, regardless of direction or frequency, for October, 1988, 
through October, 1989.
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22% and 30%. During JAN89, FEB89, and APR89 frequencies were at the high 
end of this range (29%, 30%, and 30% respectively), while those for NOV8 8 , 
DEC8 8 , and MAY89 were at the low end (23%, 22%, and 24% respectively).

The greatest mean amounts of predicted resuspension (Table 7a) were 
for FEB89 and MAR89 (0.019 cm3/cm2 and 0.018 cm3/cm2 respectively). During 
these two months, major winter storms occurred. The next greatest mean 
amounts of predicted resuspension were for AUG89 and SEP89 (0.008 cm3/cm2 
for both months). A minor hurricane occurred in AUG89, while two major 
hurricanes occurred in SEP89. The smallest mean amounts of predicted 
resuspension were for JUN89 and JUL89 (0.003 cm3/cm2 for both months). The 
mean amount of predicted resuspension for MAY89 was slightly higher at 
0.004 cm3/cm2, and that predicted for APR89 was a bit higher than MAY89 
(0.005 cm3/cm2) . The remaining months (OCT88-JAN89) had mean amounts of 
predicted resuspension in a mid-range of values (0.006 cm3/cm2 for OCT88 
and NOV8 8 , and 0.007 cm3/cm2 for DEC88 and JAN89). Of these 4 months, 
OCT88 was the only month during which a noted storm did occur; however, it 
was significantly smaller in terms of wave height than the storms which 
occurred in FEB89 and MAR89.

Results for the monthly maximum amount of predicted resuspension 
(Table 7a) were generally similar to those for the monthly mean. The 
greatest maximum amounts of predicted resuspension were in FEB89 and MAR89 
(0.111 cm3/cm2 and 0.074 cm3/cm2 respectively). The next greatest maximum 
amounts of predicted resuspension were in AUG89 and SEP89 (0.045 cm3/cm2 
and 0.042 cm3/cm2respectively). The smallest maximum amounts of predicted 
resuspension were for JUN89 and JUL89 (0.010 cm3/cm2 and 0.018 cm3/cm2 
respectively). The maximum amounts of predicted resuspension for the 
remaining months (OCT88-JAN89, APR89, and MAY89) fell within a mid-range 
of values (between 0.025 cm3/cm2 and 0.041 cm3/cm2) . NOV8 8 , DEC8 8 , and 
APR89 were at the high end of this range (0.041 cm3/cm2, 0.036 cm3/cm2, and
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0.036 cm3/cm2 respectively), while OCT8 8 , JAN89, and MAY89 were at the low 
end (0.029 cm3/cm2, 0.025 cm3/cm2, and 0.025 cm3/cm2 respectively).

The predicted cumulative resuspension (Table 7b) represents the net 
effect of the predicted frequencies and magnitudes of sediment 
resuspension. The greatest predicted cumulative resuspension values were 
for FEB89 and MAR89 (1.749 cm3/cm2 and 1.262 cm3/cm2 respectively). The 
next greatest predicted cumulative resuspension was for SEP89 with a value 
of 0.875 cm3/cm2. The smallest predicted cumulative resuspension values 
were for JUN89 and JUL89 (0.099 cm3/cm2 and 0.136 cm3/cm2 respectively). 
Values for MAY89 and AUG89 were slightly higher (0.277 cm3/cm2 and 0.285 
cm3/cm2 respectively). Within a mid-range of values (between 0.321 cm3/cm2 
and 0.641 cm3/cm2) were the months of OCT88-JAN89 and APR89.

Sediment size-dependent resuspension
As mentioned earlier, grain size distributions for the Buckroe 

reserve and the TSC reserve portions of Thimble Shoals (reported by 
Kimball et al., 1989) were used in order to determine the characteristic 
coarse, mean, and fine grain sizes for each reserve (summary data from the 
grain size distributions were shown in Table 3). Based on the 21 Buckroe 
reserve distributions, the mean grain size was found to be 0.17 mm (2.5 
phi) . Grain size distributions were narrow, with an average standard 
deviation (SD) of 0.31 phi. For calculation of the coarse and fine grain 
sizes, +/- 2 SD were used. The coarse grain size was 0.27 mm (1.88 phi), 
and the fine grain size was 0.11 mm (3.12 phi). Based on the 9 TSC 
reserve distributions, the mean grain size was found to be 0.28 mm (1.8 
phi). Distributions were broader than those of the Buckroe reserve, with 
an average SD of 0.54 phi. The coarse grain size was 0.60 mm (0.72 phi), 
and the fine grain size was 0.13 mm (2.9 phi).

Figures 34-40 contain time series of the predicted sediment size-
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Figures 34-40. Time series of sediment size-dependent predicted 
resuspension for coarse, mean, and fine grain sizes of Buckroe reserve 
sediments. For OCT8 8 , FEB89, MAR89, APR89, JUN89, AUG89, and SEP89.
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dependent resuspension for the Buckroe reserve sediments. The 
resuspension is the total amount of sediment mobilized per unit area of 
bed for all waves regardless of direction or frequency. It is shown for 
the three characteristic grain sizes of Buckroe reserve samples (coarse, 
mean, and fine) for seven months (OCT8 8 , FEB89, MAR89, APR89, JUN89, AUG89 
and SEP89) in order to demonstrate differences in the predicted 
resuspension of different grain sizes of sediments under varying energy 
conditions. Table 8 summarizes the differences in terms of frequency and 
cumulative resuspension (net effect of both frequency and magnitude) for 
each grain size.

Figures 41 -43 contain time series of the predicted sediment size- 
dependent resuspension for the TSC reserve sediments. Resuspension again 
is the total amount of sediment mobilized per unit area of bed for all 
waves regardless of direction or frequency, and is shown for the coarse, 
mean, and fine grain sizes of the TSC reserve sediments. Three months 
were chosen to model resuspension (MAR89, JUN89, and SEP89), so that 
relative differences in predicted resuspension between the TSC 
distribution and the Buckroe distribution could be demonstrated under 
varying energy conditions. Table 9 summarizes the predicted resuspension 
of TSC grain sizes in terms of frequency and cumulative resuspension for 
each grain size.

For the Buckroe reserve grain size distributions, during all months 
the frequency of the predicted resuspension of the coarse grain size was 
just slightly less than that for the mean or fine grain size. The 
frequency of predicted resuspension of the fine grain size typically did 
not differ much from that for the mean grain size. For OCT8 8 , FEB89, 
MAR89, JUN89, and AUG89, frequencies of predicted resuspension of mean and 
fine grain sizes were equal. The predicted cumulative resuspension for 
all 7 months was lowest for the coarse grain size, intermediate for the
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Table 8. Frequency and cumulative volume of sediment 
mobilized per unit area of bed, for the Buckroe 
reserve sediment samples.

MONTH Frequency Cumulative resuspension (cm /cm ) Grain sizes (cm)
OCT 1988 0.36 0.424 0.027 coarse

0.40 0.623 0.017 mean
0.40 0.810 0.011 fine

FEB 1989 0.28 0.885 0.027 coarse
0.30 1.255 0.017 mean
0.30 1.709 0.011 fine

MAR 1989 0.36 1.230 0.027 coarse
0.39 1.742 0.017 mean
0.39 2.363 0.011 fine

APR 1989 0.25 0.213 0.027 coarse
■" 0.30 0.324 0.017 mean

0.29 0.414 0.011 fine
JUN 1989 0.08 0.054 0.027 coarse

0.12 0.089 0.017 mean
0.12 0.114 0.011 fine

AUG 1989 0.13 0.192 0.027 coarse
0.15 0.277 0.017 mean
0.15 0.367 0.011 fine

SEP 1989 0.42 0.612 0.027 coarse
0.46 0.868 0.017 mean
0.45 1.131 0.011 fine
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Table 9. Frequency and cumulative volume of sediment 
mobilized per unit area of bed, for the TSC 
reserve sediment samples

MONTH Frequency Cumulative resuspension (cm /cm ) Grain sizes (cm)
MAR 1989 0.29 0.631 0.060 coarse

0.36 1.195 0.028 mean
0.40 2.127 0.013 fine

JUN 1989 0.03 0.014 0.060 coarse
0.08 0.052 0.028 mean
0.14 0.116 0.013 fine

SEP 1989 0.29 0.273 0.060 coarse
0.42 0.594 0.028 mean
0.47 1.052 0.013 fine
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Figures 41-43. Time series of sediment size-dependent predicted 
resuspension for coarse, mean, and fine grain sizes of TSC reserve 
sediments. For MAR89, JUN89, and SEP89.
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mean grain size, and highest for the fine grain size. Thus, though the 
frequency of resuspension did not differ much between grain sizes (i.e., 
the number of bursts during which any resuspension was predicted vs. the 
total number of bursts per month), when resuspension was predicted during 
any one burst, the greatest predicted amounts of sediment mobilized per 
burst were of the fine grain size, and the smallest predicted amounts of 
sediment mobilized per burst were of the coarse grain size. This 
resuspension difference per burst is well illustrated by Figures 34-40 and 
by Table 8 .

For the TSC reserve grain size distributions, frequency of the 
predicted resuspension of the coarse grain size was less that for the mean 
grain size which was less than that for the fine grain size. Because the 
TSC distribution is broader than the Buckroe distribution, differences 
between frequencies of resuspension for the TSC grain sizes were larger 
than those for Buckroe grain sizes. The predicted cumulative resuspension 
for all 3 months was lowest for the coarse grain size, intermediate for 
the mean grain size, and highest for the fine grain size. Differences in 
the predicted cumulative resuspension between grain sizes were also larger 
for the TSC grain sizes than those for the Buckroe reserve grain sizes. 
Values for the predicted cumulative resuspension of TSC reserve sediments 
were overall less than those for the Buckroe reserve sediments due to the 
coarser grain size distribution at TSC.

Predicted resuspension associated with the isolated wave energy components
Figures 44-56 contain time series of the portions of the total 

predicted resuspension (including both wave energy components) which were 
associated with the sea wave and bay wave energy components described 
earlier (resuspension is predicted using equation 18). The isolated 
resuspension is the amount of sediment mobilized per unit area of bed for 
the mean sediment grain size and associated with one or the other isolated
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Figures 44-56. Monthly time series of predicted sediment resuspension 
associated with the isolated ("sea wave" and "bay wave") energy 
components, for October, 1988, through October, 1989.
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wave energy components. The figures provide a visual representation of 
relative differences in frequencies and magnitudes of predicted 
resuspension for each wave energy component. Tables 10a and 10b summarize 
the predicted sediment resuspension associated with each component in 
terms of frequency and magnitude for each month. Frequency is calculated 
as the number of bursts during which predicted resuspension was associated 
with a particular component divided by the total number of bursts for the 
month. Thus, addition of the first two columns in Table 10a equals the 
frequency of total predicted resuspension (including both wave energy 
components) given in Table 7a. Frequency is also shown as the percent of 
the total predicted resuspension (including both wave components) which is 
due to each of the individual wave energy component (Table 10b). This is 
calculated as the number of bursts during which predicted resuspension was 
associated with a particular component divided by the total number of 
bursts for which any resuspension events were predicted. Magnitude is 
given in terms of the monthly mean amount of predicted resuspension due to 
each component, and the monthly maximum amount of predicted resuspension 
reached by each component. The predicted cumulative resuspension (Table 
10b) is the cumulative amount of sediment predicted to be resuspended for 
all bursts associated with each individual wave energy component. Again, 
it represents the net effect of both frequency and magnitude of predicted 
resuspension for each wave component.

In terms of frequency (Table 10a), sea waves were predicted to 
resuspend sediment the most frequently in all months with 2 exceptions 
(FEB89 and DEC8 8 ). In FEB89, bay waves were predicted to resuspend 
sediment slightly more frequently, and in DEC8 8 , bay waves and sea waves 
were predicted to resuspend sediment at the same frequency. Another way 
of looking at the frequency of predicted resuspension is in terms of the 
percent of the total resuspension predicted for each wave energy component 
(Table 10b). Results here are the same as those just described, however,
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Table 10b. Percents of the total resuspension associated with Sea wave and 
Bay wave energy components, and Cumulative amounts of sediment resuspension 
associated with each wave energy component for each month.

Month

Cumulative
resuspension

Sea waves 
(cm /cm )

Cumulative
resuspension

Bay waves 
(cm /cm)

Percent of 
total

Sea waves

Percent of 
total

Bay waves

OCT88 0.415 0.226 72% 28%
NOV88 0.108 0.213 51% 49%
DEC88 0.160 0.200 50% 50%
JAN89 0.276 0.253 62% 38%
FEB89 0.521 0.741 48% 52%

MAR89 0.682 1.067 52% 48%
APR89 0.181 0.154 68% 32%
MAY89 0.105 0.172 54% 46%
JUN89 0.050 0.049 69% 31%
JUL89 0.093 0.043 80% 20%

AUG89 0.154 0.113 59% 41%
SEP89 0.467 0.408 62% 38%
OCT89 0.041 0.111 50% 50%
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relative differences between wave energy components are easier to see. In 
FEB89, the percent of the total resuspension predicted for bay waves was 
52% compared to 48% predicted for sea waves. In DEC8 8 , the percents of 
the total resuspension predicted for both components were equal (50%). 
During NOV8 8 , MAR89 and MAY89, the percent resuspension predicted for sea 
waves was greater than that predicted for bay waves, however, differences 
between components were small, (differences between 2% - 8%). For all
other months, (OCT8 8 , JAN89, APR89, and JUN89-SEP89), the percent 
resuspension for sea waves was again greater than that for bay waves; 
however, differences between percents due to the two components were 
larger. During these months, greater than 60% of the total resuspension 
was predicted for sea waves, with the greatest percent of the total 
predicted for sea waves in JUL89 at 80%; the percent of the total 
resuspension predicted for bay waves was less than 40%, and as little as 
20% in JUL89.

The greatest mean amount of resuspension (Table 10a) was predicted 
for bay waves during all months. Differences in the mean concentrations 
predicted for each component were small overall, but became larger during 
the two major local winter storm months (FEB89 and MAR89). The maximum 
amount of resuspension predicted for each component was greatest for bay 
waves during almost all months, with 3 exceptions (OCT8 8 , AUG89 and 
SEP89). In OCT8 8 , the maximum amounts predicted for each component were 
equal, and in AUG89 and SEP89, the greatest maximum amounts of 
resuspension were predicted for sea waves. Interesting here is the fact 
that during AUG89 and SEP89, the predicted maximum amounts of resuspension 
reached were the second greatest of all the months (the only greater 
concentrations were predicted during the FEB89 and MAR89 storms). Also, 
as indicated earlier, the months of AUG and SEP are part of hurricane 
season in the North Atlantic region. Hurricanes did occur during these 
months in 1989, (hurricane Dean in AUG and hurricanes Gabrielle and Hugo
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in SEP). Thus, it makes sense that the predicted resuspension events 
during these months would be greatest for waves generated external to the 
bay (the sea wave energy component is dominating). Though the maximum 
amounts of resuspension predicted for bay waves were greatest during most 
of the months, often the predicted maximum amounts of resuspension for sea 
waves were not far below. This is especially important to realize during 
extreme events such as the FEB89 and MAR89 storms. Large magnitudes of 
sediment were predicted to be resuspended during these storms by the bay 
wave energy component. The sea wave energy component; however, was 
predicted to be only slightly less in the maximum amount of sediment it 
was predicted to resuspend during the storms.

Table 10b contains the cumulative resuspension for all bursts 
associated with each wave energy component. These values represent the 
net effect of both frequency and magnitude of predicted resuspension for 
each wave component. The predicted cumulative resuspension associated 
with the sea wave component was greatest for the months of OCT8 8 , JAN89, 
APR89 and JUL89-SEP89. Interestingly, these 6 months are also the months 
in which the percent of the total resuspension predicted for sea waves was 
greater than 60%, while the percent of the total predicted for bay waves 
was less than 40%. In JUN89, the predicted cumulative resuspension 
associated with both wave energy components was equal. For all other 
months, (when the percent of total resuspension predicted for sea waves 
was either equal to or just slightly greater than that predicted for bay 
waves - or just slightly less as in FEB89), the predicted cumulative 
resuspension for the bay wave component was the greatest.

Figures 57-69 contain plots of the frequency of exceedance of various 
resuspension amounts predicted for each wave energy component. These 
frequency of exceedance plots are a means of determining the predicted 
amounts of sediment most frequently resuspended for each wave component.
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Figures 57-69. Frequency of exceedance of various amounts of predicted 
resuspension by each wave energy component, for October, 1988, through 
October, 1989.
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Frequencies here are calculated as the number of bursts during which the 
resuspension was greater than a particular value (predicted for one of the 
components), divided by the total number of bursts for which any sediment 
resuspension was predicted (for both components). Table 11 summarizes the 
frequency of exceedance data.

During almost all months, predicted resuspension of the smaller 
amounts of sediment (0.001 cm3/cm2 - 0.005 cm3/cm2), was most frequently by 
the sea wave energy component. During almost all months, predicted 
resuspension of the larger amounts was most frequently by the bay wave 
energy component. These patterns were observed for all but 4 of the 
months (DEC8 8 , FEB89, AUG89 and SEP89). In both DEC88 and FEB89, the 
predicted resuspension of all amounts was most frequent for bay waves. In 
AUG89 and SEP89, predicted resuspension of both the smallest amounts and 
the largest amounts was most frequently by sea waves, while predicted 
resuspension of intermediate amounts was most frequently by bay waves.
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DISCUSSION

During the year October, 1988, to September, 1989, the most frequent 
sediment resuspension was predicted for the fall/winter months. As stated 
earlier, fall/winter months were considered to be September - March. 
Unexpected results were that during the spring months (APR89 and MAY89), 
the frequency of disturbance of bed sediments did not differ much from 
that during some of the fall/winter months, and in some cases was slightly 
greater. During the summer months (JUN89-AUG89), the bed was predicted to 
remain undisturbed a large majority of the time. In terms of magnitude, 
the greatest predicted magnitudes of sediment resuspension were during 
months in which major local winter storms occurred, and the next greatest 
during months in which hurricanes occured (AUG89 and SEP89). Predicted 
magnitudes during spring months equaled or exceeded those during 
fall/winter months in which major local winter storms did not occur. The 
lowest predicted magnitudes of resuspension were during two summer months 
(JUN89 and JUL89).

Overall, the net effect of all resuspension events predicted for the 
Thimble Shoals region of lower Chesapeake Bay indicated that the bed at 
Thimble Shoals is likely reworked the most by natural physical processes 
during months in which major local winter storms occur, and during 
hurricane season months in which major hurricanes make close passes to the 
mid-Atlantic Bight region. The bed is likely to be reworked an 
intermediate amount during months with wave energy conditions typified by 
the 1989 fall/winter months without major local winter storms and spring 
months. Thimble Shoals bed is likely to be reworked the least by physical 
processes during months with wave energy conditions typified by those of 
the 1989 summer months. During summer months; however, biological

7 4
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activity at Thimble Shoals would be greatest and may increase overall bed 
reworking during this time.

In the discussion of the Thimble Shoals hydrodynamic regime, it was 
noted that the mean current velocity measured was often greater than 20 
cm/s. It is generally thought that currents of this velocity are able to 
move bed sediments. Current formed ripples may migrate significantly 
across the seafloor with the mean current. Core samples taken at Thimble 
Shoals have shown evidence of this type of bedform migration (Schaffner, 
personal observation). Thus, in considering the total reworking of the 
bed at Thimble Shoals, the potentially important contribution due to 
bedform migration should not be neglected.

It is important to emphasize that the predictions made of likely bed 
reworking at Thimble Shoals by sediment resuspension are only predictions 
- that resuspension may or may not have actually occurred. Unfortunately, 
for this study there were no observational resuspension data available for 
use in testing the model. An instrument for measuring resuspension in 
situ (Optical Backscattering System - OBS) is available; however, it was 
not part of the instrumentation on the tetrapod used in this study. An 
avenue for future research would be to compare OBS data to predictions of 
resuspension made using this model. Once a model has been found to 
accurately predict resuspension, it must be used in modeling resuspension 
at a particular site over a period of many years before the resuspension 
at that site may be accurately characterized. Despite the lack of 
observational data and lack of longevity of this study, it is encouraging 
to note that the greatest resuspension was predicted when expected (during 
high wave energy conditions), and that the least resuspension was also 
predicted when expected (during low wave energy conditions).

The changing wave energy conditions experienced at Thimble Shoals
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over the year resulting in varying amounts of bed reworking, can be 
associated with the changing impacts of the two main wave energy 
components existing in the lower Bay region. During months in which 
extreme events such as major local winter storms occurred, the magnitudes 
of sediment predicted to be resuspended by the bay wave energy component 
were the greatest of all months and exceeded those predicted for the sea 
wave component. During months in which major hurricanes occurred; 
however, it was the sea wave energy component that was predicted to 
resuspend the greatest magnitudes of sediment. Consistent with the 
observation that sea waves are a relatively constant source of energy 
year-round of generally small intensities, these waves were predicted to 
most frequently be to cause of resuspension events, and those events were 
most often of small magnitudes. Also, consistent with the observation 
that bay waves are a more sporadic energy source of greater intensity 
during fall/winter months and much less intensity during summer months, 
predicted resuspension events due to these waves were of the greatest 
magnitude during fall/winter months, of the smallest magnitude during 
summer months, and occurred less frequently overall than those events due 
to sea waves. The net effect of the frequency and magnitude of predicted 
resuspension events due to each wave energy component indicated that sea 
waves are likely responsible for the greatest amount of bed reworking at 
Thimble Shoals during a majority of the year.

In modeling sediment resuspension, for sites with relatively narrow 
grain size distributions, such as that of the Buckroe reserve, differences 
both in frequency and magnitudes of predicted resuspension between grain 
sizes are likely to be relatively small. Thus, choice of the mean grain 
size for use in modeling resuspension should suffice. For a site such as 
TSC; however, whose grain size distribution is much broader, larger 
differences are likely to occur in the predicted frequencies and 
magnitudes of resuspension between grain sizes. In such a case, choice of
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the mean grain size to represent resuspension of the site may not be 
adequate. Accurate knowledge of the grain size distribution of a 
particular site is crucial to the successful prediction of sediment 
resuspension at that site.

Although there was not much observed roughness data available for 
comparison of real vs. observed ripple dimensions and ripple roughness, 
one obvious problem with the roughness model was discovered. The model, 
as designed for use in this study, did not provide adequate predictions 
when used to analyze time series data because the model does not take into 
account the past history of the bed. The model assumes a flat bed to 
begin with, and predicts subsequent roughness based on this initial flat 
bed assumption. This is done for each individual burst. Thus, a 
particular ripple roughness is calculated for each individual burst based 
on the summary flow conditions of that burst and assuming a flat bed 
initially. The implications of this are that in one burst the model may 
predict a ripple roughness of zero, in the next burst it may predict 
something very large, and in the next burst it may be back to zero. This 
type of situation does not occur in nature. The problem with the 
roughness model may be better understood by considering what does actually 
occur in nature.

In nature, if conditions are sufficiently strong (i.e., 0C exceeded), 
ripples will form on a bed. If the energy conditions then change such 
that the Shields parameter, $', drops below the critical Shields 
parameter, 0C, the ripples formed earlier on the bed will not be altered. 
Because the Shields parameter has fallen below 0C, this means that the 
energy conditions are not sufficient to move the sediment on the bed (the 
bed shear stress has not reached the critical bed shear stress). Thus, 
the ripples will not get larger, nor will they get any smaller. The model 
used in this analysis does not take this previous roughness condition of
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the bed into account in determining subsequent bed roughness. If in one 
burst 0C is exceeded, ripples of particular dimensions will be predicted 
to develop. If in the next burst 0C is not exceeded, then the model 
predicts a plane bed. A plane bed condition would exist in this case (the 
case of 0'<0C), only if the bed were plane prior to that burst. The only 
way in which a plane bed condition would have existed prior, would be if 
0' had sufficiently exceeded 0B (Shields parameter for ripple break-off) 
as with a storm event, such that the ripples may have been wiped out by 
the flow. With the waning of the storm event, 0' will decrease below 0B 
(but still be greater than 0C) and ripples will begin to form again.

For this analysis, a few problems were identified resulting from the 
initial flat bed assumption of the roughness model. One problem was the 
obvious inaccurate prediction of ripple roughness, k^, likely for a large 
majority of the bursts (i.e., on November 3rd, the model predicts 1^=0, 
when ripples did actually exist on the bed that day). The effects of this 
inaccuracy are far-reaching. In the model, a comparison is made for each 
burst, between the ripple roughness and the biological roughness. The one 
which is greatest is assumed to be the main cause of the form drag 
roughness and is thus used in the calculation of total bed roughness. The 
problem with this is that for the site under investigation, ripple 
roughness should dominate a large majority of the time. Past studies 
(Wright et al., 1987; Kimball et al., 1989) have indicated that this area 
of the bed is almost always characterized by ripples. Also, these studies 
have found the density of benthic organisms (both infauna and epifauna) at 
this site to be relatively low. Thus, for bursts in which 0C is not 
exceeded and is predicted to be zero, Ky is used in calculating KT, and 
hence KT is likely mis-calculated. Inaccurate prediction of ripple 
roughness in the model leads to inaccurate prediction of total bed 
roughness which causes further error in the estimation of the hydraulic 
roughness length, z0. Because of the dependency of the boundary shear
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stresses on z0, additional error is introduced in the calculation of these 
parameters as well.

An area of future research is to address this initial flat bed 
assumption of the roughness model. One simple approach would be if the 
Shields parameter of the burst in question does not exceed $ct then the 
roughness condition of the prior burst would be assigned to the present 
burst. This would alleviate the problem of predicting a plane bed in a 
case when 6'<6cl when ripples left over from a more energetic time actually 
exist. This was the reasoning behind comparing observed ripples 
dimensions and observed Kr on November 3rd to the ripple dimension and k̂ . 
predicted by the model for November 2nd.

As mentioned earlier, the predictions were very different from what 
was observed. Because of the lack of comparative data, positive 
conclusions on the accuracy of the model in predicting ripple dimensions 
and ripple roughness cannot be drawn. However, some possible explanations 
for the observed discrepancies are given.

One possible explanation for the difference between observed and 
modeled ripple dimensions may be due to the fact that the model assumes a 
bed of uniform grain size. Though the grain size distribution of Buckroe 
reserve sediments was narrow, the bed was not of a single grain size. The 
mean grain size was used in this analysis to determine boundary roughness. 
It may be that sediments of a grain size other than the mean were those 
maintaining the ripples actually observed on the bed at Thimble Shoals. 
Proper choice of grain size should be an important consideration for 
future attempts at modeling bed roughness.

Also, something not considered in the roughness model is the idea 
that roughness elements are presumed to affect the same flows which
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produce them (Wright, 1989). Changes in shear stress cause changes in 
bedform geometry; the bedform geometry changes then alter the shear 
stresses (Wright, 1989). The results of this mutual interaction are not 
easily predicted by simple cause-»effect models (i.e., shear 
stress-»ripples). The inability of models to account for this complexity 
may be another cause of the noted discrepancy between what is observed in 
nature and what is predicted.



CONCLUSIONS

Natural physical processes which occur near the seabed are important 
aspects of understanding a local bottom environment. The bed response to 
these processes include phenomena such as the deposition, resuspension and 
transport of bottom sediments. These bed responses are also critical 
components of the existing environment. They determine to a large extent 
the chemistry of the sediment-water interface, and the structure of the 
existing benthic community. Because BBL processes such as sediment 
resuspension contribute greatly to the nature of a benthic environment, 
these processes will also affect the condition of that environment 
following decimation. Thus, as the destruction of benthic environments 
through human activities such as dredging and disposal becomes more 
frequent, attempts to understand these environments through an 
understanding of the processes and responses which characterize them 
becomes more important.

One way in which dredging and disposal activities become 
detrimental is by completely decimating pre-existing local benthic 

communities (Rhoads et al., 1978). Such activities will also destroy 
habitat and populations of ecologically and commercially important bottom- 
dwelling species, such as the blue crab in lower Chesapeake Bay (Kimball 
et al., 1989). In addition, the abundances and availability of 
invertebrate prey species to demersal fish predators may be altered 
(Kimball et al., 1989). Because of these detrimental effects, the 
question of benthic recolonization following dredging or disposal 
activities has become critical. Knowing the conditions which have allowed 
a particular benthic community to exist prior to decimation (such as 
sediment resuspension due to natural physical processes) will likely

81
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enhance abilities to asses the likelihood and rapidness of benthic 
recolonization following decimation. At Thimble Shoals for example, the 
results of this study indicate that the potential is high for constant 
reworking of the bed. In environments such as this which are subject to 
relatively persistant natural disturbance, it is likely that the resident 
benthic community is relatively resiliant. It is expected that 
recolonization of a more resiliant community would proceed more rapidly 
than that of community which is less affected by natural disturbance thus 
less resiliant (Rhoads et al., 1978).

Sediment resuspension is a process which provides for the exchange of 
oxygen, nutrients, and pollutants between the water column and the bed. 
As such, it is important in determining not only benthic community 
structure, but also the natural transport and fate of pollutants. Thus, 
knowing the natural resuspension potential of a site may aid in 
determining its suitability as a disposal site. For a region such as 
Thimble Shoals which is subject to relatively constant reworking of bed 
sediments, use of this region to dispose of dredged material would not be 
recommended.

Because the alteration of benthic environments is a critical issue 
from both an environmental and commercial point of view, the ability to 
accurately predict potential effects of dredging and disposal activities 
has become of utmost importance. This ability is likely to be enhanced by 
first understanding the existing environment prior to alteration. One 
means by which to come to this understanding is through the accurate 
modeling of natural physical process which occur near the seafloor, and 
the resulting bed response to these processes.

The natural disturbance of a benthic environment is typically 
affected by both spacial and temporal variability. Variability both in
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bed conditions and in processes affecting the bed is especially 
characteristic in shallow water environments, such as those of many 
estuaries (Wright et al., 1987). In these shallow environments, the 
natural diversity of benthic fauna and bottom topography interact with a 
similarly diverse fluid regime (Wright et al., 1987). These interactions 
affect the organisms living on and within the bottom as well as the 
transport and fate of sediments (Wright, 1989). Thus, modeling of the 
response of a bed to natural physical processes may be most helpful if it 
includes consideration of the inherent variability of that bed site.

In lower Chesapeake Bay, part of the variability affecting benthic 
environments results from the presence of a dual wave energy source which 
contributes jointly to the overall energy conditions (Boon et al., 1990). 
The two wave energy conditions correspond to locally generated waves with 
a southerly direction of wave advance, and waves generated external to the 
bay with a west to west-northwest direction of wave advance (Boon et al., 
1990). Though Rosen (1976) was one of the first to anticipate the 
presence of this dual energy source, Boon et al. (1990) were the first to 
demonstrate its existence through actual wave measurements.

Past efforts to characterize the Chesapeake Bay wave climate focused 
mainly on hindcasted wave data which took into account only those waves 
generated within the bay (Boon et al, 1990). The results of Boon et al.'s 
(1990) study; however, suggest that a major fraction of wave energy 
affecting the lower bay benthic regions year-round is generated external 
to the bay. This idea is contrary to the previously held belief that the 
only significant cases of sediment resuspension will occur during extreme 
events, such as major winter storms, and thus be caused solely by the 
locally generated wave energy component. In Chesapeake Bay, only a 
portion of the wave climate affecting lower benthic environments will be 
accounted for if only locally generated waves are included in efforts to
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model bed response. This conclusion, which Boon et al. (1990)

/
hypothesized to be true, was positively confirmed by the present study.

If the modeling of sediment resuspension performed in this study for 
the Thimble Shoals portion of lower Chesapeake Bay, had considered only 
the locally generated wave energy, a significant amount of natural 
reworking of the bed would have been missed. Though locally generated 
waves resulted in the greatest magnitudes of sediment resuspension, 
especially during major storms, waves generated external to the bay also 
caused large amounts of sediment to be resuspended. During major winter 
storms, magnitudes of sediment resuspended due to sea waves were only 
slightly less than those due to bay waves; during hurricane season, 
magnitudes due to sea waves far exceeded those due to bay waves. On a 
monthly basis, sea waves were demonstrated to be responsible for the major 
portion of bed reworking in almost every month under investigation. The 
typical condition of the bed is determined largely by those events which 
affect it most frequently. As indicated by this study, the externally 
generated wave energy component was responsible for the most frequent 
sediment resuspension. Future efforts to model the conditions of the bed 
in response to natural physical processes, as well as efforts to better 
understand benthic communities in the lower portions of Chesapeake Bay 
should not neglect the important contribution of externally generated wave 
energy in naturally reworking the bed.
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Results froi Grant-Hadsen wave/current lodel 
THIMBLE SHOALS DATA - Froi CBW8810

Ds
k'biol
Zc

day tiie

= 0.0170 Cl 
= 0.50 Cl 
= 150.00 Cl

depth H T srce Oc Phi Ob Zo u*s u*t u*wi U*C Z'o Cd Shlds Kbr C*
Jin bour l Cl sec —  ci/s deg ci/s Cl C l/s  C l/S  C l/S Cl/S Cl —  —  Cl Cl

275 0 7.44 0.27 11.6 Sea 7.10 18.2 14.50 0.02 1.20 1.82 1.75 0.52 0.64 0.00660 0.05271 0.00 -0.0013
275 3 7.11 0.23 8.5 Sea 15.70 40.1 11.61 0.02 1.25 1.84 1.64 0.94 0.18 0.00423 0.05668 0.00 -0.0009
275 6 6.80 0.15 9.8 Sea 23.00 18.6 8.37 0.02 1.30 1.82 1.36 1.23 0.09 0.00338 0.06180 0.00 -0.0005
275 9 7.12 0.21 8.5 Sea 12.00 67.8 10.58 0.02 1.01 1.55 1.47 0.73 0.20 0.00436 0.03707 0.00 -0.0027
275 12 7.53 0.28 11.6 Sea 18.50 43.4 14.67 0.86 1.46 5.12 4.84 1.94 3.32 0.01451 0.07745 25.74 0.0009
275 15 7.28 0.23 8.5 Sea 28.90 72.2 11.68 0.50 1.44 4.23 3.90 2.43 1.29 0.00888 0.07576 15.09 0.0008
275 18 6.84 0.17 9.8 Sea 18.80 36.4 9.26 0.02 1.19 1.70 1.39 1.05 0.11 0.00365 0.05142 0.00 -0.0014
275 21 6.85 0.20 9.8 Sea 13.10 59.0 10.82 0.02 1.06 1.59 1.47 0.79 0.19 0.00431 0.04094 0.00 -0.0023
276 0 7.21 0.23 9.8 Sea 16.70 14.8 12.06 0.02 1.34 1.94 1.67 1.00 0.19 0.00430 0.06519 0.00 -0.0002
276 3 7.09 0.23 11.6 Sea 18.50 80.7 12.67 0.02 1.16 1.71 1.60 1.04 0.12 0.00376 0.04886 0.00 -0.0016
276 6 6.75 0.17 11.6 Sea 19.80 8.0 9.50 0.02 1.27 1.79 1.40 1.11 0.12 0.00371 0.05862 0.00 -0.0008
276 9 6.84 0.15 9.8 Sea 20.50 68.8 8.07 0.02 1.04 1.49 1.24 1.06 0.07 0.00315 0.03955 0.00 -0.0025
276 12 7.29 0.22 8.5 Sea 14.10 13.2 11.02 0.02 1.21 1.79 1.58 0.86 0.21 0.00440 0.05365 0.00 -0.0012
276 15 7.27 0.24 11.6 Sea 15.80 86.1 13.14 0.02 1.11 1.67 1.61 0.92 0.16 0.00407 0.04451 0.00 -0.0020
276 18 6.89 0.21 8.5 Sea 20.90 34.3 10.92 0.48 1.37 4.06 3.68 1.84 1.61 0.00987 0.06817 14.40 0.0001
276 21 6.73 0.17 8.5 Sea 19.10 21.9 8.87 0.02 1.22 1.74 1.40 1.06 0.11 0.00364 0.05391 0.00 -0.0012
277 0 7.08 0.20 9.8 Sea 14.40 56.9 10.82 0.02 1.10 1.63 1.48 0.85 0.17 0.00416 0.04383 0.00 -0.0021
277 3 7.17 0.21 8.5 Sea 7.20 75.6 10.64 0.02 0.92 1.47 1.44 0.48 0.37 0.00535 0.03084 0.00 -0.0033
277 6 6.88 0.18 8.5 Sea 24.90 8.2 9.63 0.41 1.46 3.90 3.31 2.07 1.23 0.00869 0.07786 12.36 0.0010
277 9 6.80 0.19 8.5 Sea 34.50 43.3 9.91 0.40 1.69 4.22 3.41 2.73 0.95 0.00775 0.10437 12.00 0.0034
277 12 7.21 0.27 8.5 Sea 14.70 75.1 13.78 0.02 1.23 1.87 1.79 0.90 0.21 0.00444 0.05467 0.00 -0.0011
277 15 7.44 0.35 3.7 Bay 7.70 48.0 6.28 0.02 0.76 1.27 1.21 0.45 0.17 0.00413 0.02111 0.00 -0.0041
277 18 7.24 0.61 4.7 Bay 17.70 35.8 20.26 0.43 1.95 6.55 6.37 1.68 2.24 0.01164 0.13891 12.88 0.0065
277 21 6.95 0.55 4.7 Bay 18.20 78.4 19.05 0.43 1.70 6.11 6.05 1.69 2.03 0.01107 0.10501 12.81 0.0034
278 0 7.18 0.43 3.9 Bay 8.80 60.7 9.80 0.02 1.02 1.69 1.64 0.55 0.24 0.00463 0.03809 0.00 -0.0026
278 3 7.48 0.56 4.7 Bay 18.70 33.7 17.84 0.39 1.83 5.89 5.68 1.71 1.87 0.01063 0.12150 11.65 0.0049
278 6 7.34 0.79 5.1 Bay 20.80 0.9 28.59 0.38 2.60 7.92 7.65 2.06 2.62 0.01268 0.24552 10.35 0.0161
278 9 7.11 1.10 5.6 Bay 17.70 66.5 44.39 0.25 3.28 9.04 8.96 1.85 3.29 0.01442 0.39174 5.44 0.0292
278 12 7.34 0.98 5.1 Bay 15.10 19.6 35.25 0.31 2.85 8.46 8.32 1.57 3.23 0.01427 0.29565 8.02 0.0206
278 15 7.69 0.83 5.1 Bay 15.10 72.0 28.49 0.61 2.28 8.77 8.72 1.64 3.77 0.01563 0.18945 18.39 0.0110
278 18 7.65 0.79 5.6 Bay 24.60 4.2 29.63 0.34 2.74 7.80 7.43 2.37 2.36 0.01198 0.27372 8.90 0.0186
278 21 7.26 0.67 8.5 Sea 24.50 47.5 33.56 0.57 2.73 8.61 8.31 2.69 3.91 0.01599 0.27035 15.92 0.0183
279 0 7.31 0.55 8.5 Sea 13.00 52.0 27.61 1.02 2.13 8.63 8.54 1.63 6.17 0.02166 0.16434 30.54 0.0088
279 3 7.61 0.43 8.5 Sea 14.50 75.2 20.94 0.85 1.66 6.72 6.67 1.64 4.33 0.01705 0.10037 25.56 0.0030
279 6 7.58 0.40 8.5 Sea 21.20 87.5 19.33 0.81 1.57 6.23 6.19 2.20 3.19 0.01416 0.09017 24.12 0.0021
279 9 7.25 0.27 8.5 Sea 11.30 25.0 13.38 0.02 1.27 1.92 1.78 0.74 0.33 0.00517 0.05902 0.00 -0.0007
279 12 7.33 0.29 9.8 Sea 13.30 21.4 15.16 0.76 1.42 5.16 4.97 1.42 3.58 0.01516 0.07365 22.73 0.0006
279 15 7.71 0.33 9.8 Sea 11.00 87.2 16.40 0.02 1.27 1.97 1.95 0.74 0.39 0.00547 0.05876 0.00 -0.0007
279 18 7.76 0.32 8.5 Sea 8.30 88.8 15.48 0.02 1.22 1.92 1.92 0.58 0.50 0.00598 0.05397 0.00 -0.0012
279 21 7.35 0.29 11.6 Sea 18.20 4.4 15.41 0.88 1.57 5.42 5.06 1.95 3.61 0.01525 0.09003 26.24 0.0021
280 0 7.29 0.31 3.9 Bay 27.20 18.5 6.85 0.14 1.41 3.00 2.42 1.80 0.35 0.00528 0.07202 4.06 0.0005
280 3 7.59 0.40 4.1 Bay 18.40 30.8 9.48 0.02 1.29 1.94 1.68 1.03 0.12 0.00371 0.06038 0.00 -0.0006
280 6 7.66 0.42 9.8 Sea 3.80 46.7 21.01 1.01 1.56 6.74 6.72 0.50 7.22 0.02433 0.08817 30.40 0.0019
280 9 7.28 0.37 3.5 Bay 22.90 77.2 5.57 0.02 1.00 1.45 1.20 1.12 0.04 0.00277 0.03630 0.00 -0.0028
280 12 7.10 0.26 3.5 Bay 29.90 29.1 4.23 0.02 1.31 1.80 1.12 1.45 0.04 0.00272 0.06221 0.00 -0.0004
280 15 7.38 0.24 9.8 Sea 13.40 61.6 12.66 0.02 1.17 1.76 1.65 0.83 0.23 0.00456 0.04989 0.00 -0.0015
280 18 7.61 0.25 9.8 Sea 20.40 35.1 12.78 0.64 1.45 4.62 4.26 1.95 2.28 0.01176 0.07635 19.03 0.0008
280 21 7.23 0.24 3.7 Bay 26.00 25.2 4.54 0.02 1.20 1.69 1.13 1.28 0.04 0.00283 0.05278 0.00 -0.0013
281 0 6.96 0.23 11.6 Sea 19.80 77.9 12.70 0.02 1.20 1.76 1.61 1.10 0.12 0.00367 0.05276 0.00 -0.0013
281 3 7.31 0.25 9.8 Sea 18.50 30.7 13.05 0.65 1.42 4.66 4.34 1.81 2.50 0.01235 0.07362 19.57 0.0006
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7.58 0.39 4.1 Bay 19.60 47.0 9.48 0.02 1.27 1.92 1.67 1.08
7.32 0.44 4.7 Bay 21.60 32.2 14.37 0.32 1.68 4.97 4.67 1.83
6.95 0.74 4.7 Bay 28.10 66.4 25.76 0.48 2.37 8.00 7.80 2.67
7.21 0.72 4.4 Bay 23.50 10.6 21.25 0.40 2.24 6.97 6.63 2.16
7.59 0.51 4.7 Bay 12.70 78.2 15.80 0.38 1.42 5.16 5.13 1.17
7.32 0.69 4.4 Bay 16.50 55.1 20.14 0.41 1.87 6.45 6.34 1.55
6.98 0.53 5.1 Bay 24.80 82.7 20.01 0.47 1.81 6.40 6.32 2.28
7.19 0.39 4.7 Bay 9.40 27.7 13.12 0.02 1.30 2.05 1.97 0.62
7.66 0.50 4.7 Bay 20.30 39.2 15.34 0.35 1.69 5.20 4.95 1.76
7.54 0.55 4.4 Bay 29.70 12.3 15.32 0.30 2.04 5.50 4.95 2.42
7.10 0.68 5.1 Bay 23.80 67.2 25.26 0.55 2.23 7.94 7.79 2.36
7.23 0.51 8.5 Sea 3.00 16.5 25.84 1.00 1.89 8.09 8.08 0.41
7.71 0.60 11.6 Sea 23.30 27.2 31.33 0.91 2.59 8.77 8.35 2.82
7.62 0.56 11.6 Sea 31.80 66.8 29.34 1.14 2.43 8.86 8.50 3.69
7.16 0.42 11.6 Sea 24.00 61.8 22.81 1.19 1.96 7.48 7.20 2.79
7.22 0.41 11.6 Sea 6.90 56.5 22.00 1.24 1.61 7.05 7.02 0.94
7.74 0.47 11.6 Sea 19.80 24.6 24.30 1.23 2.10 7.97 7.62 2.45
7.70 0.45 11.6 Sea 26.30 79.5 23.49 1.24 1.89 7.55 7.39 3.03
7.20 0.38 14.2 Sea 16.50 45.2 20.82 1.39 1.72 6.90 6.66 2.09
7.19 0.38 14.2 Sea 21.30 41.0 20.95 1.36 1.87 7.08 6.69 2.59
7.67 0.43 14.2 Sea 10.70 7.2 22.90 1.52 1.76 7.42 7.27 1.50
7.62 0.40 14.2 Sea 14.50 70.6 21.69 1.49 1.63 7.03 6.93 1.90
7.05 0.27 14.2 Sea 29.00 14.4 15.06 0.98 1.86 5.81 5.00 2.99
7.03 0.27 11.6 Sea 23.50 55.7 14.66 0.84 1.53 5.18 4.83 2.36
7.52 0.29 11.6 Sea 15.60 20.7 15.26 0.89 1.47 5.28 5.01 1.71
7.58 0.25 14.2 Sea 12.60 84.2 13.66 0.02 1.08 1.63 1.58 0.79
7.00 0.17 11.6 Sea 12.70 8.9 9.58 0.02 1.06 1.54 1.33 0.77
6.81 0.17 11.6 Sea 27.70 45.2 9.45 0.56 1.43 3.90 3.27 2.37
7.22 0.24 9.8 Sea 9.40 70.2 12.73 0.02 1.08 1.67 1.62 0.62
7.30 0.25 11.6 Sea 7.00 52.3 13.43 0.02 1.10 1.68 1.63 0.50
6.74 0.20 11.6 Sea 18.00 21.2 11.36 0.02 1.31 1.87 1.56 1.05
6.51 0.14 3.1 Bay 28.30 62.9 1.84 0.02 1.05 1.39 0.69 1.29
7.06 0.16 7.5 Bay 25.80 74.9 7.98 0.02 1.17 1.64 1.32 1.28
7.33 0.20 11.6 Sea 7.30 57.0 10.45 0.02 0.91 1.40 1.34 0.49
6.87 0.15 7.5 Sea 12.20 8.8 7.54 0.02 0.95 1.41 1.22 0.71
6.62 0.07 9.8 Sea 28.80 53.6 3.81 0.02 1.15 1.54 0.86 1.36
7.05 0.12 9.8 Sea 19.70 73.3 6.54 0.02 0.92 1.30 1.06 0.99
7.32 0.15 8.5 Sea 12.50 39.5 7.69 0.02 0.92 1.36 1.20 0.72
6.95 0.28 4.4 Bay 18.60 66.4 8.70 0.02 1.11 1.69 1.52 1.00
6.71 0.23 4.1 Bay 26.30 31.8 6.58 0.02 1.33 1.89 1.38 1.34
7.18 0.37 4.4 Bay 19.80 50.6 11.01 0.25 1.36 3.89 3.67 1.55
7.53 0.24 5.1 Bay 21.50 19.5 8.30 0.02 1.30 1.89 1.50 1.16
7.16 0.30 4.7 Bay 29.00 32.7 9.97 0.23 1.62 3.93 3.37 2.14
6.72 0.23 4.4 Bay 28.10 78.0 7.63 0.02 1.23 1.76 1.44 1.38
7.04 0.28 4.1 Bay 21.50 14.1 7.61 0.02 1.28 1.87 1.48 1.15
7.45 0.62 4.7 Bay 8.60 82.8 19.91 0.45 1.66 6.33 6.33 0.87
7.15 0.54 4.4 Bay 19.40 85.0 16.24 0.36 1.51 5.27 5.23 1.69
6.79 0.48 3.9 Bay 29.90 44.6 11.89 0.22 1.74 4.38 3.92 2.21
7.10 0.33 4.4 Bay 17.00 34.6 9.97 0.02 1.27 1.92 1.69 0.97
7.54 0.30 5.1 Bay 23.10 20.2 10.45 0.27 1.49 3.93 3.51 1.81
7.30 0.36 4.7 Bay 27.90 27.5 11.80 0.26 1.71 4.43 3.92 2.16
6.77 0.34 4.7 Bay 29.60 86.3 12.33 0.30 1.43 4.17 4.04 2.26
6.92 0.32 4.1 Bay 16.60 5.1 8.90 0.02 1.23 1.85 1.60 0.94
7.34 0.25 5.1 Bay 18.40 67.2 8.86 0.02 1.09 1.65 1.48 1.00
7.23 0.31 4.7 Bay 17.80 20.4 10.18 0.02 1.32 1.98 1.71 1.02
6.78 0.27 4.1 Bay 25.80 88.3 7.69 0.02 1.10 1.61 1.42 1.26
6.95 0.18 4.4 Bay 12.20 20.9 5.52 0.02 0.84 1.28 1.10 0.67
7.45 0.13 8.5 Sea 28.70 9.1 6.27 0.28 1.38 3.10 2.29 2.09
7.36 0.19 8.5 Sea 37.70 49.0 9.46 0.38 1.74 4.18 3.28 2.89
6.79 0.11 5.6 Bay 19.90 82.4 4.57 0.02 0.82 1.15 0.93 0.95

0.11 0.00357 0.05902 0.00 -0.0007 
1.32 0.00899 0.10305 9.70 0.0032 
2.24 0.01165 0.20379 13.76 0.0123
1.93 0.01078 0.18255 11.90 0.0104
1.94 0.01080 0.07316 11.42 0.0006 
2.14 0.01137 0.12738 12.12 0.0054 
1.92 0.01077 0.11853 14.19 0.0046 
0.35 0.00524 0.06101 0.00 -0.0005
1.49 0.00949 0.10369 10.34 0.0033
1.10 0.00828 0.15131 8.91 0.0076 
2.66 0.01277 0.18105 16.45 0.0103
7.87 0.02602 0.12943 29.99 0.0056 
5.53 0.02006 0.24312 26.44 0.0159 
4.76 0.01813 0.21553 33.46 0.0134 
4.82 0.01827 0.13915 35.61 0.0065
7.87 0.02602 0.09470 37.08 0.0025 
5.90 0.02099 0.16106 36.83 0.0085
4.63 0.01782 0.13054 37.12 0.0057 
6.42 0.02230 0.10821 41.75 0.0037
5.63 0.02030 0.12721 40.67 0.0054 
8.65 0.02805 0.11317 45.50 0.0042
7.11 0.02406 0.09627 44.51 0.0026 
3.10 0.01392 0.12523 29.32 0.0052 
2.80 0.01316 0.08565 25.21 0.0017
3.88 0.01591 0.07882 26.68 0.0011 
0.25 0.00468 0.04225 0.00 -0.0022 
0.20 0.00437 0.04055 0.00 -0.0024 
1.40 0.00921 0.07406 16.73 0.0006 
0.36 0.00528 0.04227 0.00 -0.0022 
0.57 0.00630 0.04390 0.00 -0.0021 
0.16 0.00407 0.06242 0.00 *0.0004 
0.02 0.00240 0.04006 0.00 -0.0024 
0.05 0.00288 0.04968 0.00 -0.0016 
0.39 0.00547 0.02999 0.00 -0.0033 
0.15 0.00401 0.03257 0.00 -0.0031 
0.03 0.00258 0.04852 0.00 -0.0017 
0.05 0.00295 0.03087 0.00 -0.0033 
0.14 0.00393 0.03054 0.00 -0.0033 
0.09 0.00342 0.04469 0.00 -0.0020 
0.06 0.00303 0.06428 0.00 -0.0002 
0.92 0.00765 0.06720 7.53 0.0000 
0.09 0.00343 0.06158 0.00 -0.0005 
0.66 0.00668 0.09501 6.84 0.0025 
0.04 0.00279 0.05509 0.00 -0.0011 
0.08 0.00335 0.05965 0.00 -0.0007 
2.85 0.01329 0.09969 13.53 0.0029
1.50 0.00954 0.08241 10.66 0.0014 
0.68 0.00674 0.10975 6.49 0.0038 
0.14 0.00386 0.05833 0.00 -0.0008 
0.91 0.00760 0.08084 8.00 0.0012 
0.86 0.00745 0.10699 7.90 0.0036 
0.79 0.00718 0.07463 8.87 0.0007 
0.13 0.00380 0.05488 0.00 -0.0011 
0.09 0.00344 0.04358 0.00 -0.0021 
0.14 0.00388 0.06366 0.00 -0.0003 
0.04 0.00278 0.04431 0.00 -0.0020 
0.10 0.00357 0.02553 0.00 -0.0037 
0.62 0.00652 0.06933 8.25 0.0002 
0.81 0.00726 0.11064 11.33 0.0039 
0.04 0.00266 0.02431 0.00 -0.0038
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6.80 0.12 8.5 Sea 14.00 57.1 6.40 0.02 0.83
7.17 0.13 8.5 Sea 12.50 11.4 6.74 0.02 D.89
7.14 0.13 9.8 Sea 18.00 57.6 6.80 0.02 0.95
6.69 0.09 9.8 Sea 27.00 2.2 5.16 0.02 1.25
6.73 0.10 8.5 Sea 18.30 70.4 5.28 0.02 0.84
7.25 0.11 9.8 Sea 19.60 4.7 5.64 0.02 1.04
7.35 0.11 9.8 Sea 17.60 86.4 5.54 0.02 0.75
6.84 0.11 9.8 Sea 23.90 73.8 6.17 0.02 1.02
6.66 0.08 5.1 Bay 19.50 15.8 3.35 0.02 0.91
6.97 0.15 9.8 Sea 17.00 73.2 7.98 0.02 0.93
7.13 0.14 9.8 Sea 9.60 25.3 7.55 0.02 0.84
6.75 0.13 9.8 Sea 19.90 35.6 7.31 0.02 1.11
6.67 0.09 8.5 Sea 13.40 48.9 4.83 0.02 0.74
7.15 0.14 7.5 Sea 15.20 21.6 6.94 0.02 0.99
7.43 0.15 8.5 Sea 22.90 42.4 7.32 0.02 1.19
7.09 0.16 8.5 Sea 33.60 38.4 8.01 0.33 1.58
6.81 0.15 9.8 Sea 3.90 39.4 8.20 0.02 0.73
7.03 0.14 9.8 Sea 8.50 46.9 7.40 0.02 0.77
7.31 0.16 11.6 Sea 15.30 32.2 8.37 0.02 1.03
7.08 0.16 11.6 Sea 14.60 53.4 8.53 0.02 0.96
6.85 0.16 11.6 Sea 14.30 8.0 9.14 0.02 1.08
7.15 0.17 9.8 Sea 9.70 89.8 8.96 0.02 0.78
7.55 0.22 8.5 Sea 13.10 36.8 10.57 0.02 1.12
7.35 0.22 8.5 Sea 20.50 64.7 10.91 0.02 1.23
6.95 0.20 9.8 Sea 13.00 13.0 10.99 0.02 1.17
6.99 0.18 9.8 Sea 14.80 83.7 9.72 0.02 0.92
7.35 0.27 8.5 Sea 13.20 4.4 13.55 0.02 1.35
7.23 0.23 8.5 Sea 8.50 72.1 11.43 0.02 1.00
6.87 0.17 9.8 Sea 12.70 2.0 9.34 0.02 1.06
6.91 0.27 9.8 Sea 13.50 89.6 14.26 0.02 1.15
7.30 0.28 9.8 Sea 14.30 48.6 14.57 0.02 1.35
6.93 0.23 11.6 Sea 9.30 42.7 12.51 0.02 1.10
6.76 0.23 9.8 Sea 25.20 49.8 12.54 0.61 1.51
7.16 0.28 8.5 Sea 29.40 73.4 14.25 0.59 1.58
7.31 0.31 9.8 Sea 14.90 4.9 16.01 0.78 1.53
7.04 0.49 11.6 Sea 28.30 29.4 26.99 0.97 2.48
6.85 0.30 11.6 Sea 28.50 9.5 16.72 0.87 1.96
7.25 0.28 11.6 Sea 18.90 13.4 15.37 0.87 1.58
7.42 0.25 11.6 Sea 22.80 49.2 13.52 0.79 1.49
7.17 0.33 14.2 Sea 27.70 89.6 18.31 1.29 1.52
6.79 0.23 11.6 Sea 25.10 4.1 12.60 0.71 1.62
7.15 0.30 11.6 Sea 10.90 73.3 16.31 0.02 1.29
7.44 0.36 11.6 Sea 14.50 42.9 19.39 1.09 1.64
7.25 0.33 14.2 Sea 15.20 54.0 18.37 1.29 1.52
6.90 0.34 3.9 Bay 28.00 50.3 8.31 0.16 1.43
7.11 0.25 11.6 Sea 21.10 36.6 13.69 0.79 1.50
7.55 0.23 11.6 Sea 20.50 15.4 12.06 0.71 1.44
7.43 0.22 14.2 Sea 27.80 71.9 12.12 0.88 1.39
6.90 0.18 11.6 Sea 19.60 20.9 10.27 0.02 1.29
7.00 0.23 9.8 Sea 10.70 34.7 12.23 0.02 1.15
7.48 0.24 11.6 Sea 14.10 21.9 12.76 0.02 1.28
7.42 0.22 11.6 Sea 24.50 85.0 11.92 0.02 1.22
6.89 0.20 14.2 Sea 20.30 11.3 11.15 0.82 1.36
6.87 0.23 11.6 Sea 23.70 69.7 13.02 0.78 1.37
7.42 0.32 5.6 Bay 19.20 17.5 12.40 0.35 1.50
7.51 0.30 4.4 Bay 27.80 76.4 8.49 0.02 1.28
6.81 0.25 11.6 Sea 33.00 31.8 14.20 0.75 1.90
6.59 0.17 8.5 Sea 36.30 42.9 9.31 0.37 1.72
7.18 0.31 8.5 Sea 25.90 24.6 15.84 0.62 1.84
7.38 0.31 6.7 Sea 18.90 55.8 13.92 0.47 1.44

1.22 1.05 0.76 0.09 0.00344 0.02501 0.00 -0.0038
1.31 1.10 0.71 0.13 0.00383 0.02889 0.00 -0.0034
1.36 1.10 0.94 0.07 0.00322 0.03307 0.00 -0.0031
1.70 1.04 1.34 0.05 0.00289 0.05706 0.00 -0.0009
1.18 0.94 0.91 0.05 0.00289 0.02556 0.00 -0.0037
1.45 1.02 1.02 0.07 0.00318 0.03925 0.00 -0.0025
1.07 0.91 0.86 0.04 0.00278 0.02072 0.00 -0.0042
1.41 1.06 1.16 0.04 0.00275 0.03817 0.00 -0.0026
1.27 0.83 0.96 0.05 0.00284 0.02992 0.00 -0.0033
1.35 1.19 0.90 0.08 0.00332 0.03113 0.00 -0.0032
1.26 1.13 0.58 0.20 0.00436 0.02554 0.00 -0.0037
1.56 1.20 1.06 0.08 0.00332 0.04469 0.00 -0.0020
1.07 0.87 0.71 0.08 0.00325 0.01983 0.00 -0.0042
1.44 1.18 0.84 0.11 0.00361 0.03533 0.00 -0.0028
1.67 1.25 1.19 0.07 0.00316 0.05158 0.00 -0.0014
3.69 2.84 2.53 0.73 0.00696 0.09104 9.97 0,0022
1.17 1.14 0.28 0.52 0.00608 0.01963 0.00 -0.0043
1.18 1.09 0.52 0.21 0.00444 0.02152 0.00 -0.0041
1.48 1.23 0.87 0.13 0.00381 0.03857 0.00 -0.0026
1.40 1.22 0.83 0.13 0.00378 0.03373 0.00 -0.0030
1.55 1.31 0.84 0.17 0.00411 0.04221 0.00 -0.0022
1.24 1.22 0.58 0.19 0.00429 0.02210 0.00 -0.0040
1.67 1.51 0.79 0.20 0.00438 0.04583 0.00 -0.0019
1.79 1.57 1.13 0.10 0.00356 0.05516 0.00 -0.0011
1.72 1.52 0.80 0.23 0.00456 0.04945 0.00 -0.0016
1.40 1.33 0.83 0.12 0.00370 0.03108 0.00 -0.0032
2.01 1.82 0.85 0.29 0.00493 0.06666 0.00 -0.0000
1.57 1.53 0.56 0.34 0.00519 0.03614 0.00 -0.0028
1.55 1.35 0.76 0.19 0.00432 0.04071 0.00 -0.0024
1.78 1.75 0.83 0.23 0.00457 0.04801 0.00 -0.0017
2.01 1.85 0.91 0.27 0.00481 0.06643 0.00 -0.0001
1.66 1.57 0.62 0.39 0.00545 0.04430 0.00 -0.0020
4.62 4.18 2.30 1.89 0.01067 0.08329 18.35 0.0015
4.96 4.66 2.62 1.68 0.01007 0.09030 17,76 0.0021
5.46' 5.22 1.60 3.62 0.01526 0.08561 23.30 0.0017
8.30 7.72 3.24 4.56 0.01763 0.22332 28.16 0.0141
6.18 5.46 2.92 3.02 0.01371 0.14001 26.06 0.0066
5.42 5.04 2.01 3.52 0.01501 0.09137 26.09 0.0022
4.87 4.49 2.25 2.60 0.01261 0.08034 23.54 0.0012
6.01 5.91 3.00 3.75 0.01558 0.08457 38.57 0.0016
4.87 4.23 2.40 2.29 0.01180 0.09573 21.19 0.0026
1.95 1.90 0.74 0.42 0.00561 0.06012 0.00 -0.0006
6.41 6.23 1.73 5.28 0.01944 0.09727 32.51 0.0027
6.13 5.96 1.87 5.77 0.02066 0.08438 38.70 0.0016
3.29 2.85 1.91 0.43 0.00566 0.07448 4.90 0.0007
4.94 4.54 2.12 2.82 0.01320 0.08175 23.76 0.0013
4.51 4.06 2.00 2.48 0.01230 0.07506 21.30 0.0007
4.45 4.07 2.63 2.18 0.01149 0.07075 26.45 0.0003
1.83 1.47 1.11 0.13 0.00380 0.06092 0.00 -0.0005
1.73 1.61 0.70 0.32 0.00508 0.04838 0.00 -0.0017
1.86 1.65 0.88 0.25 0.00471 0.05948 0.00 -0.0007
1.74 1.56 1.27 0.07 0.00317 0.05388 0.00 -0.0012
4.30 3.80 2.02 2.70 0.01289 0.06768 24.56 0.0001
4.59 4.33 2.28 2.33 0.01190 0.06780 23.46 0.0001
4.40 4.10 1.64 1.38 0.00915 0.08146 10.31 0.0013
1.84 1.54 1.39 0.05 0.00290 0.05922 0.00 -0.0007
5.57 4.73 3.11 2.16 0.01142 0.13196 22.40 0.0058
4.13 3.24 2.80 0.84 0.00734 0.10771 11.20 0.0037
5.68 5.16 2.47 2.27 0.01173 0.12304 18.57 0.0050
4.76 4.57 1.73 1.87 0.01063 0.07583 14.21 0.0008
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6.95 0.21 9.8 Sea 31.50 46.6 11.10 0.53 1.64 4.45 3.77 2.67 1.35 0.00907 0.09755 15.74 0.0028
6.57 0.13 9.8 Sea 35.20 24.6 7.38 0.35 1.63 3.72 2.68 2.65 0.74 0.00698 0.09674 10.48 0.0027
7.06 0.25 9.8 Sea 23.90 51.5 13.28 0.65 1.51 4.78 4.40 2.24 2.11 0.01130 0.08287 19.45 0.0014
7.45 0.24 9.8 Sea 22.10 30.2 12.49 0.61 1.50 4.61 4.17 2.07 2.11 0.01128 0.08139 18.36 0.0013
7.02 0.19 14.2 Sea 19.70 18.7 10.81 0.02 1.32 1.85 1.48 1.13 0.14 0.00388 0.06304 0.00 -0.0004
6.57 0.08 14.2 Sea 38.40 69.1 4.55 0.33 1.45 2.93 1.79 2.63 0.44 0.00570 0.07603 9.80 0.0008
7.04 0.17 9.8 Sea 29.00 20.1 8.83 0.43 1.52 3.86 3.09 2.36 1.10 0.00828 0.08415 12.90 0.0015
7.51 0.14 11.6 Sea 24.90 3.4 7.56 0.02 1.32 1.81 1.26 1.31 0.07 0.00323 0.06331 0.00 -0.0003
7.17 0.17 11.6 Sea 19.70 78.4 9.50 0.02 1.03 1.49 1.31 1.04 0.08 0.00326 0.03867 0.00 -0.0025
6.56 0.13 9.8 Sea 36.00 11.2 7.27 0.34 1.67 3.78 2.66 2.70 0.72 0.00692 0.10178 10.23 0.0031
6.78 0.12 8.5 Sea 33.10 23.3 6.30 0.27 1.51 3.28 2.32 2.36 0.55 0.00622 0.08289 8.00 0.0014
7.32 0.14 9.8 Sea 28.50 22.1 7.27 0.37 1.41 3.39 2.61 2.21 0.86 0.00743 0.07230 10.95 0.0005
7.05 0.14 11.6 Sea 28.90 67.3 7.40 0.02 1.26 1.71 1.22 1.41 0.04 0.00278 0,05742 0.00 -0.0009
6.45 0.08 14.2 Sea 32.60 3.5 4.95 0.36 1.41 3.08 1.93 2.40 0.66 0.00667 0.07272 10.76 0.0005
6.60 0.21 9.8 Sea 25.80 7.9 11.56 0.55 1.60 4.54 3.91 2.31 1.73 0.01023 0.09270 16.56 0.0023
7.31 0.15 8.5 Sea 35.70 13.6 7.60 0.31 1.69 3.80 2.74 2.64 0.68 0.00674 0.10355 9.22 0.0033
7.24 0.13 14.2 Sea 43.10 35.1 6.98 0.46 1.83 4.12 2.62 3.29 0.80 0.00721 0.12149 13.67 0.0049
6.55 0.09 11.6 Sea 32.00 38.3 5.03 0.02 1.36 1.81 1.03 1.54 0.04 0.00271 0.06699 0.00 -0.0000
6.51 0.11 14.2 Sea 36.20 83.6 6.22 0.02 1.35 1.77 1.10 1.66 0.02 0.00244 0.06631 0.00 -0.0001
7.22 0.17 6.1 Sea 28.30 5.8 7.30 0.23 1.45 3.29 2.59 2.03 0.57 0.00630 0.07682 6.72 0.0009
7.22 0.18 11.6 Sea 21.40 86.8 9.68 0.02 1.03 1.47 1.32 1.10 0.06 0.00308 0.03829 0.00 -0.0026
6.70 0,10 9.8 Sea 42.10 72.5 5.32 0.26 1.59 3.12 2.02 2.77 0.35 0.00524 0.09142 7.64 0.0022
6.68 0.14 4.1 Bay 39.00 27.8 3.99 0.08 1.59 2.69 1.58 2.22 0.13 0.00384 0.09196 2.40 0.0022
7.51 0.16 6.7 Bay 31.90 56.5 7.13 0.25 1.42 3.17 2.53 2.24 0.50 0.00598 0.07321 7.33 0.0006
7.60 0.14 14.2 Sea 33.30 6.9 7.49 0.52 1.58 3.86 2.74 2.72 1.12 0.00833 0.09084 15.56 0.0021
6.90 0.15 14.2 Sea 31.20 27.8 8.75 0.61 1.55 4.04 3.11 2.68 1.42 0.00927 0.08718 18.33 0.0018
6.64 0.10 5.1 Bay 34.00 4.6 3.84 0.10 1.43 2.53 1.52 2.02 0.18 0.00419 0.07416 2.99 0.0006
7.17 0.17 9.8 Sea 21.60 29.9 8.68 0.02 1.26 1.77 1.37 1.17 0.09 0.00344 0.05739 0.00 -0.0009
7.34 0.14 9.8 Sea 23.00 53.8 7.52 0.02 1.15 1.61 1.23 1.18 0.06 0.00310 0.04850 0.00 -0.0017
6.78 0.13 11.6 Sea 28.20 27.5 7.51 0.45 1.39 3.47 2.69 2.27 1.04 0.00808 0.07064 13.42 0.0003
6.50 0.06 14.2 Sea 45.10 54.2 3.47 0.24 1.68 3.15 1.50 2.90 0.30 0.00499 0.10295 7.02 0.0032
7.15 0.17 14.2 Sea 27.30 41.8 9.20 0.67 1.40 3.90 3.21 2.42 1.64 0.00994 0.07150 20.03 0.0004
7.55 0.13 14.2 Sea 30.00 38.2 7.03 0.51 1.39 3.43 2.56 2.43 1.07 0.00815 0.07004 15.38 0.0003
7.05 0.15 14.2 Sea 26.40 33.6 8.65 0.64 1.37 3.75 3.05 2.32 1.57 0.00975 0.06844 19.01 0.0001
6.56 0.10 4.4 Bay 41.90 2.0 3.40 0.07 1.67 2.73 1.42 2.33 0.11 0.00365 0.10158 2.14 0.0031
7.00 0.13 11.6 Sea 33.20 79.9 7.26 0.02 1.31 1.76 1.22 1.57 0.03 0.00257 0.06257 0.00 -0.0004
7.44 0.14 11.6 Sea 17.60 13.3 7.54 0.02 1.08 1.52 1.18 0.97 0.10 0.00357 0.04226 0.00 -0.0022
7.14 0.25 14.2 Sea 18.30 50.2 14.06 1.03 1.37 4.95 4.67 1.99 3.77 0.01564 0.06826 30.91 0.0001
6.68 0.31 3.9 Bay 34.90 32.0 7.93 0.15 1.69 3.53 2.77 2.30 0.35 0.00525 0.10433 4.37 0.0034
7.12 0.23 11.6 Sea 22.50 34.0 12.81 0.74 1.50 4.74 4.28 2.19 2.48 0.01231 0.08164 22.24 0.0013
7.70 0.17 3.7 Bay 36.30 41.1 2.80 0.05 1.41 2.19 1.18 1.92 0.08 0.00328 0.07210 1.57 0.0005
7.38 0.20 11.6 Sea 32.20 28.0 10.89 0.60 1.71 4.62 3.74 2.82 1.55 0.00968 0.10638 17.93 0.0035
6.75 0.13 11.6 Sea 30.50 61.8 7.08 0.02 1.32 1.78 1.21 1.49 0.04 0.00277 0.06345 0.00 -0.0003
6.89 0.16 11.6 Sea 27.30 77.7 9.11 0.02 1.22 1.68 1.34 1.36 0.05 0.00287 0.05400 0.00 -0.0012
7.38 0.20 11.6 Sea 27.00 9.9 10.89 0.62 1.58 4.45 3.73 2.44 1.80 0.01041 0.09071 18.51 0.0021
7.18 0.22 11.6 Sea 17.70 71.6 11.99 0.02 1.16 1.70 1.55 1.01 0.13 0.00384 0.04876 0.00 -0.0016
6.67 0.16 4.4 Bay 27.00 23.5 5.23 0.02 1.28 1.78 1.20 1.34 0.05 0.00288 0.05928 0.00 -0.0007
6.83 0,14 4.1 Bay 25.40 72.1 4.11 0.02 1.02 1.40 0.99 1.20 0.03 0.00258 0.03784 0.00 -0.0026
7.44 0.16 9.8 Sea 30.80 18.0 8.13 0.39 1.54 3.75 2.89 2.43 0.94 0.00773 0.08649 11.80 0.0018
7.36 0.14 9.8 Sea 29.60 76.2 7.40 0.02 1.23 1.68 1.24 1.43 0.04 0.00270 0.05543 0.00 -0.0010
6.75 0.14 9.8 Sea 20.30 25.6 7.42 0.02 1.15 1.61 1.22 1.09 0.08 0.00336 0.04804 0.00 -0.0017
6.70 0.12 9.8 Sea 25.20 44.8 6.30 0.02 1.19 1.63 1.13 1.27 0.05 0.00295 0.05154 0.00 -0.0014
7.19 0.16 9.8 Sea 23.40 5.9 8.40 0.02 1.33 1.86 1.37 1.26 0.09 0.00339 0.06446 0.00 -0.0002
7.30 0.18 11.6 Sea 6.90 19.0 9.94 0.02 0.91 1.39 1.31 0.47 0.41 0.00558 0.03022 0.00 -0.0033
6.91 0.52 4.4 Bay 30.70 49.3 16.19 0.32 1.98 5.60 5.19 2.51 1.13 0.00835 0.14299 9.52 0.0068
6.90 0.48 4.4 Bay 35.50 9.9 15.24 0.29 2.22 5.68 4.94 2.81 0.97 0.00781 0.17884 8.57 0.0101
7.47 0.49 4.7 Bay 21.90 89.3 15.77 0.38 1.46 5.12 5.10 1.88 1.43 0.00931 0.07781 11.26 0.0010
7.57 0.31 4.7 Bay 25.10 22.7 9.68 0.23 1.50 3.75 3.28 1.88 0.72 0.00690 0.08234 6.83 0.0014
7.06 0.26 4.4 Bay 26.50 36.1 8.06 0.18 1.41 3.28 2.79 1.86 0.50 0.00597 0.07273 5.43 0.0005
6.80 0.19 9.8 Sea 21.30 55.0 10.27 0.02 1.25 1.79 1.49 1.16 0.10 0.00350 0.05698 0.00 -0.0009



21
0
3
6
9
12
15
18
21
0
3
6
9
12
15
18
21

7.10 0.17 9.8 Sea 9.10 38.8 8.89
7.32 0.15 11.6 Sea 21.90 85.2 8.26
6.99 0.16 9.8 Sea 18.10 43.9 8.34
6.81 0.14 8.5 Sea 28.90 23.3 7.44
7.19 0.23 3.5 Bay 20.60 43.5 3.61
7.52 0.21 9.8 Sea 18.70 17.5 10.78
7.22 0.30 3.9 Bay 18.90 34.5 6.84
6.90 0.24 4.4 Bay 24.20 61.0 7.50
7.03 0.34 4.1 Bay 19.60 2.7 9.29
7.42 0.26 4.1 Bay 20.30 86.3 6.36
7.27 0.30 4.7 Bay 17.20 0.9 9.85
6.93 0.27 3.9 Bay 16.60 86.8 6.46
7.10 0.27 4.1 Bay 15.50 27.6 7.33
7.47 0.24 5.1 Bay 23.20 3.0 8.44
7.36 0.22 14.2 Sea 29.90 74.4 11.96
6.97 0.21 14.2 Sea 17.80 36.5 12.10
6.94 0.21 14.2 Sea 20.30 46.3 12.07

0.02 0.89 1.36 1.26 0.57
0.02 0.98 1.39 1.19 1.09
0.02 1.09 1.56 1.28 0.99
0.32 1.44 3.41 2.65 2.19
0.02 0.94 1.33 0.94 1.01
0.02 1.32 1.89 1.56 1.08
0.02 1.12 1.66 1.36 1.01
0.02 1.21 1.75 1.42 1.23
0.02 1.35 2.00 1.68 1.09
0.02 0.91 1.36 1.22 1.01
0.02 1.30 1.94 1.67 0.99
0.02 0.83 1.31 1.23 0.85
0.02 1.06 1.61 1.38 0.86
0.22 1.38 3.38 2.91 1.72
0.86 1.43 4.43 4.02 2.77
0.02 1.29 1.84 1.56 1.05
0.02 1.33 1.88 1.57 1.16

0.25 0.00470 0.02910 0.00 -0.0034 
0.05 0.00291 0.03529 0.00 -0.0029 
0.10 0.00353 0.04335 0.00 -0.0021 
0.77 0.00709 0.07528 9.62 0.0007 
0.04 0.00278 0.03181 0.00 -0.0032 
0.15 0.00394 0.06312 0.00 -0.0003 
0.08 0.00332 0.04541 0.00 -0.0019 
0.06 0.00304 0.05323 0.00 -0.0012 
0.11 0.00366 0.06589 0.00 -0.0001 
0.05 0.00286 0.03008 0.00 -0.0033 
0.14 0.00390 0.06127 0.00 -0.0005 
0.06 0.00309 0.02513 0.00 -0.0038 
0.11 0.00361 0.04094 0.00 -0.0023 
0.69 0.00678 0.06915 6.66 0.0002 
1.99 0.01097 0.07400 25.87 0.0006 
0.17 0.00414 0.06088 0.00 -0.0006 
0.14 0.00385 0.06429 0.00 -0.0002



Results froi Grant-Hadsen wave/current »odel 
THIMBLE SHOALS DATA - Froi CBW8811

Ds = 0.0170 ci 
k'biol = 0.50 ci
Zc = 150.00 ci

day tiie depth H T srce Oc Phi Ub Zo
Jin hour l CB sec —  ci/s deg a/s Cl
306 0 7.29 0.27 6.7 Sea 13.60 6.0 12.29 0.02
306 3 7.27 0.28 5.1 Bay 14.20 58.3 10.00 0.02
306 6 7.09 0.79 4.4 Bay 7.40 40.4 23.96 0.47
306 9 7.12 0.64 5.1 Bay 14.20 0.3 23.62 0.53
306 12 7.42 0.73 4.7 Bay 13.90 68.8 23.32 0.49
306 15 7.53 0.84 7.5 Bay 21.40 46.0 39.33 0.38
306 18 7.17 0.64 9.8 Sea 23.80 77.6 33.51 1.05
306 21 6.94 0.44 9.8 Sea 19.40 32.5 23.67 1.02
307 0 7.19 0.40 7.5 Bay 8.90 27.1 19.14 0.70
307 3 7.35 0.32 8.5 Sea 15.10 42.2 15.80 0.67
307 6 7.06 0.25 8.5 Sea 16.10 59.2 12.64 0.02
307 9 6.90 0.29 9.8 Sea 30.40 4.3 15.89 0.69
307 12 7.19 0.29 3.5 Bay 19.50 44.2 4.54 0.02
307 15 7.34 0.34 9.8 Sea 8.30 60.9 17.84 0.90
307 18 7.06 0.26 4.7 Bay 10.50 56.0 8.80 0.02
307 21 6.76 0.14 14.2 Sea 37.50 3.1 8.28 0.55
308 0 6.83 0.12 9.8 Sea 27.40 11.2 6.61 0.02
308 3 7.08 0.16 9.8 Sea 14.00 19.2 8.32 0.02
308 6 6.92 0.15 9.8 Sea 9.60 67.4 8.28 0.02
308 9 6.59 0.10 14.2 Sea 26.10 16.7 5.77 0.02
308 12 6.70 0.12 9.8 Sea 27.30 84.7 6.36 0.02
308 15 7.00 0.15 14.2 Sea 10.40 13.5 8.23 0.02
308 18 6.94 0.16 14.2 Sea 15.10 82.2 9.12 0.02
308 21 6.53 0.11 11.6 Sea 17.80 31.7 6.30 0.02
309 0 6.57 0.12 11.6 Sea 14.50 66.3 6.91 0.02
309 3 6.98 0.13 11.6 Sea 20.80 6.8 6.89 0.02
309 6 6.98 0.13 11.6 Sea 22.60 85.3 7.00 0.02
309 9 6.62 0.12 9.8 Sea 22.50 39.1 6.74 0.02
309 12 6.63 0.12 11.6 Sea 16.80 39.8 6.98 0.02
309 15 7.00 0.17 11.6 Sea 12.20 14.5 9.36 0.02
309 18 7.11 0.13 11.6 Sea 26.80 76.3 7.14 0.02
309 21 6.78 0.17 11.6 Sea 19.80 66.9 9.53 0.02
310 0 6.67 0.19 11.6 Sea 12.70 52.6 10.75 0.02
310 3 7.12 0.36 6.1 Sea 20.20 4.6 15.73 0.45
310 6 7.33 0.42 8.5 Sea 37.10 85.9 21.12 0.81
310 9 6.98 0.27 7.5 Sea 24.20 81.8 13.13 0.02
310 12 6.71 0.32 7.5 Sea 4.70 24.6 16.44 0.02
310 15 7.05 0.43 7.5 Sea 7.30 8.9 21.17 0.75
310 18 7.22 0.37 9.8 Sea 12.80 78.9 19.17 0.94
310 21 6.% 0.37 9.8 Sea 9.60 58.7 19.61 0.95
311 0 *.71 0.29 9.8 Sea 25.30 54.7 15.67 0.74
311 3 7.09 0.40 9.8 Sea 20.50 81.5 21.08 0.99
311 6 7.39 0.33 9.8 Sea 9.20 1.3 16.94 0.85
311 9 7.12 0.23 9.8 Sea 3.50 57.1 12.15 0.02
311 12 6.74 0.18 9.8 Sea 22.40 82.2 10.11 0.02
311 15 6.94 0.27 8.5 Sea 24.70 17.9 13.87 0.56
311 18 7.32 0.29 8.5 Sea 7.30 22.9 14.59 0.02
311 21 7.09 0.18 9.8 Sea 11.80 36.2 9.75 0.02
312 0 6.59 0.15 3.1 Bay 38.40 78.0 1.91 0.03
312 3 6.83 0.17 8.5 Sea 34.40 85.0 8.68 0.38

u*s u*t u*wi u*c Z'o Cd Shlds Kbr C*
C l/S C l/S C l/S C l/S Cl ---------  Cl Cl

1.31 1.97 1.78 0.85 0.24 0.00463 0.06277 0.00 -0.0004
1.11 1.72 1.60 0.83 0.16 0.00402 0.04479 0.00 -0.0020
2.00 7.48 7.45 0.78 3.34 0.01456 0.14562 14.04 0.0071
2.11 7.48 7.34 1.47 3.15 0.01405 0.16237 15.72 0.0086
1.97 7.32 7.27 1.41 2.90 0.01341 0.14114 14.78 0.0067
3.03 8.76 8.54 2.31 3.70 0.01546 0.33442 9.68 0.0241
2.46 9.56 9.44 2.91 5.71 0.02051 0.22026 30.64 0.0138
2.07 7.72 7.42 2.28 4.98 0.01868 0.15538 30.57 0.0080
1.60 6.20 6.13 1.00 4.21 0.01676 0.09313 20.94 0.0024
1.49 5.32 5.15 1.56 3.09 0.01389 0.08023 20.17 0.0012
1.25 1.87 1.72 0.96 0.18 0.00422 0.05727 0.00 -0.0009
2.00 5.96 5.20 2.92 2.34 0.01191 0.14524 20.80 0.0070
0.96 1.40 1.07 0.98 0.05 0.00294 0.03363 0.00 -0.0030
1.40 5.83 5.79 0.98 5.14 0.01907 0.07180 26.89 0.0004
0.96 1.54 1.46 0.63 0.19 0.00426 0.03380 0.00 -0.0030
1.77 4.31 3.01 3.09 1.17 0.00848 0.11346 16.44 0.0042
1.35 1.84 1.21 1.40 0.06 0.00304 0.06622 0.00 -0.0001
1.02 1.49 1.26 0.81 0.15 0.00397 0.03795 0.00 -0.0026
0.80 1.24 1.17 0.58 0.20 0.00432 0.02351 0.00 -0.0039
1.23 1.67 1.04 1.31 0.05 0.00296 0.05544 0.00 -0.0010
1.08 1.46 1.09 1.29 0.03 0.00258 0.04208 0.00 -0.0022
0.89 1.29 1.13 0.64 0.21 0.00445 0.02858 0.00 -0.0035
0.87 1.28 1.19 0.83 0.10 0.00354 0.02768 0.00 -0.0035
0.98 1.38 1.04 0.94 0.08 0.00330 0.03510 0.00 -0.0029
0.82 1.19 1.03 0.78 0.09 0.00340 0.02453 0.00 -0.0038
1.14 1.59 1.14 1.10 0.08 0.00331 0.04768 0.00 -0.0017
0.95 1.32 1.08 1.10 0.04 0.00274 0.03291 0.00 -0.0031
1.15 1.59 1.16 1.16 0.06 0.00312 0.04780 0.00 -0.0017
0.97 1.38 1.09 0.91 0.09 0.00343 0.03450 0.00 -0.0029
1.02 1.50 1.30 0.74 0.21 0.00439 0.03812 0.00 -0.0026
1.13 1.54 1.15 1.30 0.04 0.00273 0.04660 0.00 -0.0018
1.10 1.57 1.34 1.06 0.09 0.00339 0.04394 0.00 -0.0021
1.05 1.56 1.42 0.77 0.21 0.00441 0.04015 0.00 -0.0024
1.74 5.42 5.09 1.86 1.95 0.01085 0.11002 13.48 0.0039
1.96 6.84 6.64 3.56 2.33 0.01190 0.14026 24.11 0.0066
1.34 1.98 1.82 1.30 0.09 0.00340 0.06540 0.00 -0.0001
1.34 2.11 2.08 0.37 0.89 0.00754 0.06572 0.00 -0.0001
1.70 6.77 6.72 0.86 4.95 0.01859 0.10568 22.58 0.0035
1.49 6.22 6.18 1.48 4.72 0.01802 0.08071 28.24 0.0012
1.54 6.36 6.30 1.16 5.42 0.01977 0.08602 28.51 0.0017
1.66 5.48 5.11 2.47 2.51 0.01238 0.10059 22.07 0.0030
1.68 6.79 6.71 2.28 4.12 0.01654 0.10315 29.56 0.0033
1.44 5.61 5.51 1.06 4.71 0.01800 0.07508 25.31 0.0007
0.98 1.56 1.54 0.27 0.86 0.00744 0.03524 0.00 -0.0029
1.11 1.61 1.42 1.16 0.07 0.00315 0.04520 0.00 -0.0020
1.70 5.09 4.58 2.28 1.98 0.01093 0.10523 16.77 0.0034
1.26 1.93 1.87 0.53 0.58 0.00633 0.05743 0.00 -0.0009
1.02 1.52 1.37 0.72 0.21 0.00443 0.03803 0.00 -0.0026
1.36 1.90 0.87 1.84 0.04 0.00267 0.06767 0.92 0.0001
1.37 3.37 2.96 2.54 0.67 0.00670 0.06845 11.44 0.0001
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7.38 0.27 7.5 Sea 19.30 17.6 12.71 0.48 1.48 4.56 4.22 1.76 1.86 0.01059 0.07994 14.34 0.0012
7.14 0.17 8.5 Sea 24.50 47.3 8.68 0.02 1.30 1.83 1.41 1.28 0.07 0.00322 0.06145 0.00 -0.0005
6.81 0.10 7.5 Sea 32.70 63.7 5.07 0.02 1.31 1.76 1.08 1.54 0.03 0.00258 0.06259 0.00 -0.0004
7.24 0.17 7.5 Sea 18.80 19.8 8.27 0.02 1.18 1.70 1.37 1.04 0.11 0.00358 0.05099 0.00 -0.0014
7.09 0.18 8.5 Sea 7.20 69.3 9.13 0.02 0.83 1.32 1.29 0.47 0.31 0.00503 0.02517 0.00 -0.0038
6.70 0.10 9.8 Sea 22.30 35.8 5.48 0.02 1.08 1.48 1.02 1.13 0.05 0.00298 0.04214 0.00 -0.0022
6.90 0.17 5.1 Bay 26.30 71.4 6.61 0.02 1.16 1.63 1.28 1.29 0.04 0.00279 0.04890 0.00 -0.0016
7.37 0.18 7.5 Sea 23.70 26.1 8.79 0.02 1.36 1.92 1.47 1.27 0.09 0.00337 0.06694 0.00 -0.0000
7.25 0.17 8.5 Sea 31.60 83.0 8.55 0.02 1.30 1.78 1.39 1.52 0.04 0.00268 0.06139 0.00 -0.0005
6.64 0.12 14.2 Sea 21.60 9.7 6.85 0.02 1.16 1.59 Ivil -1.14- M̂)8 .00326 0.04862 0.60—6v0017
6.62 0.09 11.6 Sea 22.30 89.2 4.83 0.02 0.85 1.14 0.85 1.04 0.03 0.00250 0.02608 0.00 -0.0037
7.10 0.16 6.1 Sea 21.60 14.5 6.97 0.02 1.21 1.72 1.30 1.14 0.08 0.00327 0.05321 0.00 -0.0012
7.09 0.17 14.2 Sea 10.80 85.4 9.63 0.02 0.81 1.24 1.20 0.64 0.18 0.00423 0.02405 0.00 -0.0039
6.64 0.10 4.7 Bay 29.00 38.7 3.85 0.02 1.22 1.66 0.99 1.39 0.04 0.00266 0.05429 0.00 -0.0011
6.79 0.11 4.7 Bay 43.10 73.9 3.96 0.09 1.59 2.63 1.56 2.41 0.12 0.00369 0.09152 2.74 0.0022
7.39 0.46 4.4 Bay 25.70 34.4 13.05 0.27 1.72 4.67 4.27 2.04 0.98 0.00784 0.10714 8.13 0.0036
7.48 0.23 4.4 Bay 23.50 63.8 6.59 0.02 1.12 1.62 1.30 1.18 0.05 0.00294 0.04594 0.00 -0.0019
6.87 0.25 4.4 Bay 24.40 24.3 7.89 0.18 1.37 3.20 2.73 1.72 0.52 0.00608 0.06807 5.38 0.0001
6.70 0.15 3.7 Bay 20.80 66.1 3.25 0.02 0.86 1.20 0.85 0.99 0.03 0.00262 0.02676 0.00 -0.0036
7.16 0.16 11.6 Sea 23.40 4.5 8.64 0.02 1.33 1.85 1.36 1.26 0.09 0.00341 0.06479 0.00 -0.0002
7.26 0.13 11.6 Sea 27.20 70.6 6.74 0.02 1.16 1.57 1.13 1.32 0.04 0.00274 0.04881 0.00 -0.0016
6.81 0.13 11.6 Sea 22.00 37.5 7.32 0.02 1.16 1.61 1.19 1.15 0.07 0.00321 0.04889 0.00 -0.0016
6.69 0.11 11.6 Sea 14.60 63.1 6.21 0.02 0.80 1.15 0.97 0.77 0.08 0.00330 0.02308 0.00 -0.0040
7.25 0.15 7.5 Sea 23.10 2.4 7.11 0.02 1.26 1.77 1.28 1.21 0.07 0.00324 0.05778 0.00 -0.0008
7.44 0.11 8.5 Sea 38.10 71.2 5.59 0.24 1.47 2.95 2.07 2.52 0.35 0.00527 0.07872 7.16 0.0011
6.94 0.14 5.1 Bay 29.20 71.6 5.27 0.02 1.19 1.62 1.14 1.39 0.03 0.00261 0.05112 0.00 -0.0014
6.58 0.19 7.5 Sea 22.70 39.4 9.97 0.39 1.36 3.80 3.39 1.88 1.20 0.00860 0.06735 11.64 0.0000
6.97 0.19 6.7 Sea 16.80 57.2 9.11 0.02 1.09 1.62 1.43 0.94 0.11 0.00366 0.04303 0.00 -0.0022
7.23 0.17 6.7 Sea 17.20 35.6 7.99 0.02 1.10 1.60 1.33 0.95 0.11 0.00358 0.04369 0.00 -0.0021
6.90 0.15 5.6 Bay 17.30 25.9 6.33 0.02 1,02 1.49 1.19 0.93 0.08 0.00336 0.03814 0.00 -0.0026
6.69 0.08 5.1 Bay 33.00 20.9 3.05 0.02 1.33 1.78 0.89 1.55 0.03 0.00257 0.06461 0.00 -0.0002
7.21 0.20 4.7 Bay 31.30 41.4 6.62 0.16 1.45 3.04 2.36 2.06 0.35 0.00525 0.07682 4.74 0.0009
7.55 0.17 6.7 Sea 20.60 32.2 7.46 0.02 1.17 1.68 1.31 1.10 0.08 0.00333 0.04998 0.00 -0.0015
7.17 0.24 3.7 Bay 20.10 47.2 4.52 0.02 0.97 1.40 1.06 1.00 0.05 0.00290 0.03405 0.00 -0.0030
6.77 0.43 5.1 Bay 31.20 41.8 16.70 0.38 2.05 5.84 5.35 2.64 1.34 0.00903 0.15250 11.25 0.0077
7.03 0.32 4.4 Bay 19.10 5.8 9.77 0.02 1.36 2.02 1.71 1.08 0.12 0.00376 0.06687 0.00 -0.0000
7.44 0.39 4.1 Bay 16.30 80.7 9.65 0.02 1.06 1.69 1.61 0.90 0.11 0.00363 0.04073 0.00 -0.0024
7.18 0.53 5.1 Bay 12.00 9.8 19.35 0.46 1.78 6.25 6.14 1.19 2.69 0.01285 0.11509 13.80 0.0043
6.79 0.53 4.7 Bay 24.70 88.7 18.82 0.42 1.69 6.01 5.97 2.19 1.66 0.01000 0.10443 12.67 0.0034
7.11 0.33 4.1 Bay 17.40 5.3 8.73 0.02 1.24 1.86 1.58 0.98 0.12 0.00372 0.05590 0.00 -0.0010
7.59 0.27 4.7 Bay 29.40 51.8 8.43 0.20 1.46 3.39 2.90 2.06 0.50 0.00600 0.07721 6.03 0.0009
7.36 0.22 4.4 Bay 32.70 75.4 6.43 0.02 1.33 1.83 1.34 1.55 0.03 0.00262 0.06436 0.00 -0.0002
6.79 0.18 4.1 Bay 20.60 3.6 5.15 0.02 1.09 1.56 1.15 1.06 0.06 0.00308 0.04292 0.00 -0.0022
6.93 0.15 8.5 Sea 13.70 80.2 8.03 0.02 0.83 1.27 1.19 0.75 0.11 0.00358 0.02526 0.00 -0.0038
7.40 0.21 6.1 Sea 28.30 32.3 8.99 0.27 1.51 3.69 3.10 2.13 0.74 0.00698 0.08332 8.15 0.0015
7.27 0.32 4.7 Bay 27.10 80.9 10.51 0.02 1.32 1.95 1.73 1.39 0.06 0.00306 0.06373 0.00 -0.0003
6.80 0.22 5.6 Bay 15.40 4.2 9.37 0.02 1.19 1.78 1.54 0.89 0.15 0.00398 0.05186 0.00 -0.0014
6.92 0.24 5.1 Bay 23.10 89.2 9.27 0.02 1.09 1.64 1.51 1.17 0.06 0.00302 0.04349 0.00 -0.0021
7.44 0.32 5.1 Bay 21.50 21.6 11.49 0.29 1.51 4.18 3.82 1.74 1.08 0.00819 0.08274 8.76 0.0014
7.41 0.30 5.6 Bay 31.40 84.9 11.76 0.33 1.44 4.07 3.87 2.40 0.80 0.00723 0.07585 9.91 0.0008
6.87 0.24 8.5 Sea 22.90 10.9 12.50 0.52 1.57 4.65 4.17 2.08 1.83 0.01050 0.09001 15.60 0.0021
6.79 0.20 6.7 Sea 25.60 75.7 9.34 0.02 1.23 1.77 1.49 1.30 0.06 0.00302 0.05519 0.00 -0,0011
7.20 0.36 6.1 Sea 22.50 41.4 15.32 0.44 1.70 5.28 4.97 2.02 1.75 0.01027 0.10489 13.26 0.0034
7.27 0.30 6.1 Sea 7.30 39.0 12.67 0.02 1.17 1.85 1.79 0.50 0.44 0.00571 0.04952 0.00 -0.0016
6.87 0.17 6.7 Sea 16.50 23.5 8.31 0.02 1.12 1.64 1.37 0.93 0.12 0.00372 0.04562 0.00 -0.0019
6.84 0.18 6.1 Sea 27.50 85.4 8.09 0.02 1.16 1.65 1.38 1.34 0.04 0.00275 0.04927 0.00 -0.0016
7.35 0.25 6.1 Sea 21.80 5.5 10.70 0.33 1.47 4.02 3.60 1.79 1.15 0.00842 0.07810 9.82 0.0010
7.48 0.20 7.5 Sea 26.60 81.9 9.44 0.02 1.21 1.72 1.47 1.33 0.05 0.00292 0.05341 0.00 -0.0012
7.03 0.19 7.5 Sea 26.30 66.2 9.23 0.02 1.30 1.84 1.48 1.35 0.06 0.00307 0.06123 0.00 -0.0005
6.78 0.20 7.5 Sea 15.20 43.6 9.97 0.02 1.14 1.69 1.50 0.88 0.15 0.00401 0.04691 0.00 -0.0018
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7.07 0.25 6.7 Sea 11.90 38.2 11.47 0.02 1.17
7.29 0.24 8.5 Sea 13.20 37.7 12.27 0.02 1.23
6.93 0.20 8.5 Sea 11.30 13.5 10.41 0.02 1.10
6.70 0.10 6.1 Sea 24.30 38.3 4.48 0.02 1.10
7.05 0.19 6.7 Sea 29.30 55.8 8.66 0.30 1.42
7.40 0.25 6.7 Sea 13.40 2.6 11.25 0.02 1.24
7.12 0.20 6.7 Sea 17.10 62.1 9.01 0.02 1.07
6.73 0.16 8.5 Sea 20.10 24.5 8.34 0.02 1.21
6.89 0.18 7.5 Sea 17.90 77.0 8.96 0.02 1.00
7.29 0.23 8.5 Sea 19.60 11.6 11.42 0.50 1.40
7.12 0.20 7.5 Sea 22.20 62.5 9.93 0.02 1.24
6.74 0.16 8.5 Sea 15.40 4.1 8.28 0.02 1.08
6.89 0.20 7.5 Sea 9.50 65.4 9.76 0.02 0.93
7.36 0.24 7.5 Sea 20.30 28.6 11.46 0.44 1.41
7.28 0.22 6.1 Sea 30.20 89.4 9.33 0.02 1.26
6.83 0.18 8.5 Sea 13.30 8.6 9.67 0.02 1.11
6.77 0.17 7.5 Sea 16.90 64.1 8.37 0.02 1.01
7.23 0.29 4.7 Bay 15.60 2.1 9.58 0.02 1.23
7.22 0.26 7.5 Sea 26.30 82.2 12.53 0.02 1.35
6.79 0.23 8.5 Sea 17.30 20.6 11.96 0.53 1.36
6.70 0.24 3.5 Bay 26.00 11.3 4.38 0.02 1.21
7.25 0.30 3.7 Bay 30.50 37.1 5.71 0.11 1.40
7.37 0.42 4.7 Bay 2.40 59.2 13.57 0.02 1.20
7.11 0.18 6.7 Sea 4.00 85.6 8.41 0.02 0.76
6.78 0.10 8.5 Sea 25.90 70.0 5.09 0.02 1.06
7.26 0.23 5.1 Bay 22.10 27.5 8.20 0.02 1.30
7.52 0.31 3.9 Bay 15.40 70.0 6.50 0.02 0.88
7.22 0.92 5.1 Bay 13.50 51.9 33.72 0.40 2.66
6.83 0.56 4.1 Bay 24.10 66.1 15.83 0.31 1.70
7.07 0.28 4.7 Bay 18.90 37.6 9.67 0.02 1.28
7.40 0.23 4.1 Bay 23.20 50.9 5.71 0.02 1.12
7.12 0.18 6.7 Sea 21.10 61.2 8.41 0.02 1.14
6.65 0.10 8.5 Sea 27.80 27.5 5.27 0.02 1.27
6.92 0.13 8.5 Sea 22.50 53.7 6.89 0.02 1.11
7.41 0.18 7.5 Sea 25.10 24.8 8.37 0.33 1.38
7.30 0.15 8.5 Sea 22.10 73.7 7.41 0.02 1.04
6.80 0.24 4.1 Bay 19.10 2.2 6.83 0.02 1.16
6.85 0.24 4.7 Bay 16.60 89.8 8.41 0.02 0.92
7.34 0.27 4.7 Bay 20.20 21.3 8.89 0.02 1.31
7.34 0.25 4.4 Bay 21.60 80.0 7.18 0.02 1.02
6.76 0.18 5.1 Bay 21.70 8.4 6.99 0.02 1.23
6.82 0.15 4.7 Bay 16.50 84.4 5.22 0.02 0.75
7.38 0.25 4.1 Bay 26.90 17.3 6.19 0.02 1.35
7.46 0.31 5.6 Bay 30.90 79.9 11.95 0.33 1.49
6.85 0.23 6.1 Sea 18.30 24.5 10.50 0.02 1.32
6.60 0.23 6.1 Sea 19.20 72.5 10.60 0.02 1.17
7.03 0.36 6.1 Sea 21.30 14.5 15.81 0.45 1.77
7.19 0.40 7.5 Sea 29.40 74.1 19.14 0.66 1.85
6.60 0.31 7.5 Sea 23.90 6.6 15.85 0.55 1.83
6.44 0.17 7.5 Bay 36.20 84.1 8.66 0.33 1.44
7.02 0.32 8.5 Sea 31.00 47.8 16.18 0.62 1.91
7.43 0.30 8.5 Sea 20.90 5.6 14.64 0.60 1.65
7.05 0.29 4.1 Bay 21.90 64.6 7.79 0.02 1.15
6.64 0.28 4.1 Bay 36.00 63.0 8.40 0.17 1.60
6.96 0.45 3.9 Bay 26.30 70.8 10.72 0.21 1.41
7.36 0.56 4.7 Bay 15.90 85.5 18.24 0.42 1.58
6.96 0.41 4.4 Bay 19.40 69.0 12.70 0.29 1.37
6.50 0.35 4.7 Bay 31.40 83.6 13.02 0.31 1.54
6.90 0.33 4.4 Bay 20.60 37.2 10.39 0.24 1.39
7.51 0.25 4.7 Bay 33.00 50.5 7.94 0.19 1.55

1.80 1.67 0.74 0.25 0.00465 0.05017 0.00 -0.0015
1.84 1.68 0.82 0.24 0.00465 0.05509 0.00 -0.0011
1.64 1.49 0.71 0.25 0.00467 0.04363 0.00 -0.0021
1.51 0.99 1.19 0.04 0.00281 0.04374 0.00 -0.0021
3.50 2.98 2.19 0.71 0.00686 0.07344 8.89 0.0006
1.86 1.67 0.82 0.22 0.00450 0.05599 0.00 -0.0010
1.59 1.42 0.94 0.11 0.00358 0.04156 0.00 -0.0023
1.72 1.35 1.10 0.10 0.00350 0.05334 0.00 -0.0012
1.50 1.36 0.96 0.09 0.00338 0.03663 0.00 -0.0027
4.22 3.84 1.77 1.81 0.01043 0.07181 14.91 0.0004
1.80 1.53 1.19 0.08 0.00336 0.05619 0.00 -0.0010
1.57 1.30 0.88 0.13 0.00385 0.04266 0.00 -0.0022
1.47 1.41 0.59 0.24 0.00464 0.03167 0.00 -0.0032
4.19 3.84 1.78 1.57 0.00975 0.07253 13.18 0.0005
1.78 1.52 1.46 0.04 0.00273 0.05760 0.00 -0.0008
1.64 1.43 0.80 0.19 0.00428 0.04465 0.00 -0.0020
1.49 1.31 0.92 0.10 0.00349 0.03689 0.00 -0.0027
1.86 1.62 0.90 0.15 0.00398 0.05523 0.00 -0.0011
1.97 1.77 1.38 0.07 0.00322 0.06657 0.00 -0.0000
4.30 4.00 1.61 2.06 0.01115 0.06709 15.83 0.0000
1.70 1.12 1.28 0.05 0.00283 0.05350 0.0Q -0.0012
2.73 2.07 1.88 0.23 0.00456 0.07137 3.20 0.0004
1.98 1.98 0.18 0.81 0.00725 0.05199 0.00 -0.0014
1.27 1.26 0.27 0.45 0.00574 0.02090 0.00 -0.0041
1.44 0.99 1.24 0.03 0.00264 0.04113 0.00 -0.0023
1.88 1.49 1.18 0.09 0.00337 0.06128 0.00 -0.0005
1.38 1.25 0.82 0.08 0.00330 0.02844 0.00 -0.0035
8.71 8.63 1.45 3.65 0.01533 0.25690 10.90 0.0171
5.26 5.08 2.00 1.21 0.00861 0.10509 9.27 0.0034
1.91 1.65 1.06 0.12 0.00369 0.05986 0.00 -0.0006
1.60 1.22 1.16 0.05 0.00293 0.04557 0.00 -0.0019
1.65 1.38 1.11 0.08 0.00325 0.04743 0.00 -0.0018
1.72 1.07 1.37 0.05 0.00285 0.05832 0.00 -0.0008
1.56 1.19 1.15 0.06 0.00305 0.04516 0.00 -0.0020
3.48 2.91 1.96 0.90 0.00757 0.06908 9.72 0.0002
1.47 1.20 1.11 0.05 0.00296 0.03908 0.00 -0.0025
1.70 1.36 1.02 0.09 0.00337 0.04878 0.00 -0.0016
1.45 1.40 0.88 0.08 0.00334 0.03060 0.00 -0.0033
1.92 1.58 1.11 0.10 0.00356 0.06196 0.00 -0.0005
1.51 1.33 1.09 0.05 0.00296 0.03774 0.00 -0.0026
1.77 1.35 1.15 0.08 0.00328 0.05518 0.00 -0.0011
1.14 1.02 0.82 0.05 0.00290 0.02073 0.00 -0.0042
1.91 1.35 1.36 0.06 0.00301 0.06630 0.00 -0.0001
4.17 3.94 2.39 0.85 0.00739 0.08031 9.96 0.0012
1.95 1.66 1.05 0.14 0.00389 0.06376 0.00 -0.0003
1.77 1.62 1.06 0.10 0.00356 0.05013 0.00 -0.0015
5.46 5.11 1.95 1.90 0.01071 0.11366 13.46 0,0042
6.32 6.08 2.80 2.26 0.01172 0.12393 19.78 0.0051
5.62 5.15 2.25 2.16 0.01142 0.12138 16.45 0.0049
3.40 2.96 2.60 0.57 0.00629 0.07523 9.89 0.0007
5.80 5.25 2.87 2.01 0.01100 0.13236 18.69 0.0059
5.21 4.80 2.02 2.37 0.01201 0.09862 17.94 0.0028
1.71 1.45 1.14 0.07 0.00314 0.04814 0.00 -0.0017
3.46 2.88 2.38 0.36 0.00529 0.09365 5.03 0.0024
3.78 3.56 1.92 0.62 0.00651 0.07246 6.36 0.0005
5.85 5.83 1.48 2.06 0.01116 0.09096 12.62 0.0022
4.30 4.18 1.58 1.11 0.00829 0.06846 8.66 0.0001
4.42 4.24 2.41 0.82 0.00727 0.08580 9.11 0.0017
3.77 3.48 1.59 0.84 0.00736 0.07006 7.05 0.0003
3.39 2.76 2.24 0.42 0.00561 0.08695 5.55 0.0018
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7.29 0.35 3.9 Bay 24.20 41.7 7.71 0.02 1.31 1.91 1.52 1.26 0.07 0.00318 0.06273 0.00 -0.0004
6.58 0.33 4.7 Bay 27.20 32.9 12.21 0.27 1.70 4.50 4.04 2.13 0.92 0.00764 0.10550 8.20 0.0035
6.60 0.17 4.1 Bay 24.90 36.6 4.95 0.02 1.17 1.64 1.14 1.23 0.05 0.00286 0.04957 0.00 -0.0016
7.24 0.16 7.5 Sea 30.60 25.4 7.60 0.29 1.51 3.48 2.70 2.26 0.67 0.00673 0.08255 8.52 0.0014
7.10 0.17 6.7 Sea 21.60 73.0 7.78 0.02 1.06 1.53 1.30 1.10 0.06 0.00305 0.04089 0.00 -0.0023
6.53 0.11 9.8 Sea 20.90 10.0 6.35 0.02 1.12 1.56 1.12 1.10 0.07 0.00322 0.04580 0.00 -0.0019
6.75 0.15 7.5 Sea 25.30 89.7 7.83 0.02 1.05 1.48 1.27 1.22 0.04 0.00272 0.04015 0.00 -0.0024
7.50 0.16 4.1 Bay 27.10 16.3 3.92 0.02 1.20 1.66 1.02 1.32 0.04 0.00275 0.05276 0.00 -0.0013
7.50 0.20 4.1 Bay 34.80 31.4 4.90 0.10 1.50 2.74 1.85 2.09 0.19 0.00429 0.08173 3.02 0.0013
6.86 0.23 4.1 Bay 14.80 16.3 6.43 0.02 0.99 1.50 1.26 0.81 0.10 0.00354 0.03567 0.00 -0.0028
6.72 0.25 3.7 Bay 22.60 39.8 5.55 0.02 1.13 1.63 1.23 1.14 0.06 0.00299 0.04665 0.00 -0.0018
7.33 0.28 3.7 Bay 28.00 11.4 5.14 0.02 1.33 1.86 1.24 1.39 0.05 0.00288 0.06415 0.00 -0.0003
7.40 0.30 5.1 Bay 25.80 82.2 10.88 0.02 1.29 1.92 1.73 1.33 0.07 0.00313 0.06097 0.00 -0.0005
6.94 0.53 3.9 Bay 22.50 22.3 12.82 0.24 1.66 4.53 4.20 1.77 0.93 0.00770 0.10029 7.12 0.0030
6.89 0.74 4.7 Bay 21.70 88.0 26.06 0.54 2.12 8.05 8.03 2.16 2.69 0.01286 0.16389 16.03 0.0087
7.58 0.70 5.1 Bay 28.60 5.2 24.22 0.35 2.55 7.25 6.77 2.61 1.86 0.01060 0.23606 9.68 0.0152
7.88 0.86 6.1 Bay 23.80 22.1 34.28 0.31 2.95 8.16 7.83 2.36 2.65 0.01276 0.31600 7.87 0.0224
7.23 1.08 6.1 Bay 28.80 20.6 46.44 0.20 3.79 9.08 8.68 2.78 2.37 0.01201 0.52289 3.03 0.0410
6.85 0.55 4.7 Bay 26.80 53.9 19.30 0.40 2.03 6.38 6.09 2.38 1.66 0.01001 0.15031 12.08 0.0075
7.25 0.35 7.5 Sea 18.50 29.4 16.72 0.60 1.68 5.67 5.40 1.84 2.66 0.01278 0.10315 17.92 0.0033
7.50 0.31 7.5 Sea 20.80 51.0 14.40 0.54 1.53 4.98 4.71 1.94 2.04 0.01109 0.08476 16.05 0.0016
7.07 0.26 8.5 Sea 17.90 52.3 13.49 0.59 1.38 4.67 4.46 1.72 2.31 0.01183 0.06906 17.75 0.0002
6.77 0.19 3.9 Bay 26.50 49.0 4.67 0.02 1.17 1,63 1.12 1.29 0.04 0.00275 0.04977 0.00 -0.0016
7.31 0.21 8.5 Sea 24.90 1.1 10.55 0.45 1.52 4.17 3.59 2.13 1.39 0.00919 0.08435 13.34 0.0016
7.76 0.21 8.5 Sea 32.50 46.7 9.90 0.41 1.61 4.11 3.40 2.59 0.99 0.00789 0.09485 12.23 0.0025
7.32 0.19 9.8 Sea 13.30 88.5 9.77 0.02 0.88 1.36 1.32 0.76 0.13 0.00384 0.02809 0.00 -0.0035
6.76 0.13 11.6 Sea 20.90 15.7 7.41 0.02 1.17 1.63 1.20 1.12 0.08 0.00336 0.04999 0.00 -0.0015
7.03 0.16 8.5 Sea 8.00 89.4 8.11 0.02 0.72 1.17 1.16 0.49 0.22 0.00447 0.01908 0.00 -0.0043
7.47 0.15 11.6 Sea 22.30 7.6 8.22 0.02 1.27 1.77 1.30 1.20 0.09 0.00341 0.05890 0.00 -0.0007
7.13 0.19 11.6 Sea 14.40 63.0 10.29 0.02 1.03 1.52 1.38 0.84 0.16 0.00402 0.03837 0.00 -0.0026
6.69 0.09 9.8 Sea 27.50 43.1 5.05 0.02 1.20 1.62 1.01 1.34 0.04 0.00277 0.05260 0.00 -0.0013
7.03 0.13 7.5 Sea 14.10 58.1 6.29 0.02 0.83 1.23 1.06 0.76 0.09 0.00341 0.02507 0.00 -0.0038
7.59 0.13 9.8 Sea 21.10 1.6 6.40 0.02 1.14 1.58 1.13 1.11 0.07 0.00323 0.04688 0.00 -0.0018
7.36 0.13 8.5 Sea 14.30 89.7 6.57 0.02 0.72 1.09 1.02 0.74 0.07 0.00316 0.01871 0.00 -0.0043
6.82 0.10 11.6 Sea 17.50 20.0 5.64 0.02 0.95 1.33 0.97 0.92 0.08 0.00326 0.03294 0.00 -0.0031
6.90 0.12 8.5 Sea 10.70 55.8 6.18 0.02 0.73 1.11 1.00 0.60 0.12 0.00375 0.01961 0.00 -0.0043
7.36 0.13 11.6 Sea 18.10 18.2 7.06 0.02 1.06 1.49 1.13 0.98 0.09 0.00345 0.04079 0.00 -0.0024
7.23 0.14 11.6 Sea 12.20 79.6 7.56 0.02 0.75 1.14 1.06 0.68 0.11 0.00365 0.02070 0.00 -0.0042
6.73 0.12 14.2 Sea 20.40 2.9 6.80 0.02 1.12 1.54 1.10 1.08 0.08 0.00331 0.04539 0.00 -0.0019
6.85 0.18 4.4 Bay 14.90 65.7 5.63 0.02 0.82 1.25 1.10 0.78 0.07 0.00321 0.02448 0.00 -0.0038
7.38 0.22 4.1 Bay 21.60 4.6 5.56 0.02 1.15 1.65 1.21 1.11 0.06 0.00310 0.04783 0.00 -0.0017
7.35 0.17 3.7 Bay 30.00 89.6 3.16 0.02 1.07 1.41 0.89 1.35 0.02 0.00235 0.04171 0.00 -0.0023
6.85 0.19 4.7 Bay 17.70 27.1 6.75 0.02 1.07 1.58 1.29 0.95 0.09 0.00340 0.04201 0.00 -0.0022
6.73 0.24 3.7 Bay 23.00 63.2 5.31 0.02 1.05 1.51 1.18 1.13 0.04 0.00283 0.04007 0.00 -0.0024
7.10 0.39 4.4 Bay 16.00 50.1 11.82 0.02 1.32 2.05 1.89 0.94 0.17 0.00413 0.06353 0.00 -0.0003
7.14 0.28 4.7 Bay 11.60 28.4 9.29 0.02 1.08 1.68 1.55 0.70 0.19 0.00429 0.04226 0.00 -0.0022
6.71 0.21 8.5 Sea 8.10 36.8 11.05 0.02 1.03 1.59 1.51 0.54 0.37 0.00535 0.03864 0.00 -0.0026
6.72 0.18 5.6 Bay 26.60 88.4 7.72 0.02 1.11 1.58 1.34 1.29 0.04 0.00272 0.04461 0.00 -0.0020
7.18 0.28 7.5 Sea 17.00 65.1 13.64 0.02 1.33 2.00 1.86 1.01 0.18 0.00421 0.06391 0.00 -0.0003
7.38 0.23 7.5 Sea 3.10 65.5 10.96 0.02 0.93 1.52 1.51 0.23 0.74 0.00698 0.03171 0.00 -0.0032
7.03 0.41 4.4 Bay 30.40 40.6 12.47 0.26 1.79 4.61 4.11 2.33 0.81 0.00723 0.11677 7.64 0.0045
6.66 0.16 4.4 Bay 29.80 62.2 5.15 0.02 1.25 1.71 1.17 1.43 0.04 0.00266 0.05654 0.00 -0.0009
6.96 0.19 9.8 Sea 12.10 61.9 9.96 0.02 0.98 1.48 1.37 0.73 0.19 0.00428 0.03471 0.00 -0.0029
7.20 0.21 9.8 Sea 13.50 26.3 10.86 0.02 1.16 1.70 1.51 0.82 0.21 0.00444 0.04863 0.00 -0.0017
6.99 0.21 3.7 Bay 5.10 22.0 4.24 0.02 0.56 0.95 0.91 0.30 0.16 0.00408 0.01140 0.00 -0.0050
6.73 0.13 3.9 Bay 18.20 54.5 3.40 0.02 0.82 1.16 0.86 0.89 0.04 0.00276 0.02417 0.00 -0.0039
7.04 0.17 9.8 Sea 12.60 36.6 9.10 0.02 1.00 1.48 1.31 0.75 0.18 0.00420 0.03653 0.00 -0.0027
7.33 0.20 8.5 Sea 17.40 48.7 9.73 0.02 1.15 1.68 1.45 0.98 0.12 0.00375 0.04824 0.00 -0.0017
7.08 0.17 9.8 Sea 19.60 70.9 9.01 0.02 1.06 1.53 1.32 1.04 0.08 0.00331 0.04072 0.00 -0.0024
6.69 0.16 8.5 Sea 17.50 3.5 8.48 0.02 1.16 1.67 1.35 0.98 0.12 0.00372 0.04899 0.00 -0.0016



334 21 6.78 0.15 14.2 Sea 7.10 64.2 8.72 0.02 0.76 1.17 1.12 0.46 0.32 0.00510 0.02109 0.00 -0.0041
335 0 7.11 0.14 8.5 Sea 17.90 3.8 6.98 0.02 1.08 1.53 1.19 0.97 0.09 0.00347 0.04222 0.00 -0.0022
335 3 6.96 0.13 14.2 Sea 6.60 58.3 7.58 0.02 0.69 1.06 1.01 0.42 0.30 0.00496 0.01735 0.00 -0.0045
335 6 6.65 0.12 9.8 Sea 10.20 1.6 6.44 0.02 0.80 1.18 1.02 0.60 0.16 0.00405 0.02306 0.00 -0.0040
335 9 6.79 0.15 7.5 Sea 5.70 53.5 7.75 0.02 0.75 1.21 1.17 0.37 0.32 0.00511 0.02050 0.00 -0.0042
335 12 7.12 0.13 6.1 Sea 17.90 21.9 5.69 0.02 1.00 1.44 1.10 0.94 0.07 0.00324 0.03635 0.00 -0.0028
335 15 7.03 0.12 7.5 Bay 25.80 81.0 5.99 0.02 1.05 1.44 1.10 1.23 0.03 0.00264 0.03989 0.00 -0.0024
335 18 6.70 0.12 14.2 Sea 15.50 33.4 6.93 0.02 0.93 1.32 1.04 0.85 0.10 0.00355 0.03177 0.00 -0.0032
335 21 6.70 0.11 11.6 Sea 10.00 72.7 6.15 0.02 0.65 0.98 0.91 0.56 0.12 0.00371 0.01535 0.00 -0.0046



Results froi Grant-Kadsen wave/current *odel 
THIMBLE SHOALS DATA - Froi CB»8812

Ds = 0.0170 ci 
k'biol = 0.50 ci
2c = 150.00 ci

day tiie depth H T srce Uc Phi Oh Zo
Jin hour ■ Cl sec —  ci/s deg ci/s Cl
336 0 7.06 0.15 14.2 Sea 17.50 25.9 8.64 0.02
336 3 7.09 0.15 11.6 Sea 6.60 45.4 7.98 0.02
336 6 6.89 0.13 11.6 Sea 18.70 40.1 6.94 0.02
336 9 6.90 0.12 11.6 Sea 10.10 79.4 6.55 0.02
336 12 7.22 0.14 11.6 Sea 16.40 19.6 7.35 0.02
336 15 7.28 0.13 11.6 Sea 18.40 51.4 6.73 0.02
336 18 6.97 0.13 14.2 Sea 13.40 61.9 7.24 0.02
336 21 6.80 0.12 11.6 Sea 11.50 34.1 6.49 0.02
337 0 7.22 0.13 9.8 Sea 17.10 25.9 6.65 0.02
337 3 7.44 0.48. 4.4 Bay 7.40 8.1 13.77 0.02
337 6 7.13 0.60 5.6 Bay 19.90 32.7 24.24 0.57
337 9 6.95 0.45 4.1 Bay 25.00 69.3 12.46 0.26
337 12 7.10 0.24 4.4 Bay 7.90 54.9 7.24 0.02
337 15 7.26 0.22 8.5 Sea 14.20 26.2 10.95 0.02
337 18 6.95 0.10 14.2 Sea 19.50 61.9 5.55 0.02
337 21 6.67 0.08 4.1 Bay 19.30 17.6 2.38 0.02
338 0 6.79 0.08 2.8 Bay 5.20 68.7 0.55 0.02
338 3 7.14 0.07 11.6 Sea 17.20 4.7 3.81 0.02
338 6 7.03 0.07 11.6 Sea 5.50 64.6 4.12 0.02
338 9 6.70 0.05 11.6 Sea 12.80 10.6 2.93 0.02
338 12 6.77 0.07 11.6 Sea 6.70 89.8 3.81 0.02
338 15 7.03 0.06 9.8 Sea 14.50 13.1 3.35 0.02
338 18 6.94 0.08 6.7 Bay 13.00 82.4 3.77 0.02
338 21 6.55 0.07 11.6 Sea 14.20 7.8 3.77 0.02
339 0 6.62 0.07 18.3 Sea 7.30 82.5 4.32 0.02
339 3 7.10 0.07 4.4 Bay 20.30 16.2 2.09 0.02
339 6 7.18 0.11 3.3 Bay 8.30 41.5 1.37 0.02
339 9 7.03 1.15 5.6 Bay 27.80 64.9 46.87 0.21
339 12 6.93 0.71 . 4.7 Bay 16.70 86.4 24.80 0.52
339 15 7.22 0.38 5.6 Bay 16.60 87.6 15.09 0.02
339 18 7.20 0.22 4.7 Bay 16.80 47.0 7.37 0.02
339 21 6.81 0.23 8.5 Sea 14.90 73.6 11.99 0.02
340 0 6.69 0.15 7.5 Sea 2.80 66.8 7.57 0.02
340 3 7.15 0.13 6.7 Sea 18.70 11.1 6.03 0.02
340 6 7.26 0.10 8.5 Sea 14.60 0.9 4.92 0.02
340 9 6.91 0.12 8.5 Sea 7.70 83.6 6.02 0.02
340 12 6.70 0.09 7.5 Sea 7.90 72.2 4.42 0.02
340 15 6.93 0.15 4.4 Bay 3.10 31.6 4.57 0.02
340 18 7.10 0.09 6.1 Sea 5.80 1.5 3.79 0.02
340 21 6.76 0.08 8.5 Sea 10.70 9.8 4.21 0.02
341 0 6.60 0.06 9.8 Sea 16.10 66.6 3.10 0.02
341 3 7.09 0.07 9.8 Sea 14.80 10.5 3.55 0.02
341 6 7.46 0.07 3.9 Bay 15.10 58.1 1.43 0.02
341 9 7.12 0.07 8.5 Sea 20.10 21.6 3.82 0.02
341 12 6.71 0.07 9.8 Sea 10.10 8.4 3.62 0.02
341 15 6.91 0.11 7.5 Sea 3.20 31.9 5.62 0.02
341 18 7.23 0.09 8.5 Sea 15.40 47.6 4.48 0.02
341 21 6.90 0.10 9.8 Sea 6.20 47.9 5.65 0.02
342 0 6.55 0.08 3.9 Bay 22.60 71.3 2.04 0.02
342 3 6.84 0.16 4.7 Bay 6.50 21.7 5.52 0.02

u*s u*t u*wi u*c Z'o Cd Shlds Kbr C* 
C l/s  C l/s  C l/s  C l/s  Cl ~  —  Cl Cl

1.11 1.56 1.24 0.98 0.12 0.00371 0.04485 0.00 -0.0020
0.75 1.16 1.10 0.43 0.32 0.00508 0.02058 0.00 -0.0042
1.03 1.44 1.11 0.99 0.08 0.00331 0.03847 0.00 -0.0026
0.65 1.00 0.94 0.57 0.12 0.00374 0.01559 0.00 -0.0046
1.02 1.45 1.14 0.91 0.11 0.00360 0.03798 0.00 -0.0026
0.97 1.37 1.07 0.96 0.07 0.00322 0.03445 0.00 -0.0029
0.81 1.18 1.02 0.74 0.11 0.00360 0.02416 0.00 -0.0039
0.80 1.17 0.99 0.66 0.13 0.00384 0.02327 0.00 -0.0039
1.00 1.42 1.11 0.92 0.09 0.00342 0.03651 0.00 -0.0027
1.32 2.12 2.06 0.51 0.44 0.00570 0.06348 0.00 -0.0003
2.23 7.74 7.51 2.04 3.03 0.01374 0.18140 17.16 0.0103
1.49 4.28 4.09 1.93 0.85 0.00739 0.08049 7.70 0.0012
0.81 1.33 1.28 0.48 0.20 0.00433 0.02381 0.00 -0.0039
1.20 1.77 1.57 0.86 0.20 0.00435 0.05208 0.00 -0.0013
0.90 1.24 0.91 0.97 0.05 0.00291 0.02941 0.00 -0.0034
0.84 1.16 0.71 0.93 0.04 0.00269 0.02556 0.00 -0.0037
0.21 0.32 0.25 0.24 0.03 0.00251 0.00163 0.00 -0.0059
0.84 1.15 0.76 0.87 0.06 0.00299 0.02556 0.00 -0.0037
0.44 0.70 0.66 0.32 0.16 0.00407 0.00717 0.00 -0.0054
0.64 0.89 0.61 0.65 0.06 0.00301 0.01474 0.00 -0.0047
0.40 0.63 0.62 0.36 0.10 0.00349 0.00574 0.00 -0.0055
0.72 1.01 0.70 0.74 0.06 0.00301 0.01902 0.00 -0.0043
0.58 0.85 0.74 0.64 0.05 0.00283 0.01218 0.00 -0.0049
0.74 1.03 0.72 0.73 0.06 0.00312 0.01977 0.00 -0.0043
0.44 0.66 0.62 0.40 0.10 0.00356 0.00689 0.00 -0.0054
0.85 1.16 0.66 0.96 0.03 0.00262 0.02628 0.00 -0.0037
0.39 0.59 0.46 0.40 0.04 0.00277 0.00561 0.00 -0.0055
3.58 9.13 8.94 2.68 2.36 0.01198 0.46593 3.72 0.0359
2.01 7.71 7.69 1.69 2.88 0.01336 0.14766 15.57 0.0073
1.34 2.12 2.08 0.99 0.19 0.00427 0.06502 0.00 -0.0002
1.04 1.56 1.34 0.91 0.09 0.00346 0.03953 0.00 -0.0025
1.13 1.71 1.62 0.88 0.17 0.00415 0.04621 0.00 -0.0019
0.69 1.14 1.14 0.20 0.54 0.00615 0.01728 0.00 -0.0045
1.05 1.50 1.13 0.99 0.08 0.00328 0.04029 0.00 -0.0024
0.84 1.20 0.91 0.78 0.08 0.00332 0.02564 0.00 -0.0037
0.59 0.96 0.94 0.45 0.16 0.00403 0.01281 0.00 -0.0049
0.52 0.83 0.78 0.44 0.11 0.00361 0.00994 0.00 -0.0051
0.53 0.92 0.90 0.19 0.25 0.00470 0.01010 0.00 -0.0051
0.51 0.82 0.74 0.33 0.15 0.00395 0.00950 0.00 -0.0052
0.67 0.98 0.79 0.58 0.09 0.00346 0.01619 0.00 -0.0046
0.67 0.92 0.65 0.77 0.04 0.00267 0.01652 0.00 -0.0045
0.75 1.04 0.72 0.76 0.06 0.00304 0.02029 0.00 -0.0042
0.59 0.81 0.50 0.70 0.03 0.00250 0.01278 0.00 -0.0049
0.93 1.28 0.82 1.00 0.05 0.00287 0.03171 0.00 -0.0032
0.60 0.87 0.69 0.54 0.09 0.00337 0.01318 0.00 -0.0048
0.57 0.94 0.91 0.21 0.37 0.00535 0.01163 0.00 -0.0050
0.78 1.11 0.85 0.79 0.06 0.00306 0.02212 0.00 -0.0040
0.60 0.94 0.88 0.38 0.22 0.00447 0.01299 0.00 -0.0049
0.85 1.13 0.66 1.03 0.02 0.00242 0.02603 0.00 -0.0037
0.68 1.10 1.04 0.39 0.19 0.00426 0.01662 0.00 -0.0045
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7.31 0.12 5.1 Bay 21.20 11.5 4.27 0.02 1.03
7.07 0.10 3.3 Bay 17.80 69.4 1.30 0.02 0.66
6.58 0.07 4.7 Bay 17.10 30.4 2.55 0.02 0.76
6.69 0.08 5.1 Bay 6.80 44.4 3.05 0.02 0.47
7.17 0.11 4.7 Bay 15.00 11.7 3.75 0.02 0.80
7.02 0.11 9.8 Sea 5.80 73.7 5.65 0.02 0.55
6.57 0.08 4.7 Bay 13.30 35.7 2.93 0.02 0.66
6.81 0.08 11.6 Sea 8.80 3.4 4.64 0.02 0.62
7.41 0.11 4.7 Bay 20.50 1.3 3.60 0.02 0.97
7.41 0.09 3.3 Bay 14.70 73.5 0.99 0.02 0.54
6.67 0.31 3.9 Bay 27.50 2.6 7.93 0.15 1.50
7.08 0.15 3.5 Bay 17.30 39.0 2.50 0.02 0.76
7.34 0.14 5.6 Bay 15.70 40.2 5.42 0.02 0.89
6.91 0.19 3.5 Bay 12.30 81.3 3.23 0.02 0.56
6.69 0.11 3.7 Bay 27.60 31.7 2.49 0.02 1.11
7.21 0.14 5.6 Bay 16.30 19.5 5.80 0.02 0.97
7.60 0.20 4.1 Bay 18.80 15.3 4.70 0.02 0.99
7.22 0.61 4.7 Bay 21.10 39.8 20.20 0.42 2.02
6.72 0.38 4.1 Bay 30.60 60.5 11.07 0.22 1.61
7.02 0.25 4.1 Bay 18.30 42.3 6.80 0.02 1.07
7.35 0.21 3.7 Bay 17.50 36.8 3.85 0.02 0.87
7.06 0.17 6.7 Bay 12.80 83.7 7.67 0.02 0.80
6.70 0.10 3.5 Bay 25.70 7.1 1.80 0.02 1.02
7.06 0.11 5.1 Bay 8.40 64.5 4.20 0.02 0.56
7.62 0.10 6.1 Sea 23.60 20.4 4.30 0.02 1.09
7.37 0.13 6.1 Bay 28.20 39.3 5.40 0.02 1.27
6.73 0.10 14.2 Sea 29.00 24.5 6.05 0.02 1.33
6.81 0.11 14.2 Sea 12.30 16.1 6.18 0.02 0.82
7.26 0.12 14.2 Sea 19.70 2.7 6.58 0.02 1.08
7.05 0.13 14.2 Sea 20.10 65.0 7.19 0.02 0.98
6.57 0.10 14.2 Sea 30.90 10.8 5.72 0.42 1.40
6.76 0.11 14.2 Sea 23.20 36.2 6.32 0.02 1.14
7.56 0.22 11.6 Sea 26.00 72.4 11.37 0.02 1.32
7.57 0.68 6.1 Bay 6.90 8.6 28.14 0.74 2.19
6.90 0.61 4.4 Bay 35.40 70.3 19.34 0.37 2.12
6.87 0.50 5.1 Bay 27.00 11.0 19.34 0.42 2.19
7.33 0.40 3.9 Bay 16.50 80.1 8.79 0.02 1.01
7.40 0.54 5.1 Bay 10.90 17.7 19.16 0.46 1.73
6.93 0.65 4.7 Bay 26.20 81.2 22.50 0.47 2.01
6.91 0.68 5.1 Bay 23.90 17.6 26.17 0.40 2.52
7.47 0.60 5.1 Bay 24.50 69.0 21.23 0.48 1.98
7.69 0.68 5.1 Bay 29.10 9.6 23.36 0.37 2.50
7.08 0.58 4.1 Bay 21.40 47.8 15.55 0.30 1.72
6.78 0.34 4.1 Bay 24.60 57.0 9.61 0.21 1.37
7.13 0.23 7.5 Bay 16.60 49.1 11.28 0.02 1.24
7.39 0.23 7.5 Sea 26.20 41.0 11.09 0.41 1.53
6.96 0.27 3.7 Bay 17.40 86.2 5.42 0.02 0.79
6.74 0.23 8.5 Sea 23.20 23.2 12.34 0.52 1.55
7.21 0.23 9.8 Sea 20.40 47.9 12.22 0.62 1.37
7.55 0.26 7.5 Bay 34.90 1.7 11.95 0.40 1.94
7.08 0.17 9.8 Sea 20.40 49.6 9.17 0.02 1.19
6.69 0.14 8.5 Sea 33.70 12.2 7.26 0.30 1.60
6.90 0.19 5.1 Bay 22.00 59.9 7.15 0.02 1.12
7.37 0.15 9.8 Sea 22.80 5.3 7.81 0.02 1.28
7.11 0.16 8.5 Sea 13.90 61.7 8.00 0.02 0.91
6.81 0.16 9.8 Sea 26.50 9.2 8.69 0.43 1.45
7.03 0.16 9.8 Sea 23.30 88.8 8.73 0.02 1.03
7.52 0.16 9.8 Sea 28.30 30.8 8.02 0.40 1.43
7.38 0.15 11.6 Sea 32.80 49.1 7.95 0.46 1.49
6.86 0.16 9.8 Sea 13.10 65.1 8.86 0.02 0.92

1.44 0.98 1.06 0.05 0.00293 0.03850 0.00 -0.0026
0.89 0.50 0.81 0.02 0.00240 0.01592 0.00 -0.0046
1.07 0.70 0.83 0.04 0.00274 0.02113 0.00 -0.0041
0.74 0.67 0.37 0.09 0.00347 0.00787 0.00 -0.0053
1.16 0.87 0.77 0.06 0.00307 0.02307 0.00 -0.0040
0.89 0.86 0.35 0.22 0.00446 0.01106 0.00 -0.0050
0.96 0.72 0.67 0.05 0.00294 0.01584 0.00 -0.0046
0.92 0.77 0.50 0.13 0.00381 0.01420 0.00 -0.0048
1.35 0.89 1.02 0.05 0.00286 0.03400 0.00 -0.0030
0.72 0.41 0.67 0.02 0.00238 0.01058 0.00 -0.0051
3.33 2.75 1.88 0.43 0.00567 0.08235 4.58 0.0014
1.08 0.73 0.84 0.04 0.00271 0.02118 0.00 -0.0041
1.30 1.05 0.83 0.08 0.00326 0.02864 0.00 -0.0035
0.87 0.78 0.61 0.05 0.00284 0.01143 0.00 -0.0050
1.50 0.80 1.30 0.03 0.00255 0.04494 0.00 -0.0020
1.41 1.12 0.87 0.08 0.00335 0.03392 0.00 -0.0030
1.43 1,06 0.96 0.06 0.00307 0.03563 0.00 -0.0028
6.58 6.35 1.96 2.04 0.01109 0.14838 12.67 0.0073
4.06 3.67 2.23 0.62 0.00650 0.09416 6.63 0.0024
1.60 1.33 0.97 0.08 0.00332 0.04182 0.00 -0.0023
1.26 0.94 0.88 0.05 0.00293 0.02724 0.00 -0.0036
1.26 1.20 0.71 0.11 0.00360 0.02331 0.00 -0.0039
1.37 0.67 1.20 0.03 0.00252 0.03785 0.00 -0.0026
0.90 0.83 0.46 0.10 0.00352 0.01135 0.00 -0.0050
1.51 0.97 1.17 0.05 0.00285 0.04350 0.00 -0.0021
1.75 1.15 1.39 0.04 0.00282 0.05911 0.00 -0.0007
1.79 1.09 1.45 0.05 0.00290 0.06482 0.00 -0.0002
1.16 0.94 0.69 0.12 0.00375 0.02416 0.00 -0.0039
1.49 1.07 1.05 0.08 0.00331 0.04253 0.00 -0.0022
1.37 1.08 1.03 0.06 0.00307 0.03525 0.00 -0.0029
3.21 2.17 2.38 0.83 0.00731 0.07100 12.48 0.0004
1.55 1.06 1.18 0.06 0.00305 0.04688 0.00 -0.0018
1.86 1.56 1.36 0.07 0.00319 0.06365 0.00 -0.0003
8.69 8.65 0.83 5.46 0.01987 0.17407 22.01 0.0096
6.38 6.07 2.96 1.25 0.00876 0.16353 11.07 0.0087
6.57 6.11 2.45 1.81 0.01045 0.17463 12.69 0.0097
1.62 1.53 0.90 0.10 0.00349 0.03742 0.00 -0.0027
6.18 6.09 1.09 2.75 0.01301 0.10944 13.80 0.0038
7.10 7.01 2.43 2.01 0.01102 0.14671 14.15 0.0072
7.68 7.34 2.30 2.35 0.01195 0.23041 11.11 0.0147
6.81 6.65 2.30 2.10 0.01128 0.14301 14.49 0.0068
7.18 6.68 2.64 1.84 0.01052 0.22816 10.16 0.0145
5.22 5.00 1.80 1.29 0.00887 0.10755 9.07 0.0037
3.53 3.23 1.79 0.61 0.00647 0.06873 6.13 0.0002
1.84 1.64 0.97 0.16 0.00404 0.05563 0.00 -0.0010
4.22 3.73 2.19 1.24 0.00873 0.08460 12.37 0.0016
1.22 1.11 0.87 0.05 0.00289 0.02298 0.00 -0.0040
4.59 4.12 2.09 1.77 0.01034 0.08767 15.48 0.0019
4.40 4.09 1.92 2.13 0.01134 0.06821 18.61 0.0001
4.95 4.03 2.86 1.14 0.00840 0.13680 12.10 0.0063
1.69 1.38 1.11 0.09 0.00346 0.05124 0.00 -0.0014
3.61 2.63 2.49 0.67 0.00670 0.09339 8.99 0.0024
1.62 1.32 1.13 0.06 0.00308 0.04567 0.00 -0.0019
1.78 1.30 1.22 0.08 0.00334 0.05923 0.00 -0.0007
1.36 1.22 0.78 0.12 0.00370 0.03009 0.00 -0.0033
3.74 3.04 2.18 1.17 0.00848 0.07607 12.94 0.0008
1.46 1.28 1.16 0.05 0.00287 0.03836 0.00 -0.0026
3.56 2.84 2.25 0.97 0.00784 0.07408 12.02 0.0006
3.66 2.83 2.59 0.95 0.00775 0.08119 13.82 0.0013
1.38 1.26 0.75 0.14 0.00392 0.03077 0.00 -0.0033
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6.81 0.15 9.8 Sea 13.50 31.0 8.25 0.02 0.98 1.44 1.24 0.78 0.15 0.00397 0.03528 0.00 -0.0029
7.23 0.18 9.8 Sea 19.70 18.9 9.53 0.02 1.27 1.80 1.44 1.10 0.12 0.00370 0.05863 0.00 -0.0008
7.21 0.18 5.1 Bay 23.00 88.0 6.53 0.02 0.97 1.39 1.20 1.12 0.04 0.00273 0.03391 0.00 -0.0030
6.72 0.30 14.2 Sea 28.20 3.2 17.07 1.09 1.95 6.37 5.59 3.05 3.72 0.01551 0.13891 32.56 0.0065
6.70 0.37 14.2 Sea 36.60 51.7 21.26 1.28 2.24 7.58 6.79 4.01 3.91 0.01600 0.18305 38.37 0.0104
7.23 0.49 14.2 Sea 19.90 63.3 26.98 1.68 2.05 8.63 8.42 2.69 7.80 0.02582 0.15314 50.47 0.0078
7.37 0.50 14.2 Sea 2.10 58.1 27.19 1.78 1.82 8.53 8.53 0.36 14.12 0.04387 0.12042 53.36 0.0048
6.94 0.45 18.3 Sea 29.60 26.5 25.76 1.73 2.38 8.66 7.85 3.83 6.81 0.02329 0.20681 51.18 0.0126
6.83 0.39 14.2 Sea 44.10 2.4 22.18 0.61 2.74 7.19 5.86 4.18 2.20 0.01153 0.27342 17.05 0.0186
7.33 0.56 14.2 Sea 20.90 56.1 30.68 1.82 2.31 9.72 9.45 2.95 8.84 0.02856 0.19491 54.69 0.0115
7.64 0.73 14.2 Sea 9.10 54.2 39.45 1.38 2.59 10.34 10.28 1.48 12.88 0.04002 0.24365 40.45 0.0159
7.23 0.72 5.1 Bay 22.60 55.4 26.38 0.55 2.35 8.23 8.04 2.28 2.85 0.01329 0.20116 15.73 0.0121
6.90 0.58 14.2 Sea 31.60 50.5 32.86 0.92 2.72 8.76 8.22 3.67 4.81 0.01826 0.26832 26.47 0.0181
7.19 0.44 11.6 Sea 15.80 52.9 23.68 1.25 1.88 7.63 7.46 2.00 6.35 0.02213 0.12821 37.57 0.0055
7.38 0.39 14.2 Sea 19.80 29.5 21.53 1.38 1.90 7.24 6.86 2.47 6.09 0.02147 0.13160 41.51 0.0058
7.04 0.31 14.2 Sea 22.60 46.8 17.54 1.18 1.69 6.11 5.70 2.55 4.34 0.01709 0.10404 35.45 0.0033
6.63 0.26 14.2 Sea 23.50 0.7 15.11 1.02 1.70 5.60 5.00 2.52 3.60 0.01521 0.10471 30.49 0.0034
6.96 0.21 14.2 Sea 8.70 1.5 12.11 0.02 1.08 1.60 1.48 0.60 0.44 0.00569 0.04238 0.00 -0.0022
7.52 0.17 14.2 Sea 30.90 44.1 9.11 0.64 1.50 4.01 3.20 2.67 1.45 0.00939 0.08205 19.30 0.0014
7.13 0.18 14.2 Sea 28.20 89.1 9.94 0.02 1.18 1.62 1.35 1.37 0.04 0.00275 0.05068 0.00 -0.0015
6.72 0.13 14.2 Sea 26.90 39.7 7.44 0.02 1.30 1.77 1.21 1.37 0.06 0.00303 0.06185 0.00 -0.0005
6.86 0.15 11.6 Sea 22.10 25.4 8.57 0.02 1.26 1.76 1.33 1.19 0.09 0.00342 0.05811 0.00 -0.0008
7.28 0.17 11.6 Sea 21.20 6.4 9.15 0.02 1.29 1.81 1.38 1.17 0.11 0.00359 0.06088 0.00 -0.0006
7.21 0.26 3.7 Bay 14.40 46.8 4.91 0.02 0.83 1.26 1.07 0.75 0.07 0.00322 0.02482 0.00 -0.0038
6.74 0.19 14.2 Sea 32.30 33.1 10.83 0.73 1.68 4.66 3.74 2.93 1.81 0.01046 0.10251 21.94 0.0032
6.91 0.19 8.5 Sea 18.70 52.0 9.86 0.02 1.18 1.72 1.47 1.04 0.11 0.00365 0.05081 0.00 -0.0015
7.47 0.28 3.9 Bay 17.60 74.7 5.95 0.02 0.88 1.34 1.19 0.90 0.06 0.00304 0.02832 0.00 -0.0035
7.49 0.43 4.7 Bay 17.10 3.6 13.78 0.32 1.56 4.73 4.50 1.47 1.45 0.00937 0.08863 9.58 0.0019
6.87 0.25 4.4 Bay 21.40 73.3 7.82 0.02 1.09 1.62 1.42 1.10 0.06 0.00310 0.04308 0.00 -0.0022
6.84 0.16 3.9 Bay 14.90 17.6 3.87 0.02 0.81 1.19 0.92 0.77 0.06 0.00309 0.02376 0.00 -0.0039
7.25 0.17 8.5 Sea 21.30 67.0 8.55 0.02 1.11 1.59 1.33 1.11 0.07 0.00320 0.04473 0.00 -0.0020
7.34 0.16 11.6 Sea 18.50 55.4 8.78 0.02 1.08 1.53 1.28 1.01 0.10 0.00348 0.04210 0.00 -0.0022
6.82 0.16 9.8 Sea 11.90 68.3 8.52 0.02 0.86 1.31 1.21 0.69 0.15 0.00399 0.02699 0.00 -0.0036
6.6 6 0.13 9.8 Sea 25.10 14.3 7.10 0.02 1.30 1.79 1.24 1.30 0.07 0.00315 0.06150 0.00 -0.0005
7.14 0.20 11.6 Sea 21.80 4.1 10.94 0.65 1.42 4.25 3.72 2.04 2.11 0.01128 0.07337 19.40 0.0006
7.28 0.17 11.6 Sea 28.90 4.1 9.42 0.54 1.56 4.12 3.29 2.48 1.41 0.00927 0.08839 16.09 0.0019
7.00 0.16 11.6 Sea 20.40 57.8 8.92 0.02 1.13 1.59 1.30 1.09 0.08 0.00336 0.04613 0.00 -0.0019
6.69 0.13 11.6 Sea 34.70 5.5 7.29 0.41 1.63 3.79 2.67 2.70 0.87 0.00748 0.09616 12.24 0.0026
7.00 0.15 9.8 Sea 22.90 76.0 7.95 0.02 1.06 1.50 1.23 1.15 0.05 0.00295 0.04117 0.00 -0.0023
7.47 0.16 11.6 Sea 13.60 5.9 8.59 0.02 1.02 1.48 1.24 0.80 0.16 0.00409 0.03805 0.00 -0.0026
6.95 0.17 11.6 Sea 18.20 1.5 9.12 0.02 1.20 1.70 1.35 1.03 0.13 0.00377 0.05226 0.00 -0.0013
6.59 0.08 3.7 Bay 35.40 1.7 1.72 0.02 1.34 1.77 0.71 1.63 0.02 0.00244 0.06562 0.00 -0.0001
6.97 0.15 9.8 Sea 17.60 85.8 8.08 0.02 0.88 1.29 1.18 0.91 0.07 0.00315 0.02809 0.00 -0.0035
7.46 0.15 9.8 Sea 25.60 26.8 7.60 0.02 1.33 1.83 1.29 1.33 0.07 0.00316 0.06393 0.00 -0.0003
7.16 0.15 11.6 Sea 30.70 57.7 8.37 0.50 1.41 3.60 2.94 2.47 1.05 0.00808 0.07197 14.90 0.0004
6.59 0.13 9.8 Sea 32.30 0.6 7.20 0.35 1.55 3.59 2.61 2.46 0.78 0.00714 0.08751 10.43 0.0018
6.65 0.10 9.8 Sea 18.80 39.2 5.34 0.02 0.95 1.32 0.97 0.96 0.06 0.00308 0.03277 0.00 -0.0031
7.16 0.17 8.5 Sea 17.10 13.0 8.36 0.02 1.14 1.64 1.33 0.96 0.12 0.00372 0.04691 0.00 -0.0018
6.97 0.16 11.6 Sea 11.70 57.6 8.77 0.02 0.89 1.33 1.21 0.69 0.17 0.00415 0.02896 0.00 -0.0034
6.47 0.13 3.0 Bay 35.60 11.1 1.31 0.02 1.32 1.74 0.63 1.62 0.02 0.00240 0.06368 0.00 -0.0003
6.59 0.09 4.7 Bay 21.60 37.1 3.40 0.02 0.95 1.32 0.86 1.05 0.04 0.00274 0.03314 0.00 -0.0030
7.25 0.17 4.4 Bay 15.60 0.9 5.01 0.02 0.91 1.35 1.07 0.82 0.08 0.00327 0.03039 0.00 -0.0033
7.19 0.14 3.9 Bay 20.50 84.6 3.21 0.02 0.78 1.08 0.81 0.95 0.03 0.00249 0.02227 0.00 -0.0040
6.57 0.09 9.8 Sea 26.30 35.9 5.16 0.02 1.19 1.61 1.02 1.30 0.05 0.00284 0.05129 0.00 -0.0014
6.43 0.05 14.2 Sea 35.40 44.9 3.07 0.02 1.36 1.77 0.78 1.64 0.03 0.00248 0.06695 0.00 -0.0000
6.99 0.13 6.7 Sea 18.30 27.6 6.14 0.02 1.03 1.47 1.14 0.97 0.08 0.00327 0.03833 0.00 -0.0026
7.04 0.16 5.6 Bay 6.80 38.6 6.62 0.02 0.74 1.19 1.13 0.42 0.22 0.00449 0.01981 0.00 -0.0042
6.54 0.09 6.7 Sea 25.40 5.1 4.48 0.02 1.17 1.61 1.00 1.26 0.05 0.00285 0.04996 0.00 -0.0015
6.53 0.07 5.6 Bay 35.40 16.6 2.98 0.09 1.41 2.36 1.25 2.01 0.13 0.00383 0.07238 2.53 0.0005
7.34 0.48 4.1 Bay 25.70 86.8 12.15 0.02 1.35 2.07 1.94 1.35 0.07 0.00324 0.06632 0.00 -0.0001
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7.53 0.48 5.1 Bay 24.30 19.3 16.88 0.39 1.94
7.05 0.44 5.1 Bay 20.60 57.1 16.61 0.40 1.69
6.65 0.26 4.4 Bay 26.60 29.2 8.49 0.19 1.46
7.09 0.25 5.1 Bay 19.20 82.4 9.34 0.02 1.06
7.32 0.19 6.1 Sea 24.30 66.6 7.98 0.02 1.19
6.90 0.19 11.6 Sea 18.20 62.3 10.38 0.02 1.13
6.64 0.15 9.8 Sea 24.60 21.7 8.16 0.02 1.34
7.16 0.21 9.8 Sea 21.60 10.5 11.06 0.55 1.43
7.58 0.20 6.7 Bay 29.20 84.0 8.84 0.02 1.25
7.20 0.20 11.6 Sea 23.40 78.4 10.56 0.02 1.17
6.65 0.14 6.7 Sea 28.90 22.8 6.96 0.24 1.42
6.93 0.18 9.8 Sea 18.10 73.5 9.88 0.02 1.06
7.37 0,30 5.1 Bay 20.80 2.2 10.65 0.28 1.45
7.07 0.23 9.8 Sea 12.40 42.9 12.05 0.02 1.17
6.65 0.14 6.1 Sea 24.30 28.6 6.58 0.02 1.25
7.00 0.23 8.5 Sea 18.70 47.0 11.99 0.02 1.33
7.53 0.33 9.8 Sea 24.60 18.5 16.90 0.76 1.86
7.28 0.24 6.1 Sea 28.80 73.0 10.27 0.32 1.39
6.62 0.17 9.8 Sea 27.30 15.9 9.61 0.47 1.52
6.69 0.20 8.5 Sea 18.20 72.2 10.49 0.02 1.11
7.14 0.28 8.5 Sea 16.40 4.4 14.07 0.60 1.48
7.01 0.24 9.8 Sea 13.90 35.0 12.85 0.02 1.27
6.55 0.12 7.5 Bay 32.40 7.5 5.98 0.23 1.49
6.74 0.15 6.1 Sea 30.70 86.2 6.78 0.02 1.20
7.35 0.32 6.1 Bay 19.50 26.2 13.32 0.40 1.54
7.33 0.24 6.7 Bay 18.00 79.1 10.66 0.02 1.10
6.71 0.12 8.5 Sea 29.10 21.3 6.50 0.29 1.39
6.71 0.12 7.5 Bay 27.00 16.9 5.83 0.02 1.30
7.16 0.19 6.1 Sea 12.30 17.2 8.08 0.02 1.00
7.22 0.20 9.8 Sea 11.10 32.5 10.42 0.02 1.05
6.76 0.12 9.8 Sea 28.80 36.6 6.65 0.02 1.35
6.74 0.10 7.5 Bay 32.50 2.4 4.96 0.19 1.43
7.30 0.27 4.1 Bay 23.60 41.8 7.01 0.02 1.24
7.44 0.39 4.7 Bay 10.30 35.0 12.58 0.02 1.27
6.87 0.24 4.4 Bay 23.90 80.6 7.54 0.02 1.09
6.66 0.17 3.9 Bay 24.40 16.1 4.31 0.02 1.15
7.01 0.17 6.7 Bay 17.00 58.0 7.76 0.02 1.01
7.27 0.14 7.5 Sea 17.40 45.1 6.95 0.02 1.00
6.89 0.18 8.5 Sea 18.30 69.7 9.36 0.02 1.06
6.67 0.14 3.5 Bay 21.00 42.3 2.55 0.02 0.88
7.06 0.17 7.5 Sea 15.60 24.7 8.18 0.02 1.07
7.34 0.13 5.1 Bay 30.80 1.8 4.72 0.13 1.38
6.94 0.15 9.8 Sea 22.80 11.4 8.16 0.02 1.29
6.61 0.15 4.4 Bay 23.00 43.8 4.86 0.02 1.08
6.87 0.13 7.5 Bay 9.70 70.9 6.34 0.02 0.69
7.22 0.17 8.5 Sea 22.30 49.8 8.57 0.02 1.22
6.98 0.16 9.8 Sea 16.80 66.0 8.66 0.02 0.99
6.63 0.16 9.8 Sea 15.90 52.3 8.66 0.02 1.02
6.82 0.20 9.8 Sea 9.30 48.0 10.96 0.02 1.02
7.17 0.27 11.6 Sea 27.30 48.9 14.60 0.81 1.67
6.82 0.28 3.1 Bay 22.50 37.2 3.17 0.02 0.98
6.47 0.24 7.5 Bay 25.20 7.4 12.64 0.45 1.67
6.72 0.19 3.1 Bay 41.50 23.9 2.23 0.04 1.58
7.15 0.25 8.5 Sea 26.40 53.3 12.48 0.53 1.54
7.11 0.27 3.9 Bay 27.30 11.5 6.22 0.13 1.38
6.81 0.49 4.7 Bay 37.50 15.5 17.44 0.32 2.40
6.88 0.31 4.4 Bay 23.60 19.4 9.68 0.22 1.47
7.19 0.32 4.4 Bay 12.80 49.0 9.59 0.02 1.10
7.04 0.22 8.5 Sea 19.60 52.6 11.12 0.02 1.28
6.64 0.23 8.5 Sea 15.20 88.9 12.08 0.02 1.06

5.79 5.40 2.15 1.63 0.00991 0.13715 11.62 0.0063
5.52 5.33 1.85 1.73 0.01021 0.10361 12.10 0.0033
3.43 2.92 1.89 0.54 0.00615 0.07805 5.64 0.0010
1.62 1.51 1.02 0.08 0.00333 0.04081 0.00 -0.0024
1.70 1.38 1.24 0.06 0.00303 0.05127 0.00 -0.0014
1.63 1.42 1.01 0.11 0.00366 0.04618 0.00 -0.0019
1.86 1.35 1.30 0.08 0.00328 0.06501 0.00 -0.0002
4.22 3.75 1.97 1.85 0.01056 0.07456 16.54 0.0007
1.75 1.45 1.42 0.04 0.00277 0.05659 0.00 -0.0009
1.67 1.44 1.22 0.07 0.00317 0.05019 0.00 -0.0015
3.21 2.49 2.07 0.57 0.00629 0.07381 7.14 0.0006
1.55 1.39 0.99 0.10 0.00351 0.04049 0.00 -0.0024
3.94 3.57 1.66 1.00 0.00793 0.07660 8.23 0.0009
1.74 1.60 0.78 0.26 0.00472 0.04955 0.00 -0.0016
1.75 1.27 1.25 0.06 0.00309 0.05660 0.00 -0.0009
1.94 1.69 1.08 0.15 0.00396 0.06422 0.00 -0.0002
6.00 5.48 2.49 2.90 0.01341 0.12560 22.78 0.0053
3.75 3.45 2.20 0.80 0.00721 0.07052 9.62 0.0003
4.02 3.32 2.30 1.30 0.00891 0.08394 14.04 0.0015
1.65 1.49 1.01 0.11 0.00361 0.04498 0.00 -0.0020
4.90 4.63 1.62 2.59 0.01261 0.07944 18.00 0.0011
1.88 1.70 0.87 0.25 0.00468 0.05901 0.00 -0.0007
3.16 2.22 2.25 0.47 0.00587 0.08103 6.73 0.0013
1.64 1.26 1.44 0.03 0.00256 0.05243 0.00 -0.0013
4.68 4.38 1.72 1.61 0.00987 0.08586 12.00 0.0017
1.68 1.57 0.99 0.11 0.00360 0.04432 0.00 -0.0020
3.16 2.36 2.13 0.64 0.00659 0.07061 8.52 0.0003
1.78 1.17 1.36 0.05 0.00296 0.06114 0.00 -0.0005
1.51 1.34 0.72 0.16 0.00406 0.03631 0.00 -0.0028
1.58 1.44 0.69 0.25 0.00468 0.04038 0.00 -0.0024
1.84 1.21 1.44 0.05 0.00293 0.06630 0.00 -0.0001
2.88 1.89 2.16 0.37 0.00535 0.07483 5.66 0.0007
1.80 1.40 1.22 0.06 0.00312 0.05636 0.00 -0.0010
2.00 1.91 0.66 0.30 0.00499 0.05852 0.00 -0.0008
1.60 1.39 1.19 0.05 0.00290 0.04354 0.00 -0.0021
1.61 1.07 1.21 0.05 0.00285 0.04774 0.00 -0.0017
1.49 1.28 0.92 0.09 0.00344 0.03683 0.00 -0.0027
1.45 1.18 0.93 0.09 0.00337 0.03660 0.00 -0.0027
1.56 1.38 0.99 0.09 0.00347 0.04107 0.00 -0.0023
1.22 0.77 1.00 0.03 0.00262 0.02826 0.00 -0.0035
1.57 1.32 0.88 0.13 0.00377 0.04193 0.00 -0.0023
2.63 1.79 1.93 0.25 0.00470 0.06918 3.72 0.0002
1.81 1.33 1.22 0.09 0.00337 0.06083 0.00 -0.0006
1.52 1.09 1.14 0.05 0.00287 0.04237 0.00 -0.0022
1.09 1.02 0.55 0.13 0.00383 0.01741 0.00 -0.0045
1.73 1.37 1.18 0.08 0.00329 0.05394 0.00 -0.0012
1.45 1.27 0.92 0.10 0.00351 0.03578 0.00 -0.0028
1.49 1.28 0.89 0.12 0.00369 0,03799 0.00 -0.0026
1.55 1.46 0.60 0.31 0.00506 0.03752 0.00 -0.0027
5.33 4.82 2.67 2.52 0.01241 0.10190 24.25 0.0031
1.38 0.91 1.08 0.04 0.00270 0.03521 0.00 -0.0029
4.74 4.20 2.21 1.56 0.00971 0.10139 13.59 0.0031
2.28 1.01 2.06 0.05 0.00288 0.09054 1.02 0.0021
4.57 4.15 2.32 1.59 0.00979 0.08624 15.71 0.0017
2.84 2.23 1.77 0.31 0.00505 0.06889 3.73 0.0002
6.24 5.46 3.06 1.12 0.00833 0.20890 8.76 0.0128
3.70 3.27 1.76 0.71 0.00685 0.07879 6.41 0.0011
1.72 1.60 0.75 0.17 0.00413 0.04372 0.00 -0.0021
1.86 1.61 1.10 0.12 0.00374 0.05946 0.00 -0.0007
1.64 1.60 0.88 0.15 0.00399 0.04080 0.00 -0.0024



20
23
2
5
8
11
14
17
20
23
2
5
8
11
14
17
20
23

6.57 0.17 8.5 Sea 4.60 3.7 8.90 0.02
6.96 0.19 8.5 Sea 17.60 24.4 9.86 0.02
7.05 0.15 7.5 Bay 26.00 48.5 7.50 0.02
6.77 0.15 9.8 Sea 13.80 28.8 8.23 0.02
6.71 0.14 7.5 Bay 11.40 18.1 7.30 0.02
7.09 0.23 8.5 Sea 12.40 4.7 11.84 0.02
7.13 0.18 14.2 Sea 18.40 36.4 10.16 0.02
6.82 0.15 8.5 Sea 12.30 81.9 8.11 0.02
6.69 0.15 8.5 Sea 14.60 5.1 8.05 0.02
6.98 0.17 14.2 Sea 11.60 43.1 9.49 0.02
7.15 0.15 14.2 Sea 10.40 0.6 8.47 0.02
6.92 0.15 9.8 Sea 8.40 47.0 7.85 0.02
6.73 0.11 8.5 Sea 23.10 2.0 5.70 0.02
7.02 0.13 14.2 Sea 17.30 53.2 7.04 0.02
7.19 0.13 11.6 Sea 5.60 25.4 6.88 0.02
6.95 0.10 9.8 Sea 16.50 7.1 5.58 0.02
6.72 0.07 8.5 Sea 21.30 10.0 3.59 0.02
6.97 0.13 8.5 Sea 17.70 84.9 6.50 0.02

0.82 1.31 1.27 0.32 0.49 0.00592 0.02473
1.23 1.78 1.49 1.01 0.14 0.00387 0.05502
1.28 1.79 1.32 1.33 0.06 0.00304 0.05982
1.00 1.45 1.24 0.80 0.15 0.00394 0.03607
0.90 1.35 1.18 0.67 0.16 0.00404 0.02954
1.22 1.82 1.64 0,78 0.26 0.00477 0.05434
1.20 1.70 1.39 1.04 0.13 0.00381 0.05246
0.81 1.25 1.19 0.69 0.12 0.00375 0.02360
1.04 1.52 1.27 0.84 0.14 0.00388 0.03963
0.95 1.40 1.25 0.71 0.21 0.00441 0.03311
0.91 1.32 1.15 0.64 0.22 0.00452 0.02983
0.80 1.22 1.14 0.52 0.23 0.00457 0.02306
1.16 1.61 1.09 1.18 0.06 0.00306 0.04928
0.94 1.32 1.05 0.92 0.08 0.00331 0.03222
0.68 1.04 0.98 0.37 0.33 0.00512 0.01660
0.93 1.32 0.98 0.88 0.08 0.00332 0.03173
0.97 1.32 0.81 1.05 0.04 0.00282 0.03410
0.82 1.19 1.05 0.89 0.05 0.00295 0.02421



Results froi Grant-Hadsen wave/current lodel 
THIMBLE SHOALS DATA - Froi CBW8901

Ds = 0.0170 ci 
k'biol - 0.50 ci
Zc = 150.00 ci

day tiie depth H T srce Uc Phi Ob Zo u*s u*t U*W1 u*c Z'o Cd Shlds Kbr C*
Jin hour i Cl sec —  ci/s deg ci/s Cl Cl/s Cl/s CI/S ci/s ci —  —  Cl Cl

1 2 7.28 0.11 8.5 Sea 18.70 26.3 5.47 0.02 0.99 1.38 1.01 0.97 0.07 0.00316 0.03533 0.00 -0.0028
1 5 7.18 0.13 9.8 Sea 21.80 76.2 6.62 0.02 0.97 1.36 1.08 1.08 0.05 0.00285 0.03425 0.00 -0.0029
1 8 6.88 0.28 3.9 Bay 8.10 24.5 6.86 0.02 0.84 1.36 1.28 0.48 0.19 0.00425 0.02546 0.00 -0.0037
1 11 7.08 0.74 6.1 Sea 9.20 59.6 32.21 0.68 2.43 9.30 9.27 1.11 5.45 0.01985 0.21451 19.48 0.0133
1 14 7.30 0.84 6.7 Bay 5.90 63.5 38.05 0.53 2.71 9.39 9.38 0.75 6.48 0.02245 0.26753 14.64 0.0180
1 17 7.23 0.84 4.7 Bay 11.50 47.6 28.02 0.56 2.30 8.63 8.57 1.25 3.77 0.01565 0.19246 16.69 0.0113
1 20 6.99 0.60 6.7 Bay 20.70 68.8 28.25 0.80 2.28 8.79 8.67 2.31 4.18 0.01668 0.18889 24.01 0.0110
1 23 7.04 0.48 7.5 Bay 16.70 10.8 23.50 0.77 2.08 7.57 7.34 1.87 4.18 0.01668 0.15732 23.15 0.0081
2 2 7.40 0.46 7.5 Bay 18.70 3.0 21.59 0.72 2.02 7.09 6.80 2.01 3.60 0.01521 0.14904 21.50 0.0074
2 5 7.41 0.43 8.5 Sea 19.30 75.9 21.31 0.85 1.75 6.85 6.76 2.10 3.82 0.01578 0.11088 25.51 0.0039
2 8 7.04 0.38 9.8 Sea 10.20 56.1 20.16 0.97 1.59 6.52 6.46 1.23 5.47 0.01990 0.09167 28.95 0.0022
2 11 6.95 0.32 8.5 Sea 9.10 14.5 16.33 0.71 1.42 5.41 5.32 1.00 3.97 0.01615 0.07287 21.26 0.0005
2 14 7.17 0.28 8.5 Sea 6.40 59.4 14.13 0.02 1.17 1.83 1.80 0.46 0.60 0.00644 0.04979 0.00 -0.0015
2 17 7.22 0.25 8.5 Sea 11.80 68.9 12.55 0.02 1.13 1.74 1.66 0.74 0.26 0.00474 0.04623 0.00 -0.0019
2 20 6.88 0.18 9.8 Sea 15.80 33.3 9.76 0.02 1.14 1.66 1.41 0.92 0.15 0.00398 0.04728 0.00 -0.0018
2 23 6.82 0.12 8.5 Sea 18.50 34.5 6.49 0.02 1.03 1.46 1.12 0.98 0.08 0.00329 0.03836 0.00 -0.0026
3 2 7.24 0.16 7.5 Bay 14.30 49.3 7.55 0.02 0.94 1.40 1.22 0.80 0.12 0.00367 0.03224 0.00 -0.0031
3 5 7.42 0.16 8.5 Sea 14.90 38.5 7.92 0.02 1.00 1.46 1.24 0.84 0.12 0.00374 0.03637 0.00 -0.0028
3 8 7.05 0.12 9.8 Sea 14.30 44.7 6.33 0.02 0.86 1.24 1.03 0.78 0.10 0.00348 0.02682 0.00 -0.0036
3 11 6.84 0.11 9.8 Sea 17.00 32.3 6.06 0.02 0.95 1.35 1.03 0.90 0.08 0.00331 0.03290 0.00 -0.0031
3 14 7.01 0.12 8.5 Sea 14.30 8.9 6.37 0.02 0.92 1.34 1.08 0.79 0.11 0.00361 0.03104 0.00 -0.0032
3 17 7.15 0.17 8.5 Sea 7.90 81.8 8.63 0.02 0.78 1.25 1.23 0.49 0.25 0.00466 0.02203 0.00 -0.0040
3 20 6.86 0.13 9.8 Sea 12.20 17.6 7.03 0.02 0.89 1.30 1.10 0.70 0.14 0.00392 0.02859 0.00 -0.0035
3 23 6.61 0.13 8.5 Sea 28.70 11.9 7.15 0.31 1.43 3.35 2.57 2.16 0.74 0.00699 0.07458 9.27 0.0007
4 2 7.02 0.41 4.1 Bay 24.40 37.9 11.16 0.23 1.55 4.07 3.71 1.85 0.77 0.00711 0.08761 6.78 0.0019
4 5 7.46 0.83 5.1 Bay 9.50 38.5 29.22 0.63 2.33 8.97 8.92 1.08 4.47 0.01740 0.19827 18.06 0.0118
4 8 7.34 0.93 6.1 Bay 21.70 51.6 39.49 0.29 3.09 8.65 8.47 2.22 3.01 0.01370 0.34766 7.14 0.0253
4 11 7.06 0.94 5.1 Bay 26.30 37.2 35.20 0.24 3.07 8.11 7.80 2.46 2.07 0.01119 0.34177 5.58 0.0247
4 14 7.05 0.65 5.6 Bay 29.90 9.9 26.41 0.33 2.70 7.38 6.86 2.73 1.87 0.01063 0.26432 8.65 0.0178
4 17 7.43 0.74 4.7 Bay 11.60 81.7 23.73 0.51 1.93 7.42 7.40 1.20 3.15 0.01405 0.13570 15.16 0.0062
4 20 7.23 0.59 5.6 Bay 13.80 82.6 23.44 0.59 1.88 7.36 7.34 1.46 3.39 0.01468 0.12847 17.79 0.0055
4 23 6.84 0.58 5.1 Bay 30.20 38.0 22.61 0.43 2.40 7.27 6.83 2.77 1.91 0.01072 0.20936 12.20 0.0128
5 2 7.02 0.54 4.7 Bay 10.40 74.2 18.59 0.43 1.60 5.96 5.94 1.02 2.50 0.01236 0.09292 12.80 0.0023
5 5 7.52 0.41 11.6 Sea 32.90 26.6 21.91 1.03 2.35 7.69 6.89 3.56 3.74 0.01555 0.20015 30.07 0.0120
5 8 7.46 0.33 11.6 Sea 30.90 52.0 17.66 0.93 1.92 6.29 5.72 3.14 2.94 0.01351 0.13414 27.77 0.0060
5 11 6.92 0.30 9.8 Sea 17.80 69.4 16.07 0.80 1.43 5.38 5.25 1.86 3.24 0.01428 0.07405 24.08 0.0006
5 14 6.85 0.26 9.8 Sea 10.50 26.1 14.17 0.02 1.28 1.92 1.80 0.71 0.40 0.00550 0.05985 0.00 -0.0006
5 17 7.27 0.37 14.2 Sea 15.70 8.4 20.44 1.36 1.76 6.84 6.55 2.00 6.49 0.02248 0.11276 40.64 0.0041
5 20 7.20 0.25 14.2 Sea 19.50 73.5 13.83 0.02 1.26 1.83 1.67 1.12 0.14 0.00388 0.05821 0.00 -0.0008
5 23 6.71 0.17 14.2 Sea 26.30 10.7 9.87 0.70 1.48 4.19 3.43 2.42 1.92 0.01077 0.07993 21.03 0.0012
6 2 6.74 0.16 14.2 Sea 30.30 45.9 9.27 0.66 1.48 4.02 3.24 2.63 1.51 0.00955 0.08005 19.74 0.0012
6 5 7.35 0.22 14.2 Sea 28.20 14.8 11.86 0.81 1.65 4.85 4.04 2.71 2.32 0.01186 0.09913 24.20 0.0029
6 8 7.52 0.17 11.6 Sea 29.30 55.6 9.13 0.54 1.41 3.78 3.17 2.44 1.24 0.00872 0.07246 16.24 0.0005
6 11 6.97 0.16 14.2 Sea 15.10 30.1 8.93 0.02 1.05 1.49 1.24 0.87 0.15 0.00394 0.03986 0.00 -0.0024
6 14 6.71 0.17 14.2 Sea 24.00 32.6 10.10 0.74 1.38 4.08 3.49 2.24 2.08 0.01121 0.06915 22.15 0.0002
6 17 7.26 0.21 4.7 Bay 16.40 34.5 6.86 0.02 1.03 1.53 1.29 0.89 0.09 0.00347 0.03853 0.00 -0.0026
6 20 7.41 0.25 8.5 Sea 6.40 70.2 12.19 0.02 1.03 1.63 1.60 0.45 0.50 0.00598 0.03830 0.00 -0.0026
6 23 7.01 0.20 7.5 Sea 19.50 2.6 10.04 0.02 1.33 1.92 1.57 1.10 0.13 0.00380 0.06459 0.00 -0.0002
7 2 6.92 0.17 8.5 Sea 34.10 20.5 8.55 0.35 1.68 3.97 3.02 2.62 0.82 0.00728 0.10257 10.40 0.0032
7 5 7.51 0.26 3.7 Bay 25.30 70.4 4.56 0.02 1.05 1.47 1.08 1.21 0.03 0.00264 0.04003 0.00 -0.0024



7 8 7.83 0.29 6.1 Sea 28.50
7 11 7.39 0.31 8.5 Sea 27.10
7 14 6.89 0.30 9.8 Sea 32.00
7 17 7.29 0.31 8.5 Sea 9.20
7 20 7.61 0.30 9.8 Sea 13.20
7 23 7.21 0.26 8.5 Sea 18.40
8 2 6.84 0.17 8.5 Sea 22.50
8 5 7.32 0.25 7.5 Sea 14.80
8 8 7.78 0.29 8.5 Sea 31.20
8 11 7.43 0.22 9.8 Sea 40.40
8 14 6.72 0.15 11.6 Sea 35.00
8 17 7.03 0.19 9.8 Sea 21.90
8 20 7.50 0.26 8.5 Sea 11.70
8 23 7.23 0.23 11.6 Sea 18.20
9 2 6.72 0.07 11.6 Sea 41.10
9 5 6.96 0.12 9.8 Sea 27.70
9 8 7.62 0.28 6.1 Sea 15.90
9 13 7,43 0.12 9.8 Sea 24.30
9 16 6.72 0.10 8.5 Sea 26.20
9 19 7.24 0.16 6.1 Sea 15.10
9 22 7.42 0.18 11.6 Sea 9.30
10 1 6.89 0.12 5.6 Bay 27.00
10 4 6.62 0.04 9.8 Sea 36.10
10 7 7.25 0.13 6.1 Bay 21.80
10 10 7.60 0.17 3.7 Bay 18.50
10 13 7.10 0.27 4.7 Bay 19.40
10 16 6.58 0.12 6.1 Sea 27.00
10 19 7.02 0.23 5.1 Bay 11.90
10 22 7.40 0.23 4.4 Bay 13.70
11 1 7.07 0.19 7.5 Bay 19.30
11 4 6.59 0.07 5.1 Bay 27.80
11 7 7.02 0.18 6.7 Bay 21.10
11 10 7.56 0.22 7.5 Sea 18.80
11 13 7.23 0.18 7.5 Sea 15.00
11 16 6.63 0.10 9.8 Sea 24.90
11 19 6.89 0.13 7.5 Sea 12.80
11 22 7.46 0.24 6.1 Sea 12.20
12 1 7.31 0.30 5.1 Bay 18.10
12 4 6.77 0.24 5.6 Bay 18.90
12 7 6.85 0.25 5.6 Bay 8.90
12 10 7.45 0.44 5.6 Bay 23.20
12 13 7.35 0.32 6.7 Sea 25.80
12 16 6.70 0.23 11.6 Sea 25.30
12 19 6.68 0.25 8.5 Sea 22.40
12 22 7.25 0.42 8.5 Sea 21.80
13 1 7.32 0.29 7.5 Sea 28.30
13 4 6.77 0.18 9.8 Sea 24.10
13 7 6.69 0.14 9.8 Sea 33.20
13 10 7.28 0.29 3.9 Bay 23.60
13 13 7.48 0.38 4.1 Bay 5.20
13 16 7.05 0.59 5.1 Bay 29.70
13 19 6.84 0.42 4.7 Bay 37.50
13 22 7.28 0.42 4.1 Bay 19.80
14 1 7.53 0.31 4.7 Bay 23.90
14 4 7.12 0.30 4.7 Bay 24.40
14 7 6.67 0.18 4.1 Bay 26.00
14 10 6.95 0.19 3.7 Bay 10.30
14 13 7.30 0.17 8.5 Sea 24.50
14 16 6.97 0.19 11.6 Sea 19.40
14 19 6.62 0.14 11.6 Sea 20.50

39.1 11.52 0.34 1.65 4.38 3.85 2.28
27.4 15.19 0.60 1.83 5.52 4.97 2.53
27.1 16.01 0.70 2.01 5.99 5.23 3.05
49.2 15.33 0.02 1.31 2.01 1.94 0.64
27.7 15.01 0.76 1.40 5.11 4.93 1.41
41.5 12.97 0.57 1.40 4.57 4.30 1.74
21.1 8.67 0.02 1.31 1.85 1.42 1.22
24.8 12.07 0.02 1.30 1.93 1.73 0.90
18.3 13.77 0.53 1.90 5.31 4.57 2.77
62.8 11.53 0.52 1.83 4.72 3.90 3.28
15.6 8.28 0.46 1.68 4.07 2.97 2.81
78.8 10.22 0.02 1.13 1.63 1.44 1.15
36.7 12.69 0.02 1.22 1.84 1.71 0.75
2.1 12.59 0.75 1.41 4.60 4.21 1.83
0.8 4.17 0.23 1.66 3.23 1.72 2.74
76.4 6.59 0.02 1.14 1.56 1.14 1.33
1.8 11.51 0.02 1.34 2.00 1.76 0.95
9.7 6.02 0.02 1.21 1.67 1.11 1.24
21.8 5.07 0.02 1.21 1.65 1.04 1.30
19.4 6.68 0.02 0.98 1.45 1.20 0.83
57.8 9.79 0.02 0.90 1.37 1.29 0.59
8.8 4.96 0.02 1.26 1.74 1.11 1.34
48.5 2.37 0.02 1.35 1.76 0.71 1.65
66.8 5.39 0.02 0.98 1.38 1.06 1.07
49.4 2.85 0.02 0.80 1.13 0.79 0.89
31.4 9.12 0.02 1.28 1.89 1.59 1.07
17.8 5.33 0.02 1.27 1.76 1.14 1.35
29.9 8.76 0.02 1.04 1.60 1.46 0.71
35.0 6.44 0.02 0.93 1.42 1.23 0.75
22.3 9.39 0.02 1.27 1.83 1.49 1.08
12.9 2.82 0.02 1.15 1.55 0.82 1.32
28.2 8.40 0.02 1.26 1.80 1.43 1.14
15.7 10.21 0.02 1.31 1.90 1.58 1.07
75.7 8.62 0.02 0.93 1.41 1.30 0.83
0.9 5.57 0.02 1.21 1.65 1.07 1.26
79.0 6.28 0.02 0.72 1.11 1.02 0.69
12.8 10.02 0.02 1.13 1.72 1.56 0.74
69.3 10.81 0.02 1.20 1.84 1.70 1.01
1.7 10.26 0.30 1.36 3.78 3.46 1.54
79.4 10.36 0.02 0.97 1.58 1.56 0.56
36.5 17.00 0.43 1.85 5.77 5.45 2.10
81.9 14.33 0.49 1.45 4.81 4.67 2.25
1.3 12.92 0.72 1.65 4.97 4.33 2.44
55.5 13.42 0.57 1.47 4.73 4.43 2.07
3.6 20.97 0.79 2.05 7.03 6.63 2.34
79.7 14.08 0.53 1.50 4.80 4.60 2.46
12.1 9.64 0.48 1.42 3.91 3.32 2.07
54.7 7.57 0.37 1.47 3.47 2.69 2.50
37.2 6.42 0.02 1.22 1.76 1.35 1.21
73.4 9.45 0.02 0.92 1.57 1.56 0.34
63.1 22.21 0.49 2.20 7.19 6.92 2.74
29.8 14.98 0.30 2.20 5.62 4.87 2.96
51.5 10.75 0.02 1.35 2.04 1.82 1.11
13.4 9.81 0.23 1.49 3.77 3.32 1.81
31.0 10.10 0.24 1.49 3.82 3.40 1.85
80.5 5.29 0.02 1.05 1.47 1.14 1.23
60.1 3.82 0.02 0.61 0.96 0.86 0.54
23.9 8.31 0,02 1.35 1.89 1.40 1.30
33.7 10.32 0.02 1.26 1.79 1.46 1.10
0.8 8.01 0.02 1.20 1.68 1.26 1.11

1.02 0.00799 0.09873 10.09 0.0029
2.08 0.01121 0.12169 17.85 0.0049
2.25 0.01167 0.14690 20.91 0.0072 
0.48 0.00588 0.06243 0.00 -0.0004
3.55 0.01509 0.07148 22.65 0.0004
2.17 0.01147 0.07125 16.96 0.0004 
0.09 0.00343 0.06264 0.00 -0.0004 
0.21 0.00444 0.06157 0.00 -0.0005 
1.67 0.01002 0.13085 15.94 0.0057
1.09 0.00825 0.12201 15.63 0.0050
1.02 0.00800 0.10303 13.73 0.0032 
0.07 0.00323 0.04657 0.00 -0.0018 
0.29 0.00495 0.05425 0.00 -0.0011 
2.82 0.01321 0.07199 22.41 0.0005 
0.37 0.00536 0.10055 6.94 0.0030 
0.04 0.00267 0.04755 0.00 -0.0017 
0.19 0.00426 0.06551 0.00 -0.0001 
0.06 0.00306 0.05352 0.00 -0.0012 
0.05 0.00288 0.05337 0.00 -0.0012 
0.10 0.00357 0.03517 0.00 -0.0029 
0.27 0.00479 0.02964 0.00 -0.0034 
0.05 0.00287 0.05803 0.00 -0.0008 
0.02 0.00242 0.06612 0.00 -0.0001 
0.04 0.00282 0.03472 0.00 -0.0029 
0.04 0.00270 0.02355 0.00 -0.0039 
0.11 0.00361 0.05925 0.00 -0.0007 
0.05 0.00290 0.05908 0.00 -0.0007 
0.18 0.00417 0.03912 0.00 -0.0025 
0.11 0.00358 0.03128 0.00 -0.0032 
0.12 0.00369 0.05832 0.00 -0.0008 
0.03 0.00261 0.04802 0.00 -0.0017 
0.09 0.00344 0.05742 0.00 -0.0009 
0.13 0.00385 0.06268 0.00 -0.0004 
0.11 0.00359 0.03123 0.00 -0.0032 
0.06 0.00299 0.05312 0.00 -0.0012 
0.09 0.00337 0.01907 0.00 -0.0043 
0.21 0.00441 0.04657 0.00 -0.0018 
0.12 0.00371 0.05246 0.00 -0.0013
1.10 0.00825 0.06714 8.86 0.0000 
0.26 0.00475 0.03413 0.00 -0.0030
1.81 0.01044 0.12516 12.97 0.0052
1.52 0.00959 0.07676 14.58 0.0009
2.36 0.01197 0.09881 21.60 0.0029
1.97 0.01090 0.07885 17.19 0.0011
3.59 0.01518 0.15340 23.52 0.0078
1.51 0.00957 0.08186 15.80 0.0013
1.43 0.00933 0.07373 14.46 0.0006 
0.74 0.00699 0.07871 11.21 0.0011 
0.06 0.00307 0.05456 0.00 -0.0011 
0.36 0.00529 0.03103 0.00 -0.0032
1.98 0.01091 0.17532 14.56 0,0097 
0.95 0.00776 0.17586 9.08 0.0098 
0.12 0.00369 0.06589 0.00 -0.0001 
0.76 0.00707 0.08089 6.95 0.0013 
0.77 0.00710 0.08076 7.16 0.0012 
0.03 0.00262 0.04017 0.00 -0.0024 
0.07 0.00324 0.01335 0.00 -0.0048 
0.08 0.00329 0.06612 0.00 -0.0001 
0.13 0.00377 0.05803 0.00 -0.0008 
0.10 0.00348 0.05279 0.00 -0.0013
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6.86 0.23 9.8 Sea 9.50 56.8 12.54 0.02 1.10 1.69 1.61 0.63 0.36 0.00530 0.04412 0.00 -0.0021
7.34 0.30 4.4 Bay 26.90 38.1 8.57 0.19 1.45 3.42 2.94 1.91 0.53 0.00613 0.07667 5.71 0.0009
7.18 0.25 4.4 Bay 27.60 84.4 7.40 0.02 1.16 1.66 1.39 1.34 0.04 0.00273 0.04919 0.00 -0.0016
6.74 0.19 6.1 Sea 21.30 0.8 8.46 0.02 1.31 1.87 1.47 1,16 0.10 0.00349 0.06201 0.00 -0.0004
6.72 0.20 9.8 Sea 19.50 53.3 10.94 0.02 1.25 1.80 1.55 1.09 0.12 0.00372 0.05670 0.00 -0.0009
7.15 0.29 8.5 Sea 13.20 0.5 14.61 0.63 1.42 4.98 4.80 1.35 3.03 0.01374 0.07342 18.99 0.0006
7.09 0.27 6.7 Sea 13.70 74.2 12.37 0.02 1.16 1.80 1.73 0.83 0.20 0.00436 0.04885 0.00 -0.0016
6.66 0.18 7.5 Sea 27.00 10.0 9.13 0.34 1.51 3.81 3.16 2.14 0.96 0.00780 0.08271 10.23 0.0014
6.67 0.16 7.5 Sea 28.60 49.0 7.95 0.31 1.39 3.36 2.78 2.14 0.72 0.00691 0.06984 9.21 0.0003
7.25 0.29 6.7 Sea 20.60 2.6 13.30 0.44 1.58 4.75 4.38 1.84 1.72 0.01017 0.09132 13.07 0.0022
7.34 0.24 7.5 Sea 32.50 71.7 11.29 0.42 1.54 4.18 3.77 2.59 0.99 0.00790 0.08600 12.55 0.0017
6.94 0.19 11.6 Sea 18.60 49.4 10.29 0.02 1.19 1.70 1.43 1.04 0.12 0.00373 0.05126 0.00 -0.0014
6.81 0.24 3.5 Bay 31.70 34.3 4.35 0.08 1.36 2.41 1.65 1.83 0.15 0.00396 0.06765 2.33 0.0001
7.07 0.25 3.5 Bay 17.00 31.8 4.05 0.02 0.88 1.28 0.98 0.86 0.06 0.00300 0.02788 0.00 -0.0035
7.25 0.21 6.7 Sea 12.50 54.2 9.79 0.02 1.04 1.59 1.48 0.74 0.18 0.00422 0.03924 0.00 -0.0025
6.90 0.17 9.8 Sea 20.30 20.0 8.99 0.02 1.25 1.77 1.39 1.12 0.11 0.00359 0.05722 0.00 -0.0009
6.71 0.10 9.8 Sea 21.70 29.3 5.42 0.02 1.07 1.47 1.01 1.10 0.06 0.00302 0.04141 0.00 -0.0023
7.18 0.14 8.5 Sea 17.50 15.2 6.98 0.02 1.06 1.51 1.18 0.95 0.10 0.00348 0.04072 0.00 -0.0024
7.45 0.12 7.5 Bay 35.20 12.9 5.42 0.20 1.55 3.12 2.05 2.36 0.39 0.00545 0.08707 6.01 0.0018
7.15 0.14 9.8 Sea 30.30 57.8 7.27 0.02 1.35 1.84 1.27 1.49 0.04 0.00283 0.06629 0.00 -0.0001
6.75 0.13 8.5 Sea 22.90 6.6 7.01 0.02 1.24 1.73 1.24 1.20 0.07 0.00323 0.05575 0.00 -0.0010
6.84 0.15 8.5 Sea 7.80 58.3 7.83 0.02 0.78 1.22 1.16 0.48 0.24 0.00461 0.02185 0.00 -0.0041
7.15 0.15 8.5 Sea 12.80 16.0 7.86 0.02 0.97 1.43 1.23 0.74 0.15 0.00401 0.03429 0.00 -0.0029
6.95 0.13 8.5 Sea 13.30 15.2 6.93 0.02 0.93 1.35 1.13 0.75 0.13 0.00378 0.03114 0.00 -0.0032
6.56 0.11 6.1 Bay 30.50 3.8 4.93 0.16 1.37 2.72 1.86 1.98 0.32 0.00508 0.06873 4.64 0.0002
6.81 0.10 9.8 sea 34.40 16.0 5.27 0.26 1.50 3.12 2.02 2.40 0.49 0.00592 0.08153 7.74 0.0013
7.33 0.14 6.7 Sea 15.70 12.7 6.55 0.02 0.99 1.44 1.17 0.86 0.10 0.00352 0.03578 0.00 -0.0028
7.19 0.14 9.8 Sea 20.10 89.2 7.51 0.02 0.89 1.28 1.13 1.00 0.05 0.00288 0.02884 0.00 -0.0034
6.69 0.11 9.8 Sea 27.60 11.8 5.82 0.02 1.31 1.78 1.12 1.39 0.05 0.00294 0.06219 0.00 -0.0004
6.63 0.13 7.5 Sea 21.00 51.8 6.75 0.02 1.08 1.52 1.19 1.08 0.06 0.00311 0.04208 0.00 -0.0022
7.05 0.14 9.8 Sea 18.10 11.4 7.71 0.02 1.12 1.58 1.24 0.99 0.10 0.00356 0.04533 0.00 -0.0019
7.03 0.14 9.8 Sea 22.10 67.8 7.56 0.02 1.07 1.50 1.20 1.12 0.06 0.00302 0.04138 0.00 -0.0023
6.54 0.12 8.5 Sea 27.30 6.8 6.18 0.02 1.33 1.82 1.19 1.38 0.06 0.00300 0.06437 0.00 -0.0002
6.63 0.11 8.5 Sea 16.70 49.1 5.65 0.02 0.88 1.26 1.00 0.87 0.07 0.00318 0.02846 0.00 -0.0035
7.22 0.12 8.5 Sea 21.30 25.6 5.80 0.02 1.09 1.52 1.08 1.10 0.06 0.00310 0.04323 0.00 -0.0021
7.36 0.10 8.5 Sea 33.40 24.6 5.08 0.22 1.45 2.95 1.94 2.26 0.41 0.00556 0.07607 6.55 0.0008
6.93 0.09 9.8 Sea 24.00 61.2 4.67 0.02 1.01 1.37 0.92 1.16 0.04 0.00270 0.03739 0.00 -0.0027
6.66 0.54 8.5 Sea 26.40 11.1 28.64 0.58 2.63 8.04 7.55 2.79 3.41 0.01472 0.25130 16.31 0.0166
7.09 0.12 8.5 Sea 14.40 39.9 5.92 0.02 0.86 1.24 1.01 0.78 0.09 0.00343 0.02665 0.00 -0.0036
7.28 0.10 9.8 Sea 13.50 66.2 5.11 0.02 0.70 1.02 0.86 0.70 0.07 0.00317 0.01797 0.00 -0.0044
6.82 0.10 9.8 Sea 22.90 3.9 5.53 0.02 1.14 1.57 1.04 1.17 0.06 0.00305 0.04725 0.00 -0.0018
6.61 0.07 9.8 Sea 29.10 10.3 3.70 0.02 1.23 1.64 0.87 1.40 0.04 0.00269 0.05514 0.00 -0.0011
7.13 0.12 7.5 Sea 23.20 25.5 5.98 0.02 1.17 1.63 1.14 1.19 0.06 0.00306 0.04971 0.00 -0.0016
7.39 0.12 4.1 Bay 25.80 48.0 2.91 0.02 1.05 1.42 0.84 1.22 0.03 0.00257 0.03976 0.00 -0.0025
7.01 0.11 9.8 Sea 22.10 59.8 6.08 0.02 1.03 1.42 1.06 1.11 0.05 0.00292 0.03844 0.00 -0.0026
6.58 0.12 6.7 Sea 33.00 17.2 5.79 0.20 1.50 3.08 2.15 2.23 0.40 0.00552 0.08145 5.82 0.0013
6.95 0.13 8.5 Sea 23.30 86.6 6.82 0.02 0.97 1.36 1.12 1.13 0.04 0.00271 0.03419 0.00 -0.0030
7.40 0.25 3.9 Bay 12.60 86.9 5.38 0.02 0.68 1.11 1.06 0.66 0.07 0.00321 0.01683 0.00 -0.0045
6.98 0.24 4.1 Bay 21.50 64.6 6.51 0.02 1.06 1.56 1.29 1.09 0.06 0.00301 0.04104 0.00 -0.0023
6.73 0.25 3.9 Bay 38.70 15.4 6.26 0.12 1.75 3.30 2.29 2.40 0.24 0.00460 0.11110 3.41 0.0040
7.03 0.59 4.7 Bay 33.40 14.5 20.37 0.33 2.45 6.70 6.07 2.85 1.39 0.00920 0.21917 9.07 0.0137
7.50 0.92 5.6 Bay 6.30 63.6 35.48 0.47 2.63 9.17 9.15 0.75 5.25 0.01935 0.25140 13.18 0.0166
7.38 0.67 5.6 Bay 9.90 32.8 26.03 0.63 2.12 8.11 8.04 1.11 4.25 0.01684 0.16376 18.82 0.0087
6.71 0.39 5.6 Bay 37.00 62.2 16.62 0.41 2.05 5.81 5.32 3.07 1.21 0.00864 0.15267 12.18 0.0077
6.81 0.32 4.4 Bay 16.30 23.7 10.32 0.02 1.29 1.96 1.74 0.95 0.15 0.00399 0.06080 0.00 -0.0006
7.24 0.23 4.1 Bay 27.00 46.6 5.86 0.02 1.26 1.78 1.28 1.34 0.05 0.00287 0.05788 0.00 -0.0008
7.10 0.23 14.2 Sea 23.00 18.0 13.09 0.91 1.55 4.97 4.39 2.36 3.04 0.01377 0.08747 27.40 0.0018
6.56 0.19 9.8 Sea 23.80 30.2 10.72 0.53 1.44 4.15 3.64 2.11 1.64 0.00995 0.07576 15.98 0.0008
6.73 0.15 11.6 Sea 5.10 65.4 8.33 0.02 0.72 1.14 1.12 0.35 0.42 0.00563 0.01899 0.00 -0.0043
7.24 0.15 14.2 Sea 26.50 22.2 8.25 0.60 1.38 3.69 2.93 2.30 1.50 0.00952 0.06927 18.08 0.0002



22 10 7.23 0.13 11.6 Sea 21.80 29.4 7.24 0.02
22 13 6.64 0.12 11.6 Sea 27.80 28.7 6.75 0.02
22 16 6.58 0.11 9.8 Sea 26.20 55.7 5.87 0.02
22 19 7.13 0.19 6.1 Sea 21.10 14.1 8.07 0.02
22 22 7.18 0.24 5.1 Bay 17.10 68.4 8.85 0.02
23 1 6.69 0.22 6.1 Sea 24.20 2.9 10.16 0.31
23 4 6.70 0.23 3.1 Bay 26.80 10.3 2,81 0.02
23 7 7.27 0.38 4.1 Bay 18.90 66.8 9.84 0.02
23 10 7,42 0.62 4.4 Bay 21.60 16.8 17.59 0.35
23 13 6.87 0.75 9.8 Sea 27.30 69.9 40.39 0.54
23 16 6.65 0.58 8.5 Sea 20.10 4.6 30.79 0.68
23 19 7.16 0.69 9.8 Sea 17.00 16.5 36.44 0.66
23 22 7.36 0.64 9.8 Sea 25.50 57.3 32.98 0.77
24 1 6.90 0.62 11.6 Sea 19.20 46.9 34.35 1.02
24 4 6.66 0.40 9.8 Sea 16.90 13.7 22.01 0.97
24 7 7.22 0.59 9.8 Sea 14.30 27.5 30.96 1.16
24 10 7.47 0.59 <11.6 Sea 24.20 53.0 31.11 1.12
24 13 6.99 0.44 9.8 Sea 17.00 60.9 23.67 1.06
24 16 6.69 0.31 11.6 Sea 22.30 29.8 17.51 0.95
24 19 7.11 0.35 8.5 Sea 8.10 22.8 18.03 0.77
24 22 7.47 0.39 9.8 Sea 20.30 47.6 20.01 0.91
25 1 7.10 0.27 9.8 Sea 16.50 53.8 14.18 0.72
25 4 6.77 0.20 9.8 Sea 28.20 30.4 10.84 0.52
25 7 7.15 0.23 9.8 Sea 15.30 77.2 12.28 0.02
25 10 7.55 0.28 9.8 Sea 12.70 40.3 14.22 0.02
25 13 7.21 0.24 11.6 Sea 13.10 27.9 12.82 0.02
25 16 6.86 0.24 9.8 Sea 24.00 74.1 12.75 0.02
25 19 7.17 0.23 8.5 Sea 21.00 49.8 11.45 0.02
25 22 7.56 0.29 8.5 Sea 14.20 11.0 14.09 0.61
26 1 7.35 0.22 9.8 Sea 21.60 76.8 11.35 0.02
26 4 6.92 0.18 9.8 Sea 19.20 1.5 9.78 0.02
26 7 7.10 0.23 6.7 Sea 3.10 69.7 10.55 0.02
26 10 7.51 0.27 7.5 Sea 16.50 32.0 12.84 0.50
26 13 7.28 0.24 9.8 Sea 19.00 62.9 12.72 0.02
26 16 6.77 0.18 9.8 Sea 22.40 5.2 9.86 0.50
26 19 6.88 0.17 8.5 Sea 11.80 68.0 8.90 0.02
26 22 7.30 0.26 9.8 Sea 9.60 2.3 13.32 0.02
27 1 7.20 0.23 9.8 Sea 10.60 89.3 12.17 0.02
27 4 6.76 0.15 5.6 Bay 16.40 17.3 6.41 0.02
27 7 6.88 0.16 5.6 Bay 33.60 46.0 6.51 0.18
27 10 7.27 0.25 5.1 Bay 21.70 67.8 9.17 0.02
27 13 7.11 0.19 5.6 Bay 20.40 15.3 7.78 0.02
27 16 6.69 0.12 5.6 Bay 29.60 3.6 5.06 0.15
27 19 6.76 0.11 5.1 Bay 26.50 39.7 4.40 0.02
27 22 7.17 0.16 11.6 Sea 10.50 41.3 8.58 0.02
28 1 7.30 0.17 8.5 Sea 15.20 69.7 8.26 0.02
28 4 6.90 0.18 9.8 Sea 18.70 48.5 9.53 0.02
28 7 6.84 0.16 5.6 Bay 10.20 2.0 6.59 0.02
28 10 7.19 0.17 9.8 Sea 10.10 30.0 9.03 0.02
28 13 7.23 0.17 6.7 Sea 22.30 65.4 7.58 0.02
28 16 6.81 0.15 6.7 Sea 21.30 35.5 7.21 0.02
28 19 6.74 0.14 11.6 Sea 14.20 24.3 7.65 0.02
28 22 7.06 0.12 11.6 Sea 8.40 41.3 6.57 0.02
29 1 7.25 0.15 9.8 Sea 21.80 63.4 7.94 0.02
29 4 6.96 0.15 11.6 Sea 17.40 29.6 8.23 0.02
29 7 6.77 0.11 9.8 Sea 18.60 42.3 6.21 0.02
29 10 6.98 0.13 11.6 Sea 19.40 69.4 7.28 0.02
29 13 7.14 0.15 9.8 Sea 7.50 43.3 7.75 0.02
29 16 6.86 0.10 9.8 Sea 19.00 2.1 5.57 0.02
29 19 6.66 0.10 9.8 Sea 25.80 21.9 5.61 0.02

1.17 1.62 1.18 1.15 0.08 0.00325 0.04963 0.00 -0.0016
1.33 1.82 1.19 1.41 0.06 0.00299 0.06482 0.00 -0.0002
1.16 1.58 1.08 1.29 0.04 0.00281 0.04907 0.00 -0.0016
1.27 1.82 1.42 1.14 0.09 0.00344 0.05832 0.00 -0.0008
1.06 1.62 1.47 0.94 0.10 0.00353 0.04070 0.00 -0.0024
1.51 3.95 3.44 1.93 1.00 0.00792 0.08254 9.22 0.0014
1.13 1.55 0.89 1.28 0.03 0.00263 0.04661 0.00 -0.0018
1.19 1.84 1.68 1.04 0.10 0.00355 0.05190 0.00 -0.0014
1.94 5.90 5.59 1.90 1.60 0.00984 0.13702 10.43 0.0063
2.96 9.12 8.92 3.04 4.14 0.01657 0.31813 14.73 0.0226
2.58 8.54 8.23 2.30 4.58 0.01768 0.24200 19.26 0.0158
2.77 9.01 8.77 2.09 5.83 0.02082 0.27895 18.45 0.0191
2.62 8.88 8.60 2.93 4.62 0.01779 0.24901 22.18 0.0164
2.57 9.35 9.12 2.50 6.91 0.02354 0.24095 29.64 0.0157
1.94 7.22 6.95 1.98 4.92 0.01852 0.13709 29.15 0.0063
2.37 9.40 9.23 1.90 7.38 0.02473 0.20476 33,97 0,0124
2.47 9.10 8.78 3.00 5.94 0.02109 0.22255 32.75 0.0140
1.90 7.58 7.44 2.03 5.28 0.01942 0.13122 31.63 0.0058
1.77 6.11 5.67 2.41 3.72 0.01551 0.11452 28.41 0.0043
1.49 5.89 5.82 0.93 4.58 0.01768 0.08106 22.97 0.0013
1.82 6.65 6.38 2.23 3.96 0.01612 0.12054 27.19 0.0048
1.36 4.87 4.68 1.68 2.93 0.01348 0.06739 21.66 0.0000
1.59 4.36 3.69 2.44 1.47 0.00943 0.09154 15.57 0.0022
1.12 1.69 1.60 0.90 0.17 0.00411 0.04534 0.00 -0.0019
1.31 1.96 1.82 0.82 0.31 0.00505 0.06288 0.00 -0.0004
1.24 1.82 1.64 0.83 0.28 0.00484 0.05637 0.00 -0.0010
1.35 1.94 1.71 1.30 0.09 0.00344 0.06582 0.00 -0.0001
1.35 1.95 1.66 1.18 0.12 0.00371 0.06604 0.00 -0.0001
1.41 4.85 4.64 1.43 2.80 0.01314 0.07252 18.35 0.0005
1.20 1.74 1.55 1.16 0.09 0.00340 0.05203 0.00 -0.0013
1.28 1.83 1.47 1.09 0.13 0.00379 0.05995 0.00 -0.0006
0.92 1.51 1.50 0.23 0.68 0.00673 0.03073 0.00 -0.0033
1.38 4.49 4.25 1.54 2.05 0.01114 0.06946 14.89 0.0002
1.29 1.89 1.70 1.09 0.14 0.00391 0.06078 0.00 -0.0006
1.39 3.91 3.38 1.96 1.56 0.00971 0.07009 14.94 0.0003
0.90 1.38 1.29 0.69 0.16 0.00408 0.02932 0.00 -0.0034
1.22 1.84 1.72 0.65 0.41 0.00557 0.05431 0.00 -0.0011
0.99 1.56 1.55 0.67 0.26 0.00477 0.03601 0.00 -0.0028
1.01 1.48 1.20 0.89 0.09 0.00345 0.03734 0.00 -0.0027
1.50 3.11 2.34 2.23 0.37 0.00534 0.08133 5.42 0.0013
1.19 1.77 1.54 1.15 0.08 0.00328 0.05170 0.00 -0.0014
1.23 1.78 1.41 1.10 0.09 0.00343 0.05512 0.00 -0.0011
1.36 2.69 1.89 1.91 0.31 0.00503 0.06700 4.37 0.0000
1.17 1.60 1.03 1.29 0.04 0.00275 0.04954 0.00 -0.0016
0.89 1.32 1.20 0.64 0.21 0.00439 0.02883 0.00 -0.0034
0.93 1.38 1.24 0.84 0.10 0.00356 0.03114 0.00 -0.0032
1.16 1.67 1.40 1.04 0.11 0.00363 0.04925 0.00 -0.0016
0.85 1.31 1.16 0.59 0.16 0.00402 0.02624 0.00 -0.0037
0.94 1.41 1.29 0.63 0.23 0.00458 0.03229 0.00 -0.0031
1.11 1.59 1.30 1.14 0.06 0.00306 0.04469 0.00 -0.0020
1.17 1.67 1.29 1.12 0.08 0.00325 0.04983 0.00 -0.0015
0.97 1.39 1.15 0.81 0.13 0.00382 0.03397 0.00 -0.0030
0.71 1.07 0.97 0.50 0.19 0.00429 0.01829 0.00 -0.0044
1.10 1.55 1.25 1.13 0.07 0.00312 0.04395 0.00 -0.0021
1.09 1.55 1.24 0.97 0.11 0.00363 0.04315 0.00 -0.0021
0.99 1.39 1.06 0.97 0.07 0.00320 0.03537 0.00 -0.0028
0.96 1.35 1.11 1.00 0.06 0,00309 0.03346 0.00 -0.0030
0.78 1.20 1.12 0.47 0.26 0.00475 0.02185 0.00 -0.0041
1.02 1.42 1.01 0.99 0.07 0.00320 0.03748 0.00 -0.0027
1.22 1.67 1.08 1.30 0.05 0.00294 0.05451 0.00 -0.0011
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6.89 0.12 11.6 Sea 19.40 64.4 6.50 0.02
7.18 0.12 8.5 Sea 13.10 58.3 6.27 0.02
6.95 0.12 9.8 Sea 19.90 46.9 6.49 0.02
6.65 0.13 8.5 Sea 21.70 38.8 6.81 0.02
6.72 0.17 9.8 Sea 10.70 20.6 9.19 0.02
6.93 0.12 11.6 Sea 11.20 36.8 6.81 0.02
6.83 0.12 9.8 Sea 4.40 17.3 6.72 0.02
6.64 0.11 9.8 Sea 13.80 20.1 6.17 0.02
6.83 0.13 11.6 Sea 13.10 82.2 7.03 0.02
7.25 0.18 7.5 Sea 11.80 14.8 8.74 0.02
7.31 0.21 8.5 Sea 19.70 16.7 10.45 0.02
6.89 0.18 8.5 Sea 18.20 43.0 9.62 0.02
6.93 0.15 11.6 Sea 8.20 14.8 8.30 0.02
7.12 0.14 9.8 Sea 10.30 52.6 7.19 0.02
7.09 0.12 9.8 Sea 25.60 49.3 6.36 0.02
6.81 0.11 9.8 Sea 38.60 31.8 5.81 0.28
6.78 0.10 11.6 Sea 28.20 20.0 5.66 0.02

0.94 1.32 1.04 0.99 0.06 0.00303 0.03228
0.79 1.18 1.03 0.71 0.10 0.00349 0.02295
1.03 1.44 1.10 1.03 0.07 0.00315 0.03848
1.13 1.59 1.19 1.13 0.07 0.00316 0.04681
0.98 1.46 1.31 0.66 0.23 0.00454 0.03493
0.81 1.18 1.02 0.65 0.14 0.00393 0.02367
0.65 1.03 0.99 0.29 0.38 0.00543 0.01551
0.88 1.27 1.02 0.76 0.11 0.00359 0.02802
0.73 1.09 1.01 0.71 0.09 0.00341 0.01947
1.01 1.52 1.35 0.71 0.19 0.00427 0.03723
1.34 1.92 1.58 1.12 0.13 0.00382 0.06552
1.19 1.72 1.45 1.02 0.12 0.00371 0.05114
0.84 1.27 1.16 0.52 0.28 0.00485 0.02586
0.79 1.19 1.08 0.60 0.16 0.00405 0.02250
1.19 1.63 1.14 1.28 0.05 0.00291 0.05157
1.64 3.42 2.20 2.70 0.49 0.00595 0.09785
1.30 1.76 1.08 1.41 0.05 0.00289 0.06164



Results froi Grant-Madsen wave/current lodel 
THIMBLE SHOALS DATA - Froi CBW89Q2

Ds = 0.0170 c« 
k'biol = 0.50 ci
2c = 150.00 ci

day tiie depth H T srce Oc Phi Ob Zo
Jin hour i Cl sec —  ci/s deg Cl/S Cl
32 1 7.09 0.14 8.5 Sea 18.20 47.8 7.30 0.02
32 4 7.27 0.14 8.5 Sea 19.30 23.3 6.93 0.02
32 7 6.93 0.12 8.5 Sea 13.20 13.7 6.06 0.02
32 10 6.72 0.09 8.5 Sea 13.20 49.7 4.49 0.02
32 13 6.90 0.13 9.8 Sea 18.70 45.0 6.73 0.02
32 16 7.07 0.20 6.1 Bay 6.50 11.0 8.74 0.02
32 19 6.86 0.13 7.5 Sea 35.20 3.6 6.64 0.24
32 22 6.64 0.12 6.1 Sea 28.00 46.1 5.34 0.02
33 1 6.96 0.16 6.7 Sea 11.20 62.4 7.52 0.02
33 4 7.31 0.19 4.1 Bay 14.80 65.2 4.93 0.02
33 7 7.10 0.15 7.5 Sea 13.10 32.1 7.56 0.02
33 10 6.70 0.13 6.7 Sea 14.90 12.4 6.24 0.02
33 13 6.81 0.12 8.5 Sea 24.50 46.0 6.39 0.02
33 16 7.13 0.16 4.7 Bay 5.30 34.1 5.43 0.02
33 19 7.06 0.15 4.7 Bay 18.60 11.0 5.15 0.02
33 22 6.75 0.11 5.6 Bay 31.60 5.4 4.63 0.13
34 1 7.01 0.13 6.7 Sea 17.80 61.0 6.03 0.02
34 4 7.46 0.15 6.1 Sea 18.00 26.9 6.30 0.02
34 7 7.43 0.10 9.8 Sea 34.00 55.5 5.10 0.26
34 10 7.00 0.14 8.5 Sea 16.10 54.5 7.05 0.02
34 13 6.90 0.18 7.5 Sea 10.20 25.4 9.10 0.02
34 16 7.41 0.24 7.5 Bay 12.40 13.5 11.50 0.02
34 19 7.55 0.91 4.7 Bay 3.20 23.0 28.51 0.57
34 22 7.12 0.71 5.1 Bay 31.50 53.8 26.41 0.38
35 1 7.16 0.91 5.6 Bay 35.70 23.1 36.57 0.19
35 4 7.67 0.64 4.7 Bay 22.50 56.9 19.78 0.42
35 7 7.87 0.76 5.1 Bay 15.60 26.5 25.19 0.55
35 10 7.32 0.57 5.1 Bay 25.70 84.1 20.47 0.48
35 13 6.93 0.29 4.7 Bay 29.10 42.0 10.29 0.24
35 16 7.28 0.26 7.5 Sea 11.80 5.5 12.65 0.02
35 19 7.53 0.26 7.5 Sea 21.20 74.2 12.06 0.02
35 22 7.06 0.20 3.5 Bay 20.00 30.8 3.31 0.02
36 1 6.77 0.18 8.5 Sea 29.00 6.3 9.31 0.39
36 4 7.30 0.19 7.5 Sea 16.60 13.1 9.04 0.02
36 7 7.73 0.19 8.5 Sea 21.70 10.5 9.01 0.02
36 10 7.39 0.33 4.1 Bay 16.80 33.9 8.36 0.02
36 13 6.82 0.28 4.1 Bay 31.80 82.6 7.96 0.02
36 16 7.14 0.19 7.5 Bay 22.60 9.8 9.33 0.36
36 19 7.59 0.22 7.5 Sea 19.50 29.6 10.42 0.02
36 22 7.26 0.24 8.5 Sea 13.00 66.3 12.16 0.02
37 1 6.72 0.13 9.8 Sea 30.10 31.3 6.84 0.34
37 4 7.05 0.19 8.5 Sea 20.20 47.4 9.73 0.02
37 7 7.66 0.16 5.6 Bay 29.90 12.4 6.11 0.17
37 10 7.46 0.15 9.8 Sea 25.80 12.8 7.80 0.40
37 13 6.71 0.08 8.5 Sea 31.80 19.5 4.44 0.20
37 16 6.85 0.08 8.5 Sea 21.70 30.4 4.38 0.02
37 19 7.52 0.15 6.1 Sea 23.90 16.7 6.34 0.02
37 22 7.37 0.13 8.5 Sea 15.40 44.4 6.57 0.02
38 1 6.73 0.07 8.5 Sea 29.50 33.0 3.80 0.02
38 4 6.82 0.07 7.5 Bay 22.20 9.4 3.26 0.02

u*s u*t u*wi u*c Z'o Cd Shlds Kbr C*
Cl/S Cl/S Cl/S Cl/S Cl ............ Cl Cl

1 .0 3 1 .4 8 1 .2 0 0 .9 7 0 .0 8  0 .0 0 3 3 5  0 .0 3863 0 .0 0  -0 .0 0 2 6

1 .1 0 1 .5 6 1 .1 9 1 .03 0 .0 8  0 .0 0 3 3 5  0 .0 4 4 0 5 0 .0 0  -0 .0 0 2 1

0 .8 7 1 .2 6 1 .03 0 .7 3 0 .1 1  0 .0 0363  0 .0 2730 0 .0 0  -0 .0 0 3 6

0 .7 1 1 .0 3 0 .8 3 0 .6 9 0 .0 7  0 .0 0 3 1 9  0 .0 1832 0 .0 0  -0 .0 0 4 4

1 .0 1 1 .4 3 1 .11 0 .9 9 0 .0 8  0 .0 0325  0 .0 3725 0 .0 0  -0 .0 0 2 7

0 .8 9 1 .4 2 1 .3 6 0 .4 2 0 .3 3  0 .0 0 5 1 2  0 .02908 0 .0 0  -0 .0 0 3 4

1 .6 3 3 .4 8 2 .44 2 .4 8 0 .5 1  0 .0 0 6 0 5  0 .09637 7 .2 2  0 .0 0 2 6

1 .2 4 1 .7 1 1 .13 1 .3 7 0 .0 4  0 .0 0 2 7 9  0 .0 5 6 3 8

oH8ot8o

0 .8 4 1 .3 0 1 .2 0 0 .6 4 0 .1 4  0 .0 0 3 9 2  0 .0 2538 0 .0 0  -0 .0 0 3 7

0 .7 8 1 .1 8 1 .0 2 0 .7 6 0 .0 6  0 .0 0 3 1 0  0 .02201 0 .0 0  -0 .0 0 4 0

0 .9 5 1 .4 1 1 .2 2 0 .7 5 0 .1 4  0 .0 0387  0 .0 3 2 7 2 0 .0 0  -0 .0 0 3 1

0 .9 5 1 .3 8 1 .1 2 0 .8 2 0 .1 0  0 .00353  0 .0 3 2 6 0 0 .0 0  -0 .0 0 3 1

1 .1 8 1 .6 3 1 .1 6 1 .2 4 0 .0 5  0 .0 0 2 9 7  0 .0 5031 0 .0 0  -0 .0 0 1 5

0 .6 3 1 .0 5 1 .01 0 .3 2 0 .2 1  0 .0 0 4 4 5  0 .01456 0 .0 0  -0 .0 0 4 7

1 .0 1 1 .4 6 1 .1 0 0 .9 6 0 .0 7  0 .0 0 3 1 5  0 .0 3 7 1 8 0 .0 0  -0 .0 0 2 7

1 .4 0 2 .6 6 1 .7 7 1 .9 9 0 .2 6  0 .0 0 4 7 5  0 .0 7 0 8 5 3 .9 6  0 .0003

0 .9 1 1 .3 2 1 .0 8 0 .9 2 0 .0 6  0 .0 0311  0 .0 3 0 3 3 0 .0 0  -0 .0 0 3 3
1 .0 4 1 .5 0 1 .1 8 0 .9 6 0 .0 8  0 .0 0 3 3 2  0 .03902 0 .0 0  -0 .0 0 2 5

1 .3 8 2 .8 4 1 .9 3 2 .3 2 0 .4 2  0 .0 0 5 6 2  0 .0 6 9 1 9 7 .7 4  0 .0 0 0 2

0 .9 3 1 .3 6 1 .14 0 .8 7 0 .0 9  0 .0 0341  0 .03174 0 .0 0  -0 .0 0 3 2

0 .9 8 1 .5 0 1 .3 7 0 .6 3 0 .2 3  0 .00454  0 .0 3 5 0 2 0 .0 0  -0 .0 0 2 9

1 .2 1 1 .8 2 1 .6 5 0 .7 7 0 .2 5  0 .0 0 4 6 7  0 .0 5 3 2 9 0 .0 0  -0 .0 0 1 2

2 .2 3 8 .7 4 8 .7 3 0 .3 7 4 .8 0  0 .0 1 8 2 3  0 .1 8 1 0 6  1 7 .1 9  0 .0 1 0 3
2 .5 6 7 .6 0 7 .2 5 2 .8 7 1 .8 7  0 .0 1 0 6 1  0 .2 3 8 4 7  1 0 .2 9  0 .0154

3 .4 3 8 .1 0 7 .5 1 3 .1 3 1 .5 6  0 .0 0 9 7 0  0 .42807 3 .5 9  0 .0 3 2 5

1 .9 5 6 .4 3 6 .2 3 2 .0 6 1 .9 0  0 .0 1071  0 .1 3 7 7 5  1 2 .6 0  0 .0064

2 .2 2 7 .9 2 7 .7 7 1 .6 3 3 .2 6  0 .01434  0 .1 7 9 8 5  1 6 .4 2  0 .0 1 0 2

1 .8 3 6 .5 2 6 .4 5 2 .3 6 1 .9 3  0 .0 1 0 7 9  0 .1 2 2 3 8  1 4 .4 2  0 .0 0 5 0
1 .6 0 3 .9 7 3 .4 6 2 .1 6 0 .6 8  0 .0 0 6 7 6  0 .0 9 3 5 9 7 .0 8  0 .0024

1 .2 7 1 .9 2 1 .7 6 0 .7 6 0 .3 0  0 .0 0 4 9 6  0 .0 5 8 9 2 0 .0 0  -0 .0 0 0 7

1 .2 7 1 .8 8 1 .7 1 1 .1 7 0 .1 0  0 .0 0 3 5 7  0 .05874 0 .0 0  -0 .0 0 0 7

0 .9 2 1 .3 0 0 .8 9 0 .9 8 0 .0 4  0 .0 0279  0 .0 3 0 7 5 0 .0 0  -0 .0 0 3 3

1 .5 8 3 .9 8 3 .23 2 .3 4 1 .0 5  0 .0 0 8 1 0  0 .0 9 0 4 3  1 1 .6 0  0 .0 0 2 1

1 .1 7 1 .7 1 1 .43 0 .9 5 0 .1 4  0 .0 0 3 8 5  0 .0 5 0 1 1 0 .0 0  -0 ,0 0 1 5

1 .3 2 1 .8 7 1 .4 5 1 .1 9 0 .1 0  0 .0 0 3 5 3  0 .0 6 3 5 6 0 .0 0  -0 .0 0 0 3

1 .1 6 1 .7 5 1 .5 2 0 .9 3 0 .1 1  0 .0 0 3 6 5  0 .0 4 8 7 7 0 .0 0  -0 .0 0 1 6

1 .3 2 1 .8 7 1 .5 2 1 .5 3 0 .0 4  0 .0 0269  0 .06374 0 .0 0  -0 .0 0 0 3

1 .3 8 3 .6 9 3 .2 0 1 .8 5 1 .1 3  0 .0 0 8 3 7  0 .0 6 9 3 3  1 0 .8 2  0 .0 0 0 2

1 .3 2 1 .9 1 1 .6 0 1 .1 0 0 .1 3  0 .0 0 3 7 9  0 .06352 0 .0 0  -0 .0 0 0 3

1 .1 3 1 .7 3 1 .64 0 .8 0 0 .2 2  0 .0 0 4 4 9  0 .04667 0 .0 0  -0 .0 0 1 8

1 .4 2 3 .3 0 2 .4 8 2 .2 7 0 .7 5  0 .0 0 7 0 1  0 .0 7 3 0 5  1 0 .2 8  0 .0 0 0 5

1 .2 3 1 .7 8 1 .4 8 1 .1 1 0 .1 0  0 .0 0 3 5 6  0 .05537 0 .0 0  -0 .0 0 1 0

1 .4 3 2 .9 9 2 .2 2 2 .0 1 0 .3 9  0 .0 0 5 4 8  0 .0 7 4 3 6 5 .1 7  0 .0 0 0 7

1 .3 7 3 .4 5 2 .7 7 2 .0 7 1 .0 3  0 .00803  0 .0 6 7 9 9  1 1 .8 9  0 .0 0 0 1

1 .3 6 2 .7 1 1 .7 3 2 .1 1 0 .3 6  0 .0 0 5 3 0  0 .0 6 7 5 5 5 .8 7  0 .0 0 0 1

1 .0 1 1 .3 9 0 .9 1 1 .0 8 0 .0 5  0 .0 0288  0 .03701 0 .0 0  -0 .0 0 2 7

1 .2 4 1 .7 4 1 .24 1 .2 3 0 .0 6  0 .0 0311  0 .0 5 5 9 0 0 .0 0  -0 .0 0 1 0

0 .9 1 1 .3 3 1 .0 9 0 .8 3 0 .0 9  0 .00344  0 .0 3 0 4 5 0 .0 0  -0 .0 0 3 3

1 .2 3 1 .6 4 0 .9 0 1 .4 1 0 .0 3  0 .0 0 2 6 5  0 .0 5487 0 .0 0  -0 .0 0 1 1

0 .9 8 1 .3 4 0 .7 9 1 .0 8 0 .0 4  0 .0 0 2 7 6  0 .03501 0 .0 0  -0 .0 0 2 9
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7.57 0.14 6.1 Sea 14.00 4.8 5.93 0.02 0.91
7.72 0.48 4.4 Bay 11.10 43.0 13.03 0.02 1.31
6.93 0.54 4.4 Bay 36.00 44.2 16.75 0.32 2.20
6.83 0.37 4.4 Bay 28.60 0.1 11.91 0.24 1.79
7.45 0.22 6.1 Bay 21.60 31.9 9.28 0.02 1.33
7.57 0.16 6.1 Bay 16.10 46.7 6.51 0.02 0.95
6.95 0.15 9.8 Sea 32.20 5.1 8.20 0.39 1.61
6.77 0.09 3.1 Bay 17.40 28.9 1.04 0.02 0.68
7.42 0.21 3.9 Bay 22.10 76.5 4.41 0.02 0.92
7.68 0.14 4.7 Bay 17.70 25.2 4.40 0.02 0.92
7.00 0.17 8.5 Sea 17.60 20.7 9.00 0.02 1.18
6.60 0.06 3.1 Bay 29.40 9.9 0.74 0.02 1.07
7.19 0.16 6.7 Sea 20.80 24.7 7.47 0.02 1.20
7.53 0.10 6.1 Bay 15.10 27.4 4.18 0.02 0.80
6.99 0.15 3.7 Bay 29.20 73.6 3.11 0.02 1.10
6.65 0.15 3.1 Bay 21.00 9.9 1.84 0.02 0.87
7.04 0.44 3.9 Bay 27.70 19.3 10.37 0.19 1.66
7.55 0.36 4.1 Bay 10.20 81.0 8.84 0.02 0.91
7.08 0.26 4.4 Bay 26.60 81.3 7.97 0.02 1.18
6.51 0.22 3.9 Bay 25.60 10.5 5.84 0.02 1.30
6.84 0.17 4.4 Bay 20.00 13.7 5.35 0.02 1.07
7.34 0.07 4.1 Bay 32.90 0.2 1.80 0.02 1.26
7.08 0.09 11.6 Sea 31.60 18.2 4.87 0.29 1.37
6.43 0.05 9.8 Sea 29.10 7.9 2.92 0.02 1.18
6.53 0.09 8.5 Sea 12.30 50.1 4.79 0.02 0.70
7.10 0.14 3.5 Bay 21.00 79.3 2.33 0.02 0.79
6.99 0.14 3.7 Bay 11.60 57.8 2.87 0.02 0.58
6.50 0.11 3.7 Bay 29.70 47.0 2.58 0.02 1.16
6.63 0.11 3.3 Bay 8.60 37.3 1.64 0.02 0.43
7.26 0.07 11.6 Sea 27.60 66.6 3.77 0.02 1.07
7.25 0.05 9.8 Sea 22.30 10.9 2.46 0.02 0.93
6.62 0.09 9.8 Sea 14.40 3.7 4.75 0.02 0.81
6.49 0.11 9.8 Sea 16.60 12.3 5.98 0.02 0.96
6.94 0.14 4.4 Bay 13.40 34.2 4.34 0.02 0.77
7.01 0.12 3.5 Bay 16.10 78.1 2.02 0.02 0.62
6.52 0.10 9.8 Sea 25.40 39.7 5.41 0.02 1.16
6.46 0.07 5.1 Bay 24.10 40.7 2.75 0.02 0.99
7.03 0.12 8.5 Sea 22.10 24.3 6.36 0.02 1.15
7.26 0.10 3.7 Bay 24.80 62.3 1.85 0.02 0.93
6.85 0.08 9.8 Sea 15.70 14.5 4.54 0.02 0.84
6.52 0.05 9.8 Sea 22.80 19.3 2.90 0.02 0.96
6.88 0.11 8.5 Sea 10.30 36.3 5.62 0.02 0.73
7.25 0.10 14.2 Sea 12.50 4.6 5.37 0.02 0.78
6.93 0.32 4.1 Bay 17.00 70.0 8.91 0.02 1.08
6.67 0.22 4.4 Bay 29.20 53.3 7.37 0.17 1.39
7.05 0.11 3.9 Bay 18.10 21.8 2.62 0.02 0.81
7.54 0.19 4.1 Bay 26.10 31.1 4.56 0.02 1.19
7.34 0.31 4.7 Bay 25.00 14.7 10.16 0.24 1.55
6.86 0.23 3.9 Bay 24.20 56.0 5.77 0.02 1.14
6.97 0.20 3.7 Bay 3.00 10.3 4.08 0.02 0.50
7.09 0.16 11.6 Sea 16.00 82.4 8.74 0.02 0.88
6.75 0.15 9.8 Sea 12.40 74.8 8.35 0.02 0.84
6.70 0.17 9.8 Sea 16.40 50.2 9.32 0.02 1.08
7.22 0.24 4.1 Bay 16.60 5.5 6.15 0.02 1.03
7.26 0.21 4.7 Bay 30.30 79.1 6.80 0.02 1.25
6.92 0.18 6.1 Bay 26.40 31.1 7.96 0.25 1.39
6.72 0.17 6.1 Bay 26.90 46.6 7.57 0.02 1.33
6.98 0.25 6.7 Sea 20.90 62.6 11.54 0.02 1.31
7.09 0.26 6.1 Sea 11.80 0.2 11.38 0.02 1.22
6.84 0.23 7.5 Sea 4.70 8.0 11.36 0.02 1.01

1.34 1.10 0.77 0.10 0.00354 0.03002 0.00 -0.0033
2.09 1.99 0.71 0.28 0.00489 0.06288 0.00 -0.0004
5.93 5.35 2.90 1.05 0.00811 0.17558 9.46 0.0098
4.52 3.95 2.19 0.81 0.00727 0.11689 7.29 0.0045
1.92 1.56 1.18 0.10 0.00351 0.06399 0.00 -0.0003
1.40 1.17 0.86 0.09 0.00338 0.03267 0.00 -0.0031
3.87 2.92 2.53 0.93 0.00769 0.09385 11.72 0.0024
0.91 0.46 0.80 0.03 0.00247 0.01665 0.00 -0.0045
1.30 1.01 1.06 0.03 0.00265 0.03047 0.00 -0.0033
1.32 0.98 0.90 0.06 0.00304 0.03047 0.00 -0.0033
1.70 1.40 0.99 0.12 0.00376 0.05083 0.00 -0.0015
1.40 0.44 1.33 0.02 0.00236 0.04164 0.00 -0.0023
1.71 1.32 1.11 0.08 0.00335 0.05195 0.00 -0.0014
1.16 0.88 0.78 0.06 0.00312 0.02347 0.00 -0.0039
1.47 0.89 1.34 0.02 0.00244 0.04400 0.00 -0.0021
1.19 0.66 0.99 0.03 0.00258 0.02730 0.00 -0.0036
4.00 3.48 2.01 0.61 0.00648 0.09999 5.76 0.0030
1.52 1.49 0.60 0.18 0.00418 0.03014 0.00 -0.0033
1.71 1.46 1.31 0.05 0.00284 0.05095 0.00 -0.0014
1.84 1.30 1.30 0.06 0.00301 0.06108 0.00 -0.0005
1.54 1.15 1.03 0.06 0.00312 0.04178 0.00 -0.0023
1.67 0.69 1.52 0.03 0.00246 0.05786 0.00 -0.0008
2.91 1.88 2.25 0.54 0.00618 0.06843 8.75 0.0001
1.57 0.76 1.38 0.03 0.00260 0.05108 0.00 -0.0014
1.03 0.85 0.65 0.08 0.00332 0.01789 0.00 -0.0044
1.06 0,70 0.96 0.02 0.00243 0.02246 0.00 -0.0040
0.87 0.73 0.58 0.05 0.00293 0.01208 0.00 -0.0049
1.56 0.83 1.38 0.03 0.00250 0.04913 0.00 -0.0016
0.65 0.51 0.43 0.05 0.00285 0.00665 0.00 -0.0054
1.42 0.81 1.29 0.03 0.00251 0.04177 0.00 -0.0023
1.24 0.64 1.06 0.03 0.00263 0.03116 0.00 -0.0032
1.16 0.87 0.76 0.08 0.00330 0.02414 0.00 -0.0039
1.36 1.03 0.89 0.09 0.00338 0.03351 0.00 -0.0030
1.15 0.94 0.70 0.07 0.00322 0.02155 0.00 -0.0041
0.86 0.61 0.75 0.03 0.00248 0.01391 0.00 -0.0048
1.58 1.04 1.26 0.05 0.00287 0.04916 0.00 -0.0016
1.34 0.77 1.14 0.03 0.00260 0.03554 0.00 -0.0028
1.61 1.15 1.15 0.07 0.00315 0.04832 0.00 -0.0017
1.24 0.65 1.14 0.02 0.00242 0.03151 0.00 -0.0032
1.18 0.85 0.82 0.07 0.00318 0.02554 0.00 -0.0037
1.29 0.71 1.09 0.04 0.00268 0.03384 0.00 -0.0030
1.09 0.94 0.58 0.13 0.00377 0.01914 0.00 -0.0043
1.10 0.86 0.69 0.11 0.00358 0.02192 0.00 -0.0041
1.68 1.55 0.93 0.10 0.00354 0.04205 0.00 -0.0022
3.07 2.57 1.96 0.39 0.00546 0.07008 5.00 0.0003
1.14 0.75 0.88 0.04 0.00275 0.02415 0.00 -0.0039
1.66 1.10 1.28 0.04 0.00281 0.05177 0.00 -0.0014
3.91 3.43 1.90 0.77 0.00711 0.08702 7.09 0.0018
1.63 1.24 1.20 0.05 0.00289 0.04712 0.00 -0.0018
0.89 0.87 0.18 0.22 0.00447 0.00922 0.00 -0.0052
1.31 1.20 0.86 0.09 0.00341 0.02849 0.00 -0.0035
1.27 1.19 0.71 0.13 0.00383 0.02552 0.00 -0.0037
1.57 1.36 0.93 0.13 0.00376 0.04257 0.00 -0.0022
1.53 1.25 0.89 0.09 0.00340 0.03870 0.00 -0.0025
1.73 1.34 1.45 0.04 0.00266 0.05649 0.00 -0.0009
3.34 2.78 1.95 0.66 0.00668 0.07071 7.46 0.0003
1.87 1.39 1.37 0.06 0.00304 0.06483 0.00 -0.0002
1.94 1.72 1.16 0.11 0.00363 0.06273 0.00 -0.0004
1.86 1.70 0.74 0.25 0.00470 0.05386 0.00 -0.0012
1.60 1.57 0.34 0.60 0.00642 0.03714 0.00 -0.0027
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6.64 0.16 4.7 Bay 22.60 32.1 5.86 0.02 1.16 1.65 1.22 1.15
7.02 0.27 5.6 Bay 17.40 75.0 11.23 0.02 1.17 1.81 1.70 0.98
7.28 0.28 6.1 Sea 14.80 46.1 11.94 0.02 1.27 1.93 1.77 0.89
7.07 0.23 4.4 Bay 30.80 65.8 6.92 0.02 1.35 1.88 1.40 1.50
6.64 0.15 8.5 Sea 16.10 9.9 8.04 0.02 1.09 1.57 1.28 0.91
6.73 0.18 9.8 Sea 12.90 68.1 9.62 0.02 0.95 1.44 1.33 0.75
7.03 0.20 5.6 Bay 14.90 21.1 8.06 0.02 1.08 1.61 1.38 0.84
6.89 0.19 9.8 Sea 21.20 59.2 10.03 0.02 1.22 1.74 1.46 1.15
6.50 0.13 9.8 Sea 20.70 12.4 6.98 0.02 1.15 1.61 1.18 1.10
6.79 0.18 6.1 Bay 28.80 15.4 8.27 0.25 1.52 3.57 2.89 2.12
7.23 0.33 5.6 Bay 16.00 47.1 13.23 0.38 1.39 4.51 4.35 1.42
7.24 0.24 5.6 Bay 19.70 65.4 9.48 0.02 1.16 1.74 1.54 1.07
6.83 0.20 3.1 Bay 17.30 71.2 2.31 0.02 0.69 0.96 0.69 0.81
6.83 0.25 3.7 Bay 18.80 23.8 5.25 0.02 1.03 1.50 1.17 0.97
7.26 0.42 4.1 Bay 16.40 66.9 10.87 0.02 1.21 1.90 1.78 0.94
7.25 0.27 4.4 Bay 13.50 0.7 7.80 0.02 1.05 1.61 1.41 0.77
6.76 0.18 6.7 Bay 25.10 75.6 8.46 0.02 1.17 1.68 1.40 1.26
6.81 0.22 8.5 Sea 22.60 15.0 11.68 0.50 1.51 4.40 3.92 2.02
7.35 0.47 4.4 Bay 21.40 64.4 13.64 0.30 1.50 4.62 4.45 1.75
7.52 0.35 4.7 Bay 26.80 11.6 11.03 0.25 1.66 4.22 3.69 2.06
7.19 0.66 4.4 Bay 23.20 10.7 19.54 0.37 2.12 6.49 6.15 2.09
6.88 0.49 4.4 Bay 14.80 89.7 15.49 0.35 1.38 5.04 5.03 1.31
7.18 0.42 6.7 Bay 12.90 37.9 19.09 0.61 1.69 6.21 6.09 1.35
7.35 0.29 9.8 Sea 25.40 25.2 15.29 0.70 1.77 5.55 5.01 2.48
6.96 0.24 11.6 Sea 24.20 40.2 13.03 0.75 1.54 4.83 4.35 2.34
6.75 0.23 3.1 Bay 18.90 51.8 2.65 0.02 0.80 1.13 0.78 0.90
7.19 0.31 9.8 Sea 18.70 52.7 16.49 0.80 1.55 5.59 5.36 1.96
7.54 0.44 11.6 Sea 28.00 34.0 23.30 1.15 2.25 7.92 7.34 3.21
7.27 0.64 4.4 Bay 23.60 24.6 18.84 0.36 2.06 6.28 5.95 2.09
6.88 0.69 4.7 Bay 23.60 63.9 24.41 0.49 2.22 7.70 7.54 2.28
7.16 0.82 7.5 Bay 19.10 29.8 39.90 0.36 3.07 8.76 8.53 2.10
7.52 0.85 7.5 Bay 16.70 25.9 39.60 0.39 3.01 8.84 8.65 1.89
7.24 0.82 9.8 Sea 24.70 83.4 42.94 0.58 2.94 9.53 9.46 2.87
6.81 0.80 9.8 Sea 22.00 71.4 43.27 0.52 3.03 9.37 9.25 2.58
7.10 1.06 4.7 Bay 16.00 39.8 35.96 0.28 2.90 8.46 8.34 1.63
7.55 0.79 8.5 Sea 24.70 45.4 38.67 0.41 3.03 8.70 8.40 2.66
7.38 0.58 11.6 Sea 33.00 80.8 30.85 1.33 2.38 9.35 9.14 3.92
6.76 0.52 11.6 Sea 21.10 32.6 29.36 1.23 2.40 9.02 8.67 2.70
6.88 0.39 9.8 Sea 7.40 7.2 21.09 1.00 1.65 6.79 6.72 0.94
7.37 0.42 9.8 Sea 17.70 23.9 21.62 0.96 1.92 7.12 6.84 2.04
7.22 0.36 11.6 Sea 15.60 28.2 19.41 1.07 1.70 6.47 6.23 1.85
6.67 0.22 11.6 Sea 20.60 10.9 12.28 0.72 1.46 4.59 4.13 2.02
6.83 0.25 9.8 Sea 11.80 57.4 13.38 0.02 1.20 1.81 1.71 0.76
7.38 0.32 9.8 Sea 18.30 24.3 16.69 0.79 1.65 5.73 5.42 1.93
7.33 0.25 11.6 Sea 22.80 76.7 13.24 0.02 1.31 1.88 1.69 1.25
6.71 0.17 11.6 Sea 21.80 12.7 9.36 0.02 1.32 1.85 1.41 1.20
6.69 0.14 8.5 Sea 20.20 23.9 7.68 0.02 1.17 1.66 1.28 1.09
7.25 0.21 9.8 Sea 14.20 48.4 11.13 0.02 1.14 1.69 1.52 0.85
7.25 0.22 11.6 Sea 20.20 8.5 12.08 0.71 1.44 4.52 4.07 1.98
6.74 0.16 11.6 Sea 20.70 6.9 9.22 0.02 1.28 1.80 1.39 1.15
6.67 0.16 9.8 Sea 18.70 37.4 8.74 0.02 1.15 1.64 1.34 1.03
7.16 0.26 8.5 Sea 19.50 87.8 13.33 0.02 1.20 1.82 1.75 1.09
7.22 0.31 9.8 Sea 30.00 0.2 16.29 0.71 2.01 6.06 5.32 2.91
6.66 0.41 3.7 Bay 22.80 48.3 9.15 0.02 1.35 2.01 1.70 1.22
6.49 0.23 6.1 Bay 20.30 36.4 10.79 0.34 1.37 3.93 3.62 1.68
6.94 0.39 5.6 Bay 16.90 0.9 16.28 0.43 1.69 5.47 5.24 1.58
7.26 0.31 9.8 Sea 10.30 44.0 16.29 0.83 1.38 5.41 5.32 1.16
6.70 0.20 9.8 Sea 14.50 77.8 10.75 0.02 1.01 1.53 1.44 0.84
6.50 0.13 8.5 Sea 33.80 30.0 7.23 0.30 1.57 3.54 2.61 2.48
7.02 0.29 8.5 Sea 19.30 47.0 14.79 0.63 1.51 5.10 4.84 1.88

0.06 0.00305 0.04860 0.00 -0.0017 
0.13 0.00378 0.05004 0.00 -0.0015 
0.19 0.00432 0.05857 0.00 -0.0008 
0.04 0.00277 0.06623 0.00 -0.0001 
0.12 0.00375 0.04293 0.00 -0.0022 
0.16 0.00406 0.03288 0.00 -0.0031 
0.13 0.00380 0.04218 0.00 -0.0022 
0.09 0.00344 0.05372 0.00 -0.0012 
0.08 0.00332 0.04835 0.00 -0.0017 
0.66 0.00668 0.08428 7.48 0.0016
1.64 0.00994 0.07050 11.32 0.0003 
0.09 0.00345 0.04937 0.00 -0.0016 
0.03 0.00254 0.01725 
0.07 0.00313 0.03835 
0.14 0.00387 0.05316 
0.14 0.00388 0.04035 
0.05 0.00296 0.05020
1.69 0.01010 0.08282 14.82 
1.14 0.00840 0.08190 8.97 
0.82 0.00729 0.10066 7.48 
1.75 0.01028 0.16375 11.19
1.65 0.00997 0.06939 10.53
3.32 0.01450 0.10393 18.29
2.49 0.01234 0.11427 21.00
2.40 0.01208 0.08611 22.38 
0.03 0.00265 0.02354 0.00 -0.0039
3.27 0.01438 0.08786 23.88 0.0019
4.57 0.01766 0.18358 34.40
1.65 0.00999 0.15458 10.91
2.39 0.01207 0.17875 14.76
3.95 0.01610 0.34333 9.19
4.38 0.01719 0.32912 10.14
4.81 0.01826 0.31514 16.03
4.98 0.01869 0.33305 14.07 
2.92 0.01347 0.30620 6.94 
3.63 0.01530 0.33416 10.80
5.18 0.01919 0.20645 39.18
6.55 0.02262 0.20950 35.95
6.33 0.02208 0.09862 29.84
4.70 0.01799 0.13472 28.74
5.12 0.01904 0.10533 32.02
2.53 0.01243 0.07727 21.55 
0.30 0.00498 0.05213 0.00 -0.0013
3.41 0.01472 0.09896 23.60 0.0029 
0.10 0.00352 0.06210 0.00 -0.0004 
0.10 0.00357 0.06343 0.00 -0.0003 
0.09 0.00341 0.05018 0.00 -0.0015 
0.19 0.00429 0.04728 0.00 -0.0018
2.51 0.01239 0.07496 21.34 0.0007 
0.11 0.00362 0.05980 0.00 -0.0006 
0.11 0.00358 0.04830 0.00 -0.0017 
0.12 0.00370 0.05261 0.00 -0.0013
2.44 0.01218 0.14699 21.28 0.0072 
0.09 0.00336 0.06611 0.00 -0.0001 
1.20 0.00858 0.06839 10.17 0.0001 
2.06 0.01115 0.10451 12.87 0.0034
4.32 0.01703 0.06922 24.74 0.0002 
0.15 0.00396 0.03697 0.00 -0.0027 
0.65 0.00661 0.08978 9.03 0.0021
2.48 0.01229 0.08321 18.75 0.0015

0.00 -0.0045 
0.00 -0.0026 
0.00 -0.0012 
0.00 -0.0024 
0.00 -0.0015 

0.0014 
0.0013 
0.0030 
0.0087 
0.0002 
0.0033 
0.0043 
0.0017

0.0105
0.0079
0.0101
0.0249
0.0236
0.0223
0.0239
0.0215
0.0240
0.0126
0.0128
0.0028
0.0061
0.0035
0.0009



10
13
16
19
22
1
4
7
10
13
16
19
22
1
4
7
10
13
16
19
22
1
4
7
10
13
16
19
22
1
4
7
10
13
16
19
22
1
4
7
10
13
16
19
22
1
4
7
10
13
16
19
22

7.24 0.34 9.8 Sea 10.80 89.0 17.99 0.92 1.36 5.86 5.85 1.25 4.71 0.01801 0.06747 27.46 0.0000
6.89 0.29 9.8 Sea 17.50 66.1 15.79 0.79 1.42 5.31 5.16 1.82 3.21 0.01420 0.07354 23.69 0.0006
6.59 0.29 3.7 Bay 12.40 34.4 6.66 0.02 0.93 1.45 1.30 0.70 0.12 0.00371 0.03119 0.00 -0.0032
7.01 0.25 8.5 Sea 12.70 42.8 13.00 0.02 1.25 1.88 1.75 0.80 0.27 0.00481 0.05704 0.00 -0.0009
7.35 0.33 9.8 Sea 19.70 26.0 17.10 0.80 1.71 5.88 5.53 2.07 3.36 0.01460 0.10627 23.83 0.0035
7.00 0.39 4.4 Bay 19.20 28.1 12.05 0.27 1.48 4.24 3.98 1.55 1.07 0.00816 0.08008 7.96 0.0012
6.68 0.37 4.1 Bay 20.40 64.1 10.73 0.02 1.30 1.99 1.80 1.12 0.11 0.00358 0.06156 0.00 -0.0005
7.13 0.60 4.1 Bay 16.70 48.4 16.02 0.32 1.64 5.29 5.15 1.46 1.53 0.00962 0.09769 9.52 0.0028
7.55 0.67 5.6 Bay 16.90 48.2 25.46 0.61 2.19 8.00 7.87 1.79 3.44 0.01481 0.17440 18.18 0.0097
7.24 0.77 5.6 Bay 16.30 39.5 30.58 0.50 2.52 8.55 8.41 1.75 3.63 0.01529 0.23146 13.96 0.0148
6.86 0.92 5.1 Bay 25.70 57.8 35.57 0.27 2.96 8.31 8.10 2.45 2.25 0.01167 0.31827 6.73 0.0226
7.32 1.15 5.1 Bay 22.50 28.1 41.49 0.21 3.39 8.63 8.38 2.18 2.43 0.01218 0.41683 4.00 0.0315
7.82 1.29 5.6 Bay 22.10 52.4 47.82 0.21 3.62 9.22 9.05 2.23 2.84 0.01325 0.47648 3.59 0.0369
7.72 1.72 6.7 Bay 11.30 9.2 74.51 0.24 4.93 12.45 12.37 1.46 6.84 0.02336 0.88468 1.44 0.0736
7.44 1.75 6.7 Bay 35.80 43.1 78.20 0.28 5.56 13.98 13.55 3.99 4.13 0.01655 1.12508 0.83 0.0952
7.72 1.93 6.7 Bay 34.00 1.1 83.74 0.33 5.98 15.32 14.79 4.00 5.01 0.01875 1.30123 0.62 0.1111
8.26 1.90 6.7 Bay 20.40 41.6 77.75 0.26 5.23 13.24 13.06 2.48 5.59 0.02021 0.99540 1.12 0.0836
8.06 1.74 11.6 Sea 25.10 60.1 88.32 0.30 5.45 13.32 13.11 3.28 7.06 0.02392 1.08050 1.79 0.0912
7.43 1.38 14.2 Sea 43.30 58.9 75.43 0.29 5.04 11.75 11.19 4.72 3.82 0.01576 0.92429 2.76 0.0772
7.49 1.38 4.7 Bay 27.40 24.5 43.88 0.18 3.69 8.92 8.58 2.55 2.03 0.01107 0.49480 2.55 0.0385
7.84 1.09 11.6 Sea 29.30 27.4 56.43 0.28 4.09 9.80 9.31 3.22 3.96 0.01612 0.60890 4.80 0.0488
7.80 1.10 14.2 Sea 37.90 58.4 58.23 0.32 4.08 9.90 9.41 4.03 3.49 0.01494 0.60572 6.13 0.0485
7.26 0.74 14.2 Sea 29.50 58.8 40.69 0.71 3.00 9.20 8.82 3.48 5.05 0.01886 0.32848 19.77 0.0235
7.34 0.85 11.6 Sea 10.70 25.5 45.67 0.60 3.07 9.64 9.53 1.50 8.71 0.02823 0.34266 16.34 0.0248
7.73 0.83 11.6 Sea 16.50 8.8 43.28 0.55 3.09 9.27 9.02 2.11 6.60 0.02275 0.34823 14.88 0.0253
7.63 0.67 14.2 Sea 28.30 63.4 35.87 1.05 2.69 9.32 8.98 3.50 5.93 0.02107 0.26316 30.34 0.0177
7.12 0.39 14.2 Sea 16.80 71.4 21.57 1.47 1.65 7.01 6.89 2.15 6.56 0.02264 0.09929 43.99 0.0029
7.18 0.31 9.8 Sea 1.40 27.0 16.08 0.02 1.22 1.92 1.92 0.13 1.75 0.01027 0.05459 0.00 -0.0011
7.61 0.31 11.6 Sea 22.30 63.5 16.31 0.93 1.55 5.58 5.32 2.34 3.31 0.01447 0.08723 27.94 0.0018
7.59 0.25 11.6 Sea 28.70 33.8 13.18 0.73 1.71 5.08 4.41 2.71 2.17 0.01144 0.10605 21.72 0.0035
7.15 0.18 11.6 Sea 8.10 74.3 9.79 0.02 0.84 1.31 1.27 0.52 0.30 0.00498 0.02577 0.00 -0.0037
7.06 0.17 11.6 Sea 3.80 67.2 9.36 0.02 0.77 1.23 1.22 0.28 0.64 0.00659 0.02180 0.00 -0.0041
7.34 0.18 11.6 Sea 15.80 55.8 9.48 0.02 1.04 1.51 1.32 0.90 0.13 0.00380 0.03945 0.00 -0.0025
7.41 0.20 11.6 Sea 7.90 60.6 10.54 0.02 0.92 1.41 1.36 0.52 0.36 0.00530 0.03063 0.00 -0.0033
6.93 0.19 11.6 Sea 15.80 85.8 10.41 0.02 0.95 1.43 1.35 0.88 0.11 0.00365 0.03307 0.00 -0.0031
6.92 0.15 9.8 Sea 24.10 45.2 8.28 0.02 1.26 1.76 1.33 1.26 0.07 0.00320 0.05805 0.00 -0.0008
7.35 0.19 9.8 Sea 6.10 13.4 9.79 0.02 0.90 1.39 1.33 0.42 0.44 0.00572 0.02963 0.00 -0.0034
7.51 0.19 11.6 Sea 15.50 86.4 9.99 0.02 0.92 1.38 1.31 0.86 0.11 0.00361 0.03089 0.00 -0.0032
7.09 0.14 11.6 Sea 17.40 16.0 7.76 0.02 1.08 1.53 1.20 0.96 0.11 0.00361 0.04258 0.00 -0.0022
6.91 0.13 11.6 Sea 22.90 20.8 7.04 0.02 1.21 1.67 1.18 1.20 0.07 0.00321 0.05305 0.00 -0.0013
7.20 0.15 4.7 Bay 10.80 59.0 4.97 0.02 0.69 1.08 0.97 0.59 0.09 0.00345 0.01719 0.00 -0.0045
7.28 0.17 11.6 Sea 6.80 73.1 9.09 0.02 0.78 1.23 1.20 0.45 0.34 0.00520 0.02228 0.00 -0.0040
6.95 0.14 11.6 Sea 12.00 21.6 7.63 0.02 0.90 1.32 1.12 0.70 0.16 0.00406 0.02966 0.00 -0.0034
6.83 0.11 11.6 Sea 20.00 30.5 6.08 0.02 1.04 1.44 1.04 1.04 0.07 0.00317 0.03944 0.00 -0.0025
7.15 0.12 8.5 Sea 7.70 4.0 5.99 0.02 0.70 1.08 0.97 0.46 0.19 0.00431 0.01796 0.00 -0.0044
7.49 0.15 9.8 Sea 21.10 60.6 7.68 0.02 1.08 1.52 1.22 1.09 0.07 0.00315 0.04229 0.00 -0.0022
7.28 0.20 11.6 Sea 26.60 68.3 10.60 0.02 1.33 1.86 1.50 1.38 0.07 0.00314 0.06430 0.00 -0.0002
7.01 0.26 11.6 Sea 10.90 5.3 14.41 0.02 1.30 1.92 1.78 0.74 0.41 0.00556 0.06168 0.00 -0.0005
7.23 0.35 5.1 Bay 5.80 25.8 12.84 0.02 1.19 1.92 1.88 0.41 0.51 0.00602 0.05140 0.00 -0.0014
7.50 0.46 4.1 Bay 14.60 32.7 11.19 0.02 1.30 2.01 1.84 0.87 0.18 0.00423 0.06145 0.00 -0.0005
7.32 0.63 4.7 Bay 13.50 50.9 20.64 0.45 1.85 6.59 6.50 1.33 2.56 0.01252 0.12394 13.43 0.0051
7.10 0.43 4.4 Bay 19.20 61.7 12.97 0.29 1.42 4.41 4.26 1.58 1.15 0.00843 0.07369 8.71 0.0006
7.27 0.34 6.1 Bay 11.50 9.0 14.38 0.45 1.41 4.83 4.71 1.10 2.31 0.01185 0.07199 13.42 0.0004



Results froi Grant-Kadsen wave/current lodel 
THIMBLE SHOALS DATA - Froi CBW8903

Ds = 0.0170 ci 
k'brol = 0.50 ci
2c = 150.00 ci

day tiie depth H T srce Oc Phi Ob Zo
Jin hour l Cl sec -- ci/s deq ci/s Cl
60 1 7.66 0.30 6.1 Sea 22.90 68.6 12.23 0.38
60 4 7.55 0.26 7.5 Sea 26.90 89.9 12.18 0.02
60 7 7.22 0.22 8.5 Sea 13.50 74.3 11.24 0.02
60 10 7.12 0.17 7.5 Sea 10.30 23.9 8.08 0.02
60 13 7.38 0.18 7.5 Sea 9.10 30.5 8.78 0.02
60 16 7.31 0.16 8.5 Sea 10.50 24.4 8.20 0.02
60 19 7.05 0.15 11.6 Sea 15.10 7.4 8.17 0.02
60 22 7.04 0.12 8.5 Sea 27.50 33.6 6.30 0.02
61 1 7.44 0.15 7.5 Bay 18.30 9.3 7.08 0.02
61 4 7.55 0.21 11.6 Sea 7.70 7.6 11.33 0.02
61 7 7.18 0.23 11.6 Sea 11.70 65.9 12.69 0.02
61 10 7.02 0.21 11.6 Sea 14.20 2.7 11.81 0.02
61 13 7.23 0.20 11.6 Sea 9.20 25.8 10.59 0.02
61 16 7.32 0.20 11.6 Sea 13.20 63.5 10.51 0.02
61 19 7.07 0.17 11.6 Sea 19.00 56.6 9.03 0.02
61 22 6.86 0.16 11.6 Sea 13.80 10.3 9.13 0.02
62 1 7.22 0.25 9.8 Sea 13.70 13.3 13.04 0.02
62 4 7.51 0.23 5.1 Bay 29.20 63.5 8.15 0.22
62 7 7.33 0.45 4.4 Bay 20.00 23.4 12.99 0.28
62 10 6.97 0.28 3.9 Bay 12.60 61.6 6.76 0.02
62 13 7.09 0.34 6.1 Sea 5.60 63.9 14.95 0.02
62 16 7.40 0.40 6.7 Bay 8.50 74.7 18.02 0.61
62 19 7.38 0.56 3.9 Bay 16.90 38.5 12.07 0.24
62 22 7.08 0.70 4.4 Bay 13.60 19.8 21.27 0.42
63 1 7.30 0.97 4.4 Bay 6.60 18.5 28.38 0.53
63 4 7.73 0.85 9.8 Sea 24.80 35.8 42.59 0.39
63 7 7.70 0.57 9.8 Sea 34.60 29.9 28.75 0.51
63 10 7.25 0.63 8.5 Sea 16.50 76.1 31.58 1.13
63 13 7.21 0.57 9.8 Sea 4.60 7.2 30.10 1.28
63 16 7.61 0.66 9.8 Sea 9.10 42.8 33.57 1.21
63 19 7.69 0.69 9.8 Sea 11.20 21.3 34.97 0.94
63 22 7.25 0.49 11.6 Sea 16.90 77.9 26.32 1.38
64 1 7.16 0.39 11.6 Sea 21.50 35.1 21.29 1.11
64 4 7.65 0.48 11.6 Sea 15.70 20.4 24.93 1.28
64 7 7.85 0.41 11.6 Sea 30.30 62.8 20.91 1.08
64 10 7.30 0.30 11.6 Sea 25.40 72.3 16.06 0.92
64 13 6.98 0.26 11.6 Sea 19.10 25.1 14.44 0.83
64 16 7.34 0.28 11.6 Sea 5.80 2.5 14.78 0.02
64 19 7.60 0.29 11.6 Sea 20.30 53.0 15.11 0.88
64 22 7.14 0.17 11.6 Sea 15.60 37.9 9.25 0.02
65 1 6.82 0.10 8.5 Sea 33.00 31.4 5.13 0.22
65 4 7.33 0.16 11.6 Sea 25.00 87.6 8.63 0.02
65 7 7.78 0.25 9.8 Sea 10.00 54.8 12.61 0.02
65 10 7.41 0.40 4.1 Bay 16.70 18.7 10.02 0.02
65 13 6.91 0.28 3.9 Bay 30.50 53.5 6.74 0.14
65 16 7.33 0.54 4.1 Bay 25.30 24.3 13.73 0.26
65 19 7.93 0.66 4.7 Bay 23.70 68.5 19.50 0.42
65 22 7.73 0.84 5.1 Bay 24.20 8.9 28.56 0.33
66 1 7.16 1.07 5.1 Bay 26.00 88.6 39.56 0.30
66 4 7.52 1.19 5.1 Bay 21.80 20.2 41.86 0.20

u*s u*t u*wi u*c Z'o Cd Shlds Kbr C*
Cl/S Cl/S Cl/s Cl/S Cl ---- Cl Cl

1.38 4.25 4.05 1.91 1.25 0.00876 0.06922 11.50 0.0002
1.28 1.87 1.71 1.38 0.06 0.00307 0.05982 0.00 -0.0006
1.05 1.61 1.53 0.80 0.18 0.00421 0.04032 0.00 -0.0024
0.92 1.39 1.26 0.62 0.20 0.00433 0.03057 0.00 -0.0033
0.92 1.42 1.32 0.57 0.24 0.00465 0.03110 0.00 -0.0032
0.92 1.38 1.24 0.63 0.20 0.00434 0.03070 0.00 -0.0033
1.04 1.49 1.22 0.86 0.14 0.00387 0.03950 0.00 -0.0025
1.30 1.79 1.19 1.38 0.05 0.00294 0.06180 0.00 -0.0005
1.10 1.58 1.23 0.99 0.09 0.00345 0.04419 0.00 -0.0021
1.03 1.54 1.45 0.53 0.44 0.00570 0.03823 0.00 -0.0026
1.10 1.66 1.58 0.74 0.27 0.00483 0.04435 0.00 -0.0020
1.24 1.80 1.57 0.88 0.23 0.00457 0.05590 0.00 -0.0010
1.01 1.51 1.39 0.60 0.33 0.00513 0.03682 0.00 -0.0027
1.01 1.51 1.39 0.79 0.18 0.00421 0.03721 0.00 -0.0027
1.10 1.57 1.30 1.03 0.09 0.00347 0.04389 0.00 -0.0021
1.06 1.53 1.30 0.82 0.17 0.00416 0.04090 0.00 -0.0023
1.31 1.93 1.73 0.87 0.27 0.00480 0.06274 0.00 -0.0004
1.37 3.23 2.80 2.05 0.50 0.00598 0.06808 6.45 0.0001
1.58 4.54 4.26 1.64 1.15 0.00842 0.09077 8.37 0.0021
0.87 1.38 1.28 0.70 0.11 0.00361 0.02738 0.00 -0.0036
1.27 2.04 2.02 0.41 0.64 0.00660 0.05853 0.00 -0.0008
1.46 5.83 5.81 0.91 3.60 0.01522 0.07793 18.28 0.0010
1.42 4.16 3.98 1.35 1.02 0.00800 0.07286 7.15 0.0005
1.97 6.78 6.66 1.33 2.48 0.01229 0.14104 12.54 0.0067
2.29 8.70 8.67 0.73 4.05 0.01635 0.19157 15.74 0.0112
3.25 8.87 8.52 2.73 3.96 0.01612 0.38533 9.62 0.0287
2.79 7.81 7.11 3.44 2.68 0.01282 0.28236 14.12 0.0194
2.31 9.70 9.64 2.10 6.49 0.02248 0.19474 33.77 0.0115
2.13 9.30 9.27 0.68 9.93 0.03150 0.16482 38.42 0.0088
2.39 9.92 9.86 1.30 9.17 0.02944 0.20747 35.64 0.0126
2.54 9.53 9.42 1.53 7.96 0.02625 0.23461 27.30 0.0151
1.92 8.30 8.23 2.19 6.89 0.02350 0.13475 41.34 0.0061
1.95 7.14 6.77 2.50 4.81 0.01825 0.13817 33.28 0.0064
2.04 8.05 7.81 2.03 6.80 0.02325 0.15103 38.28 0.0076
1.99 7.07 6.64 3.27 3.67 0.01538 0.14454 32.38 0.0070
1.55 5.49 5.24 2.58 2.92 0.01346 0.08693 27.54 0.0018
1.52 5.14 4.77 1.99 3.23 0.01427 0.08368 24.95 0.0015
1.19 1.82 1.76 0.44 0.80 0.00719 0.05194 0.00 -0.0014
1.49 5.25 4.97 2.12 3.23 0.01427 0.08086 26.29 0.0012
1.08 1.55 1.32 0.90 0.14 0.00390 0.04228 0.00 -0.0022
1.42 2.91 1.95 2.24 0.41 0.00558 0.07361 6.66 0.0006
1.07 1.49 1.25 1.22 0.04 0.00279 0.04135 0.00 -0.0023
1.12 1.71 1.63 0.66 0.34 0.00521 0.04562 0.00 -0.0019
1.30 1.97 1.73 0.96 0.14 0.00393 0.06134 0.00 -0.0005
1.40 2.91 2.37 1.96 0.29 0.00494 0.07122 4.01 0.0004
1.79 4.87 4.47 2.02 1.00 0.00792 0.11642 7.88 0.0044
1.88 6.31 6.16 2.14 1.80 0.01042 0.12864 12.59 0.0055
2.69 7.72 7.37 2.30 2.23 0.01163 0.26231 8.77 0.0176
2.96 8.90 8.88 2.54 2.49 0.01233 0.31813 7.50 0.0226
3.41 8.66 8.41 2.13 2.49 0.01234 0.42305 3.89 0.0320
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8.20 1.27 6.1 Bay 22.20 67.4 48.82 0.23 3.56 9.31 9.19 2.29 3.09 0.01392 0.45987 4.39 0.0354
8.14 1.42 6.1 Bay 23.60 0.8 54.83 0.20 4.16 10.05 9.75 2.45 3.19 0.01417 0.63031 2.24 0.0507
7.53 1.48 5.6 Bay 39.50 56.1 56.65 0.20 4.43 10.64 10.24 3.71 2.12 0.01132 0.71458 1.54 0.0583
7.64 1.26 5.1 Bay 17.70 2.3 43,51 0.21 3.43 8.83 8.65 1.80 2.92 0.01347 0.42724 3.95 0.0324
8.36 1.20 5.6 Bay 31.50 36.9 41.48 0.20 3.54 8.58 8.18 2.89 1.92 0.01076 0.45511 3.49 0.0349
8.32 1.63 6.1 Bay 38.60 8.4 61.53 0.23 4.94 11.77 11.12 3.85 2.73 0.01296 0.88754 1.07 0.0738
7.63 1.45 5.6 Bay 31.60 83.7 54.87 0.20 3.91 9.95 9.87 3.05 2.37 0.01200 0.55626 2.80 0.0440
7.62 1.17 9.8 Sea 27.10 9.6 59.14 0.25 4.29 10.16 9.72 2.99 4.00 0.01621 0.66898 3.36 0.0542
8.29 1.46 6.1 Bay 21.20 76.9 55.55 0.21 3.87 9.95 9.88 2.24 3.43 0.01479 0.54598 3.25 0.0431
8.44 1.44 6.1 Bay 17.60 20.7 53.62 0.21 3.93 9.78 9.60 1.91 3.75 0.01560 0.56117 2.93 0.0445
7.73 1.56 6.1 Bay 38.30 58.4 62.98 0.22 4.69 11.40 11.04 3.78 2.59 0.01260 0.80155 1.41 0.0661
7.58 1.53 5.6 Bay 37.10 18.6 58.19 0.21 4.72 11.25 10.68 3.62 2.48 0.01230 0.81206 1.15 0.0671
8.26 1.43 9.8 Sea 21.20 77.5 68.66 0.26 4.35 10.89 10.81 2.55 5.40 0.01974 0.68939 3.62 0.0560
8.50 1.33 5.1 Bay 32.30 26.7 40.46 0.18 3.58 8.52 8.06 2.90 1.74 0.01024 0.46536 2.96 0.0359
7.85 1.28 5.1 Bay 31.50 68.9 42.63 0.21 3.39 8.75 8.55 2.89 1.91 0.01074 0.41769 4.09 0.0316
7.48 1.14 5.6 Bay 32.90 30.0 43.83 0.19 3.75 8.87 8.41 3.02 1.91 0.01072 0.51025 2.77 0.0399
8.09 1.29 5.1 Bay 19.40 61.1 41.66 0.24 3.20 8.80 8.69 1.95 2.83 0.01323 0.37261 5.32 0.0275
8.44 1.31 6.1 Bay 23.60 29.9 49.03 0.21 3.78 9.31 9.04 2.39 2.90 0.01340 0.51974 3.24 0.0407
7.83 1.28 5.1 Bay 21.80 63.8 42.99 0.22 3.30 8.86 8.74 2.15 2.62 0.01268 0.39647 4.70 0.0297
7.33 1.14 5.6 Bay 33.90 33.5 44.69 0.19 3.80 8.99 8.52 3.10 1.89 0.01066 0.52610 2.62 0.0413
7.90 1.04 11.6 Sea 15.70 76.3 53.61 0.44 3.43 9.90 9.84 2.06 7.08 0.02398 0.42817 10.99 0.0325
8.36 0.95 5.1 Bay 30.70 19.6 29.58 0.25 2.91 7.52 7.04 2.73 1.67 0.01003 0.30794 6.08 0.0217
7.86 0.92 5.6 Bay 24.80 36.9 33.87 0.29 2.92 8.12 7.83 2.40 2.39 0,01207 0.31113 7.38 0.0220
7.24 0.76 14.2 Sea 30.50 51.5 41.91 0.59 3.15 9.08 8.62 3.50 4.58 0.01767 0.36132 16.05 0.0265
7.67 0.81 11.6 Sea 22.40 30.4 42.49 0.50 3.16 9.05 8.70 2.65 5.11 0.01901 0.36324 13.14 0.0267
8.26 0.91 14.2 Sea 17.80 46.2 46.78 0.65 3.16 9.64 9.43 2.40 7.70 0.02557 0.36326 17.67 0.0267
7.84 0.81 14.2 Sea 25.00 55.9 43.02 0.70 3.06 9.40 9.09 3.10 5.93 0.02107 0.33974 19.21 0.0245
7.23 0.74 11.6 Sea 31.40 24.5 39.92 0.41 3.29 8.60 7.99 3.31 3.38 0.01465 0.39293 10.14 0.0293
7.67 0.78 9.8 Sea 17.20 57.4 39.32 0.66 2.81 9.36 9.22 2.14 6.06 0.02139 0.28785 18.41 0.0199
8.24 0.79 11.6 Sea 31.00 44.8 39.49 0.48 3.14 8.73 8.23 3,34 3.66 0.01537 0.35880 12.59 0.0263
7.99 0.72 14.2 Sea 35.40 66.8 37.74 0.78 2.90 9.02 8.59 3.98 4.27 0.01691 0.30549 21.99 0.0215
7.25 0.48 11.6 Sea 21.50 6.3 25.67 1.26 2.26 8.44 8.01 2.68 6.04 0.02134 0.18566 37.82 0.0107
7.36 0.42 9.8 Sea 22.50 56.1 21.90 0.97 1.94 7.19 6.92 2.51 4.14 0.01658 0.13648 29.03 0.0063
7.96 0.52 11.6 Sea 14.50 13.0 26.61 1.34 2.11 8.50 8.28 1.94 7.56 0.02520 0.16205 40.28 0.0086
7.74 0.44 11.6 Sea 17.40 88.8 22.90 1.27 1.67 7.29 7.27 2.14 5.77 0.02065 0.10126 38.08 0.0031
7.08 0.35 11.6 Sea 23.80 10.0 19.35 1.01 1.97 6.74 6.21 2.64 4.07 0.01640 0.14066 30.14 0.0066
7.25 0.31 9.8 Sea 27.30 80.6 16.36 0.79 1.55 5.48 5.30 2.65 2.42 0.01214 0.08790 23.68 0.0019
7.88 0.51 11.6 Sea 15.20 29.3 26.00 1.32 2.07 8.33 8.11 2.00 7.21 0.02431 0.15563 39.67 0.0080
7.83 0.36 11.6 Sea 30.40 73.4 18.77 1.01 1.79 6.34 6.02 3.14 3.12 0.01398 0.11679 30.34 0.0045
7.15 0.27 11.6 Sea 19.90 33.6 14.52 0.84 1.52 5.16 4.79 2.06 3.16 0.01407 0.08426 25.04 0.0016
6.99 0.30 11.6 Sea 25.30 32.7 16.36 0.88 1.79 5.87 5.34 2.62 3.14 0.01403 0.11614 26.47 0.0044
7.52 0.32 9.8 Sea 14.50 38.3 16.35 0.80 1.49 5.51 5.32 1.57 3.74 0.01556 0.08114 24.05 0.0013
7.63 0.31 11.6 Sea 5.00 71.5 16.39 0.02 1.23 1.90 1.89 0.40 0.98 0.00786 0.05515 0.00 -0.0011
7.21 0.36 11.6 Sea 23.80 32.8 19.42 1.02 1.92 6.69 6.23 2.64 4.05 0.01635 0.13350 30.56 0.0060
7.18 0.28 4.4 Bay 32.60 15.8 8.51 0.18 1.68 3.70 2.95 2.26 0.47 0.00583 0.10320 5.34 0.0033
7.72 0.42 4.4 Bay 17.60 79.8 11.28 0.02 1.18 1.87 1.79 0.99 0.12 0.00374 0.05103 0.00 -0.0014
7.92 0.28 4.7 Bay 29.80 51.7 8.25 0.20 1.46 3.36 2.84 2.08 0.48 0.00590 0.07742 5.89 0.0009
7.49 0.26 11.6 Sea 23.00 67.5 13.60 0.81 1.39 4.77 4.51 2.26 2.54 0.01246 0.07061 24.31 0.0003
7.17 0.27 9.8 Sea 15.70 12.0 13.99 0.70 1.43 4.89 4.62 1.61 3.00 0.01368 0.07441 20.95 0.0007
7.42 0.28 9.8 Sea 7.40 88.5 14.32 0.02 1.12 1.76 1.75 0.52 0.53 0.00611 0.04528 0.00 -0.0020
7.10 0.23 11.6 Sea 22.00 41.8 12.34 0.73 1.43 4.55 4.14 2.13 2.39 0.01205 0.07429 21.83 0.0007
6.82 0.24 11.6 Sea 16.50 17.1 13.18 0.79 1.38 4.70 4.39 1.71 3.16 0.01408 0.06927 23.65 0.0002
7.15 0.30 8.5 Sea 8.80 86.7 15.07 0.02 1.20 1.89 1.88 0.61 0.45 0.00576 0.05234 0.00 -0.0013
7.59 0.40 4.7 Bay 27.40 55.6 12.46 0.29 1.62 4.45 4.10 2.15 0.91 0.00761 0.09521 8.54 0.0025
7.41 0.37 3.9 Bay 21.80 27.8 7.88 0.02 1.29 1.90 1.53 1.16 0.08 0.00334 0.06067 0.00 -0.0006
7.00 0.38 4.1 Bay 17.40 83.2 10.36 0.02 1.11 1.77 1.70 0.96 0.11 0.00361 0.04484 0.00 -0.0020
7.02 0.27 3.9 Bay 24.50 62.6 6.27 0.02 1.15 1.65 1.30 1.22 0.05 0.00289 0.04798 0.00 -0.0017
7.39 0.31 5.6 Bay 9.80 15.9 12.18 0.02 1.22 1.91 1.80 0.64 0.32 0.00510 0.05457 0.00 -0.0011
7.26 0.32 7.5 Sea 10.70 89.9 15.31 0.02 1.24 1.96 1.96 0.71 0.35 0.00528 0.05576 0.00 -0.0010
6.89 0.24 8.5 Sea 24.80 8.0 12.74 0.52 1.65 4.79 4.24 2.24 1.78 0.01035 0.09893 15.59 0.0029
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6.91 0.24 6.7 Sea 18.40 39.8 11.58 0.02 1.35
7.36 0.26 6.7 Sea 17.00 3.5 11.48 0.40 1.36
7.38 0.25 7.5 Sea 16.40 62.6 11.77 0.02 1.21
6.96 0.22 7.5 Sea 20.90 40.5 10.78 0.02 1.35
6.72 0.17 9.8 Sea 21.40 18.7 9.30 0.02 1.31
7.00 0.24 7.5 Sea 11.00 76.7 11.92 0.02 1.06
7.14 0.23 6.1 Sea 5.20 2.9 9.97 0.02 0.95
6.86 0.19 8.5 Sea 10.00 11.1 10.06 0.02 1.04
6.64 0.15 5.6 Bay 23.00 47.7 6.51 0.02 1.15
6.99 0.19 5.6 Bay 20.00 81.4 7.82 0.02 0.99
7.42 0.22 6.1 Sea 11.70 4.3 9.22 0.02 1.07
7.15 0.24 3.7 Bay 13.60 88.9 4.72 0.02 0.65
6.88 0.24 3.5 Bay 32.60 36.3 4.13 0.07 1.37
7.04 0.33 3.9 Bay 18.80 2.6 7.62 0.02 1.21
7.24 0.22 7.5 Sea 16.50 21.3 10.39 0.02 1.25
7.09 0.16 5.6 Bay 11.40 79.6 6.66 0.02 0.74
6.73 0.13 9.8 Sea 22.30 4.6 6.94 0.02 1.21
6.92 0.12 7.5 Sea 8.90 58.5 5.96 0.02 0.68
7.27 0.16 7.5 Sea 22.10 0.8 7.72 0.02 1.27
7.24 0.16 9.8 Sea 19.70 86.4 8.47 0.02 0.94
6.82 0.15 8.5 Sea 18.40 6.6 8.01 0.02 1.16
6.77 0.11 8.5 Sea 16.70 22.8 5.78 0.02 0.95
7.12 0.20 8.5 Sea 14.60 38.9 10.23 0.02 1.14
7.15 0.21 8.5 Sea 9.50 72.2 10.45 0.02 0.95
6.73 0.13 8.5 Sea 15.20 33.1 6.70 0.02 0.94
6.66 0.11 8.5 Sea 14.00 58,7 5.95 0.02 0.80
7.07 0.15 6.7 Sea 18.40 14.6 6.87 0.02 1.10
7.20 0.18 7.5 Sea 15.40 67.0 8.59 0.02 0.97
6.75 0.15 8.5 Sea 18.50 33.8 8.01 0.02 1.12
6.50 0.12 5.6 Bay 19.00 42.4 5.45 0.02 0.98
6.81 0.19 5.1 Bay 17.30 38.5 7.36 0.02 1.07
7.10 0.19 4.7 Bay 11.10 33.7 6.37 0.02 0.85
6.76 0.15 5.6 Bay 14.50 18.5 6.32 0.02 0.95
6.58 0.12 5.1 Bay 30.50 44.4 4.76 0.02 1.31
7.06 0.65 4.1 Bay 28.60 8.8 17.59 0.31 2.17
7.40 0.64 5.1 Bay 4.60 29.1 22.95 0.54 1.86
7.17 0.55 6.1 Bay 16.90 78.2 23.62 0.65 1.92
6.74 0.45 4.7 Bay 26.20 86.3 16.03 0.37 1.57
6.96 0.35 4.4 Bay 11.90 39.0 10.84 0.02 1.19
7.34 0.26 4.7 Bay 29.70 58.9 8.46 0.20 1.43
7.10 0.24 4.4 Bay 35.40 64.2 7.43 0.16 1.53
6.71 0.20 3.9 Bay 15.60 23.0 5.02 0.02 0.91
6.99 0.18 6.7 Sea 10.00 36.7 8.53 0.02 0.93
7.40 0.15 6.7 Sea 27.80 84.2 6.90 0.02 1.13
7.21 0.16 7.5 Sea 31.60 88.0 7.86 0.02 1.24
6.73 0.12 8.5 Sea 20.80 15.5 6.49 0.02 1.13
6.89 0.18 8.5 Sea 13.90 36.2 9.36 0.02 1.07
7.39 0.19 7.5 Sea 23.10 47.1 9.20 0.02 1.30
7.23 0.15 7.5 Sea 23.20 58.2 7.27 0.02 1.14
6.73 0.19 8.5 Sea 16.50 12.8 10.03 0.02 1.22
6.85 0.24 4.7 Bay 19.50 89.8 8.59 0.02 0.98
7.27 0.34 4.7 Bay 14.00 17.5 11.36 0.02 1.30
7.10 0.29 7.5 Sea 5.30 66.8 14.04 0.02 1.16
6.65 0.19 9.8 Sea 24.80 26.8 10.41 0.52 1.47
6.81 0.18 3.3 Bay 41.70 28.2 2.57 0.04 1.60
7.35 0.34 6.7 Sea 15.40 13.1 15.55 0.51 1.57
7.36 0.30 7.5 Sea 15.20 55.8 14.26 0.56 1.37
6.89 0.25 3.7 Bay 28.80 70.6 5.16 0.02 1.19
6.91 0.49 4.4 Bay 21.60 8.6 15.56 0.32 1.82
7.39 0.40 4.1 Bay 18.90 62.5 10.01 0.02 1.23

1.99 1.73 1.06 0.15 0.00397 0.06594 0.00 -0.0001
4.12 3.84 1.50 1.60 0.00984 0.06730 11.99 0.0000
1.82 1.67 0.96 0.16 0.00404 0.05314 0.00 -0.0012
1.96 1.64 1.17 0.12 0.00369 0.06660 0.00 -0.0000
1.85 1.44 1.18 0.10 0.00357 0.06235 0.00 -0.0004
1.67 1.63 0.69 0.25 0.00470 0.04125 0.00 -0.0023
1.53 1.49 0.36 0.45 0.00575 0.03304 0.00 -0.0031
1.57 1.44 0.63 0.27 0.00481 0.03919 0.00 -0.0025
1.64 1.25 1.17 0.06 0.00304 0.04852 0.00 -0.0017
1.47 1.32 1.03 0.06 0.00308 0.03551 0.00 -0.0028
1.62 1.46 0.71 0.20 0.00435 0.04145 0.00 -0.0023
1.04 0.99 0.69 0.06 0.00299 0.01553 0.00 -0.0046
2.38 1.58 1.86 0.13 0.00384 0.06877 2.20 0.0002
1.80 1.48 1.02 0.10 0.00349 0.05333 0.00 -0.0012
1.83 1.57 0.96 0.16 0.00404 0.05662 0.00 -0.0009
1.19 1.13 0.63 0.11 0.00362 0.02008 0.00 -0.0042
1.68 1.20 1.17 0.08 0.00325 0.05299 0.00 -0.0013
1.06 0.98 0.51 0.15 0.00394 0.01682 0.00 -0.0045
1.79 1.34 1.18 0.08 0.00336 0.05841 0.00 -0.0008
1.37 1.23 1.01 0.06 0.00306 0.03235 0.00 -0.0031
1.65 1.31 1.02 0.11 0.00359 0.04875 0.00 -0.0016
1.35 1.03 0.89 0.08 0.00332 0.03266 0.00 -0.0031
1.68 1.48 0.86 0.17 0.00414 0.04691 0.00 -0.0018
1.48 1.44 0.60 0.26 0.00476 0.03253 0.00 -0.0031
1.37 1.12 0.83 0.10 0.00353 0.03236 0.00 -0.0031
1.17 1.00 0.75 0.08 0.00335 0.02312 0.00 -0.0039
1.57 1.23 0.99 0.09 0.00341 0.04365 0.00 -0.0021
1.46 1.32 0.85 0.11 0.00362 0.03438 0.00 -0.0029
1.61 1.29 1.01 0.10 0.00351 0.04578 0.00 -0.0019
1.41 1.09 0.98 0.06 0.00309 0.03517 0.00 -0.0029
1.59 1.33 0.94 0.09 0.00347 0.04191 0.00 -0.0023
1.32 1.18 0.63 0.13 0.00381 0.02611 0.00 -0.0037
1.41 1.17 0.80 0.10 0.00355 0.03271 0.00 -0.0031
1.78 1.11 1.47 0.04 0.00270 0.06207 0.00 -0.0004
6.08 5.59 2.40 1.28 0.00884 0.17090 9.35 0.0094
7.21 7.19 0.51 4.03 0.01630 0.12549 16.08 0.0053
7.43 7.38 1.79 3.42 0.01474 0.13364 19.48 0.0060
5.22 5.15 2.20 1.28 0.00885 0.08970 11.12 0.0020
1.87 1.75 0.73 0.22 0.00446 0.05117 0.00 -0.0014
3.36 2.90 2.08 0.49 0.00594 0.07453 6.09 0.0007
3.19 2.59 2.30 0.32 0.00509 0.08468 4.85 0.0016
1.35 1.09 0.82 0.07 0.00325 0.03006 0.00 -0.0033
1.44 1.33 0.61 0.21 0.00441 0.03164 0.00 -0.0032
1.56 1.23 1.33 0.03 0.00264 0.04624 0.00 -0.0019
1.70 1.33 1.49 0.03 0.00258 0.05624 0.00 -0.0010
1.59 1.16 -1.09 0.07 0.00324 0.04654 0.00 -0.0018
1.58 1.39 0.82 0.16 0.00409 0.04148 0.00 -0.0023
1.85 1.48 1.23 0.08 0.00334 0.06125 0.00 -0.0005
1.61 1.26 1.18 0.06 0.00304 0.04764 0.00 -0.0017
1.78 1.50 0.96 0.15 0.00401 0.05439 0.00 -0.0011
1.52 1.44 1.01 0.07 0.00315 0.03509 0.00 -0.0029
1.99 1.81 0.85 0.20 0.00437 0.06151 0,00 -0.0005
1.85 1.83 0.39 0.67 0.00672 0.04918 0.00 -0.0016
4.12 3.55 2.17 1.54 0.00964 0.07808 15.43 0.0010
2.38 1.13 2.13 0.06 0.00304 0.09308 1.22 0.0023
5.26 5.05 1.49 2.43 0.01217 0.08958 15.34 0.0020
4.82 4.69 1.47 2.42 0.01214 0.06779 16.62 0.0001
1.65 1.19 1.37 0.03 0.00263 0.05115 0.00 -0.0014
5.33 5.01 1.84 1.38 0.00916 0.12017 9.47 0.0048
1.88 1.70 1.04 0.11 0.00360 0.05472 0.00 -0.0011



81 10 7.46 0.36 5.1 Bay 20.00 66.8 12.59 0.33
81 13 6.94 0.51 4.7 Bay 29.50 58.3 17.72 0.38
81 16 6.83 0.43 4.4 Bay 18.90 38.7 13.70 0.30
81 19 7.39 0.36 5.6 Bay 21.90 10.2 13.90 0.37
81 22 7.54 0.35 4.1 Bay 29.30 69.1 8.42 0.18
82 1 7.03 0.41 3.7 Bay 26.40 17.6 8.13 0.15
82 4 6.87 0.36 3.7 Bay 20.50 64.9 7.57 0.02
82 7 7.37 0.43 3.7 Bay 20.20 3.1 7.83 0.02
82 10 7.61 0.49 5.6 Bay 22.00 73.4 18.63 0.49
82 13 7.16 0.80 4.4 Bay 21.80 48.9 23.85 0.45
82 16 7.00 0.78 5.1 Bay 19.10 68.1 29.50 0.54
82 19 7.47 1.08 4.1 Bay 20.10 23.4 26.60 0.35
82 22 7.85 1.30 5.1 Bay 31.60 88.1 43.30 0.24
83 1 7.37 0.85 9.8 Sea 25.00 46.2 43.87 0.39
83 4 6.96 0.69 9.8 Sea 25.10 20.3 36.80 0.47
83 7 7.35 0.69 9.8 Sea 3.60 15.5 35.55 1.18
83 10 7.65 0.80 9.8 Sea 22.20 53.2 40.24 0.52
83 13 7.28 0.65 11.6 Sea 20.50 48.2 34.81 0.95
83 16 6.91 0.42 8.5 Sea 27.30 21.2 21.74 0.79
83 19 7.30 0.45 9.8 Sea 19.90 75.5 23.52 1.06
83 22 7.71 0.51 9.8 Sea 5.80 24.5 25.71 1.15
84 1 7.35 0.40 9.8 Sea 13.80 44.7 20.73 0.96
84 4 6.90 0.21 9.8 Sea 27.40 27.9 11.58 0.55
84 7 7.15 0.25 9.8 Sea 25.00 84.3 13.07 0.02
84 10 7.53 0.26 9.8 Sea 9.90 24.0 13.12 0.02
84 13 7.23 0.22 11.6 Sea 8.60 40.2 11.94 0.02
84 16 6.80 0.19 9.8 Sea 16.00 27.5 10.16 0.02
84 19 7.12 0.18 9.8 Sea 8.00 64.3 9.30 0.02
84 22 7.54 0.16 11.6 Sea 21.40 38.4 8.54 0.02
85 1 7.33 0.21 5.1 Bay 23.00 84.2 7.72 0.02
85 4 6.84 0.13 9.8 Sea 20.90 25.2 7.04 0.02
85 7 6.93 0.13 8.5 Sea 20.50 28.1 6.63 0.02
85 10 7.34 0.16 6.7 Sea 13.20 77.2 7.26 0.02
85 13 7.19 0.13 9.8 Sea 15.90 3.9 6.83 0.02
85 16 6.80 0.11 3.1 Bay 26.70 45.8 1.31 0.02
85 19 6.96 0.11 7.5 Sea 24.80 76.6 5.34 0.02
85 22 7.38 0.19 9.8 Sea 16.80 0.7 9.98 0.0 2
86 1 7.34 0.15 11.6 Sea 25.00 61.3 8.30 0.02
86 4 6.86 0.14 9.8 Sea 27.10 13.9 7.30 0.37
86 7 6.83 0.15 8.5 Sea 12.10 40.3 7.68 0.02
86 10 7.20 0.19 9.8 Sea 5.30 18.6 10.02 0.02
86 13 7.17 0.17 8.5 Sea 5.40 67.1 8.46 0.02
86 16 6.75 0.12 8.5 Sea 19.40 7.9 6.27 0.02
86 19 6.77 0.16 8.5 Sea 17.80 52.1 8.46 0.02
86 22 7.19 0.17 9.8 Sea 18.60 13.1 8.67 0.02
87 1 7.27 0.17 9.8 Sea 19.20 71.4 8.82 0.02
87 4 6.87 0.13 9.8 Sea 15.40 11.7 7.24 0.02
87 7 6.70 0.11 8.5 Sea 17.00 59.5 6.03 0.02
87 10 6.97 0.14 8.5 Sea 16.50 51.7 7.02 0.02
87 13 7.10 0.13 9.8 Sea 6.60 7.4 6.72 0.02
87 16 6.75 0.15 9.8 Sea 5.80 26.6 8.24 0.02
87 19 6.60 0.14 8.5 Sea 17.00 52.6 7.37 0.02
87 22 6.91 0.16 9.8 Sea 13.10 66.5 8.82 0.02
88 1 7.13 0.25 4.1 Bay 12.90 31.1 6.67 0.02
88 4 6.80 0.15 14.2 Sea 7.50 32.4 8.82 0.02
88 7 6.48 0.12 8.5 Sea 22.70 78.4 6.27 0.02
88 10 6.65 0.14 5.1 Bay 13.30 74.5 5.59 0.02
88 13 6.91 0.20 4.7 Bay 9.30 30.9 7.03 0.02
88 16 6.70 0.16 9.8 Sea 3.10 40.4 8.99 0.02
88 19 6.48 0.14 5.6 Bay 17.20 46.2 6.30 0.02

1.37 4.30 4.15 1.67 1.23 0.00869 0.06809 9.97 0.0001
1.97 5.95 5.63 2.52 1.38 0.00917 0.14157 11.22 0.0067
1.56 4.69 4.47 1.58 1.26 0.00879 0.08817 8.87 0.0019
1.68 4.92 4.54 1.89 1.47 0.00943 0.10288 11.02 0.0032
1.37 3.21 2.87 2.00 0.42 0.00562 0.06805 5.38 0.0001
1.47 3.32 2.80 1.81 0.43 0.00568 0.07912 4.46 0.0011
1.11 1.67 1.45 1.07 0.07 0.00319 0.04472 0.00 -0.0020
1.27 1.89 1.54 1.09 0.09 0.00345 0.05899 0.00 -0.0007
1.73 6.05 5.93 2.05 2.05 0.01113 0.10871 14.61 0.0038
2.25 7.57 7.37 2.08 2.29 0.01177 0.18370 13.34 0.0105
2.41 8.70 8.61 2.00 3.30 0.01445 0.21201 15.42 0.0131
2.49 7.78 7.56 1.91 2.24 0.01165 0.22498 9.67 0.0142
3.23 8.96 8.91 2.94 2.05 0.01112 0.37879 5.30 0.0281
3.28 8.99 8.68 2.76 4.00 0.01623 0.39040 9.59 0.0291
3.00 8.55 8.12 2.75 3.92 0.01601 0.32707 12.52 0.0234
2.43 10.16 10.15 0.55 11.19 0.03506 0.21484 34.58 0.0133
2.98 9.06 8.83 2.57 4.75 0.01809 0.32252 14.18 0.0230
2.62 9.27 9.01 2.61 6.47 0.02243 0.24996 27.41 0.0165
2.24 7.39 6.85 2.86 3.27 0.01438 0.18177 23.57 0.0103
1.86 7.51 7.40 2.31 4.80 0.01824 0*12537 31.72 0.0053
1.88 8.08 8.04 0.80 8.17 0.02681 0.12920 34.46 0.0056
1.72 6.74 6.60 1.62 5.01 0.01876 0.10784 28.80 0.0037
1.61 4.55 3.91 2.43 1.64 0.00995 0.09443 16.52 0.0025
1.31 1.89 1.72 1.32 0.08 0.00329 0.06201 0.00 -0.0004
1.20 1.81 1.69 0.66 0.39 0.00544 0.05275 0.00 -0.0013
1.06 1.59 1.51 0.58 0.40 0.00552 0.04060 0.00 -0.0024
1.18 1.71 1.46 0.93 0.16 0.00405 0.05084 0.00 -0.0015
0.85 1.32 1.27 0.51 0.29 0.00492 0.02626 0.00 -0.0037
1.21 1.69 1.30 1.15 0.09 0.00339 0.05302 0.00 -0.0013
1.05 1.53 1.35 1.15 0.05 0.00290 0.03980 0.00 -0.0024
1.15 1.60 1.19 1.11 0.08 0.00328 0.04775 0.00 -0.0017
1.11 1.56 1.16 1.08 0.07 0.00324 0.04492 0.00 -0.0020
0.81 1.25 1.17 0.72 0.10 0.00354 0.02382 0.00 -0.0039
1.00 1.42 1.12 0.88 0.11 0.00358 0.03606 0.00 -0.0028
0.99 1.31 0.57 1.22 0.02 0.00240 0.03595 0.00 -0.0028
1.01 1.39 1.02 1.18 0.03 0.00264 0.03736 0.00 -0.0027
1.22 1.76 1.46 0.98 0.15 0.00400 0.05427 0.00 -0.0011
1.21 1.68 1.28 1.27 0.06 0.00304 0.05335 0.00 -0.0012
1.38 3.35 2.61 2.12 0.91 0.00760 0.06905 11.09 0.0002
0.90 1.35 1.19 0.70 0.15 0.00397 0.02967 0.00 -0.0034
0.90 1.40 1.35 0.37 0.52 0.00606 0.02926 0.00 -0.0034
0.77 1.23 1.21 0.36 0.38 0.00541 0.02131 0.00 -0.0041
1.08 1.52 1.12 1.03 0.08 0.00328 0.04229 0.00 -0.0022
1.07 1.56 1.31 0.97 0.10 0.00352 0.04196 0.00 -0.0023
1.19 1.69 1.34 1.04 0.11 0.00366 0.05150 0.00 -0.0014
1.03 1.50 1.30 1.02 0.08 0.00330 0.03894 0.00 -0.0025
1.00 1.44 1.16 0.86 0.12 0.00367 0.03653 0.00 -0.0027
0.88 1.27 1.03 0.88 0.07 0.00315 0.02835 0.00 -0.0035
0.95 1.38 1.15 0.89 0.09 0.00339 0.03301 0.00 -0.0031
0.71 1.09 1.01 0.42 0.26 0.00477 0.01841 0.00 -0.0044
0.79 1.22 1.17 0.39 0.38 0.00539 0.02243 0.00 -0.0040
0.99 1.43 1.19 0.92 0.09 0.00341 0.03530 0.00 -0.0029
0.91 1.37 1.26 0.75 0.14 0.00390 0.03027 0.00 -0.0033
0.93 1.44 1.27 0.72 0.12 0.00369 0.03174 0.00 -0.0032
0.83 1.24 1.15 0.49 0.33 0.00516 0.02482 0.00 -0.0038
0.98 1.36 1.08 1.11 0.04 0.00277 0.03464 0.00 -0.0029
0.74 1.14 1.04 0.70 0.08 0.00326 0.01972 0.00 -0.0043
0.85 1.35 1.25 0.55 0.17 0.00416 0.02644 0.00 -0.0036
0.78 1.24 1.22 0.23 0.68 0.00675 0.02186 0.00 -0.0041
0.97 1.43 1.17 0.91 0.08 0.00328 0.03449 0.00 -0.0029



22
1
4
7
10
13
16
19
22
1
4
7
10
13
16
19
22

6.68 0.17 5.6 Bay 15.80 76.1 7.42 0.02 0.90
7.10 0.19 8.5 Sea 19.00 31.8 9.58 0.02 1.24
6.95 0.19 9.8 Sea 14.30 85.9 9.97 0.02 0.92
6.56 0.12 8.5 Sea 5.00 67.5 6.55 0.02 0.63
6.64 0.14 9.8 Sea 7.60 58.8 7.77 0.02 0.75
6.98 0.15 7.5 Bay 20.60 38.5 7.25 0.02 1.14
6.98 0.15 9.8 Sea 17.30 66.0 7.97 0.02 0.97
6.78 0.17 9.8 Sea 1.10 41.4 9.31 0.02 0.77
6.82 0.17 3.0 Bay 16.20 61.8 1.51 0.02 0.63
7.16 0.26 6.7 Sea 25.00 22.7 11.73 0.38 1.60
7.28 0.21 7.5 Sea 26.80 61.9 10.11 0.39 1,38
6.99 0.20 6.1 Sea 17.30 88.1 9.04 0.02 0.95
6.85 0.20 6.7 Sea 13.10 6.2 9.75 0.02 1.13
7.13 0.28 7.5 Sea 10.90 54.6 13.42 0.02 1.23
7.23 0.45 8.5 Sea 2.80 42.6 22.57 0.92 1.68
6.96 0.27 8.5 Sea 12.30 15.8 14.10 0.02 1.36
6.96 0.32 3.3 Bay 26.90 36.7 4.35 0.02 1.20

1.37 1.26 0.84 0.08 0.00335 0.02916 0.00 -0.0034
1.78 1.47 1.06 0.12 0.00370 0.05579 0.00 -0.0010
1.40 1.35 0.81 0.13 0.00377 0.03074 0.00 -0.0033
1.02 1.00 0.32 0.30 0.00499 0.01421 0.00 -0.0048
1.17 1.12 0.47 0.25 0.00467 0.02061 0.00 -0.0042
1.62 1.26 1.09 0.08 0.00327 0.04693 0.00 -0.0018
1.40 1.20 0.93 0.09 0.00336 0.03390 0.00 -0.0030
1.25 1.25 0.09 1.14 0.00839 0.02171 0.00 -0.0041
0.87 0.55 0.75 0.03 0.00248 0.01452 0.00 -0,0047
4.42 3.92 2.10 1.28 0.00884 0.09262 11.50 0.0023
3.80 3.42 2.15 1.03 0.00804 0.06959 11.72 0.0002
1.47 1.40 0.92 0.08 0.00336 0.03299 0.00 -0.0031
1.70 1.51 0.79 0.19 0.00429 0.04660 0.00 -0.0018
1.89 1.81 0.71 0.32 0.00510 0.05476 0.00 -0.0011
7.16 7.15 0.37 6.97 0.02370 0.10222 27.45 0.0032
2.03 1.87 0.80 0.33 0.00514 0.06690 0.00 -0.0000
1.68 1.12 1.31 0.04 0.00276 0.05274 0.00 -0.0013



Results fro* Grant-Hadsen wave/current «odel 
THIMBLE SHOALS DATA - Fro* CBW8904

Ds = 0.0170 c* 
k'biol = 0.50 c*
Zc = 150.00 ci

day tiie depth H T srce Uc Phi Ob Zo
Jin hour * Cl sec —  c*/s deq ci/s c*
91 1 7.23 0.46 4.7 Bay 30.70 10.1 15.19 0.32
91 4 7.44 0.37 8.5 Sea 9.10 70.0 18.19 0.78
91 7 7.22 0.27 8.5 Sea 12.20 61.3 13.36 0.02
91 10 6.86 0.19 11.6 Sea 24.20 86.2 10.69 0.02
91 13 7.04 0.20 3.5 Bay 12.50 8.7 3.37 0.02
91 16 7.30 0.27 4.7 Bay 32.80 61.7 8.91 0.21
91 19 7.14 0.29 4.4 Bay 8.80 30.8 8.66 0.02
91 22 6.69 0.15 9.8 Sea 18.50 87.2 8.29 0.02
92 1 6.94 0.17 3.7 Bay 24.10 11.6 3.50 0.02
92 4 7.36 0.25 4.7 Bay 19.00 80.6 7.98 0.02
92 7 7.28 0.21 4.4 Bay 20.10 6.6 6.27 0.02
92 10 6.75 0.17 4.4 Bay 24.40 80.7 5.35 0.02
92 13 6.75 0.11 4.7 Bay 19.30 8.9 3.92 0.02
92 16 7.24 0.14 8.5 Sea 27.30 16.2 7.10 0.31
92 19 7.25 0.19 3.9 Bay 38.00 72.6 4.23 0.08
92 22 6.73 0.16 4.1 Bay 25.90 39.4 4.67 0.02
93 1 6.65 0.14 7.5 Sea 15.70 38.9 6.94 0.02
93 4 7.20 0.15 7.5 Sea 16.00 27.1 7.44 0.02
93 7 7.37 0.23 5.1 Bay 23.20 31.9 8.21 0.02
93 10 6.78 0.13 6.1 Sea 21.90 0.9 5.66 0.02
93 13 6.55 0.10 4.1 Bay 29.70 33.3 2.96 0.02
93 16 7.08 0.18 4.7 Bay 23.80 28.4 6.02 0.02
93 19 7.40 0.24 5.6 Bay 18.60 55.0 9.47 0.02
93 22 6.88 0.24 6.7 Sea 29.70 16.9 11.19 0.36
94 1 6.51 0.10 8.5 Sea 35.60 3.5 5.55 0.23
94 4 7.01 0.31 6.1 Sea 24.30 60.1 13.82 0.41
94 7 7.40 0.37 5.1 Bay 24.80 61.4 13.28 0.33
94 10 6.91 0.33 5.1 Bay 30.70 14.7 12.55 0.29
94 13 6.37 0.15 3.5 Bay 29.90 41.5 3.06 0.02
94 16 6.85 0.25 6.1 Sea 26.00 52.7 11.17 0.34
94 19 7.39 0.38 8.5 Sea 28.00 46.0 18.72 0.71
94 22 7.07 0.32 6.7 Sea 30.90 42.6 14.81 0.45
95 1 6.39 0.11 9.8 Sea 38.10 6.8 6.20 0.29
95 4 6.67 0.16 7.5 Sea 33.50 68.6 8.10 0.31
95 7 7.32 0.41 4.7 Bay 20.70 4.8 13.43 0.31
95 10 7.12 0.26 7.5 Sea 15.00 43.0 12.56 0.02
95 13 6.41 0.12 6.7 Sea 38.90 29.0 6.05 0.19
95 16 6.62 0.17 5.1 Bay 30.10 63.7 6.94 0.02
95 19 7.42 0.29 6.1 Sea 31.50 18.0 12.33 0.34
95 22 7.36 0.30 7.5 Sea 26.10 84.0 14.12 0.54
96 1 6.70 0.45 3.9 Bay 46.10 59.8 11.40 0.19
96 4 6.56 0.32 4.4 Bay 28.90 27.2 10.83 0.23
% 7 7.36 0.56 4.4 Bay 27.90 79.7 16.06 0.34
96 10 7.32 0.33 9.8 Sea 23.80 79.1 17.30 0.84
96 13 6.66 0.23 9.8 Sea 23.50 2.9 12.93 0.62
96 16 6.52 0.12 8.5 Sea 29.90 62.1 6.30 0.02
96 19 7.30 0.24 8.5 Sea 29.70 29.6 12.06 0.49
96 22 7.52 0.17 9.8 Sea 35.10 37.4 8.58 0.41
97 1 6.74 0.15 11.6 Sea 33.90 42.3 8.66 0.49
97 4 6.38 0.06 9.8 Sea 39.50 46.5 3.11 0.15

u*s u*t u*w* u*c Z'o Cd Shlds Kbr C* 
c*/s c*/s c*/s Cl/s Cl —  —  c* c*

2.05 5.52 4.92 2.52 1.14 0.00839 0.15349 9.46 0.0078
1.44 5.92 5.88 1.03 4.45 0.01735 0.07586 23.49 0.0008
1.21 1.85 1.76 0.78 0.28 0.00485 0.05333 0.00 -0.0012
1.14 1.63 1.44 1.23 0.06 0.00304 0.04758 0.00 -0.0017
0.71 1.06 0.85 0.65 0.06 0.00312 0.01813 0.00 -0.0044
1.53 3.55 3.04 2.28 0.48 0.00589 0.08542 6.25 0.0017
0.97 1.56 1.47 0.54 0.23 0.00453 0.03413 0.00 -0.0030
0.90 1.32 1.20 0.95 0.06 0.00310 0.02954 0.00 -0.0034
1.09 1.51 0.96 1.17 0.04 0.00276 0.04284 0.00 -0.0022
0.99 1.51 1.38 0.99 0.07 0.00318 0.03580 0.00 -0.0028
1.14 1.66 1.28 1.06 0.08 0.00325 0.04757 0.00 -0.0017
1.00 1.41 1.12 1.17 0.03 0.00265 0.03651 0.00 -0.0027
0.95 1.34 0.93 0.97 0.05 0.00294 0.03268 0.00 -0.0031
1.38 3.26 2.54 2.07 0.76 0.00706 0.06904 9.34 0.0002
1.43 2.42 1.61 2.12 0.12 0.00368 0.07479 2.49 0.0007
1.17 1.64 1.11 1.27 0.04 0.00280 0.05018 0.00 -0.0015
0.97 1.41 1.17 0.86 0.10 0.00351 0.03416 0.00 -0.0030
1.03 1.50 1.24 0.89 0.11 0.00362 0.03887 0.00 -0.0025
1.32 1.90 1.50 1.23 0.08 0.00331 0.06355 0.00 -0.0003
1.14 1.60 1.14 1.13 0.06 0.00310 0.04729 0.00 -0.0018
1.21 1.63 0.88 1.40 0.03 0.00257 0.05287 0.00 -0.0013
1.21 1.72 1.25 1.21 0.06 0.00304 0.05344 0.00 -0.0012
1.18 1.77 1.55 1.03 0.11 0.00359 0.05102 0.00 -0.0014
1.72 4.45 3.77 2.40 1.06 0.00814 0.10775 10.64 0.0037
1.57 3.23 2.11 2.45 0.45 0.00575 0.08955 6.94 0.0020
1.56 4.79 4.52 2.09 1.43 0.00931 0.08850 12.37 0.0019
1.55 4.60 4.35 2.03 1.14 0.00839 0.08792 9.99 0.0019
1.87 4.80 4.16 2.42 0.95 0.00774 0.12721 8.77 0.0054
1.21 1.64 0.93 1.41 0.03 0.00256 0.05316 0.00 -0.0012
1.49 4.12 3.73 2.09 1.03 0.00802 0.08082 10.19 0.0012
1.98 6.44 5.98 2.77 2.62 0.01268 0.14222 21.31 0.0068
1.89 5.38 4.83 2.67 1.46 0.00942 0.12930 13.58 0.0056
1.68 3.59 2.34 2.73 0.56 0.00626 0.10313 8.70 0.0033
1.44 3.39 2.81 2.43 0.60 0.00643 0.07567 9.24 0.0008
1.64 4.72 4.39 1.73 1.26 0.00878 0.09800 9.15 0.0028
1.30 1.94 1.76 0.91 0.21 0.00442 0.06108 0.00 -0.0005
1.69 3.38 2.26 2.59 0.37 0.00534 0.10342 5.80 0.0033
1.33 1.85 1.36 1.47 0.04 0.00279 0.06449 0.00 -0.0002
1.86 4.81 4.11 2.54 1.06 0.00813 0.12526 10.30 0.0052
1.42 4.74 4.62 2.30 1.62 0.00988 0.07290 16.22 0.0005
2.10 4.60 3.80 3.14 0.42 0.00563 0.15987 5.77 0.0084
1.69 4.17 3.63 2.16 0.70 0.00684 0.10416 6.78 0.0033
1.68 5.28 5.15 2.29 1.16 0.00845 0.10218 10.10 0.0032
1.55 5.73 5.59 2.41 2.91 0.01343 0.08694 25.10 0.0018
1.61 4.85 4.31 2.21 2.14 0.01137 0.09407 18.47 0.0024
1.28 1.74 1.18 1.45 0.04 0.00273 0.05942 0.00 -0.0007
1.72 4.72 4.05 2.55 1.43 0.00933 0.10747 14.53 0.0036
1.66 3.98 3.03 2.74 0.89 0.00753 0.09985 12.11 0.0030
1.59 3.97 3.06 2.74 1.06 0.00813 0.09239 14.67 0.0023
1.50 2.66 1.33 2.40 0.21 0.00441 0.08189 4.56 0.0013
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7.06 0.21 8.5 Sea 21.80 30.6 10.54 0.46 1.38 3.99 3.57 1.89
7.36 0.19 9.8 Sea 24.50 50.1 9.73 0.02 1.34 1.88 1.48 1.30
6.79 0.18 8.5 Sea 27.40 1.4 9.24 0.39 1.52 3.90 3.20 2.22
6.57 0.54 3.9 Bay 33.10 42.7 14.17 0.25 1.98 5.12 4.60 2.53
7.55 0.97 4.1 Bay 36.10 75.5 23.42 0.42 2.33 7.51 7.29 3.15
7.72 1.16 6.7 Bay 17.20 59.0 50.32 0.25 3.57 9.43 9.32 1.90
7.05 0.57 5.6 Bay 29.80 32.6 23.47 0.44 2.45 7.35 6.89 2.78
6.52 0.32 4.4 Bay 33.40 39.7 10.81 0.22 1.78 4.25 3.63 2.43
6.90 0.26 8.5 Sea 18.50 30.0 13.66 0.58 1.48 4.81 4.51 1.78
7.43 0.22 7.5 Bay 35.10 87.2 10.53 0.40 1.45 3.81 3.51 2.67
7.02 0.19 9.8 Sea 23.70 56.6 10.34 0.02 1.31 1.86 1.52 1.27
6.48 0.16 9.8 Sea 31.80 20.6 9.01 0.43 1.62 4.04 3.16 2.57
6.87 0.21 9.8 Sea 15.60 33.3 11.39 0.02 1.23 1.80 1.58 0.93
7.54 0.17 8.5 Sea 38.70 56.1 8.38 0.34 1.69 3.85 2.95 2.85
7.28 0.13 9.8 Sea 34.40 85.9 6.83 0.02 1.30 1.74 1.20 1.59
6.54 0.09 9.8 Sea 42.10 4.6 4.78 0.22 1.74 3.39 1.91 2.81
6.63 0.08 2.8 Bay 30.00 44.4 0.55 0.02 1.07 1.38 0.39 1.34
7.26 0.14 6.1 Bay 20.40 42.0 5.98 0.02 1.06 1.50 1.15 1.05
7.16 0.17 9.8 Sea 4.50 14.3 8.74 0.02 0.79 1.25 1.21 0.32
6.62 0.07 9.8 Sea 30.00 37.9 3.76 0.02 1.23 1.64 0.87 1.43
6.78 0.09 8.5 Sea 29.80 70.3 4.46 0.02 1.16 1.55 0.95 1.39
7.41 0.25 8.5 Sea 23.30 2.8 12.49 0.52 1.59 4.67 4.17 2.11
7.39 0.16 9.8 Sea 23.30 86.9 8.26 0.02 1.02 1.44 1.24 1.15
6.76 0.14 9.8 Sea 30.80 12.4 7.36 0.36 1.50 3.55 2.65 2.37
6.62 0.09 5.1 Bay 31.30 25.2 3.57 0.02 1.30 1.76 0.96 1.49
7.12 0.17 8.5 Sea 20.70 32.0 8.70 0.02 1.24 1.76 1.39 1.13
7.22 0.18 8.5 Sea 10.40 74.9 9.08 0.02 0.86 1.35 1.29 0.62
6.75 0.17 9.8 Sea 21.10 1.0 9.22 0.02 1.31 1.85 1.43 1.17
6.72 0.14 3.1 Bay 38.50 72.1 1.61 0.03 1.37 1.87 0.77 1.81
7.30 0.50 5.1 Bay 20.10 62.6 18.18 0.44 1.75 5.94 5.79 1.85
7.55 0.43 5.1 Bay 23.60 18.1 15.19 0.36 1.82 5.30 4.91 2.03
7.15 0.52 4.7 Bay 24.60 35.5 17.34 0.37 1.95 5,87 5.53 2.15
6.86 0.42 4.4 Bay 16.40 72.8 13.27 0.02 1.33 2.11 2.02 0.97
7.12 0.36 4.1 Bay 8.00 68.9 9.64 0.02 0.97 1.62 1.59 0.50
7.40 0.30 5.6 Bay 24.00 79.8 11.85 0.02 1.32 1.97 1.80 1.28
7.03 0.26 6.7 Bay 19.20 11.1 12.27 0.42 1.47 4.41 4.07 1.70
6.74 0.18 6.7 Sea 27.40 21.4 8.76 0.30 1.49 3.66 3.04 2.10
7.02 0.27 8.5 Sea 9.70 62.3 13.61 0.02 1.18 1.82 1.76 0.65
7.43 0.27 9.8 Sea 25.00 47.2 13.64 0.66 1.58 4.95 4.51 2.35
7.22 0.23 9.8 Sea 20.00 59.3 12.15 0.02 1.30 1.89 1.66 1.13
6.84 0.20 9.8 Sea 17.30 4.9 10.99 0.02 1.30 1.87 1.57 1.02
6.97 0.21 9.8 Sea 26.10 58.5 11.40 0.57 1.43 4.25 3.83 2.30
7.35 0.28 9.8 Sea 11.70 13.3 14.61 0.02 1.35 2.01 1.86 0.78
7.18 0.27 9.8 Sea 11.90 73.6 14.35 0.02 1.20 1.84 1.78 0.77
6.81 0.24 6.1 Sea 15.10 6.8 10.64 0.02 1.26 1.88 1.65 0.90
6.88 0.29 6.7 Sea 11.20 47.9 13.75 0.02 1.29 1.99 1.89 0.73
7.34 0.37 8.5 Sea 25.20 24.7 18.65 0.71 1.98 6.45 5.97 2.54
7.32 0.38 8.5 Sea 30.50 82.6 18.89 0.75 1.75 6.19 6.02 2.94
6.96 0.30 6.7 Sea 15.10 15.7 14.33 0.48 1.48 4.90 4.69 1.44
6.85 0.31 7.5 Sea 14.70 36.3 15.40 0.58 1.49 5.19 5.02 1.47
7.21 0.48 8.5 Sea 6.90 11.2 24.32 0.95 1.86 7.68 7.63 0.88
7.27 0.41 8.5 Sea 13.30 65.5 20.48 0.84 1.66 6.60 6.53 1.51
6.97 0.34 11.6 Sea 12.10 48.5 18.65 1.07 1.52 6.14 6.02 1.46
6.86 0.25 8.5 Sea 21.10 37.9 13.08 0.56 1.49 4.69 4.34 1.96
7.26 0.29 8.5 Sea 14.20 51.6 14.62 0.65 1.36 4.94 4.80 1.44
7.45 0.32 9.8 Sea 11.30 58.5 16.34 0.83 1.37 5.42 5.34 1.26
7.14 0.26 9.8 Sea 18.50 27.7 13.71 0.68 1.47 4.86 4.54 1.84
6.91 0.30 11.6 Sea 16.00 17.0 16.47 0.94 1.56 5.65 5.37 1.79
7.12 0.28 11.6 Sea 14.20 79.5 15.26 0.02 1.24 1.87 1.81 0.89
7.36 0.31 5.6 Bay 14.10 44.0 12.19 0.02 1.29 1.97 1.83 0.86

1.50 0.00954 0.06962 13.84 0.0002 
0.08 0.00331 0.06491 0.00 -0.0002
1.09 0.00822 0.08432 11.68 0.0016 
0.80 0.00721 0.14298 7.33 0.0068
1.54 0.00965 0.19745 11.80 0.0117
4.00 0.01623 0.46457 4.87 0.0358
2.05 0.01114 0.21814 12.43 0.0136 
0.62 0.00649 0.11573 6.63 0.0044
2.32 0.01188 0.07945 17.47 0.0011 
0.78 0.00713 0.07609 11.99 0.0008 
0.09 0.00336 0.06289 0.00 -0.0004
1.05 0.00811 0.09557 12.82 0.0026 
0.19 0.00425 0.05540 0.00 -0.0010 
0.65 0.00665 0.10331 10.17 0.0033 
0.03 0.00248 0.06176 0.00 -0.0005 
0.37 0.00536 0.10969 6.63 0.0038 
0.02 0.00231 0.04141 0.00 -0.0023 
0.06 0.00310 0.04050 0.00 -0.0024 
0.51 0.00602 0.02297 0.00 -0.0040 
0.03 0,00262 0.05497 0.00 -0.0011 
0.03 0.00253 0.04920 0.00 -0.0016
1.81 0.01045 0.09199 15.52 0.0023 
0.05 0.00284 0.03784 0.00 -0.0026 
0.83 0.00733 0.08235 10.80 0.0014 
0.03 0.00263 0.06173 0.00 -0.0005 
0.10 0.00348 0.05550 0.00 -0.0010 
0.19 0.00429 0.02698 0.00 -0.0036 
0.11 0.00360 0.06235 0.00 -0.0004 
0.03 0.00257 0.06843 0.78 0.0001
1.96 0.01087 0.11112 13.05 0.0040
1.45 0.00938 0.11993 10.74 0.0048
1.55 0.00967 0.13764 11.05 0.0064 
0.17 0.00416 0.06468 0.00 -0.0002 
0.26 0.00473 0.03449 0.00 -0.0029 
0.08 0.00334 0.06302 0.00 -0.0004 
1.62 0.00988 0.07881 12.42 0.0011 
0.81 0.00725 0.08079 8.83 0.0012 
0.37 0.00538 0.05064 0.00 -0.0015
2.13 0.01135 0.09102 19.61 0.0022 
0.13 0.00379 0.06176 0.00 -0.0005 
0.17 0.00410 0.06134 0.00 -0.0005
1.59 0.00980 0.07434 17.07 0.0007 
0.37 0.00537 0.06674 0.00 -0.0000 
0.31 0.00501 0.05274 0.00 -0.0013 
0.18 0.00421 0.05772 0.00 -0.0008 
0.32 0.00510 0.06029 0.00 -0.0006 
2.84 0.01325 0.14316 21.21 0.0069
2.38 0.01202 0.11174 22.57 0.0040 
2.23 0.01163 0.07978 14.48 0.0012
2.71 0.01292 0.08025 17.36 0.0012
6.50 0.02250 0.12618 28.37 0.0053
4.39 0.01721 0.09978 25.03 0.0030
5.47 0.01992 0.08428 32.17 0.0016
2.02 0.01103 0.08113 16.67 0.0013 
2.90 0.01340 0.06751 19.32 0.0000
4.17 0.01665 0.06795 24.91 0.0001
2.66 0.01278 0.07857 20.30 0.0010
4.19 0.01670 0.08853 28.13 0.0019 
0.25 0.00471 0.05610 0.00 -0.0010 
0.21 0.00443 0.06024 0.00 -0.0006
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7.14 0.27 9.8 Sea 23.20 67.5 14.08 0.70 1.44 4.88 4.64 2.22 2.29 0.01178 0.07569 21.01 0.0008
6.80 0.20 9.8 Sea 15.00 3.1 11.14 0.02 1.24 1.80 1.56 0.91 0.20 0.00435 0.05583 0.00 -0.0010
7.03 0.19 9.8 Sea 5.60 19.6 10.33 0.02 0.92 1.43 1.38 0.39 0.51 0.00602 0.03103 0.00 -0.0032
7.34 0.20 9.8 Sea 13.20 50.0 10.63 0.02 1.08 1.61 1.46 0.80 0.20 0.00432 0.04243 0.00 -0.0022
7.22 0.23 11.6 Sea 15.10 57.9 12.70 0.02 1.20 1.77 1.62 0.91 0.20 0.00437 0.05280 0.00 -0.0013
6.86 0.16 9.8 Sea 15.90 5.7 8.49 0.02 1.10 1.58 1.30 0.91 0.13 0.00384 0.04399 0.00 -0.0021
6.99 0.22 8.5 Sea 8.50 29.5 11.38 0.02 1.07 1.64 1.55 0.57 0.37 0.00535 0.04167 0.00 -0.0023
7.31 0.39 7.5 Sea 5.90 67.8 18.72 0.71 1.47 6.05 6.03 0.68 4.58 0.01769 0.07912 21.16 0.0011
7.30 0.65 8.5 Sea 19.00 84.5 32.34 1.14 2.33 9.86 9.83 2.39 6.22 0.02180 0.19795 33.43 0.0118
6.93 0.44 9.8 Sea 21.60 7.1 23.42 0.99 2.16 7.76 7.35 2.49 4.67 0.01791 0.17032 29.70 0.0093
6.99 0.45 11.6 Sea 26.10 59.1 24.95 1.25 2.14 8.14 7.80 3.09 5.11 0.01901 0.16638 37.57 0.0089
7.39 0.53 11.6 Sea 11.00 17.1 28.32 1.43 2.12 8.90 8.77 1.56 8.94 0.02883 0.16282 42.83 0.0086
7.43 0.53 11.6 Sea 18.00 82.6 28.29 1.45 2.02 8.83 8.78 2.38 7.25 0.02441 0.14842 43.58 0.0073
7.02 0.37 11.6 Sea 19.30 70.3 20.11 1.12 1.65 6.59 6.44 2.23 4.69 0.01796 0.09959 33.55 0.0029
6.96 0.31 11.6 Sea 16.00 32.8 17.34 0.98 1.58 5.87 5.63 1.82 4.43 0.01731 0.09090 29.46 0.0022
7.41 0.30 9.8 Sea 13.10 35.4 15.73 0.79 1.43 5.30 5.14 1.42 3.75 0.01560 0.07415 23.55 0.0006
7.52 0.24 9.8 Sea 25.30 61.5 12.26 0.61 1.44 4.45 4.09 2.29 1.79 0.01039 0.07498 18.33 0.0007
7.11 0.21 9.8 Sea 17.60 50.7 11.10 0.02 1.22 1.77 1.55 1.01 0.14 0.00392 0.05396 0.00 -0.0012
6.96 0.19 9.8 Sea 17.30 33.0 10.18 0.02 1.21 1.75 1.47 0.99 0.14 0.00391 0.05319 0.00 -0.0012
7.35 0.26 9.8 Sea 6.50 16.0 13.21 0.02 1.13 1.74 1.68 0.47 0.60 0.00640 0.04669 0.00 -0.0018
7.50 0.26 7.5 Sea 7.30 36.7 12.15 0.02 1.10 1.72 1.66 0.50 0.44 0.00573 0.04421 0.00 -0.0021
7.08 0.18 9.8 Sea 14.20 46.3 9.65 0.02 1.06 1.56 1.37 0.83 0.16 0.00406 0.04053 0.00 -0.0024
6.83 0.14 9.8 Sea 30.80 38.3 7.53 0.37 1.46 3.48 2.69 2.37 0.82 0.00730 0.07730 11.19 0.0009
7.17 0.28 9.8 Sea 20.60 78.0 14.99 0.76 1.37 5.04 4.92 2.05 2.68 0.01283 0.06783 22.86 0.0001
7.41 0.34 11.6 Sea 2.20 65.5 18.11 0.02 1.32 2.04 2.04 0.20 1.83 0.01051 0.06353 0.00 -0.0003
6.98 0.20 11.6 Sea 15.00 27.7 10.75 0.02 1.17 1.70 1.47 0.90 0.19 0.00425 0.05008 0.00 -0.0015
6.64 0.15 9.8 Sea 27.20 36.2 8.27 0.42 1.39 3.55 2.90 2.19 1.04 0.00806 0.07030 12.52 0.0003
6.97 0.18 9.8 Sea 17.30 72.4 9.47 0.02 1.02 1.50 1.34 0.95 0.10 0.00352 0.03780 0.00 -0.0026
7.31 0.19 9.8 Sea 13.20 62.4 9.88 0.02 0.99 1.49 1.37 0.78 0.17 0.00411 0.03591 0.00 -0.0028
7.07 0.16 11.6 Sea 6.80 55.3 8.75 0.02 0.79 1.22 1.17 0.45 0.34 0.00520 0.02285 0.00 -0.0040
6.69 0.15 9.8 Sea 18.00 29.8 8.01 0.02 1.11 1.58 1.26 0.99 0.10 0.00356 0.04446 0.00 -0.0020
7.03 0.16 9.8 Sea 9.00 76.3 8.68 0.02 0.80 1.24 1.20 0.55 0.22 0.00447 0.02299 0.00 -0.0040
7.44 0.22 9.8 Sea 18.40 62.8 11.52 0.02 1.21 1.77 1.57 1.04 0.13 0.00381 0.05325 0.00 -0.0012
7.21 0.17 11.6 Sea 21.00 51.6 9.09 0.02 1.18 1.66 1.34 1.13 0.09 0.00339 0.05059 0.00 -0.0015
6.70 0.14 11.6 Sea 19.40 21.9 7.73 0.02 1.14 1.59 1.21 1.05 0.09 0.00346 0.04689 0.00 -0.0018
6.91 0.20 9.8 Sea 18.80 59.2 10.49 0.02 1.18 1.71 1.48 1.05 0.11 0.00367 0.05047 0.00 -0.0015
7.38 0.22 11.6 Sea 4.30 17.2 11.96 0.02 0.98 1.52 1.48 0.33 0.79 0.00718 0.03504 0.00 -0.0029
7.31 0.33 3.9 Bay 10.60 84.3 7.14 0.02 0.79 1.32 1.29 0.60 0.13 0.00379 0.02246 0.00 -0.0040
6.94 0.46 4.1 Bay 37.70 50.4 12.66 0.23 1.97 4.79 4.16 2.76 0.64 0.00659 0.14155 6.98 0.0067
7.14 0.42 4.1 Bay 16.00 22.0 11.13 0.02 1.35 2.07 1.86 0.94 0.17 0.00412 0.06650 0.00 -0.0000
7.61 0.31 5.1 Bay 25.80 38.1 10.62 0.27 1.53 4.00 3.56 1.99 0.84 0.00737 0.08559 8.04 0.0017
7.46 0.27 14.2 Sea 35.40 68.8 14.43 0.96 1.74 5.38 4.77 3.38 2.28 0.01175 0.10969 28.85 0.0038
6.87 0.18 9.8 Sea 28.40 1.6 9.88 0.47 1.58 4.17 3.41 2.40 1.32 0.00897 0.09113 14.20 0.0022
6.92 0.16 9.8 Sea 14.30 31.8 8.55 0.02 1.02 1.49 1.28 0.82 0.14 0.00393 0.03821 0.00 -0.0026
7.40 0.19 11.6 Sea 16.60 29.7 9.97 0.02 1.17 1.68 1.40 0.96 0.15 0.003% 0.04971 0.00 -0.0016
7.37 0.24 11.6 Sea 11.60 86.2 12.98 0.02 1.04 1.61 1.58 0.73 0.26 0.00474 0.03963 0.00 -0,0025
6.33 0.15 11.6 Sea 24.80 78.3 8.80 0.02 1.13 1.58 1.29 1.24 0.05 0.00292 0.04654 0.00 -0.0018
6.60 0.18 11.6 Sea 20.40 68.3 10.42 0.02 1.15 1.65 1.43 1.10 0.09 0.00345 0.04846 0.00 -0.0017
7.08 0.20 8.5 Sea 26.20 16.3 10.42 0.44 1.54 4.17 3.55 2.21 1.31 0.00895 0.08662 13.10 0.0018
6.86 0.24 14.2 Sea 31.40 82.8 13.52 0.97 1.46 4.78 4.47 2.98 2.21 0.01157 0.07766 28.% 0.0010
6.30 0.16 11.6 Sea 23.10 11.4 9.12 0.02 1.35 1.88 1.40 1.26 0.10 0.00348 0.06618 0.00 -0.0001
6.38 0.19 9.8 Sea 13.40 35.0 10.73 0.02 1.13 1.67 1.49 0.81 0.21 0.00439 0.04636 0.00 -0.0019
6.87 0.24 U.6 Sea 16.20 2.7 13.18 0.79 1.38 4.70 4.39 1.68 3.20 0.01418 0.06947 23.64 0.0002
6.75 0.24 11.6 Sea 14.70 80.2 13.60 0.02 1.15 1.73 1.66 0.89 0.20 0.00436 0.04797 0.00 -0.0017
6.25 0.21 14.2 Sea 19.10 85.0 12.48 0.02 1.11 1.62 1.51 1.05 0.11 0.00359 0.04491 0.00 -0.0020
6.39 0.22 5.6 Bay 11.50 68.7 9.82 0.02 1.00 1.59 1.52 0.69 0.19 0.00426 0.03627 0.00 -0.0028
6.93 0.29 11.6 Sea 25.60 32.4 16.27 0.88 1.79 5.86 5.31 2.64 3.09 0.01391 0.11682 26.30 0.0045
6.90 0.28 14.2 Sea 33.90 78.2 16.03 1.08 1.68 5.62 5.23 3.36 2.67 0.01280 0.10251 32.49 0.0032
6.34 0.19 14.2 Sea 25.10 23.2 11.37 0.80 1.51 4.54 3.88 2.42 2.37 0.01201 0.08279 24.05 0.0014
6.29 0.16 11.6 Sea 19.70 51.8 9.59 0.02 1.17 1.66 1.37 1.08 0.10 0.00354 0.04973 0.00 -0.0016



112 7 6.79 0.24 14.2 Sea 21.90
112 10 6.84 0.33 14.2 Sea 5.90
112 13 6.35 0.17 6.7 Bay 17.70
112 16 6.34 0.18 11.6 Sea 16.30
112 19 6.87 0.22 11.6 Sea 24.50
112 22 6.98 0.18 11.6 Sea 34.80
113 1 6.50 0.18 11.6 Sea 20.80
113 4 6.38 0.18 11.6 Sea 33.40
113 7 6.78 0.34 4.1 Bay 16.00
113 10 6.97 0.32 4.7 Bay 17.30
113 13 6.51 0.28 3.9 Bay 19.20
113 16 6.34 0.18 8.5 Sea 14.30
113 19 6.77 0.21 8.5 Sea 13.60
113 22 6.97 0.18 8.5 Sea 26.60
114 1 6.51 0.14 11.6 Sea 21.80
114 4 6.18 0.11 5.1 Bay 28.60
114 7 6.51 0.19 4.7 Bay 22.80
114 10 6.88 0.15 9.8 Sea 6.50
114 13 6.54 0.17 3.1 Bay 20.40
114 16 6.25 0.11 14.2 Sea 26.10
114 19 6.60 0.14 8.5 Sea 17.00
114 22 6.94 0.12 11.6 Sea 30.20
115 1 6.63 0.14 4.7 Bay 31.30
115 4 6.17 0.12 11.6 Sea 17.20
115 7 6.33 0.13 8.5 Sea 19.90
115 10 6.73 0.14 9.8 Sea 20.00
115 13 6.55 0.18 9.8 Sea 12.10
115 16 6.20 0.13 8.5 Sea 16.10
115 19 6.45 0.14 11.6 Sea 11.30
115 22 6.86 0.16 7.5 Bay 23.20
116 1 6.73 0.11 9.8 Sea 32.10
116 4 6.28 0.10 11.6 Sea 22.40
116 7 6.28 0.13 11.6 Sea 24.70
116 10 6.69 0.16 8.5 Sea 16.40
116 13 6.69 0.16 11.6 Sea 8.90
116 16 6.31 0.13 7.5 Sea 16.30
116 19 6.37 0.12 11.6 Sea 13.90
116 22 6.84 0.20 5.1 Bay 14.40
117 1 6.89 0.16 11.6 Sea 20.30
117 4 6.45 0.15 6.1 Sea n.00
117 7 6.30 0.13 11.6 Sea 18.80
117 10 6.63 0.14 6.1 Sea 16.10
117 13 6.74 0.17 5.6 Bay 3.50
117 16 6.39 0.18 5.1 Bay 14.90
117 19 6.27 0.16 6.1 Bay 16.80
117 22 6.68 0.17 6.1 Sea 12.50
118 1 6.92 0.15 6.1 Sea 20.80
118 4 6.59 0.14 9.8 Sea 18.80
118 7 6.49 0.64 4.7 Bay 22.30
118 10 6.73 0.45 5.1 Bay 23.20
118 13 6.97 0.30 5.6 Bay 17.00
118 16 6.72 0.26 7.5 Bay 25.40
118 19 6.35 0.18 7.5 Bay 16.40
118 22 6.49 0.20 6.1 Sea 10.50
119 1 6.92 0.23 6.7 Bay 22.00
119 4 6.77 0.19 6.7 Sea 26.70
119 7 6.33 0.15 6.7 Bay 19.40
119 10 6.43 0.14 3.9 Bay 44.30
119 13 6.85 0.22 3.9 Bay 12.90
119 16 6.79 0.25 6.7 Bay 12.10

85.4 13.82 0.02 1.23 1.78 1.65 1.20
76.1 18.68 0.02 1.34 2.03 2.01 0.48
70.0 8.31 0.02 1.01 1.50 1.33 0.95
33.2 10.54 0.02 1.19 1.71 1.45 0.95
82.5 12.29 0.02 1.25 1.80 1.60 1.29
13.9 9.70 0.53 1.76 4.47 3.40 2.92
30.1 10.34 0.02 1.32 1.86 1.48 1.16
38.4 10.56 0.58 1.69 4.51 3.64 2.87
46.0 9.72 0.02 1.20 1.85 1.67 0.91
35.1 10.95 0.02 1.33 2.01 1.78 1.00
47.3 7.53 0.02 1.14 1.70 1.44 1.02
78.6 9.87 0.02 0.96 1.47 1.39 0.81
58.2 10.99 0.02 1.10 1.66 1.53 0.81
66.9 9.34 0.02 1.30 1.82 1.46 1.36
28.2 7.92 0.02 1.21 1.68 1.25 1.16
11.4 4.85 0.02 1.31 1.80 1.13 1.41
18.1 7.19 0.02 1.28 1.83 1.40 1.20
56.0 7.98 0.02 0.75 1.18 1.13 0.42
81.2 2.12 0.02 0.76 1.02 0.68 0.93
52.3 6.54 0.02 1.19 1.61 1.09 1.30
43.8 7.59 0.02 1.03 1.48 1.22 0.93
16.6 6.42 0.38 1.42 3.29 2.37 2.32
74.0 5.25 0.02 1.24 1.69 1.16 1.47
22.2 7.16 0.02 1.03 1.46 1.13 0.94
67.7 7.30 0.02 1.00 1.43 1.18 1.03
67.0 7.87 0.02 1.03 1.47 1.22 1.04
47.0 9.78 0.02 1.01 1.51 1.37 0.73
27.6 7.23 0.02 1.01 1.46 1.19 0.89
62.8 7.84 0.02 0.81 1.21 1.11 0.65
71.7 7.99 0.02 1.11 1.59 1.31 1.18
6.9 5.96 0.30 1.47 3.22 2.22 2.33
20.3 5.97 0.02 1.13 1.55 1.06 1.15
52.1 7.38 0.02 1.20 1.65 1.20 1.26
16.7 8.69 0.02 1.13 1.64 1.36 0.93
71.2 9.04 0.02 0.81 1.25 1.20 0.55
11.7 6.83 0.02 1.02 1.48 1.18 0.89
60.7 6.74 0.02 0.82 1.19 1.02 0.76
0.7 7.56 0.02 1.05 1.57 1.35 0.81
77.2 9.00 0.02 1.03 1.47 1.27 1.06
40.4 7.02 0.02 1.14 1.64 1.28 1.10
26.5 7.48 0.02 1.09 1.54 1.18 1.02
80.2 6.59 0.02 0.83 1.25 1.13 0.84
4.7 7.11 0.02 0.72 1.20 1.17 0.24
83.9 7.43 0.02 0.85 1.33 1.26 0.80
52.1 7.76 0.02 1.03 1.53 1.31 0.92
36.3 7.93 0.02 0.97 1.47 1.31 0.72
57.6 6.81 0.02 1.06 1.53 1.23 1.07
5.2 7.97 0.02 1.16 1.64 1.27 1.03
78.4 24.13 0.50 2.08 7.56 7.48 2.16
42.4 17.55 0.41 1.88 5.89 5.60 2.08
64.3 12.30 0.02 1.29 1.97 1.83 0.99
47.3 13.23 0.48 1.60 4.77 4.37 2.24
54.3 9.27 0.02 1.09 1.61 1.42 0.92
63.7 9.57 0.02 0.97 1.53 1.46 0.64
74.9 10.62 0.02 1.21 1.79 1.60 1.17
66.6 8.97 0.02 1.30 1.84 1.49 1.36
62.3 7.37 0.02 1.03 1.50 1.25 1.01
52.2 3.94 0.07 1.71 2.78 1.58 2.44
51.6 5.46 0.02 0.81 1.26 1.11 0.69
75.0 12.16 0.02 1.12 1.76 1.70 0.75

0.10 0.00351 0.05514 0.00 -0.0011
1.05 0.00811 0.06498 0.00 -0.0002 
0.09 0.00338 0.03678 0.00 -0.0027 
0.16 0.00406 0.05123 0.00 -0.0014 
0.07 0.00324 0.05727 0.00 -0.0009
1.27 0.00882 0.11261 15.80 0.0041 
0.12 0.00370 0.06296 0.00 -0.0004
1.42 0.00928 0.10431 17.46 0.0034 
0.14 0.00386 0.05233 0.00 -0.0013 
0.15 0.00397 0.06441 0.00 -0.0002 
0.08 0.00335 0.04701 0.00 -0.0018 
0.13 0.00384 0.03375 0.00 -0.0030 
0.19 0.00427 0.04409 0.00 -0.0021 
0.06 0.00305 0.06131 0.00 -0.0005 
0.08 0.00334 0.05327 0.00 -0.0012 
0.04 0.00283 0.06247 0.00 -0.0004 
0.07 0.00325 0.05924 0.00 -0.0007 
0.31 0.00502 0.02052 0.00 -0.0042 
0.02 0.00241 0.02075 0.00 -0.0042 
0.05 0.00288 0.05140 0.00 -0.0014 
0.10 0.00350 0.03826 0.00 -0.0026 
0.81 0.00726 0.07294 11.39 0.0005 
0.03 0.00256 0.05612 0.00 -0.0010 
0.10 0.00351 0.03869 0.00 -0.0025 
0.06 0.00311 0.03640 0.00 -0.0028 
0.07 0.00317 0.03842 0.00 -0.0026 
0.20 0.00434 0.03699 0.00 -0.0027 
0.11 0.00358 0.03737 0.00 -0.0027 
0.15 0.00398 0.02392 0.00 -0.0039 
0.06 0.00301 0.04522 0.00 -0.0020 
0.61 0.00646 0.07848 8.83 0.0010 
0.06 0.00309 0.04637 0.00 -0.0019 
0.06 0.00302 0.05210 0.00 -0.0013 
0.13 0.00381 0.04653 0.00 -0.0018 
0.24 0.00462 0.02410 0.00 -0.0039 
0.10 0.00353 0.03798 0.00 -0.0026 
0.10 0.00347 0.02421 0.00 -0.0039 
0.13 0.00378 0.03998 0.00 -0.0024 
0.07 0.00318 0.03842 0.00 -0.0026 
0.07 0.00322 0.04750 0.00 -0.0018 
0.09 0.00345 0.04352 0.00 -0.0021 
0.07 0.00315 0.02483 0.00 -0.0038 
0.40 0.00550 0.01879 0.00 -0.0043 
0.09 0.00337 0.02615 0.00 -0.0037 
0.10 0.00349 0.03863 0.00 -0.0026 
0.15 0.00396 0.03401 0.00 -0.0030 
0.06 0.00310 0.04116 0.00 -0.0023 
0.10 0.00356 0.04882 0.00 -0.0016
2.42 0.01215 0.15706 14.97 0.0081
1.74 0.01024 0.12848 12.24 0.0055 
0.16 0.00403 0.06016 0.00 -0.0006
1.60 0.00982 0.09294 14.48 0.0023 
0.12 0.00373 0.04308 0.00 -0.0022 
0.21 0.00440 0.03403 0.00 -0.0030 
0.08 0.00335 0.05367 0.00 -0.0012 
0.06 0.00303 0.06158 0.00 -0.0005 
0.07 0.00320 0.03860 0.00 -0.0026 
0.11 0.00357 0.10607 2.16 0.0035 
0.09 0,00340 0,02382 0.00 -0.0039 
0.23 0.00456 0.04545 0.00 -0.0019



119 19 6.39 0.24 4.7 Bay 23.70 26.1 9.25 0.22 1.43 3.58 3.15 1.77 0.70 0.00684 0.07398 6.67 0.0006
119 22 6.33 0.16 5.1 Bay 30.90 58.9 6.75 0.18 1.37 2.94 2.38 2.06 0.37 0.00534 0.06834 5.34 0.0001
120 1 6.85 0.22 5.1 Bay 16.10 43.8 8.44 0.02 1.10 1.65 1.45 0.90 0.12 0.00369 0.04383 0.00 -0.0021
120 4 6.90 0.33 6.1 Sea 8.50 62.6 14.81 0.02 1.30 2.06 2.01 0.58 0.45 0.00574 0.06103 0.00 -0.0005
120 7 6.38 0.19 7.5 Sea 22.30 17.6 9.93 0.38 1.40 3.84 3.38 1.86 1.23 0.00870 0.07124 11.46 0.0004
120 10 6.28 0.15 6.7 Bay 31.40 85.4 7.56 0.02 1.25 1.72 1.33 1.49 0.03 0.00260 0.05689 0.00 -0.0009
120 13 6.69 0.24 5.6 Bay 22.30 75.7 10.50 0.02 1.23 1.83 1.65 1.19 0.08 0.00333 0.05494 0.00 -0.0011
120 16 6.88 0.30 5.6 Bay 12.30 71.4 12.44 0.02 1.18 1.87 1.81 0.76 0.23 0.00457 0.05074 0.00 -0.0015
120 19 6.50 0.23 5.6 Bay 22.70 36.9 10.33 0.29 1.42 3.85 3.48 1.80 0.96 0.00780 0.07333 8.77 0.0006
120 22 6.24 0.13 6.7 Sea 21.70 38.3 6.42 0.02 1.13 1.59 1.19 1.12 0.07 0.00312 0.04617 0.00 -0.0019



Results fro* Grant-Hadsen wave/current *odel 
THIMBLE SHOALS DATA - Fro* CBW8905

Ds * 0.0170 c* 
k'biol = 0.50 c*
Ic = 150.00 Cl

day tiie depth H T srce Uc Phi Ob lo u*s u*t U*tfl u*c Vo Cd Shlds Kbr C*
Jin hour i Cl sec -- ci/s deg c*/s Cl Cl/s Cl/S Cl/S Cl/S ci ---- Cl Cl
121 1 6.62 0.21 5.6 Bay 14.50 66.2 9.08 0.02 1.02 1.57 1.46 0.82 0.13 0.00380 0.03755 0.00 -0.0026
121 4 6.91 0.20 4.7 Bay 26.20 62.6 6.86 0.02 1.22 1.73 1.34 1.31 0.05 0.00289 0.05408 0.00 -0.0012
121 7 6.56 0.15 4.7 Bay 19.50 62.0 5.76 0.02 0.96 1.40 1.14 0.99 0.06 0.00300 0.03371 0.00 -0.0030
121 10 6.15 0.10 11.6 Sea 24.30 79.5 5.98 0.02 0.99 1.35 1.01 1.16 0.04 0.00266 0.03595 0.00 -0.0028
121 13 6.49 0.17 5.6 Bay 17.50 51.2 7.26 0.02 1.03 1.52 1.29 0.94 0.09 0.00338 0.03847 0.00 -0.0026
121 16 6.94 0.19 5.6 Bay 27.60 72.7 7.75 0.02 1.24 1.75 1.40 1.36 0.05 0.00285 0.05601 0.00 -0.0010
121 19 6.69 0.14 6.7 Bay 35.90 53.7 6.63 0.22 1.53 3.23 2.39 2.43 0.41 0.00557 0.08568 6.61 0.0017
121 22 6.14 0.12 7.5 Sea 22.80 18.6 6.31 0.02 1.19 1.66 1.18 1.18 0.07 0.00313 0.05127 0.00 -0.0014
122 1 6.38 0.21 6.1 Bay 27.80 62.8 9.99 0.31 1.42 3.75 3.37 2.13 0.81 0.00727 0.07305 9.29 0.0005
122 4 6.83 0.30 5.1 Bay 19.90 3.8 11.77 0.30 1.50 4.24 3.91 1.64 1.17 0.00850 0.08164 8.99 0.0013
122 7 6.69 0.23 5.6 Bay 19.70 83.3 9.77 0.02 1.08 1.65 1.53 1.05 0.08 0.00333 0.04247 0.00 -0.0022
122 10 6.20 0.17 6.7 Bay 49.00 88.1 8.81 0.27 1.81 3.79 3.03 3.28 0.38 0.00543 0.11964 8.21 0.0047
122 13 6.32 0.26 4.4 Bay 41.00 37.3 9.12 0.18 1.93 4.10 3.16 2.78 0.41 0.00557 0.13583 5.42 0.0062
122 16 7.00 0.33 8.5 Sea 11.70 37.9 17.13 0.73 1.50 5.66 5.55 1.27 3.81 0.01574 0.08164 21.80 0.0013
122 19 6.96 0.29 5.6 Bay 20.20 77.0 11.86 0.02 1.26 1.91 1.78 1.12 0.11 0.00361 0.05733 0.00 -0.0009
12 2 22 6.39 0.17 9.8 Sea 26.40 7.0 9.87 0.48 1.52 4.08 3.40 2.25 1.39 0.00918 0.08354 14.44 0.0015
123 1 6.20 0.17 3.5 Bay 41.00 62.8 3.71 0.06 1.55 2.48 1.47 2.20 0.09 0.00340 0.08791 1.89 0.0019
123 4 6.86 0.26 6.1 Sea 22.20 9.0 11.79 0.35 1.55 4.34 3.93 1.86 1.28 0.00886 0.08687 10.59 0.0018
123 7 6.86 0.20 5.6 Bay 18.10 78.8 8.29 0.02 0.99 1.50 1.37 0.96 0.08 0.00328 0.03534 0.00 -0.0028
123 10 6.26 0.32 6.1 Bay 30.70 39.1 15.55 0.43 1.95 5.58 5.04 2.64 1.44 0.00935 0.13874 12.72 0.0065
123 13 6.15 0.08 14.2 Sea 38.90 56.1 4.96 0.35 1.52 3.18 1.94 2.74 0.51 0.00606 0.08458 10.45 0.0016
123 16 6.85 0.15 7.5 Sea 25.50 11.0 7.55 0.30 1.36 3.29 2.67 1.94 0.78 0.00714 0.06736 8.81 0.0000
123 19 7.08 0.17 6.1 Sea 38.80 79.3 7.25 0.22 1.51 3.16 2.54 2.56 0.35 0.00525 0.08340 6.56 0.0015
123 22 6.45 0.12 14.2 Sea 32.10 62.5 6.84 0.02 1.35 1.81 1.17 1.55 0.04 0.00271 0.06633 0.00 -0.0001
124 1 6.08 0.07 14.2 Sea 39.50 78.8 4.14 0.30 1.43 2.81 1.66 2.62 0.36 0.00531 0.07487 8.94 0.0007
124 4 6.57 0.18 6.7 Bay 30.00 19.5 8.83 0.29 1.58 3.79 3.07 2.27 0.77 0.00708 0.09098 8.69 0.0022
124 7 6.93 0.18 14.2 Sea 20.80 28.3 10.38 0.02 1.31 1.83 1.44 1.17 0.12 0.00371 0.06211 0.00 -0.0004
124 10 6.41 0.14 7.5 Sea 26.40 15.7 7.07 0.02 1.35 1.88 1.31 1.36 0.06 0.00311 0.06676 0.00 -0.0000
124 13 6.03 0.06 4.4 Bay 38.70 10.1 2.12 0.05 1.48 2.23 0.97 2.01 0.07 0.00314 0.07937 1.40 0.0011
124 16 6.64 0.19 11.6 Sea 27.40 42.2 10.89 0.63 1.51 4.32 3.71 2.45 1.72 0.01018 0.08271 18.86 0.0014
124 19 7.11 0.20 8.5 Sea 39.90 35.0 10.19 0.39 1.92 4.60 3.53 3.11 0.89 0.00755 0.13373 11.74 0.0060
124 22 6.64 0.20 4.1 Bay 34.90 73.6 5.91 0.13 1.39 2.68 2.11 2.12 0.21 0.00441 0.07037 3.75 0.0003
125 1 5.96 0.14 4.7 Bay 28.00 36.0 5.72 0.02 1.31 1.82 1.25 1.39 0.05 0.00288 0.06238 0.00 -0.0004
125 4 6.23 0.17 11.6 Sea 19.40 84.0 10.29 0.02 1.03 1.50 1.37 1.03 0.08 0.00332 0.03857 0.00 -0.0026
125 7 6.86 0.22 3.5 Bay 30.00 50.6 3.77 0.02 1.23 1.68 1.04 1.42 0.03 0.00260 0.05514 0.00 -0.0011
125 10 6.57 0.23 14.2 Sea 32.70 82.1 13.66 0.96 1.51 4.86 4.52 3.09 2.17 0.01144 0.08273 28.91 0.0014
125 13 5.92 0.29 3.7 Bay 21.50 3.8 8.08 0.02 1.33 1.96 1.58 1.16 0.09 0.00342 0.06451 0.00 -0.0002
125 16 6.31 0.30 5.1 Bay 20.00 61.5 12.65 0.33 1.40 4.34 4.17 1.67 1.24 0.00873 0.07132 9.93 0.0004
125 19 7.02 0.37 5.1 Bay 35.70 47.9 14.08 0.32 1.99 5.20 4.59 2.82 0.95 0.00774 0.14359 9.61 0.0069
125 22 6.77 0.41 3.3 Bay 50.10 59.3 6.00 0.09 1.98 3.40 2.22 2.86 0.14 0.00387 0.14191 2.63 0.0067
126 1 5.90 0.61 3.9 Bay 35.50 73.0 18.89 0.32 2.09 6.20 5.93 2.88 1.07 0.00818 0.15927 9.57 0.0083
126 4 6.04 0.21 6.7 Bay 38.20 26.4 10.96 0.33 1.96 4.70 3.74 2.95 0.84 0.00736 0.13911 9.91 0.0065
126 7 6.70 0.37 8.5 Sea 26.10 88.9 19.64 0.80 1.65 6.32 6.26 2.63 2.81 0.01318 0.09888 24.05 0.0029
126 10 6.77 0.31 7.5 Sea 3.10 83.7 15.48 0.02 1.23 1.97 1.97 0.25 1.05 0.00809 0.05523 0.00 -0.0011
126 13 6.15 0.17 8.5 Sea 31.80 30.6 9.50 0.39 1.63 4.08 3.29 2.53 0.98 0.00787 0.09712 11.68 0.0027
126 16 6.14 0.31 6.1 Bay 35.10 20.6 15.05 0.40 2.13 5.69 4.91 2.94 1.27 0.00883 0.16471 11.90 0.0088
126 19 6.89 0.27 6.7 Bay 24.30 19.8 12.55 0.41 1.63 4.64 4.16 2.09 1.43 0.00931 0.09682 12.19 0.0027
126 22 7.07 0.28 6.1 Sea 25.80 68.7 12.06 0.37 1.44 4.25 3.99 2.11 1.12 0.00833 0.07544 11.15 0.0008
127 1 6.39 0.18 9.8 Sea 25.20 10.8 10.27 0.50 1.50 4.14 3.52 2.19 1.51 0.00956 0.08156 15.09 0.0013
127 4 6.07 0.07 7.5 Bay 44.20 59.0 3.69 0.13 1.66 2.88 1.52 2.62 0.18 0.00418 0.09995 3.98 0.0030
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6.61 0.17 7.5 Bay 29.10 37.5 8.87 0.33 1.50 3.71 3.07 2.25 0.85 0.00739 0.08163 9.96 0.0013
6.83 0.22 8.5 Sea 11.80 28.0 11.29 0.02 1.15 1.73 1.58 0.74 0.26 0.00472 0.04810 0.00 -0.0017
6.29 0.17 11.6 Sea 17.50 1.5 10.00 0.02 1.23 1.75 1.43 1.01 0.15 0.00396 0.05507 0.00 -0.0011
6.05 0.08 2.7 Bay 40.50 56.1 0.60 0.02 1.42 1.84 0.44 1.81 0.02 0.00230 0.07384 0.25 0.0006
6.69 0.17 7.5 Bay 27.20 37.8 8.49 0.33 1.42 3.53 2.95 2.10 0.84 0.00737 0.07288 9.75 0.0005
7.08 0.15 6.7 Bay 32.30 65.3 6.82 0.24 1.37 3.01 2.42 2.22 0.45 0.00574 0.06847 7.10 0.0001
6.56 0.15 9.8 Sea 17.30 82.8 8.55 0.02 0.91 1.35 1.23 0.91 0.08 0.00328 0.03036 0.00 -0.0033
6.03 0.14 6.1 Bay 29.50 69.8 6.91 0.02 1.27 1.76 1.30 1.43 0.04 0.00275 0.05864 0.00 -0.0008
6.35 0.16 7.5 Sea 17.80 67.4 8.53 0.02 1.02 1.51 1.33 0.96 0.09 0.00342 0.03819 0.00 -0.0026
6.76 0.13 7.5 Bay 19.50 3.3 6.76 0.02 1.12 1.59 1.21 1.04 0.08 0.00335 0.04583 0.00 -0.0019
6.43 0.12 8.5 Sea 2.60 45.4 6.63 0.02 0.61 1.01 1.00 0.18 0.52 0.00608 0.01373 0.00 -0.0048
6.03 0.07 9.8 Sea 31.30 31.2 4.26 0.02 1.31 1.75 0.95 1.50 0.04 0.00267 0.06272 0.00 -0.0004
6.49 0.16 7.5 Sea 19.90 42.2 8.20 0.02 1.16 1.67 1.35 1.07 0.09 0.00341 0.04907 0.00 -0.0016
6.99 0.14 9.8 Sea 31.10 76.6 7.59 0.02 1.28 1.74 1.27 1.49 0.04 0.00267 0.06005 0.00 -0.0006
6.74 0.13 8.5 Sea 21.70 66.2 6.91 0.02 1.04 1.46 1.16 1.10 0.06 0.00299 0.03917 0.00 -0.0025
6.17 0.13 9.8 Sea 20.70 89.0 7.55 0.02 0.91 1.30 1.14 1.03 0.05 0.00286 0.03001 0.00 -0.0033
6.30 0.12 8.5 Sea 21.10 50.5 6.77 0.02 1.08 1.52 1.16 1.09 0.06 0.00312 0.04219 0.00 -0.0022
6.82 0.19 8.5 Sea 19.10 23.6 9.94 0.02 1.28 1.84 1.51 1.08 0.13 0.00378 0.05971 0.00 -0.0007
6.68 0.20 8.5 Sea 12.30 31.7 10.39 0.02 1.10 1.64 1.49 0.75 0.22 0.00448 0.04398 0.00 -0.0021
6.19 0.20 9.8 Sea 17.60 86.0 11.61 0.02 1.07 1.61 1.53 0.98 0.11 0.00366 0.04152 0.00 -0.0023
6.32 0.24 3.7 Bay 10.90 53.8 5.80 0.02 0.78 1.26 1.16 0.60 0.11 0.00363 0.02237 0.00 -0.0040
6.91 0.22 6.7 Sea 21.10 0.7 10.35 0.36 1.41 3.92 3.50 1.76 1.23 0.00869 0.07259 10.65 0.0005
6.85 0.20 7.5 Bay 20.60 62.1 9.95 0.02 1.20 1.76 1.51 1.12 0.09 0.00346 0.05273 0.00 -0.0013
6.38 0.21 4.4 Bay 24.00 68.1 7.45 0.02 1.16 1.69 1.40 1.21 0.06 0.00299 0.04937 0.00 -0.0016
6.25 0.17 7.5 Sea 18.80 65.0 8.89 0.02 1.08 1.59 1.38 1.01 0.09 0.00342 0.04259 0.00 -0.0022
6.73 0.22 7.5 Sea 13.60 1,0 11.04 0.02 1.22 1.82 1.61 0.83 0.22 0.00446 0.05413 0.00 -0.0012
6.80 0.30 7.5 Bay 11.50 60.6 15.13 0.02 1.33 2.05 1.98 0.76 0.35 0.00525 0.06450 0.00 -0.0002
6.41 0.20 8.5 Sea 9.00 74.5 10.83 0.02 0.96 1.51 1.47 0.58 0.29 0.00494 0.03336 0.00 -0.0030
6.40 0.21 9.8 Sea 25.20 36.5 11.61 0.57 1.52 4.43 3.91 2.26 1.74 0.01023 0.08377 16.97 0.0015
6.88 0.27 7.5 Bay 18.00 8.9 13.36 0.50 1.49 4,72 4.41 1.68 2.07 0.01117 0.08119 15.02 0.0013
7.03 0.34 3.7 Bay 20.00 77.5 6.79 0.02 0.98 1.49 1.32 1.02 0.06 0.00302 0.03521 0.00 -0.0029
6.65 0.24 8.5 Sea 15.70 47.4 12.98 0.02 1.31 1.95 1.76 0.95 0.21 0.00439 0.06245 0.00 -0.0004
6.38 0.19 8.5 Sea 12.20 23.4 10.38 0.02 1.11 1.65 1.49 0.75 0.22 0.00451 0.04469 0.00 -0.0020
6.71 0.25 8.5 Sea 12.90 10.5 13.01 0.02 1.31 1.95 1.77 0.82 0.28 0.00488 0.06224 0.00 -0.0004
6.95 0.25 9.8 Sea 14.50 19.8 13.46 0.02 1.35 1.99 1.78 0.91 0.26 0.00474 0.06673 0.00 -0.0000
6.69 0.22 8.5 Sea 18.50 71.7 11.66 0.02 1.19 1.77 1.61 1.04 0.12 0.00374 0.05141 0.00 -0.0014
6.42 0.20 9.8 Sea 17.70 11.8 11.02 0.02 1.31 1.88 1.58 1.04 0.16 0.00407 0.06227 0.00 -0.0004
6.70 0.19 11.6 Sea 13.00 85.7 10.72 0.02 0.93 1.42 1.37 0.76 0.16 0.00408 0.03128 0.00 -0.0032
7.02 0.21 9.8 Sea 15.80 9.0 11.24 0.02 1.27 1.84 1.58 0.95 0.19 0.00428 0.05838 0.00 -0.0008
6.78 0.16 8.5 Sea 11.30 75.6 8.61 0.02 0.84 1.31 1.25 0.66 0.16 0.00404 0.02592 0.00 -0.0037
6.41 0.17 8.5 Sea 20.50 4.3 9.31 0.02 1.31 1.86 1.47 1.14 0.11 0.00364 0.06209 0.00 -0.0004
6.55 0.15 6.7 Bay 25.80 47.2 7.58 0.02 1.29 1.81 1.36 1.32 0.06 0.00306 0.06078 0.00 -0.0006
6.91 0.17 6.1 Sea 14.80 21.8 7.75 0.02 1.04 1.55 1.32 0.84 0.13 0.00377 0.03963 0.00 -0.0025
6.80 0.21 9.8 Sea 12.70 64.8 11.63 0.02 1.08 1.64 1.54 0.78 0.22 0.00447 0.04259 0.00 -0.0022
6.43 0.17 11.6 Sea 10.50 3.9 9.59 0.02 0.99 1.47 1.31 0.66 0.25 0.00471 0.03595 0.00 -0.0028
6.53 0.17 8.5 Sea 14.60 53.4 9.31 0.02 1.04 1.54 1.37 0.84 0.14 0.00391 0.03906 0.00 -0.0025
6.89 0.21 9.8 Sea 16.10 1.4 11.10 0.02 1.27 1.84 1.57 0.96 0.18 0.00423 0.05867 0.00 -0.0007
6.84 0.18 9.8 Sea 9.90 84.2 9.58 0.02 0.84 1.32 1.29 0.60 0.21 0.00443 0.02572 0.00 -0.0037
6.48 0.15 11.6 Sea 14.50 35.6 8.51 0.02 1.01 1.46 1.23 0.83 0.14 0.00390 0.03694 0.00 -0.0027
6.46 0.15 9.8 Sea 20.70 71.8 8.29 0.02 1.04 1.49 1.26 1.07 0.07 0.00314 0.03966 0.00 -0.0025
6.83 0.17 9.8 Sea 9.80 0.8 9.37 0.02 0.98 1.46 1.33 0.62 0.26 0.00475 0.03467 0.00 -0.0029
6.90 0.24 9.8 Sea 5.50 47.8 12.71 0.02 1.06 1.64 1.61 0.40 0.64 0.00661 0.04057 0.00 -0.0024
6.54 0.29 11.6 Sea 10.50 48.3 16.36 0.02 1.35 2.02 1.93 0.73 0.48 0.00588 0.06660 0.00 -0.0000
6.41 0.24 11.6 Sea 19.50 51.6 14.12 0.84 1.42 4.95 4.67 2.00 3.05 0.01380 0.07343 25.04 0.0006
6.77 0.21 9.8 Sea 14.20 43.8 11.60 0.02 1.18 1.75 1.57 0.86 0.21 0.00439 0.05087 0.00 -0.0015
6.86 0.19 11.6 Sea 4.60 25.1 10.80 0.02 0.91 1.41 1.37 0.34 0.67 0.00669 0.03016 0.00 -0.0033
6.52 0.17 8.5 Sea 7.10 24.5 9.16 0.02 0.89 1.39 1.31 0.47 0.34 0.00520 0.02905 0.00 -0.0034
6.37 0.13 8.5 Sea 19.90 41.8 7.00 0.02 1.08 1.53 1.19 1.05 0.08 0.00325 0.04257 0.00 -0.0022
6.72 0.17 6.7 Sea 17.10 59.3 8.45 0.02 1.05 1.55 1.36 0.94 0.10 0.00352 0.03980 0.00 -0.0024
6.94 0.21 11.6 Sea 10.70 25.1 11.50 0.02 1.10 1.64 1.50 0.69 0.31 0.00502 0.04430 0.00 -0.0020
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6.65 0.19 9.8 Sea 11.20 12.3 10.24 0.02 1.07 1.59 1.43 0.70
6.35 0.12 9.8 Sea 15.80 52.1 6.79 0.02 0.91 1.31 1.08 0.85
6.60 0.16 8.5 Sea 12.10 50.9 8.39 0.02 0.92 1.39 1.26 0.71
6.88 0.18 9.8 Sea 16.70 23.9 9.93 0.02 1.19 1.72 1.45 0.97
6.67 0.14 5.6 Bay 15.10 41.8 6.06 0.02 0.91 1.35 1.13 0.81
6.33 0.13 6.7 Sea 11.50 25.6 6.71 0.02 0.86 1.30 1.14 0.66
6.59 0.17 8.5 Sea 9.60 87.7 8.88 0.02 0.80 1.27 1.25 0.58
6.97 0.23 4.7 Bay 13.80 80.7 7.83 0.02 0.88 1.40 1.33 0.76
6.79 0.19 9.8 Sea 15.30 88.5 10.33 0.02 0.94 1.44 1.38 0.85
6.36 0.13 9.8 Sea 14.60 72.1 7.47 0.02 0.84 1.25 1.12 0.79
6.47 0.14 7.5 Bay 15.10 63.2 7.07 0.02 0.89 1.32 1.15 0.82
6.82 0.21 4.4 Bay 13.40 49.4 6.65 0.02 0.90 1.39 1.24 0.74
6.71 0.21 6.1 Sea 7.90 75.9 9.63 0.02 0.90 1.47 1.44 0.50
6.33 0.12 6.7 Sea 10.20 5.4 5.80 0.02 0.78 1.18 1.02 0.58
6.48 0.16 5.1 Bay 26.20 20.6 6.72 0.02 1.34 1.89 1.35 1.34
6.91 0.20 3.7 Bay 16.90 65.6 4.24 0.02 0.80 1.18 0.97 0.84
6.80 0.24 8.5 Sea 18.30 20.4 12.42 0.54 1.42 4.46 4.14 1.71
6.36 0.11 6.7 Sea 23.20 8.9 5.33 0.02 1.15 1.60 1.09 1.18
6.35 0.11 3.3 Bay 22.60 35.0 1.94 0.02 0.91 1.23 0.68 1.06
6.83 0.18 3.7 Bay 17.90 76.4 3.83 0.02 0.76 1.11 0.90 0.86
6.91 0.26 3.9 Bay 10.00 21.8 6.38 0.02 0.85 1.35 1.23 0.58
6.54 0.51 4.7 Bay 23.40 52.3 18.82 0.40 1.93 6.19 5.95 2.10
6.55 0.64 4.7 Bay 21.60 13.7 23.77 0.48 2.33 7.70 7.41 2.11
7.07 0.27 4.1 Bay 19.60 54.1 7.29 0.02 1.10 1.64 1.39 1.03
7.23 0.51 4.7 Bay 25.60 13.3 16.91 0.36 2.01 5.83 5.41 2.22
6.72 0.24 4.1 Bay 25.70 20.9 6,95 0.15 1.36 2.97 2.44 1.73
6.47 0.15 11.6 Sea 12.50 55.4 8.81 0.02 0.92 1.36 1.22 0.73
6.81 0.15 9.8 Sea 8.40 3.2 8.25 0.02 0.86 1.31 1.19 0.53
7.00 0.21 7.5 Bay 8.40 86.6 10.49 0.02 0.91 1.47 1.46 0.54
6.44 0.23 3.5 Bay 31.60 21.2 4.59 0.08 1.40 2.52 1.73 1.85
6.66 0.20 8.5 Sea 18.80 44.8 10.68 0.02 1.26 1.83 1.57 1.07
7.17 0.38 8.5 Sea 30.30 28.6 18.99 0.70 2.14 6.70 6.07 2.98
7.06 0.33 8.5 Sea 28.90 16.9 17.09 0.64 2.02 6.16 5.53 2.78
6.51 0.29 8.5 Sea 12.80 3.9 15.42 0.66 1.46 5.21 5.04 1.34
6.47 0.26 9.8 Sea 23.40 60.7 14.61 0.71 1.52 5.09 4.80 2.27
6.95 0.30 11.6 Sea 18.20 11.7 16.80 0.94 1.65 5.82 5.47 2.01
6.93 0.45 9.8 Sea 6.80 38.5 24.01 1.10 1.79 7.61 7.56 0.90
6.48 0.29 11.6 Sea 20.90 56.9 16.62 0.95 1.57 5.68 5.41 2.24
6.49 0.25 9.8 Sea 21.90 27.6 14.14 0.68 1.59 5.09 4.66 2.14
7.03 0.29 9.8 Sea 23.60 4.7 15.39 0.71 1.76 5.55 5.04 2.34
7.08 0.29 9.8 Sea 27.60 89.4 15.22 0.76 1.42 5.06 4.96 2.60
6.54 0.24 9.8 Sea 16.90 25.1 13.35 0.67 1.41 4.71 4.43 1.69
6.38 0.32 8.5 Sea 11.80 28.8 17.48 0.73 1.54 5.78 5.65 1.29
6.83 0.37 9.8 Sea 11.70 14.7 20.05 0.94 1.68 6.55 6.41 1.39
6.96 0.40 11.6 Sea 12.50 68.8 22.20 1.23 1.67 7.13 7.06 1.60
6.47 0.27 11.6 Sea 11.70 2.7 15.43 0.92 1.39 5.24 5.07 1.34
6.35 0.24 11.6 Sea 21.00 61.8 13.73 0.82 1.39 4.81 4.55 2.10
6.89 0.33 9.8 Sea 15.80 13.3 17.95 0.84 1.67 6.04 5.79 1.75
7.13 0.34 9.8 Sea 24.40 21.0 17.79 0.79 1.90 6.24 5.74 2.52
6.62 0.26 11.6 Sea 21.80 59.4 14.94 0.87 1.49 5.20 4.91 2.23
6.29 0.19 8.5 Sea 26.40 19.4 10.47 0.44 1.55 4.18 3.57 2.23
6.65 0.20 9.8 Sea 20.10 55.2 11.29 0.02 1.28 1.84 1.58 1.13
6.91 0.27 11.6 Sea 5.80 56.5 14.97 0.02 1.17 1.80 1.77 0.44
6.54 0.20 11.6 Sea 12.80 45.5 11.67 0.02 1.13 1.67 1.52 0.79
6.27 0.12 9.8 Sea 26.80 48.8 6.79 0.02 1.25 1.72 1.20 1.34
6.72 0.18 9.8 Sea 13.80 44.8 9.80 0.02 1.06 1.56 1.39 0.81
7.12 0.21 7.5 Bay 23.80 22.5 10.12 0.39 1.45 3.94 3.44 1.97
6.73 0.18 9.8 Sea 23.10 54.2 10.01 0.02 1.29 1.83 1.49 1.24
6.26 0.12 9.8 Sea 25.90 42.4 6.80 0.02 1.25 1.71 1.20 1.31
6.50 0.18 8.5 Sea 22.60 54.4 9.77 0.02 1.27 1.82 1.49 1.21

0.25 0.00468 0.04147 0.00 -0.0023 
0.09 0.00340 0.03006 0.00 -0.0033 
0.16 0.00405 0.03104 0.00 -0.0032 
0.15 0.00396 0.05194 0.00 -0.0014 
0.09 0.00339 0.03002 0.00 -0.0033 
0.14 0.00388 0.02718 0.00 -0.0036 
0.19 0.00431 0.02304 0.00 -0.0040 
0.10 0.00357 0.02790 0.00 -0.0035 
0.12 0.00369 0.03231 0.00 -0.0031 
0.09 0.00345 0.02589 0.00 -0.0037 
0.09 0.00343 0.02863 0.00 -0.0035 
0.11 0.00359 0.02961 0.00 -0.0034 
0.28 0.00485 0.02963 0.00 -0.0034 
0.14 0.00387 0.02201 0.00 -0.0040 
0.06 0.00307 0.06566 0.00 -0.0001 
0.05 0.00288 0.02313 0.00 -0.0039
2.09 0.01123 0.07297 16.17 0.0005 
0.06 0.00301 0.04835 0.00 -0.0017 
0.03 0.00254 0.02992 0.00 -0.0033 
0.04 0.00271 0.02125 0.00 -0.0041 
0.14 0.00392 0.02630 0.00 -0.0037
1.75 0.01028 0.13559 12.02 0.0062
2.50 0.01235 0.19718 13.79 0.0117 
0.08 0.00326 0.04422 0.00 -0.0020
1.47 0.00945 0.14632 10.64 0.0071 
0.40 0.00551 0.06702 4.45 0.0000 
0.16 0.00406 0.03079 0.00 -0.0033 
0.26 0.00477 0.02713 0.00 -0.0036 
0.29 0.00491 0.03029 0.00 -0.0033 
0.16 0.00408 0.07138 2.44 0.0004 
0.13 0.00380 0.05781 0.00 -0.0008
2.57 0.01253 0.16683 20.95 0.0090
2.33 0.01190 0.14882 19.28 0.0074
3.26 0.01435 0.07748 19.82 0.0009
2.41 0.01210 0.08399 21.35 0.0015
4.00 0.01624 0.09899 28.07 0.0029
7.38 0.02474 0.11661 32.85 0.0045
3.56 0.01512 0.08977 28.32 0.0021
2.49 0.01232 0.09246 20.26 0.0023
2.66 0.01278 0.11221 21.22 0.0041
2.14 0.01136 0.07339 22.84 0.0006
2.72 0.01293 0.07205 20.11 0.0005 
3.88 0.01593 0.08604 22.00 0.0017
5.18 0.01919 0.10322 28.11 0.0033
6.53 0.02258 0.10176 36.88 0.0031
4.51 0.01752 0.06993 27.63 0.0003
2.77 0.01307 0.06983 24.60 0.0003
4.01 0.01626 0.10151 25.25 0.0031
3.11 0.01395 0.13113 23.78 0.0058
3.02 0.01372 0.08030 26.03 0.0012 
1.31 0.00894 0.08708 13.15 0.0018 
0.12 0.00371 0.05922 0.00 -0.0007 
0.78 0.00714 0.04979 0.00 -0.0015 
0.24 0.00460 0.04636 0.00 -0.0019 
0.05 0.00293 0.05712 0.00 -0.0009 
0.17 0.00414 0.04074 0.00 -0.0024
1.20 0.00861 0.07643 11.52 0.0008 
0.09 0.00338 0.06065 0.00 -0.0006 
0.06 0.00299 0.05658 0.00 -0.0009 
0.09 0.00338 0.05908 0.00 -0.0007
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6.91 0.20 9.8 Sea 15.70 40.8 10.82 0.02 1.18 1.73 1.51 0.92 0.17 0.00412 0.05086 0.00 -0.0015
6.65 0.18 18.3 Sea 15.40 60.9 10.81 0.02 1.05 1.50 1.33 0.89 0.15 0.00400 0.04001 0.00 -0.0024
6.29 0.14 9.8 Sea 19.50 37.3 7.74 0.02 1.12 1.58 1.24 1.05 0.09 0.00340 0.04541 0.00 -0.0019
6.62 0.19 7.5 Bay 10.90 33.7 9.63 0.02 1.02 1.56 1.43 0.67 0.22 0.00451 0.03805 0.00 -0.0026
7.09 0.16 18.3 Sea 26.70 34.2 9.02 0.85 1.38 3.96 3.19 2.49 2.06 0.01114 0.06976 25.40 0.0002
6.88 0.15 8.5 Sea 41.10 76.5 7.70 0.32 1.61 3.51 2.72 2.88 0.50 0.00598 0.09421 9.52 0.0024
6.31 0.16 9.8 Sea 22.80 2.6 9.21 0.47 1.36 3.74 3.19 1.95 1.41 0.00925 0.06748 14.05 0.0000
6.41 0.18 8.5 Sea 21.10 47.4 9.80 0.02 1.26 1.81 1.49 1.15 0.10 0.00352 0.05807 0.00 -0.0008
6.86 0.19 8.5 Sea 19.60 15.7 9.70 0.02 1.29 1.85 1.50 1.10 0.12 0.00373 0.06085 0.00 -0.0006
6.71 0.18 8.5 Sea 14.60 61.9 9.52 0.02 1.02 1.53 1.38 0.84 0.14 0.00389 0.03777 0.00 -0.0026
6.26 0.27 3.9 Bay 21.20 50.0 7.81 0.02 1.20 1.78 1.49 1.12 0.08 0.00327 0.05259 0.00 -0.0013
6.33 0.30 4.7 Bay 14.80 7.5 11.67 0.02 1.35 2.06 1.86 0.89 0.20 0.00434 0.06640 0.00 -0.0001
6.91 0.23 18.3 sea 21.30 54.8 13.03 0.02 1.35 1.89 1.59 1.21 0.13 0.00381 0.06609 0.00 -0.0001
6.97 0.20 18.3 Sea 26.80 74.3 11.52 0.02 1.31 1.80 1.47 1.38 0.06 0.00311 0.06196 0.00 -0.0005
6.37 0.16 18.3 Sea 33.30 63.7 9.85 0.90 1.50 4.21 3.43 3.00 1.78 0.01036 0.08145 26.88 0.0013
6.38 0.17 14.2 Sea 24.70 3.6 10.15 0.73 1.45 4.20 3.51 2.31 2.09 0.01124 0.07660 21.80 0.0009
6.81 0.19 7.5 Sea 23.70 84.0 9.44 0.02 1.12 1.62 1.43 1.20 0.06 0.00302 0.04579 0.00 -0.0019
6.88 0.19 7.5 Sea 12.10 39.5 9.62 0.02 1.04 1.58 1.43 0.73 0.20 0.00432 0.03953 0.00 -0.0025
6.48 0.16 14.2 Sea 25.20 20.9 9.59 0.69 1.42 4.03 3.34 2.31 1.90 0.01070 0.07295 20.80 0.0005
6.38 0.13 14.2 Sea 25.40 41.0 7.71 0.02 1.27 1.73 1.22 1.31 0.06 0.00310 0.05834 0.00 -0.0008
6.93 0.23 14.2 Sea 17.40 21.2 12.99 0.95 1.37 4.71 4.35 1.86 3.59 0.01518 0.06809 28.56 0.0001
7.07 0.21 5.6 Bay 21.30 72.6 8.47 0.02 1.11 1.63 1.42 1.11 0.07 0.00317 0.04459 0.00 -0.0020
6.59 0.17 18.3 Sea 26.80 48.8 10.33 0.97 1.40 4.23 3.57 2.59 2.38 0.01204 0.07124 28.96 0.0004
6.36 0.14 14.2 Sea 22.40 49.5 8.62 0.02 1.19 1.65 1.27 1.18 0.08 0.00327 0.05156 0.00 -0.0014
6.73 0.19 14.2 Sea 11.70 79.1 10.89 0.02 0.93 1.39 1.34 0.71 0.20 0.00438 0.03114 0.00 -0.0032
6.99 0.25 6.7 Sea 18.60 56.0 11.62 0.02 1.29 1.92 1.72 1.06 0.14 0.00386 0.06084 0.00 -0.0006
6.59 0.19 7.5 Sea 20.00 40.6 9.60 0.02 1.26 1.81 1.51 1.11 0.11 0.00360 0.05731 0.00 -0.0009
6.33 0.17 14.2 Sea 15.60 4.6 10.25 0.02 1.17 1.66 1.38 0.92 0.18 0.00418 0.04974 0.00 -0.0016
6.72 0.23 4.1 Bay 10.60 48.6 6.54 0.02 0.83 1.33 1.23 0.60 0.13 0.00383 0.02521 0.00 -0.0038
7.04 0.17 14.2 Sea 15.70 1.1 9.67 0.02 1.14 1.62 1.33 0.92 0.16 0.00407 0.04717 0.00 -0.0018
6.70 0.13 14.2 Sea 24.10 50.0 7.57 0.02 1.19 1.63 1.18 1.24 0.06 0.00307 0.05116 0.00 -0.0014
6.32 0.14 14.2 Sea 38.50 15.7 8.35 0.55 1.79 4.36 3.03 3.16 1.15 0.00842 0.11679 16.49 0.0045
6.50 0.14 11.6 Sea 19.70 82.2 7.87 0.02 0.93 1.32 1.14 1.00 0.06 0.00301 0.03138 0.00 -0.0032
6.92 0.20 14.2 Sea 6.00 30.2 11.07 0.02 0.93 1.41 1.35 0.43 0.57 0.00628 0.03162 0.00 -0.0032
6.70 0.21 14.2 Sea 18.10 21.5 12.36 0.02 1.35 1.92 1.60 1.08 0.18 0.00422 0.06654 0.00 -0.0000
6.31 0.15 14.2 Sea 35.90 47.9 8.95 0.61 1.64 4.17 3.17 3.00 1.24 0.00873 0.09754 18.33 0.0027
6.50 0.16 14.2 Sea 23.90 57.9 9.51 0.02 1.24 1.73 1.35 1.26 0.07 0.00323 0.05631 0.00 -0.0010
6.98 0.31 4.7 Bay 10.40 33.3 10.65 0.02 1.14 1.80 1.69 0.65 0.25 0.00466 0.04706 0.00 -0.0018
6.83 0.25 14.2 Sea 12.80 48.6 14.06 0.02 1.24 1.82 1.68 0.83 0.31 0.00502 0.05589 0.00 -0.0010
6.31 0.17 6.1 Sea 22.30 27.4 8.35 0.02 1.30 1.86 1.46 1.20 0.09 0.00338 0.06143 0.00 -0.0005
6.34 0.14 14.2 Sea 30.70 32.8 8.39 0.59 1.50 3.89 2.99 2.60 1.34 0.00905 0.08168 17.80 0.0013
6.87 0.20 5.1 Bay 14.80 17.6 7.80 0.02 1.07 1.60 1.38 0.84 0.13 0.00377 0.04146 0.00 -0.0023
7.03 0.58 4.7 Bay 1.90 50.9 19.96 0.45 1.64 6.35 6.34 0.20 3.58 0.01515 0.09829 13.60 0.0028
6.42 0.28 5.1 Bay 29.30 40.2 11.70 0.28 1.70 4.40 3.89 2.28 0.87 0.00747 0.10463 8.50 0.0034
6.44 0.20 3.9 Bay 13.70 7.8 5.37 0.02 0.89 1.35 1.13 0.74 0.09 0.00344 0.02880 0.00 -0.0034
6.98 0.21 6.7 Sea 10.40 2.7 9.89 0.02 1.07 1.63 1.49 0.65 0.25 0.00467 0.04135 0.00 -0.0023
7.12 0.94 5.6 Bay 4.60 42.3 38.02 0.39 2.79 9.12 9.11 0.56 5.46 0.01987 0.28217 10.58 0.0194
6.65 0.85 5.1 Bay 32.10 47.4 34.12 0.23 3.08 7,95 7.57 2.86 1.69 0.01010 0.34519 5.27 0.0250
6.51 0.67 4.4 Bay 32.70 7.6 22.82 0.27 2.61 6.85 6.27 2.76 1.31 0.00895 0.24798 6.94 0.0163
6.94 0.30 4.7 Bay 21.80 4.1 10.41 0.25 1.47 3.89 3.50 1.70 0.88 0.00750 0.07904 7.41 0.0011
7.08 0.23 4.4 Bay 26.60 80.1 6.94 0.02 1.14 1.63 1.34 1.29 0.04 0.00275 0.04741 0.00 -0.0018
6.65 0.15 6.7 Sea 22.00 43.4 7.39 0.02 1.18 1.68 1.31 1.15 0.07 0.00321 0.05061 0.00 -0.0015
6.33 0.18 14.2 Sea 16.70 37.4 10.55 0.02 1.17 1.67 1.41 0.97 0.15 0.00401 0.04985 0.00 -0.0015
6.67 0.16 7.5 Sea 2.90 23.0 7.95 0.02 0.73 1.20 1.18 0.21 0.56 0.00626 0.01959 0.00 -0.0043
6.98 0.14 5.6 Bay 20.30 67.8 5.81 0.02 0.96 1.37 1.11 1.02 0.05 0.00292 0.03321 0.00 -0.0030
6.63 0.21 6.1 Bay 13.90 19.4 9.91 0.02 1.17 1.75 1.56 0.83 0.18 0.00420 0.04946 0.00 -0.0016
6.25 0.12 11.6 Sea 26.20 50.8 6.81 0.02 1.22 1.67 1.16 1.31 0.05 0.00293 0.05412 0.00 -0.0012
6.62 0.16 11.6 Sea 22.10 61.0 9.21 0.02 1.17 1.65 1.34 1.17 0.08 0.00327 0.05018 0.00 -0.0015
7.09 0.17 5.1 Bay 15.50 56.5 6.50 0.02 0.91 1.38 1.19 0.83 0.09 0.00336 0.03036 0.00 -0.0033
6.83 0.18 3.7 Bay 28.50 85.5 3.89 0.02 1.06 1.43 0.99 1.31 0.02 0.00243 0.04065 0.00 -0.0024
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6.28 0.17 4.7 Bay 23.90 27.5 6.58
6.43 0.22 14.2 Sea 11.90 44.7 12.94
6.89 0.17 11.6 Sea 22.10 32.8 9.39
6.76 0.15 9.8 Sea 18.80 59.0 8.02
6.21 0.12 14.2 Sea 31.10 76.7 7.47
6.36 0.13 8.5 Sea 26.90 13.4 7.33
6.97 0.21 7.5 Sea 17.40 6.8 10.18
6.96 0.25 4.7 Bay 15.50 75.3 8.54
6.34 0.18 5.6 Bay 17.50 14.8 8.05
6.19 0.13 8.5 Sea 42.80 8.8 7.13
6.66 0.23 7.5 Sea 18.50 53.7 11.83
6.77 0.20 6.7 Sea 10.70 88.4 9.79
6.23 0.15 8.5 Sea 29.00 57.4 8.59
6.12 0.10 5.1 Bay 42.60 2.9 4.55
6.78 0.22 6.1 Sea 18.10 30.8 10.00
7.03 0.23 6.7 Sea 27.40 79.0 10.73
6.55 0.14 7.5 Sea 27.50 52.1 7.38
6.12 0.10 11.6 Sea 30.50 31.3 5.64

0.02 1.25 1.79 1.33 1.23
0.02 1.16 1.71 1.57 0.77
0.02 1.29 1.81 1.40 1.20
0.02 1.04 1.49 1.23 1.00
0.02 1.27 1.70 1.19 1.48
0.32 1.38 3.32 2.61 2.06
0.02 1.28 1.86 1.56 1.01
0.02 0.98 1.53 1.44 0.85
0.02 1.16 1.70 1.41 0.97
0.28 1.90 4.02 2.64 3.04
0.02 1.30 1.92 1.71 1.06
0.02 0.89 1.44 1.42 0.64
0.38 1.38 3.51 2.98 2.25
0.11 1.76 3.12 1.80 2.55
0.02 1.27 1.88 1.60 1.03
0.02 1.32 1.91 1.64 1.40
0.02 1.31 1.81 1.32 1.38
0.02 1.36 1.82 1.09 1.50

0.06 0.00311 0.05721 0.00 -0.0009 
0.31 0.00501 0.04918 0.00 -0.0016 
0.10 0.00349 0.06084 0.00 -0.0006 
0.08 0.00333 0.03922 0.00 -0.0025 
0.03 0.00264 0.05827 0.00 -0.0008 
0.81 0.00723 0.06952 9.63 0.0002 
0.15 0.00396 0.05919 0.00 -0.0007 
0.10 0.00356 0.03489 0.00 -0.0029 
0.11 0.00363 0.04899 0.00 -0.0016 
0.54 0.00617 0.13139 8.24 0.0058 
0.14 0.00391 0.06157 0.00 -0.0005 
0.19 0.00428 0.02903 0.00 -0.0034 
0.87 0.00746 0.06975 11.28 0.0002 
0.19 0.00426 0.11307 3.25 0.0041 
0.13 0.00382 0.05890 0.00 -0.0007 
0.06 0.00305 0.06384 0.00 -0.0003 
0.05 0.00296 0.06217 0.00 -0.0004 
0.04 0.00281 0.06694 0.00 -0.0000



Results froi Grant-Madsen wave/current lodel 
THIMBLE SHOALS DATA - Froi CBW8906

Ds = 0.0170 ci 
k'biol = 0.50 ci
2c = 150.00 ci

day tiie depth H T srce Uc Phi Ob Zo
Jin hour l Cl sec —  ci/s deq ci/s Cl
152 3 6.50 0.18 8.5 Sea 16.50 67.0 9.50 0.02
152 6 6.90 0.25 6.7 Sea 16.90 42.9 11.64 0.02
152 9 6.49 0.18 7.5 Sea 16.20 40.1 9.19 0.02
152 12 6.15 0.12 9.8 Sea 31.30 58.1 6.69 0.02
152 15 6.68 0.21 5.1 Bay 17.20 76.0 8.38 0.02
152 18 7.19 0.21 6.7 Sea 37.40 74.1 9.67 0.32
152 21 6.87 0.12 7.5 Bay 47.70 2.5 5.99 0.20
152 24 6.22 0.10 8.5 Sea 23.80 44.3 5.27 0.02
153 3 6.41 0.12 7.5 Sea 20.10 48.5 6.49 0.02
153 6 6.97 0.16 7.5 Sea 15.10 14.0 7.85 0.02
153 9 6.73 0.14 9.8 Sea 17.30 8.5 7.82 0.02
153 12 6.21 0.12 9.8 Sea 32.90 37.6 7.00 0.34
153 15 6.47 0.14 5.1 Bay 19.90 58.4 5.74 0.02
153 18 7.14 0.17 5.6 Bay 25.60 23.2 6.94 0.02
153 21 7.07 0.15 4.7 Bay 30.60 2.7 5.28 0.13
153 24 6.28 0.10 9.8 Sea 27.90 17.8 5.41 0.02
154 3 6.40 0.10 7.5 Bay 28.40 17.1 5.14 0.02
154 6 6.83 0.14 6.7 Bay 14.60 78.6 6.63 0.02
154 9 6.92 0.15 7.5 Sea 12.60 37.5 7.45 0.02
154 12 6.30 0.10 9.8 Sea 26.70 6.3 5.92 0.02
154 15 6.33 0.11 8.5 Sea 27.60 29.6 6.04 0.02
154 18 7.00 0.17 6.7 Sea 15.20 17.2 8.14 0.02
154 21 7.11 0.10 14.2 Sea 42.70 1.2 5.82 0.38
154 24 6.49 0.13 8.5 Sea 31.10 46.7 6.97 0.30
155 3 6.16 0.08 8.5 Sea 30.80 35.0 4.30 0.02
155 6 6.63 0.14 8.5 Sea 13.60 33.5 7.51 0.02
155 9 6.89 0.19 5.6 Bay 9.80 46.1 8.05 0.02
155 12 6.44 0.14 5.6 Bay 14.50 14.4 6.25 0.02
155 15 6.13 0.08 5.6 Bay 39.40 63.4 3.61 0.10
155 18 6.78 0.21 5.1 Bay 14.00 52.1 8.22 0.02
155 21 7.18 0.25 5.1 Bay 20.30 82.1 9.11 0.02
155 24 6.74 0.17 9.8 Sea 24.00 41.7 9.29 0.02
156 3 6.19 0.09 8.5 Sea 34.80 26.0 5.01 0.21
156 6 6.54 0.17 6.1 Bay 26.40 45.7 8.11 0.02
156 9 7.01 0.19 6.7 Sea 5.80 44.2 8.93 0.02
156 12 6.70 0.20 6.7 Sea 16.30 40.7 9.72 0.02
156 15 6.19 0.12 5.6 Bay 26.10 26.6 5.42 0.02
156 18 6.56 0.20 5.6 Bay 8.90 87.9 8.68 0.02
156 21 7.12 0.21 6.7 Sea 19.50 38.4 9.79 0.02
156 24 6.88 0.17 5.6 Bay 25.50 86.6 6.89 0.02
157 3 6.26 0.15 9.8 Sea 31.80 13.3 8.57 0.41
157 6 6.35 0.18 7.5 Bay 31.00 25.2 9.59 0.35
157 9 6.84 0.22 6.1 Sea 19.80 4.2 9.79 0.02
157 12 6.76 0.20 6.7 Sea 8.60 77.6 9.42 0.02
157 15 6.29 0.16 9.8 Sea 12.20 53.8 9.22 0.02
157 18 6.40 0.14 6.7 Sea 28.30 46.6 7.21 0.02
157 21 7.05 0.33 4.4 Bay 7.80 8.3 10.10 0.02
157 24 7.03 0.20 4.7 Bay 12.10 88.5 6.82 0.02
158 3 6.41 0.13 9.8 Sea 13.10 9.3 7.54 0.02
158 6 6.30 0.12 8.5 Sea 30.20 48.3 6.55 0.29

u*s u*t u*wi u*c Z'o Cd Shlds Kbr C* 
Cl/S Cl/S Cl/s Cl/S Cl ---- Cl Cl

1.04 1.55 1.39 0.92 0.11 0.00366 0.03940 0.00 -0.0025
1.30 1.94 1.72 0.99 0.16 0.00409 0.06150 0.00 -0.0005
1.12 1.65 1.42 0.92 0.13 0.00382 0.04585 0.00 -0.0019
1.35 1.83 1.21 1.52 0.04 0.00276 0.06660 0.00 -0.0000
0.99 1.53 1.40 0.92 0.09 0.00339 0.03593 0.00 -0.0028
1.60 3.83 3.28 2.73 0.62 0.00651 0.09278 9.48 0.0023
2.01 3.90 2.30 3.15 0.35 0.00527 0.14657 5.98 0.0072
1.10 1.51 1.03 1.18 0.05 0.00288 0.04377 0.00 -0.0021
1.04 1.48 1.15 1.04 0.07 0.00314 0.03970 0.00 -0.0025
1.05 1.54 1.28 0.85 0.13 0.00379 0.04016 0.00 -0.0024
1.10 1.57 1.24 0.96 0.11 0.00363 0.04402 0.00 -0.0021
1.50 3.44 2.54 2.46 0.71 0.00686 0.08178 10.28 0.0013
0.98 1.42 1.13 1.01 0.06 0.00300 0.03512 0.00 -0.0029
1.33 1.87 1.35 1.32 0.06 0.00311 0.06420 0.00 -0.0003
1.41 2.76 1.96 1.94 0.27 0.00484 0.07266 3.82 0.0005
1.29 1.74 1.07 1.39 0.05 0.00288 0.06027 0.00 -0.0006
1.30 1.77 1.09 1.40 0.05 0.00285 0.06140 0.00 -0.0005
0.79 1.21 1.10 0.77 0.08 0.00328 0.02294 0,00 -0.0040
0.92 1.37 1.20 0.72 0.14 0.00388 0.03059 0.00 -0.0033
1.29 1.76 1.13 1.35 0.05 0.00298 0.06029 0.00 -0.0006
1.30 1.78 1.16 1.38 0.05 0.00293 0.06153 0.00 -0.0005
1.08 1.59 1.34 0.86 0.13 0.00381 0.04232 0.00 -0.0022
1.80 3.88 2.27 3.15 0.66 0.00668 0.11832 11.45 0.0046
1.41 3.24 2.50 2.27 0.63 0.00655 0.07280 9.07 0.0005
1.30 1.74 0.97 1.48 0.04 0.00267 0.06105 0.00 -0.0005
0.95 1.39 1.19 0.77 0.13 0.00381 0,03265 0.00 -0.0031
0.90 1.42 1.32 0.59 0.19 0.00428 0.02934 0.00 -0.0034
0.95 1.40 1.16 0.80 0.10 0.00355 0.03263 0.00 -0.0031
1.48 2.51 1.45 2.25 0.14 0.00387 0.08014 3.01 0.0012
1.00 1.54 1.39 0.79 0.13 0.00379 0.03667 0.00 -0.0027
1.07 1.62 1.49 1.07 0.07 0.00323 0.04171 0.00 -0.0023
1.33 1.86 1.44 1.28 0.08 0.00334 0.06432 0.00 -0.0002
1.49 2.99 1.92 2.34 0.39 0.00546 0.08038 6.39 0.0012
1.35 1.91 1.45 1.36 0.06 0.00311 0.06676 0.00 -0.0000
0.86 1.38 1.34 0.39 0.37 0.00535 0.02680 0.00 -0.0036
1.17 1.73 1.51 0.93 0.14 0.00388 0.04967 0.00 -0.0016
1.24 1.72 1.16 1.30 0.05 0.00291 0.05605 0.00 -0.0010
0.83 1.37 1.36 0.54 0.20 0.00437 0.02479 0.00 -0.0038
1.27 1.85 1.56 1.09 0.11 0.00367 0.05861 0.00 -0.0008
1.05 1.49 1.25 1.23 0.04 0.00269 0.04043 0.00 -0.0024
1.61 3.94 3.03 2.54 0.99 0.00790 0.09397 12.24 0.0024
1.64 4.06 3.31 2.43 0.92 0.00763 0.09760 10.39 0.0028
1.35 1.96 1.61 1.11 0.12 0.00374 0.06588 0.00 -0.0001
0.88 1.42 1.39 0.54 0.25 0.00467 0.02808 0.00 -0.0035
0.96 1.43 1.31 0.72 0.18 0.00418 0.03337 0.00 -0.0030
1.35 1.88 1.34 1.42 0.05 0.00296 0.06647 0.00 -0.0000
1.07 1.72 1.64 0.50 0.30 0.00499 0.04129 0.00 -0.0023
0.75 1.22 1.19 0.66 0.10 0.00351 0.02028 0.00 -0.0042
0.95 1.39 1.17 0.75 0.15 0.00394 0.03303 0.00 -0.0031
1.36 3.07 2.36 2.18 0.59 0.00638 0.06707 8.67 0.0000
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6.79 0.19 5.1 Bay 10.30 45.6 7.54 0.02 0.88 1.39 1.29 0.61
6.96 0.29 6.1 Sea 13.90 63.3 12.66 0.02 1.24 1.92 1.82 0.85
6.45 0.26 6.7 Bay 16.00 74.7 12.79 0.02 1.22 1.88 1.79 0.94
6.29 0.18 6.7 Sea 26.40 56.9 9.38 0.33 1.37 3.60 3.19 2.05
6.89 0.23 6.1 Sea 11.90 2.6 10.40 0.02 1.15 1.76 1.60 0.73
7.14 0.30 6.1 Sea 12.00 65.2 12.83 0.02 1.21 1.90 1.82 0.75
6.63 0.21 6.7 Sea 17.30 49.9 10.14 0.02 1.19 1.77 1.56 0.98
6.31 0.15 9.8 Sea 22.70 34.6 8.47 0.02 1.27 1.77 1.35 1.21
6.66 0.21 6.1 Bay 18.00 25.4 9.55 0.02 1.25 1.84 1.56 1.02
7.01 0.28 6.1 Sea 9.80 84.6 12.28 0.02 1.08 1.75 1.73 0.63
6.68 0.25 6.7 Sea 15.20 26.2 12.07 0.02 1.32 1.98 1.77 0.92
6.34 0.18 9.8 Sea 19.90 0.2 10.20 0.02 1.33 1.89 1.52 1.13
6.63 0.21 6.1 Bay 13.70 25.6 9.91 0.02 1.15 1.74 1.55 0.81
7.02 0.25 6.7 Sea 9.60 39.1 11.77 0.02 1.14 1.77 1.68 0.62
6.73 0.21 5.6 Bay 9.40 69.8 9.08 0.02 0.91 1.47 1.42 0.57
6.32 0.14 8.5 Sea 12.40 9.5 7.97 0.02 0.97 1.43 1.24 0.73
6.45 0.17 8.5 Sea 16.30 49.1 8.95 0.02 1.07 1.57 1.36 0.92
6.86 0.21 9.8 Sea 6.60 35.4 11.30 0.02 1.00 1.54 1.48 0.46
6.76 0.21 6.7 Sea 7.20 54.0 9.90 0.02 0.94 1.50 1.45 0.47
6.32 0.17 8.5 Sea 8.20 9.0 9.17 0.02 0.93 1.43 1.33 0.53
6.43 0.20 8.5 Sea 13.50 29.9 10.81 0.02 1.16 1.73 1.54 0.82
6.89 0.22 7.5 Sea 9.80 16.5 11.11 0.02 1.11 1.70 1.58 0.63
6.80 0.20 6.1 Sea 8.00 76.1 8.89 0.02 0.85 1.39 1.36 0.50
6.39 0.18 8.5 Sea 16.90 6.6 9.77 0.02 1.22 1.77 1.48 0.98
6.41 0.15 9.8 Sea 27.30 16.2 8.56 0.43 1.46 3.72 3.00 2.23
6.88 0.25 8.5 Sea 8.40 62.1 13.11 0.02 1.13 1.76 1.71 0.57
6.93 0.26 8.5 Sea 5.70 75.0 13.57 0.02 1.10 1.75 1.74 0.42
6.55 0.19 9.8 Sea 15.20 10.7 10.34 0.02 1.19 1.73 1.48 0.90
6.49 0.16 9.8 Sea 17.20 7.6 8.77 0.02 1.16 1.66 1.34 0.97
6.92 0.20 8.5 Sea 3.30 17.0 10.42 0.02 0.90 1.44 1.42 0.25
7.06 0.70 4.7 Bay 7.00 2.8 23.82 0.50 1.98 7.45 7.41 0.75
6.65 0.61 4.7 Bay 19.30 43.5 22.24 0.46 2.09 7.12 6.93 1.87
6.55 0.54 4.1 Bay 21.80 4.3 16.29 0.31 1.89 5.53 5.21 1.86
6.83 0.34 4.7 Bay 6.70 57.2 11.92 0.02 1.12 1.84 1.80 0.45
7.02 0.20 4.4 Bay 14.20 29.1 6.22 0.02 0.94 1.42 1.21 0.78
6.68 0.17 9.8 Sea 14.20 58.9 9.39 0.02 1.00 1.48 1.33 0.82
6.45 0.14 9.8 Sea 8.20 56.8 7.57 0.02 0.76 1.17 1.10 0.50
6.67 0.13 8.5 Sea 0.40 74.1 7.01 0.02 0.62 1.04 1.04 0.03
6.85 0.13 9.8 Sea 11.60 36.9 7.25 0.02 0.86 1.27 1.11 0.67
6.58 0.18 9.8 Sea 11.10 87.7 9.81 0.02 0.86 1.34 1.31 0.66
6.34 0.15 9.8 Sea 24.20 85.7 8.61 0.02 1.07 1.51 1.28 1.20
6.64 0.15 8.5 Sea 8.40 79.0 7.88 0.02 0.74 1.18 1.15 0.51
6.81 0.21 5.6 Bay 6.20 9.5 8.85 0.02 0.91 1.46 1.40 0.41
6.70 0.20 6.7 Sea 21.50 60.2 9.67 0.02 1.23 1.79 1.53 1.16
7.16 0.23 8.5 Sea 5.80 1.0 11.51 0.02 1.03 1.60 1.55 0.41
7.42 0.26 8.5 Sea 16.70 63.4 13.07 0.02 1.28 1.91 1.76 0.99
6.88 0.17 8.5 Sea 18.40 37.9 9.11 0.02 1.18 1.70 1.41 1.02
6.52 0.16 8.5 Sea 28.60 14.5 8.62 0.37 1.51 3.76 3.02 2.26
6.82 0.20 6.1 Sea 18.10 19.5 9.10 0.02 1.23 1.81 1.51 1.02
7.12 0.25 6.1 Sea 11.90 50.9 10.86 0.02 1.12 1.73 1.62 0.73
6.85 0.23 9.8 Sea 7.50 59.7 12.33 0.02 1.05 1.62 1.58 0.52
6.56 0.17 6.1 Sea 29.30 43.5 7.67 0.24 1.43 3.30 2.69 2.10
7.00 0.23 8.5 Sea 10.90 46.6 12.04 0.02 1.14 1.74 1.63 0.70
7.35 0.25 5.1 Bay 17.10 61.3 8.99 0.02 1.10 1.67 1.50 0.94
7.03 0.18 11.6 Sea 23.20 26.6 9.99 0.60 1.38 3.98 3.44 2.09
6.56 0.14 11.6 Sea 28.00 24.2 7.77 0.46 1.41 3.55 2.77 2.28
6.75 0.16 7.5 Sea 18.00 71.5 8.23 0.02 0.99 1.46 1.29 0.96
7.16 0.21 5.1 Bay 13.40 70.7 7.65 0.02 0.89 1.40 1.30 0.74
6.98 0.18 9.8 Sea 26.30 31.5 9.41 0.47 1.44 3.87 3.25 2.21
6.58 0.16 9.8 Sea 37.20 40.8 8.92 0.41 1.73 4.14 3.14 2.90

0.17 0.00410 0.02838 0.00 -0.0035 
0.21 0.00444 0.05584 0.00 -0.0010 
0.17 0.00413 0.05427 0.00 -0.0011 
0,86 0.00744 0.06811 9.78 0.0001 
0.23 0.00452 0.04841 0.00 -0.0017 
0.26 0.00472 0.05317 0.00 -0.0012 
0.13 0.00381 0.05173 0.00 -0.0014 
0.08 0.00334 0.05825 0.00 -0.0008 
0.13 0.00378 0.05699 0.00 -0.0009 
0.29 0.00492 0.04263 0.00 -0.0022 
0.20 0.00438 0.06366 0.00 -0.0003 
0.13 0.00380 0.06447 0.00 -0.0002 
0.18 0.00420 0.04828 0.00 -0.0017 
0.32 0.00508 0.04716 0.00 -0.0018 
0.21 0.00445 0.03008 0.00 -0.0033 
0.16 0.00408 0.03424 0.00 -0.0029 
0.12 0.00372 0.04185 0.00 -0.0023 
0.48 0.00589 0.03621 0.00 -0.0028 
0.34 0.00518 0.03209 0.00 -0.0031 
0.30 0.00497 0.03158 0.00 -0.0032 
0.21 0.00440 0.04912 0.00 -0.0016 
0.30 0.00501 0.04500 0.00 -0.0020 
0.25 0.00467 0.02633 0.00 -0.0037 
0.15 0.00395 0.05438 0.00 -0.0011
1.11 0.00831 0.07715 12.72 0.0009 
0.42 0.00561 0.04626 0.00 -0.0019 
0.63 0.00654 0.04431 0.00 -0.0020 
0.18 0.00420 0.05164 0.00 -0.0014 
0.13 0.00379 0.04870 0.00 -0.0016 
0.73 0.00693 0.02949 0.00 -0.0034
3.61 0.01523 0.14310 15.05 0.0068
2.39 0.01206 0.15945 13.75 0.0083
1.37 0.00912 0.12927 9.15 0.0056 
0.40 0.00552 0.04578 0.00 -0.0019 
0.10 0.00352 0.03187 0.00 -0.0032 
0.14 0.00393 0.03634 0.00 -0.0028 
0.22 0.00449 0.02076 0.00 -0.0042 
0.99 0.00790 0.01401 0.00 -0.0048 
0.15 0.00397 0.02672 0.00 -0.0036 
0.18 0.00421 0.02668 0.00 -0.0036 
0.05 0.00286 0.04140 0.00 -0.0023 
0.20 0.00438 0.01996 0.00 -0.0042 
0.33 0.00517 0.02987 0.00 -0.0033 
0.09 0.00339 0.05514 0.00 -0.0011 
0.54 0.00616 0.03846 0.00 -0.0026 
0.18 0.00418 0.05923 0.00 -0.0007 
0.11 0.00365 0.05027 0.00 -0.0015 
0.95 0.00777 0.08340 10.92 0.0015 
0.12 0.00373 0.05544 0.00 -0.0010 
0.22 0.00448 0.04541 0.00 -0.0019 
0.45 0.00577 0.03993 0.00 -0.0024 
0.56 0.00627 0.07415 7.12 0.0006 
0.29 0.00493 0.04730 0.00 -0.0018 
0.11 0.00359 0.04386 0.00 -0.0021
1.77 0.01034 0.06909 17.94 0.0002
1.10 0.00828 0.07220 13.82 0.0005 
0.08 0.00332 0.03583 0.00 -0.0028 
0.11 0.00364 0.02876 0.00 -0.0034
1.28 0.00885 0.07557 14.04 0.0008 
0.88 0.00752 0.10881 12.38 0.0038
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6.89 0.20 4.7 Bay 16.30 64.1 6.92 0.02 0.94 1.43 1.26 0.87 0.08 0.00333 0.03215 0.00 -0.0031
7.38 0.23 8.5 Sea 22.00 43.2 11.58 0.50 1.41 4.25 3.88 1.96 1.67 0.01003 0.07234 15.09 0.0005
7.23 0.14 9.8 Sea 19.60 86.7 7.59 0.02 0.90 1.29 1.14 0.99 0.05 0.00295 0.02925 0.00 -0.0034
6.65 0.13 9.8 Sea 18.70 0.7 7.27 0.02 1.11 1.57 1.20 1.02 0.09 0.00347 0.04501 0.00 -0.0020
6.73 0.17 9.8 Sea 13.40 37.3 9.40 0.02 1.04 1.53 1.35 0.79 0.17 0.00416 0.03947 0.00 -0.0025
7.17 0.17 9.8 Sea 13.70 11.9 8.94 0.02 1.06 1.54 1.32 0.81 0.17 0.00412 0.04075 0.00 -0.0024
7.12 0.17 8.5 Sea 20.60 75.0 8.70 0.02 1.06 1.53 1.32 1.07 0.07 0.00318 0.04049 0.00 -0.0024
6.64 0.14 8.5 Sea 27.10 12.4 7.72 0.34 1.41 3.44 2.73 2.10 0.86 0.00743 0.07269 10.05 0.0005
6.75 0.16 8.5 Sea 26.60 47.4 8.48 0.02 1.35 1.88 1.41 1.37 0.06 0.00312 0.06648 0.00 -0.0000
7.33 0.19 9.8 Sea 21.20 21.5 9.86 0.02 1.33 1.88 1.49 1.18 0.11 0.00364 0.06454 0.00 -0.0002
7.37 0.15 8.5 Sea 33.10 34.8 7.66 0.32 1.56 3.60 2.73 2.47 0.70 0.00684 0.08835 9.59 0.0019
6.78 0.14 9.8 Sea 19.60 31.2 7.84 0.02 1.14 1.61 1.26 1.06 0.09 0.00343 0.04736 0.00 -0.0018
6.66 0.14 8.5 Sea 30.90 30.3 7.44 0.32 1.49 3.46 2.66 2.32 0.72 0.00691 0.08048 9.49 0.0012
7.16 0.19 8.5 Sea 15.70 37.3 9.78 0.02 1.14 1.68 1.45 0.91 0.15 0.00397 0.04744 0.00 -0.0018
7.27 0.17 8.5 Sea 10.20 80.5 8.63 0.02 0.81 1.28 1.24 0.61 0.18 0.00419 0.02393 0.00 -0.0039
6.78 0.17 8.5 Sea 17.90 0.8 8.77 0.02 1.19 1.71 1.38 1.01 0.12 0.00373 0.05169 0.00 -0.0014
6.69 0.19 8.5 Sea 21.20 45.1 9.85 0.02 1.28 1.83 1.50 1.16 0.10 0.00353 0.05944 0.00 -0.0007
7.25 0.19 7.5 Sea 22.00 21.9 8.99 0.02 1.32 1.88 1.48 1.20 0.10 0.00349 0.06380 0.00 -0.0003
7.49 0.17 8.5 Sea 26.20 69.4 8.51 0.02 1.23 1.72 1.37 1.32 0.05 0.00296 0.05513 0.00 -0.0011
7.00 0.16 8.5 Sea 16.10 40.5 8.08 0.02 1.04 1.51 1.27 0.90 0.11 0.00365 0.03926 0.00 -0.0025
6.66 0.10 9.8 Sea 35.00 86.0 5.28 0.02 1.28 1.69 1.05 1.60 0.02 0.00240 0.05986 0.00 -0.0006
7.10 0.19 8.5 Sea 12.90 88.3 9.69 0.02 0.88 1.38 1.35 0.74 0.14 0.00390 0.02846 0.00 -0.0035
7.38 0.18 7.5 Sea 7.30 55.2 8.63 0.02 0.84 1.33 1.28 0.47 0.29 0.00490 0.02559 0.00 -0.0037
6.95 0.18 7.5 Sea 25.90 6.9 8.81 0.34 1.46 3.68 3.06 2.05 0.95 0.00776 0.07705 10.01 0.0009
6.64 0.10 7.5 Sea 28.60 27.4 5.26 0.02 1.30 1.77 1.10 1.41 0.05 0.00283 0.06127 0.00 -0.0005
7.09 0.19 6.7 Sea 16.90 58.8 8.71 0.02 1.06 1.58 1.39 0.93 0.11 0.00358 0.04082 0.00 -0.0024
7.54 0.18 5.6 Bay 16.00 54.1 6.97 0.02 0.96 1.43 1.24 0.86 0.09 0.00342 0.03343 0.00 -0.0030
7.13 0.17 7.5 Sea 17.90 70.5 8.02 0.02 0.98 1.45 1.27 0.95 0.08 0.00331 0.03513 0.00 -0.0029
6.66 0.13 8.5 Sea 34.30 36.6 6.75 0.28 1.54 3.39 2.46 2.46 0.57 0.00631 0.08645 8.49 0.0018
6.93 0.15 8.5 Sea 34.10 48.7 7.56 0.32 1.53 3.51 2.69 2.51 0.65 0.00663 0.08555 9.53 0.0017
7.38 0.17 9.8 Sea 10.40 13.8 8.53 0.02 0.93 1.39 1.24 0.64 0.22 0.00446 0.03174 0.00 -0.0032
7.10 0.18 8.5 Sea 21.90 20.7 9.23 0.02 1.33 1.88 1.47 1.20 0.10 0.00353 0.06418 0.00 -0.0003
6.63 0.14 9.8 Sea 22.50 38.2 7.45 0.02 1.19 1.66 1.24 1.18 0.07 0.00321 0.05149 0.00 -0.0014
6.92 0.16 8.5 Sea 18.90 75.8 8.24 0.02 0.98 1.44 1.26 0.99 0.07 0.00321 0.03519 0.00 -0.0029
7.44 0.18 14.2 Sea 23.20 45.6 10.03 0.02 1.31 1.82 1.42 1.25 0.09 0.00343 0.06201 0.00 -0.0004
7.24 0.16 9.8 Sea 22.60 89.1 8.32 0.02 0.99 1.41 1.23 1.12 0.05 0.00285 0.03559 0.00 -0.0028
6.69 0.13 8.5 Sea 23.20 11.4 6.99 0.02 1.24 1.73 1.24 1.22 0.07 0.00322 0.05626 0.00 -0.0010
6.78 0.20 11.6 Sea 32.60 5.9 10.93 0.59 1.77 4.73 3.77 2.86 1.57 0.00975 0.11346 17.77 0.0042
7.36 0.18 8.5 Sea 10.40 24.0 9.01 0.02 0.97 1.46 1.33 0.64 0.22 0.00452 0.03421 0.00 -0.0030
7.27 0.29 14.2 Sea 18.70 45.1 16.24 1.14 1.52 5.63 5.32 2.13 4.46 0.01737 0.08439 34.22 0.0016
6.73 0.16 14.2 Sea 26.40 10.7 9.34 0.67 1.46 4.04 3.27 2.38 1.78 0.01037 0.07701 20.03 0.0009
6.81 0.18 11.6 Sea 18.00 39.9 9.95 0.02 1.18 1.69 1.41 1.02 0.13 0.00379 0.05091 0.00 -0.0014
7.36 0.21 11.6 Sea 23.30 7.8 11.17 0.65 1.48 4.37 3.80 2.18 2.07 0.01117 0.07963 19.50 0.0011
7.40 0.17 11.6 Sea 25.20 69.6 9.11 0.02 1.21 1.69 1.35 1.28 0.06 0.00303 0.05332 0.00 -0.0012
6.82 0.13 11.6 Sea 24.80 23.5 7.15 0.02 1.27 1.75 1.21 1.29 0.07 0.00314 0.05875 0.00 -0.0007
6.73 0.13 11.6 Sea 30.30 31.1 7.49 0.44 1.45 3.55 2.69 2.41 0.98 0.00784 0.07665 13.16 0.0009
7.28 0.19 9.8 Sea 12.90 67.5 10.11 0.02 0.98 1.48 1.38 0.76 0.17 0.00415 0.03514 0.00 -0.0029
7.46 0.18 9.8 Sea 15.60 75.7 9.24 0.02 0.95 1.42 1.30 0.86 0.11 0.00361 0.03297 0.00 -0.0031
6.97 0.14 9.8 Sea 24.50 24.6 7.65 0.02 1.30 1.80 1.29 1.28 0.07 0.00321 0.06131 0.00 -0.0005
6.77 0.15 9.8 Sea 22.20 9.4 8.39 0.02 1.29 1.81 1.35 1.20 0.09 0.00343 0.06051 0.00 -0.0006
7.26 0.14 8.5 Sea 19.60 51.8 6.98 0.02 1.04 1.48 1.17 1.03 0.07 0.00320 0.03932 0.00 -0.0025
7.48 0.18 11.6 Sea 14.90 47.8 9.75 0.02 1.06 1.54 1.35 0.86 0.15 0.00399 0.04092 0.00 -0.0023
7.01 0.18 11.6 Sea 22.00 31.3 10.06 0.02 1.33 1.87 1.47 1.21 0.11 0.00358 0.06467 0.00 -0.0002
6.74 0.14 9.8 Sea 32.50 17.0 7.92 0.38 1.59 3.78 2.83 2.53 0.88 0.00749 0.09165 11.37 0.0022
7.17 0.20 5.1 Bay 22.20 76.9 7.46 0.02 1.06 1.55 1.33 1.12 0.05 0.00298 0.04061 0.00 -0.0024
7.51 0.22 4.4 Bay 12.70 57.7 6.19 0.02 0.83 1.30 1.17 0.69 0.10 0.00353 0.02503 0.00 -0.0038
7.17 0.21 5.6 Bay 23.00 36.9 8.56 0.02 1.32 1.90 1.51 1.23 0.08 0.00334 0.06306 0.00 -0.0004
6.75 0.13 9.8 Sea 25.20 39.5 7.31 0.02 1.26 1.74 1.25 1.29 0.06 0.00309 0.05802 0.00 -0.0008
6.99 0.19 9.8 Sea 15.50 73.0 9.94 0.02 1.00 1.50 1.38 0.87 0.12 0.00376 0.03660 0.00 -0.0027
7.40 0.22 9.8 Sea 11.60 14.2 11.30 0.02 1.14 1.70 1.54 0.73 0.27 0.00481 0.04766 0.00 -0.0017



177 4 7.13 0.21 9.8 Sea 15.00 61.6 10.93 0.02 1.10 1.64 1.49 0.88 0.16 0.00407 0.04405 0.00 -0.0021
177 7 6.69 0.17 8.5 Sea 30.10 3.8 8.95 0.37 1.59 3.93 3.13 2.39 0.97 0.00782 0.09223 11.12 0.0023
177 10 6.93 0.20 9.8 Sea 21.50 61.8 10.90 0.02 1.26 1.81 1.54 1.17 0.10 0.00351 0.05763 0.00 -0.0008
177 13 7.49 0.27 7.5 Sea 15.00 13.7 12.49 0.02 1.35 2.00 1.78 0.92 0.22 0.00451 0.06604 0.00 -0.0001
177 16 7.38 0.22 9.8 Sea 20.80 88.7 11.27 0.02 1.09 1.61 1.50 1.10 0.08 0.00330 0.04334 0.00 -0.0021
177 19 6.83 0.19 8.5 Sea 21.80 1.7 9.78 0.43 1.38 3.83 3.35 1.86 1.38 0.00917 0.06896 12.87 0.0002
177 22 6.82 0.21 8.5 Sea 25.90 36.4 10.94 0.46 1.51 4.22 3.70 2.21 1.38 0.00917 0.08328 13.86 0.0015
178 1 7.30 0.22 7.5 Sea 10.20 27.2 10.66 0.02 1.08 1.65 1.53 0.65 0.28 0.00484 0.04264 0.00 -0.0022
178 4 7.27 0.20 8.5 Sea 11.40 76.4 9.89 0.02 0.92 1.44 1.38 0.68 0.19 0.00427 0.03108 0.00 -0.0032
178 7 6.74 0.16 8.5 Sea 26.50 41.4 8.28 0.37 1.36 3.46 2.89 2.08 0.92 0.00766 0.06733 10.95 0,0000
178 10 6.75 0.15 8.5 Sea 29.30 34.9 7.80 0.34 1.44 3.47 2.76 2.24 0.80 0.00719 0.07577 10.07 0.0008
178 13 7.37 0.22 7.5 Sea 12.10 32.4 10.31 0.02 1.10 1.66 1.51 0.74 0.22 0.00447 0.04408 0.00 -0.0021
178 16 7.48 0.24 8.5 Sea 14.50 89.0 11.97 0.02 1.04 1.62 1.59 0.85 0.16 0.00406 0.03955 0.00 -0.0025
178 19 6.95 0.20 8.5 Sea 17.10 35.0 10.23 0.02 1.22 1.77 1.51 0.98 0.14 0.00392 0.05372 0.00 -0.0012
178 22 6.66 0.12 8.5 Sea 29.00 61.0 6.32 0.02 1.26 1.71 1.17 1.41 0.04 0.00276 0.05735 0.00 -0.0009
179 1 7.11 0.19 7.5 Sea 14.80 49.1 9.30 0.02 1.07 1.59 1.41 0.85 0.14 0.00391 0.04138 0.00 -0.0023
179 4 7.29 0.20 9.8 Sea 10.70 43.3 10.31 0.02 1.02 1.53 1.41 0.67 0.25 0.00468 0.03756 0.00 -0.0026
179 7 6.86 0.15 8.5 Sea 19.20 1.3 8.08 0.02 1.19 1.69 1.32 1.05 0.10 0.00355 0.05142 0.00 -0.0014
179 10 6.59 0.10 8.5 Sea 42.10 6.6 5.30 0.21 1.77 3.48 2.06 2.80 0.37 0.00536 0.11408 6.30 0.0042
179 13 7.13 0.14 8.5 Sea 20.20 84.0 7.12 0.02 0.91 1.31 1.13 1.01 0.05 0.00290 0.03039 0.00 -0.0033
179 16 7.49 0.21 3.9 Bay 26.30 9.4 4.44 0.02 1.22 1.70 1.11 1.30 0.05 0.00283 0.05431 0.00 -0.0011
179 19 7.12 0.13 9.8 Sea 24.60 64.1 6.82 0.02 1.12 1.55 1.15 1.22 0.05 0.00288 0.04577 0.00 -0.0019
179 22 6.69 0.10 8.5 Sea 24.90 11.1 5.03 0.02 1.18 1.61 1.03 1.25 0.05 0.00292 0.05043 0.00 -0.0015
180 1 6.87 0.10 8.5 Sea 20.50 32.0 5.10 0.02 1.01 1.40 0.98 1.04 0.06 0.00301 0.03715 0.00 -0.0027
180 4 7.25 0.16 8.5 Sea 15.70 31.6 7.84 0.02 1.03 1.50 1.25 0.88 0.12 0.00369 0.03883 0.00 -0.0025
180 7 7.14 0.15 9.8 Sea 18.40 69.6 7.81 0.02 0.97 1.40 1.19 0.97 0.07 0.00323 0.03414 0.00 -0.0030
180 10 6.74 0.49 4.4 Bay 36.40 33.2 16.08 0.30 2.23 5.84 5.17 2.91 1.00 0.00793 0.18048 9.02 0.0102
180 13 7.03 0.18 7.5 Bay 16.40 36.5 8.79 0.02 1.11 1.63 1.39 0.92 0.12 0.00376 0.04502 0.00 -0.0020
180 16 7.66 0.22 4.4 Bay 24.20 86.1 6.10 0.02 1.00 1.43 1.20 1.16 0.04 0.00268 0.03628 0.00 -0.0028
180 19 7.56 0.22 5.6 Bay 40.10 11.9 8.36 0.21 1.91 4.06 2.96 2.79 0.48 0.00589 0.13237 6.31 0.0059
180 22 6.90 0.26 4.7 Bay 24.10 70.4 9.08 0.02 1.24 1.83 1.57 1.25 0.07 0.00314 0.05605 0.00 -0.0010
181 1 6.84 0.18 4.1 Bay 21.80 24.4 5.07 0.02 1.10 1.57 1.14 1.10 0.06 0.00300 0.04403 0.00 -0.0021
181 4 7.35 0.17 5.6 Bay 12.40 88.0 6.83 0.02 0.74 1.19 1.15 0.67 0.10 0.00347 0.01984 0.00 -0.0042
181 7 7.35 0.15 8.5 Sea 11.50 22.9 7.47 0.02 0.90 1,34 1.17 0.67 0.16 0.00406 0.02950 0.00 -0.0034
181 10 6.81 0.20 3.9 Bay 24.90 87.9 4.90 0.02 0.97 1.35 1.08 1.17 0.03 0.00254 0.03389 0.00 -0.0030
181 13 6.81 0.14 42.7 Sea 21.80 4.4 8.47 0.02 1.20 1.61 1.10 1.18 0.09 0.00346 0.05257 0.00 -0.0013
181 16 7.47 0.17 6.7 Sea 26.90 17.3 7.79 0.27 1.42 3.38 2.74 2.01 0.70 0.00684 0.07341 8.00 0.0006
181 19 7.60 0.19 4.1 Bay 31.80 82.4 4.60 0.02 1.20 1.61 1.10 1.47 0.03 0.00246 0.05212 0.00 -0.0013
181 22 6.99 0.15 6.1 Sea 27.30 82.6 6.71 0.02 1.12 1.56 1.23 1.31 0.04 0.00266 0.04559 0.00 -0.0019



Results froi Grant-Hadsen wave/current K>del 
THIMBLE SHOALS DATA - Proi CBK8907

Ds = 0.0170 ci 
k'biol = 0.50 ci
Zc = 150.00 ci

day tiie depth H T srce Uc Phi Ob 20
Jin hour l Cl sec -- ci/s deg ci/s Cl
182 1 6.70 0.09 7.5 Bay 33.00 0.8 4.37 0.17
182 4 7.14 0.14 5.1 Bay 17.90 41.8 5.27 0.02
182 7 7.38 0.19 6.7 Sea 14.90 89.5 8.53 0.02
182 10 6.91 0.18 7.5 Sea 23.80 25.3 9.00 0.35
182 13 6.67 0.12 5.6 Bay 32.30 6.6 5.20 0.15
182 16 7.24 0.18 5.6 Bay 15.60 25.6 7.13 0.02
182 19 7.62 0.17 5.6 Bay 20.50 65.3 6.37 0.02
182 22 7.21 0.14 6.1 Sea 39.90 79.4 6.15 0.19
183 1 6.65 0.13 6.7 Sea 27.70 31.1 6.42 0.02
183 4 6.97 0.19 5.6 Bay 19.30 85.6 7.92 0.02
183 7 7.41 0.25 5.1 Bay 13.00 35.4 8.77 0.02
183 10 7.10 0.22 7.5 Sea 18.10 36.0 10.58 0.02
183 13 6.63 0.14 7.5 Sea 31.80 33.9 7.11 0.27
183 16 6.99 0.21 6.7 Bay 18.50 64.0 9.74 0.02
183 19 7.54 0.28 5.6 Bay 14.40 38.7 10.83 0.02
183 22 7.34 0.18 6.7 Sea 39.70 82.7 8.16 0.27
184 1 6.65 0.19 8.5 Sea 28.70 1.9 10.05 0.42
184 4 6.72 0.16 6.7 Sea 26.20 60.5 7.77 0.02
184 7 7.30 0.22 7.5 Sea 14.50 19.0 10.33 0.02
184 10 7.20 0.19 6.7 Sea 14.40 18.8 8.75 0.02
184 13 6.64 0.16 7.5 Bay 29.30 67.2 8.18 0.02
184 16 6.75 0.18 6.1 Sea 28.80 50.2 8.36 0.26
184 19 7.41 0.26 6.1 Sea 15.40 5.5 10.75 0.02
184 22 7.42 0.16 8.5 Sea 23.80 90.0 8.02 0.02
185 1 6.81 0.15 7.5 Sea 26.90 27.9 7.53 0.29
185 4 6.66 0.12 7.5 Bay 26.30 26.0 6.27 0.02
185 7 7.26 0.21 6.7 Sea 21.40 15.6 9.46 0.02
185 10 7.41 0.17 6.7 Sea 17.50 88.1 7.43 0.02
185 13 6.87 0.17 8.5 Sea 17.60 24.8 8.59 0.02
185 16 6.73 0.21 6.1 Sea 25.10 32.0 9.43 0.29
185 19 7.36 0.27 8.5 Sea 18.20 13.6 13.39 0.57
185 22 7.65 0.28 8.5 Sea 33.30 72.4 13.39 0.55
186 1 7.12 0.24 9.8 Sea 17.90 70.2 12.79 0.02
186 4 6.73 0.24 7.5 Sea 29.70 47.0 11.95 0.43
186 7 7.11 0.27 6.7 Sea 21.90 58.0 12.44 0.43
186 10 7.46 0.34 7.5 Sea 13.40 18.9 15.82 0.59
186 13 7.05 0.22 9.8 Sea 13.50 9.0 11.53 0.02
186 16 6.67 0.20 8.5 Sea 30.20 46.7 10.35 0.43
186 19 7.14 0.30 6.1 Sea 18.70 77.9 13.22 0.02
186 22 7.53 0.41 6.1 Sea 11.90 12.6 17.18 0.51
187 1 7.17 0.25 8.5 Sea 11.50 3.8 12.56 0.02
187 4 6.66 0.16 7.5 Sea 28.80 29.0 8.06 0.31
187 7 6.92 0.20 6.1 Sea 25.70 74.3 8.68 0.02
187 10 7.39 0.25 6.1 Sea 11.70 29.3 10.60 0.02
187 13 7.18 0.23 7.5 Sea 9.80 59.8 10.98 0.02
187 16 6.72 0.16 6.7 Sea 15.30 34.4 7.77 0.02
187 19 6.93 0.23 6.7 Sea 10.10 78.9 10.70 0.02
187 22 7.39 0.29 5.1 Bay 14.40 36.8 10.22 0.02
188 1 7.19 0.22 11.6 Sea 19.00 83.2 12.03 0.02
188 4 6.66 0.15 11.6 Sea 27.40 12.5 8.49 0.50

u*s u*t u*wi u*c Z'o Cd Shlds Kbr C* 
Cl/S Cl/S Cl/S Cl/S ci --------- Cl Cl

1.41 2.73 1.71 2.13 0.31 0.00503 0.07280 5.02 0.0005
0.94 1.37 1.07 0.92 0.06 0.00311 0.03243 0.00 -0.0031
0.86 1.35 1.30 0.81 0.10 0.00347 0.02703 0.00 -0.0036
1.37 3.61 3.10 1.91 1.03 0.00802 0.06871 10.46 0.0002
1.45 2.85 1.95 2.08 0.30 0.00497 0.07699 4.37 0.0009
1.03 1.52 1.28 0.86 0.11 0.00359 0.03838 0.00 -0.0026
1.00 1.45 1.19 1.04 0.06 0.00301 0.03660 0.00 -0.0027
1.51 2.95 2.21 2.52 0.27 0.00480 0.08329 5.57 0.0015
1.34 1.85 1.26 1.40 0.05 0.00296 0.06486 0.00 -0,0002
0.95 1.44 1.32 0.99 0.06 0.00309 0.03300 0.00 -0.0031
1.06 1.62 1.47 0.76 0.16 0.00404 0.04065 0.00 -0.0024
1.27 1.86 1.60 1.04 0.14 0.00388 0.05912 0.00 -0.0007
1.49 3.36 2.55 2.30 0.59 0.00637 0.08129 7.99 0.0013
1.14 1.69 1.50 1.02 0.10 0.00357 0.04725 0.00 -0.0018
1.22 1.85 1.68 0.86 0.18 0.00422 0.05392 0.00 -0.0012
1.54 3.39 2.81 2.72 0.43 0.00569 0.08681 8.11 0.0018
1.61 4.19 3.45 2.37 1.17 0.00851 0.09474 12.41 0.0025
1.26 1.77 1.36 1.32 0.05 0.00298 0.05744 0.00 -0.0009
1.19 1.76 1.54 0.86 0.18 0.00423 0.05140 0.00 -0.0014
1.09 1.62 1.40 0.83 0.15 0.00397 0.04348 0.00 -0.0021
1.33 1.84 1.40 1.45 0.05 0.00287 0.06401 0.00 -0.0003
1.42 3.42 2.89 2.11 0.63 0.00657 0.07369 7.76 0.0006
1.28 1.90 1.67 0.91 0.18 0.00419 0.05922 0.00 -0.0007
1.01 1.43 1.24 1.16 0.04 0.00278 0.03708 0.00 -0.0027
1.38 3.30 2.66 2.02 0.73 0.00696 0.06901 8.75 0.0002
1.29 1.78 1.21 1.33 0.06 0.00300 0.06016 0.00 -0.0006
1.36 1.95 1.56 1.18 0.11 0.00359 0.06680 0.00 -0.0000
0.86 1.29 1.19 0.90 0.06 0.00309 0.02668 0.00 -0.0036
1.15 1.66 1.35 0.98 0.12 0.00369 0.04808 0.00 -0.0017
1.44 3.70 3.22 1.95 0.86 0.00745 0.07560 8.71 0.0008
1.48 4.75 4.43 1.74 2.30 0.01182 0.07994 17.11 0.0012
1.64 4.81 4.41 2.84 1.38 0.00917 0.09832 16.42 0.0028
1.23 1.83 1.68 1.03 0.15 0.00396 0.05533 0.00 -0.0010
1.65 4.54 3.99 2.47 1.23 0.00870 0.09916 12.91 0.0029
1.42 4.37 4.12 1.89 1.47 0.00943 0.07297 12.79 0.0005
1.51 5.31 5.14 1.36 2.93 0.01350 0.08283 17.72 0.0014
1.22 1.79 1.58 0.84 0.23 0.00459 0.05388 0.00 -0.0012
1.57 4.14 3.53 2.47 1.12 0.00832 0.08945 12.93 0.0020
1.29 1.98 1.88 1.07 0.14 0.00389 0.06076 0.00 -0.0006
1.60 5.65 5.53 1.19 2.78 0.01311 0.09291 15.23 0.0023
1.24 1.86 1.71 0.74 0.31 0.00503 0.05624 0.00 -0.0010
1.47 3.52 2.83 2.18 0.76 0.00707 0.07827 9.13 0.0010
1.22 1.74 1.45 1.30 0.05 0.00298 0.05392 0.00 -0.0012
1.14 1.75 1.61 0.72 0.23 0.00454 0.04724 0.00 -0.0018
1.03 1.61 1.54 0.62 0.28 0.00485 0.03887 0.00 -0.0025
1.03 1.52 1.29 0.86 0.12 0.00369 0.03856 0.00 -0.0026
0.98 1.57 1.53 0.63 0.24 0.00462 0.03499 0.00 -0.0029
1.19 1.82 1.65 0.85 0.17 0.00412 0.05158 0.00 -0.0014
1.12 1.65 1.53 1.05 0.11 0.00359 0.04544 0.00 -0.0019
1.45 3.77 3.00 2.30 1.28 0.00885 0.07646 14.94 0.0009
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6.80 0.15 6.1 Sea 20.30 68.6 6.86 0.02 1.00 1.46 1.22 1.04 0.06 0.00305 0.03670 0.00 -0.0027
7.33 0.19 6.7 Sea 11.70 6.3 8.44 0.02 1.00 1.51 1.35 0.70 0.18 0.00422 0.03664 0.00 -0.0027
7.27 0.18 6.7 Sea 13.50 74.2 8.13 0.02 0.88 1.36 1.27 0.75 0.12 0.00368 0.02834 0.00 -0.0035
6.76 0.16 6.7 Sea 17.60 32.5 7.78 0.02 1.10 1.60 1.32 0.96 0.10 0.00354 0.04415 0.00 -0.0021
6.79 0.12 6.1 Sea 15.10 56.0 5.47 0.02 0.83 1.22 1.02 0.79 0.07 0.00322 0.02482 0.00 -0.0038
7.24 0.18 5.6 Bay 17.50 4.5 7.01 0.02 1.10 1.60 1.29 0.95 0.10 0.00349 0.04375 0.00 -0.0021
7.26 0.14 6.7 Sea 22.00 70.7 6.41 0.02 1.01 1.44 1.15 1.10 0.05 0.00290 0.03730 0.00 -0.0027
6.76 0.11 11.6 Sea 18.90 20.2 6.34 0.02 1.04 1.45 1.06 1.00 0.08 0.00329 0.03924 0.00 -0.0025
6.72 0.09 9.8 Sea 27.60 33.4 4.71 0.02 1.21 1.63 0.98 1.35 0.04 0.00277 0.05329 0.00 -0.0012
7.21 0.15 5.6 Bay 9.30 27.8 5.88 0.02 0.76 1.18 1.06 0.54 0.15 0.00394 0.02084 0.00 -0.0042
7.33 0.14 6.7 Sea 12.90 82.2 6.32 0.02 0.72 1.12 1.05 0.69 0.08 0.00335 0.01907 0.00 -0.0043
6.99 0.18 3.9 Bay 20.00 65.9 4.40 0.02 0.89 1.29 1.01 0.98 0.04 0.00279 0.02906 0.00 -0.0034
6.88 0.25 3.9 Bay 17.00 37.3 6.18 0.02 1.01 1.51 1.26 0.90 0.08 0.00331 0.03703 0.00 -0.0027
7.35 0.18 3.9 Bay 18.20 76.2 3.90 0.02 0.78 1.12 0.91 0.88 0.04 0.00271 0.02187 0.00 -0.0041
7.35 0.15 5.6 Bay 20.60 18.1 6.00 0.02 1.12 1.59 1.19 1.07 0.07 0.00318 0.04531 0.00 -0.0020
6.95 0.13 8.5 Sea 17.80 57.3 6.51 0.02 0.94 1.35 1.10 0.93 0.07 0.00320 0.03220 0.00 -0.0031
6.75 0.12 7.5 Sea 19.10 20.8 6.16 0.02 1.06 1.50 1.13 1.01 0.08 0.00326 0.04065 0.00 -0.0024
7.14 0.11 6.1 Sea 9.90 25.9 4.72 0.02 0.69 1.04 0.90 0.55 0.11 0.00362 0.01712 0.00 -0.0045
7.42 0.14 9.8 Sea 19.80 59.2 7.32 0.02 1.03 1.46 1.17 1.03 0.07 0.00318 0.03837 0.00 -0.0026
7.10 0.12 14.2 Sea 16.70 29.2 6.44 0.02 0.95 1.33 1.01 0.90 0.09 0.00340 0.03285 0.00 -0.0031
6.79 0.12 7.5 Sea 24.80 15.0 6.14 0.02 1.25 1.73 1.18 1.27 0.06 0.00305 0.05645 0.00 -0.0009
7.01 0.13 7.5 Sea 13.30 72.9 6.40 0.02 0.77 1.16 1.05 0.71 0.09 0.00339 0.02134 0.00 -0.0041
7.24 0.14 8.5 Sea 11.70 25.6 6.89 0.02 0.86 1.28 1.11 0.67 0.14 0.00392 0.02721 0.00 -0.0036
6.96 0.13 9.8 Sea 15.60 18.3 7.02 0.02 0.99 1.42 1.13 0.86 0.11 0.00361 0.03555 0.00 -0.0028
6.65 0.09 9.8 Sea 25.30 28.7 4.90 0.02 1.15 1.57 0.98 1.25 0.05 0.00286 0.04850 0.00 -0.0017
6.92 0.11 9.8 Sea 20.50 76.7 5.91 0.02 0.90 1.25 1.00 1.01 0.04 0.00281 0.02937 0.00 -0.0034
7.30 0.17 8.5 Sea 9.80 83.8 8.51 0.02 0.79 1.25 1.22 0.58 0.18 0.00421 0.02251 0.00 -0.0040
7.11 0.18 3.9 Bay 15.60 66.8 4.24 0.02 0.75 1.13 0.95 0.78 0.05 0.00293 0.02067 0.00 -0.0042
6.71 0.13 8.5 Sea 10.20 24.4 6.77 0.02 0.82 1.22 1.08 0.60 0.16 0.00408 0.02416 0.00 -0.0039
6.80 0.18 8.5 Sea 10.70 54.4 9.28 0.02 0.94 1.44 1.34 0.65 0.21 0.00440 0.03209 0.00 -0.0031
7.09 0.16 8.5 Sea 16.30 32.0 8.16 0.02 1.07 1.55 1.29 0.91 0.12 0.00369 0.04165 0.00 -0.0023
7.00 0.14 8.5 Sea 11.60 64.0 7.25 0.02 0.80 1.22 1.12 0.66 0.13 0.00381 0.02339 0.00 -0.0039
6.67 0.12 9.8 Sea 15.90 9.0 6.82 0.02 0.99 1.42 1.12 0.88 0.10 0.00357 0.03586 0.00 -0.0028
6.83 0.10 8.5 Sea 21.20 65.3 4.97 0.02 0.93 1.29 0.94 1.04 0.04 0.00278 0.03144 0.00 -0.0032
7.20 0.16 8.5 Sea 10.10 1.6 8.08 0.02 0.91 1.37 1.23 0.61 0.21 0.00440 0.03032 0.00 -0.0033
7.21 0.16 8.5 Sea 16.80 89.2 8.28 0.02 0.86 1.30 1.22 0.88 0.07 0.00323 0.02710 0.00 -0.0036
6.82 0.15 9.8 Sea 11.70 36.9 8.03 0.02 0.91 1.35 1.19 0.69 0.17 0.00411 0.03009 0.00 -0.0033
6.82 0.11 8.5 Sea 9.60 51.7 5.91 0.02 0.70 1.07 0.96 0.55 0.14 0.00386 0.01776 0.00 -0.0044
7.11 0.13 8.5 Sea 12.70 35.2 6.57 0.02 0.86 1.26 1.08 0.71 0.12 0.00371 0.02676 0.00 -0.0036
7.12 0.24 4.1 Bay 19.50 9.5 6.28 0.02 1.13 1.65 1.29 1.03 0.08 0.00327 0.04638 0.00 -0.0019
6.87 0.17 9.8 Sea 21.10 31.3 9.13 0.02 1.26 1.79 1.41 1.15 0.10 0.00352 0.05809 0.00 -0.0008
6.85 0.17 9.8 Sea 19.90 0.7 9.20 0.02 1.27 1.80 1.42 1.11 0.11 0.00367 0.05864 0.00 -0.0008
7.31 0.22 9.8 Sea 9.90 18.9 11.65 0.02 1.12 1.68 1.55 0.65 0.33 0.00517 0.04532 0.00 -0.0020
7.47 0.18 11.6 Sea 30.40 62.8 9.81 0.58 1.44 3.93 3.37 2.56 1.30 0.00890 0.07509 17.31 0.0007
7.15 0.18 9.8 Sea 29.70 75.2 9.59 0.02 1.34 1.85 1.46 1.48 0.05 0.00288 0.06484 0.00 -0.0002
6.89 0.20 8.5 Sea 8.90 5.8 10.45 0.02 1.04 1.58 1.47 0.58 0.32 0.00510 0.03901 0.00 -0.0025
7.05 0.19 8.5 Sea 4.80 36.6 9.78 0.02 0.88 1.39 1.36 0.34 0.52 0.00606 0.02799 0.00 -0.0035
7.22 0.18 8.5 Sea 9.20 70.4 8.87 0.02 0.84 1.32 1.27 0.56 0.22 0.00450 0.02579 0.00 -0.0037
6.95 0.18 9.8 Sea 31.50 11.1 9.81 0.46 1.67 4.28 3.41 2.61 1.20 0.00860 0.10184 13.79 0.0031
6.78 0.13 9.8 Sea 15.50 29.9 7.24 0.02 0.98 1.41 1.15 0.86 0.11 0.00362 0.03510 0.00 -0.0029
7.08 0.16 8.5 Sea 15.90 80.3 8.07 0.02 0.88 1.32 1.21 0.85 0.09 0.00337 0.02822 0.00 -0.0035
7.42 0.19 8.5 Sea 13.80 4.9 9.51 0.02 1.11 1.64 1.42 0.82 0.18 0.00420 0.04511 0.00 -0.0020
7.21 0.22 5.1 Bay 19.50 31.1 8.22 0.02 1.21 1.78 1.46 1.06 0.10 0.00349 0.05351 0.00 -0.0012
6.86 0.14 9.8 Sea 22.60 5.9 7.35 0.02 1.24 1.73 1.25 1.20 0.08 0.00329 0.05604 0.00 -0.0010
7.01 0.19 3.5 Bay 14.70 11.8 3.20 0.02 0.76 1.12 0.84 0.74 0.05 0.00298 0.02104 0.00 -0.0041
7.38 0.22 7.5 Bay 25.60 38.7 10.39 0.39 1.47 4.01 3.52 2.11 1.16 0.00847 0.07911 11.74 0.0011
7.23 0.35 4.1 Bay 11.00 79.8 9.23 0.02 0.95 1.58 1.54 0.65 0.17 0.00414 0.03298 0.00 -0.0031
6.88 0.38 4.4 Bay 21.30 69.0 11.89 0.27 1.36 4.08 3.93 1.68 0.95 0.00776 0.06728 8.13 0.0000
7.09 0.21 14.2 Sea 17.60 17.0 11.59 0.02 1.30 1.84 1.53 1.04 0.17 0.00417 0.06144 0.00 -0.0005
7.49 0.25 14.2 Sea 21.00 40.4 13.64 0.98 1.46 4.96 4.55 2.21 3.34 0.01455 0.07745 29.23 0.0009



19
22
1
4
7
10
13
16
19
22
1
4
7
10
13
16
19
22
1
4
7
10
13
16
19
22
1
4
7

10
13
16
19
22
1
4
7
10
13
16
19
22
1
4
7
10
13
16
19
22
1
4
7
10
13
16
19
22
1
4

7.42 0.28 14.2 Sea 22.40 77.6 15.46 1.13 1.38
6.96 0.24 14.2 Sea 21.20 29.4 13.35 0.95 1.48
6.94 0.19 14.2 Sea 13.00 20.9 10.65 0.02 1.10
7.29 0.21 11.6 Sea 9.90 78.6 11.40 0.02 0.95
7.26 0.22 11.6 Sea 25.00 36.4 12.07 0.70 1.52
6.90 0.23 11.6 Sea 18.90 13.4 12.49 0.74 1.41
6.94 0.18 9.8 Sea 19.50 51.6 9.71 0.02 1.18
7.42 0.25 9.8 Sea 9.60 25.2 13.08 0.02 1.19
7.50 0.28 11.6 Sea 15.40 87.3 14.65 0.02 1.18
7.05 0.23 11.6 Sea 18.80 82.8 12.72 0.02 1.15
6.83 0.23 9.8 Sea 12.30 24.2 12.52 0.02 1.23
7.15 0.33 9.8 Sea 6.90 44.4 17.55 0.89 1.39
7.24 0.36 9.8 Sea 16.40 34.1 18.98 0.88 1.71
6.88 0.28 11.6 Sea 13.70 85.3 15.79 0.02 1.24
6.70 0.28 9.8 Sea 16.50 42.3 15.41 0.76 1.48
7.19 0.37 9.8 Sea 16.90 54.5 19.38 0.91 1.67
7.63 0.39 9.8 Sea 5.30 4.1 19.49 0.95 1.50
7.23 0.40 3.9 Bay 9.40 69.9 8.88 0.02 0.94
6.79 0.27 9.8 Sea 43.40 35.3 14.63 0.61 2.26
7.15 0.31 6.1 Bay 56.70 24.6 13.51 0.19 2.72
7.41 0.30 8.5 Sea 16.90 40.0 14.67 0.63 1.47
7.19 0.25 9.8 Sea 15.80 31.7 13.13 0.02 1.35
6.86 0.21 9.8 Sea 21.10 55.3 11.30 0.02 1.30
7.17 0.19 5.1 Bay 8.50 88.6 6.90 0.02 0.70
7.67 0.28 5.1 Bay 36.30 30.4 9.64 0.23 1.83
7.45 0.23 6.7 Bay 46.70 51.1 10.30 0.30 2.08
6.92 0.28 9.8 Sea 18.00 20.7 14.89 0.72 1.54
7.07 0.26 7.5 Sea 12.40 64.7 12.77 0.02 1.18
7.55 0.29 6.7 Bay 11.80 5.8 12.75 0.02 1.29
7.35 0.34 8.5 Sea 11.60 80.4 16.94 0.75 1.36
6.85 0.23 3.9 Bay 24.10 41.1 5.66 0.02 1.18
7.05 0.22 5.6 Bay 25.30 65.8 9.14 0.02 1.29
7.66 0.31 5.6 Bay 17.30 1.5 11.68 0.33 1.41
7.55 0.23 6.1 Sea 25.90 85.2 9.66 0.02 1.20
6.92 0.19 7.5 Sea 19.10 16.0 9.24 0.02 1.26
6.90 0.15 5.6 Bay 23.30 46.5 6.46 0.02 1.16
7.44 0.26 5.1 Bay 19.60 8.4 9.19 0.02 1.31
7.45 0.26 5.6 Bay 16.80 88.8 9.88 0.02 1.00
6.85 0.19 8.5 Sea 18.80 11.6 9.86 0.02 1.28
6.81 0.23 4.1 Bay 22.40 54.2 6.61 0.02 1.14
7.44 0.29 6.1 Bay 25.00 26.6 12.22 0.36 1.63
7.52 0.22 7.5 Sea 33.90 57.6 10.34 0.38 1.63
6.89 0.17 7.5 Sea 23.50 63.5 8.37 0.02 1.19
6.66 0.13 8.5 Sea 24.50 31.4 6.69 0.02 1.24
7.18 0.23 7.5 Bay 19.60 53.0 11.13 0.02 1.29
7.47 0.26 5.1 Bay 13.30 35.5 9.04 0.02 1.08
6.95 0.18 9.8 Sea 15.70 28.9 9.81 0.02 1.15
6.69 0.22 8.5 Sea 30.80 21.1 11.44 0.46 1.74
7.26 0.27 6.1 Sea 14.90 58.4 11.71 0.02 1.22
7.61 0.33 5.6 Bay 14.00 52.3 12.41 0.02 1.27
7.11 0.23 8.5 Sea 14.60 64.9 11.51 0.02 1.13
6.66 0.12 9.8 Sea 27.00 31.6 6.44 0.02 1.29
7.10 0.23 8.5 Sea 22.00 76.9 11.78 0.02 1.24
7.55 0.34 6.1 Sea 17.30 31.4 14.12 0.43 1.51
7.18 0.22 5.6 Bay 12.20 69.1 8.67 0.02 0.93
6.70 0.14 8.5 Sea 17.10 9.6 7.20 0.02 1.06
7.06 0.25 6.7 Sea 19.20 70.0 11.44 0.02 1.23
7.64 0.24 5.6 Bay 17.80 12.8 9.26 0.02 1.25
7.34 0.17 9.8 Sea 25.90 67.5 8.66 0.02 1.23
6.76 0.12 8.5 Sea 24.00 4.3 6.53 0.02 1.24

5.26 5.08 2.40 3.59 0.01520 0.06969 33.84 0.0002
4.93 4.46 2.22 3.26 0.01435 0.08016 28.43 0.0012
1.59 1.39 0.80 0.23 0.00453 0.04418 0.00 -0.0021
1.47 1.43 0.63 0.28 0.00486 0.03314 0.00 -0.0030
4.61 4.06 2.35 2.13 0.01134 0.08438 20.82 0.0016
4.58 4.18 1.89 2.73 0.012% 0.07283 22.18 0.0005
1.70 1.42 1.07 0.10 0.00357 0.05104 0.00 -0.0014
1.80 1.69 0.65 0.40 0.00550 0.05178 0.00 -0.0014
1.79 1.74 0.93 0.20 0.00434 0.05073 0.00 -0.0015
1.70 1.60 1.05 0.12 0.00371 0.04839 0.00 -0.0017
1.82 1.66 0.79 0.28 0.00489 0.05498 0.00 -0.0011
5.75 5.71 0.83 5.33 0.01957 0.07035 26.56 0.0003
6.32 6.09 1.83 4.19 0.01670 0.10640 26.45 0.0035
1.88 1.85 0.87 0.27 0.00482 0.05579 0.00 -0.0010
5.26 5.04 1.72 3.25 0.01432 0.07920 22.77 0.0011
6.38 6.21 1.89 4.20 0.01673 0.10204 27.23 0.0032
6.31 6.27 0.67 6.32 0.02205 0.08226 28.60 0.0014
1.57 1.52 0.57 0.20 0.00434 0.03228 0.00 -0.0031
6.04 4.87 3.80 1.55 0.00969 0.18513 18.25 0.0106
5.54 3.98 3.94 0.47 0.00587 0.26885 4.64. 0.0182
5.04 4.81 1.68 2.66 0.01278 0.07841 18.82 0.0010
1.97 1.75 0.97 0.22 0.00449 0.06621 0.00 -0.0001
1.87 1.59 1.17 0.11 0.00364 0.06172 0.00 -0.0005
1.18 1.17 0.50 0.16 0.00405 0.01784 0.00 -0.0044
4.14 3.31 2.61 0.57 0.00630 0.12132 6.80 0.0049
4.67 3.55 3.40 0.61 0.00648 0.15701 9.09 0.0081
5.20 4.89 1.84 3.00 0.01366 0.08627 21.64 0.0017
1.82 1.74 0.78 0.25 0.00468 0.05089 0.00 -0.0014
1.96 1.81 0.76 0.29 0.00494 0.06091 0.00 -0.0005
5.55 5.52 1.26 3.75 0.01560 0.06734 22.40 0.0000
1.68 1.25 1.21 0.05 0.00295 0.05058 0.00 -0.0015
1.86 1.55 1.31 0.07 0.00312 0.06059 0.00 -0.0006
4.16 3.89 1.47 1.36 0.00911 0.07186 9.% 0.0004
1.74 1.53 1.30 0.05 0.00295 0.05196 0.00 -0.0014
1.81 1.48 1.07 0.12 0.00370 0.05770 0.00 -0.0008
1.65 1.25 1.19 0.06 0.00303 0.04935 0.00 -0.0016
1.93 1.59 1.09 0.11 0.00366 0.06286 0.00 -0.0004
1.57 1.52 0.92 0.10 0.00352 0.03635 0.00 -0.0028
1.84 1.51 1.07 0.13 0.00382 0.05992 0.00 -0.0006
1.65 1.33 1.14 0.06 0.00305 0.04717 0.00 -0.0018
4.52 4.06 2.08 1.23 0.00869 0.09633 10.75 0.0026
4.13 3.51 2.64 0.88 0.00751 0.0%70 11.23 0.0027
1.69 1.37 1.21 0.06 0.00311 0.05127 0.00 -0.0014
1.71 1.21 1.26 0.06 0.00308 0.05549 0.00 -0.0010
1.89 1.64 1.10 0.12 0.00374 0.06052 0.00 -0.0006
1.66 1.50 0.78 0.16 0.00406 0.04274 0.00 -0.0022
1.67 1.42 0.91 0.16 0.00402 0.04805 0.00 -0.0017
4.63 3.87 2.60 1.31 0.00895 0.11025 13.71 0.0039
1.86 1.73 0.89 0.18 0.00421 0.05372 0.00 -0.0012
1.97 1.84 0.85 0.21 0.00444 0.05912 0.00 -0.0007
1.70 1.58 0.87 0.18 0.00418 0.04642 0.00 -0.0019
1.77 1.18 1.36 0.05 0.00297 0.06078 0.00 -0.0006
1.82 1.64 1.19 0.09 0.00344 0.05606 0.00 -0.0010
4.85 4.62 1.58 1.86 0.01058 0.08347 12.80 0.0015
1.47 1.39 0.71 0.15 0.00397 0.03153 0.00 -0.0032
1.52 1.20 0.94 0.10 0.00355 0.04117 0.00 -0.0023
1.84 1.68 1.07 0.12 0.00368 0.05477 0.00 -0.0011
1.85 1.55 1.01 0.13 0.00378 0.05710 0.00 -0.0009
1.72 1.35 1.31 0.06 0.00300 0.05519 0.00 -0.0011
1.73 1.20 1.24 0.07 0.00314 0.05635 0.00 -0.0010



203 7 6.99 0.16 7.5 Bay 24.60
203 10 7.62 0.23 6.7 Sea 17.40
203 13 7.41 0.25 8.5 Sea 12.30
203 16 6.78 0.15 18.3 Sea 16.50
203 19 6.89 0.19 7.5 Bay 22.40
203 22 7.48 0.23 18.3 Sea 22.20
204 1 7.41 0.20 8.5 Sea 12.40
204 4 6.77 0.12 18.3 Sea 18.00
204 7 6.82 0.13 18.3 Sea 31.20
204 10 7.45 0.22 14.2 Sea 17.80
204 13 7.51 0.24 18.3 Sea 15.30
204 16 6.90 0.19 18.3 Sea 18.80
204 19 6.77 0.12 14.2 Sea 25.00
204 22 7.29 0.22 14.2 Sea 23.00
205 1 7.48 0.21 14.2 Sea 16.30
205 4 6.93 0.20 14.2 Sea 21.30
205 7 6.74 0.14 14.2 Sea 27.50
205 14 7.40 0.19 14.2 Sea 46.80
205 17 6.84 0.18 18.3 Sea 17.60
205 20 6.72 0.18 14.2 Sea 21.80
205 23 7.26 0.22 14.2 Sea 14.40
206 2 7.30 0.21 14.2 Sea 18.30
206 5 6.82 0.18 14.2 Sea 21.40
206 8 6.69 0.12 14.2 Sea 35.20
206 11 7.27 0.21 14.2 Sea 12.10
206 14 7.51 0.22 14.2 Sea 17.20
206 17 7.06 0.17 14.2 Sea 22.80
206 20 6.67 0.18 14.2 Sea 23.30
206 23 6.99 0.21 11.6 Sea 16.70
207 2 7.28 0.26 7.5 Sea 11.40
207 5 6.94 0.22 7.5 Sea 19.50
207 8 6.59 0.17 7.5 Sea 31.60
207 11 6.99 0.25 6.7 Sea 22.90
207 14 7.43 0.29 6.7 Sea 17.30
207 17 7.20 0.25 9.8 Sea 23.70
207 20 6.66 0.21 8.5 Sea 25.10
207 23 6.79 0.21 7.5 Sea 25.00
208 2 7.18 0.27 7.5 Sea 15.60
208 5 7.02 0.19 8.5 Sea 10.80
208 8 6.59 0.13 9.8 Sea 19.40
208 11 6.73 0.15 6.7 Sea 22.50
208 14 7.29 0.25 7.5 Sea 22.00
208 17 7.27 0.23 7.5 Sea 38.40
208 20 6.72 0.15 14.2 Sea 30.50
208 23 6.53 0.16 14.2 Sea 24.10
209 2 6.94 0.17 11.6 Sea 13.10
209 5 7.15 0.19 14.2 Sea 8.60
209 8 6.67 0.14 9.8 Sea 17.50
209 11 6.57 0.17 14.2 Sea 37.20
209 14 7.09 0.21 8.5 Sea 16.10
209 17 7.36 0.20 7.5 Sea 18.70
209 20 6.99 0.18 8.5 Sea 27.90
209 23 6.62 0.15 8.5 Sea 25.50
210 2 6.94 0.20 7.5 Sea 22.10
210 5 7.41 0.40 4.7 Bay 18.80
210 8 7.16 0.43 5.1 Bay 13.80
210 11 6.75 0.27 4.4 Bay 24.10
210 14 7.08 0.22 5.6 Bay 17.60
210 17 7.56 0.21 11.6 Sea 26.90
210 20 7.35 0.16 7.5 Sea 45.10

38.2 7.69 0.02 1.29 1.80 1.34 1.28
13.2 9.99 0.02 1.27 1.86 1.57 1.00
83.4 12.34 0.02 1.07 1.66 1.63 0.76
5.8 9.00 0.02 1.11 1.55 1.22 0.95
42.3 9.26 0.02 1.30 1.86 1.49 1.21
27.2 12.54 1.16 1.45 4.83 4.25 2.39
28.0 9.86 0.02 1.07 1.60 1.43 0.75
4.9 6.79 0.02 1.03 1.41 1.03 0.97
47.2 7.46 0.70 1.41 3.63 2.71 2.66
46.4 12.10 0.02 1.26 1.80 1.55 1.04
50.0 13.35 0.02 1.23 1.76 1.56 0.94
39.2 10.83 0.02 1.22 1.71 1.39 1.07
2.4 6.95 0.02 1.28 1.74 1.16 1.30
75.7 11.97 0.02 1.24 1.75 1.53 1.23
48.7 11.64 0.02 1.19 1.71 1.49 0.96
47.6 11.06 0.02 1.30 1.82 1.49 1.18
20.9 7.77 0.57 1.39 3.61 2.79 2.33
80.6 10.34 0.68 1.82 4.53 3.57 3.76
43.9 10.30 0.02 1.14 1.61 1.33 1.00
59.3 10.44 0.02 1.22 1.72 1.41 1.18
6.7 11.94 0.02 1.23 1.77 1.53 0.89
71.7 11.41 0.02 1.12 1.62 1.44 1.02
7.6 10.47 0.77 1.36 4.15 3.60 2.07
82.2 6.71 0.02 1.34 1.77 1.15 1.63
20.8 11.88 0.02 1.15 1.67 1.49 0.77
76.5 11.88 0.02 1.09 1.60 1.47 0.98
48.3 9.66 0.02 1.26 1.76 1.37 1.22
35.2 10.66 0.78 1.38 4.20 3.65 2.22
70.5 11.40 0.02 1.11 1.63 1.49 0.95
45.9 12.60 0.02 1.21 1.84 1.73 0.73
43.7 10.95 0.02 1.31 1.91 1.64 1.10
44.5 8.58 0.32 1.53 3.68 2.99 2.38
87.2 11.57 0.02 1.20 1.79 1.67 1.21
54.6 12.87 0.02 1.35 2.02 1.84 1.02
82.2 12.91 0.02 1.29 1.87 1.70 1.27
1.0 11.32 0.47 1.58 4.40 3.82 2.18
88.8 10.52 0.02 1.17 1.70 1.54 1.27
82.4 13.21 0.02 1.19 1.83 1.77 0.92
6.4 9.76 0.02 1.04 1.56 1.41 0.67
56.4 7.36 0.02 1.03 1.46 1.17 1.02
89.4 7.33 0.02 0.96 1.39 1.22 1.10
16.6 11.92 0.45 1.52 4.41 3.98 1.93
89.3 11.27 0.42 1.55 4.05 3.73 2.92
54.8 8.71 0.63 1.42 3.78 3.06 2.59
62.0 9.26 0.02 1.22 1.69 1.32 1.25
28.3 9.13 0.02 1.02 1.48 1.28 0.78
24.2 10.65 0.02 0.98 1.45 1.34 0.57
21.9 7.64 0.02 1.08 1.54 1.22 0.96
26.6 9.87 0.65 1.81 4.67 3.48 3.21
84.1 10.56 0.02 1.01 1.54 1.46 0.90
72.5 9.65 0.02 1.09 1.61 1.45 1.01
28.1 9.06 0.39 1.49 3.81 3.14 2.24
25.1 7.95 0.02 1.36 1.89 1.36 1.33
51.7 10.16 0.02 1.31 1.88 1.57 1.20
34.4 12.97 0.31 1.51 4.50 4.26 1.57
36.9 15.97 0.40 1.56 5.29 5.16 1.28
51.8 8.75 0.02 1.33 1.94 1.59 1.27
17.9 8.99 0.02 1.22 1.80 1.52 0.99
63.9 11.26 0.67 1.40 4.22 3.80 2.42
72.1 7.66 0.27 1.77 3.70 2.72 3.07

0.07 0.00316 0.06018 0.00 -0.0006 
0.14 0.00392 0.05863 0.00 -0.0008 
0.22 0.00451 0.04131 0.00 -0.0023 
0.14 0.00390 0.04446 0.00 -0.0020 
0.09 0.00342 0.06139 0.00 -0.0005 
3.65 0.01533 0.07681 34.64 0.0009 
0.20 0.00438 0.04199 0.00 -0.0023 
0.09 0.00344 0.03825 0.00 -0.0026
1.37 0.00912 0.07189 20.88 0.0004 
0.16 0.00407 0.05787 0.00 -0.0008 
0.22 0.00452 0.05484 0.00 -0.0011 
0.14 0.00385 0.05437 0.00 -0.0011 
0.07 0.00315 0.05926 0.00 -0.0007 
0.08 0.00336 0.05555 0.00 -0.0010 
0.17 0.00414 0.05122 0.00 -0.0014 
0.11 0.00364 0.06120 0.00 -0.0005 
1.35 0.00906 0.07009 17.00 0.0003
1.03 0.00804 0.12085 20.27 0.0048 
0.13 0.00384 0.04756 0.00 -0.0017 
0.09 0.00344 0.05456 0.00 -0.0011 
0.24 0.00459 0.05524 0.00 -0.0011 
0.12 0.00369 0.04562 0.00 -0.0019 
2.41 0.01211 0.06750 23.07 0.0000 
0.03 0.00249 0.06517 0.00 -0.0002 
0.28 0.00489 0.04806 0.00 -0.0017 
0.13 0.00381 0.04356 0.00 -0.0021 
0.09 0.00338 0.05798 0.00 -0.0008 
2.27 0.01174 0.06927 23.36 0.0002 
0.14 0.00387 0.04472 0.00 -0.0020 
0.29 0.00492 0.05286 0.00 -0.0013 
0.13 0.00379 0.06269 0.00 -0.0004 
0.75 0.00701 0.08552 9.55 0.0017 
0.08 0.00327 0.05235 0.00 -0.0013 
0.17 0.00415 0.06586 0.00 -0.0001 
0.09 0.00338 0.06014 0.00 -0.0006 
1.51 0.00957 0.09032 14.11 0.0021 
0.06 0.00301 0.04968 0.00 -0.0016 
0.18 0.00417 0.05114 0.00 -0.0014 
0.24 0.00463 0.03952 0.00 -0.0025 
0.07 0.00323 0.03855 0.00 -0.0026 
0.04 0.00279 0.03376 0.00 -0.0030
1.58 0.00977 0.08355 13.32 0.0015 
0.78 0.00713 0.08699 12.50 0.0018 
1.34 0.00904 0.07343 18.87 0.0006 
0.07 0.00316 0.05380 0.00 -0.0012 
0.18 0.00419 0.03776 0.00 -0.0026 
0.37 0.00535 0.03463 0.00 -0.0029 
0.10 0.00357 0.04255 0.00 -0.0022 
1.45 0.00938 0.11882 19.42 0.0047 
0.12 0.00369 0.03701 0.00 -0.0027 
0.09 0.00346 0.04285 0.00 -0.0022
1.03 0.00802 0.08091 11.55 0.0013 
0.07 0.00321 0.06686 0.00 -0.0000 
0.10 0.00348 0.06203 0.00 -0.0004 
1.26 0.00880 0.08272 9.14 0.0014
2.04 0.01110 0.08882 12.00 0.0020 
0.07 0.00324 0.06395 0.00 -0.0003 
0.12 0.00375 0.05441 0.00 -0.0011 
1.74 0.01025 0.07117 20.10 0.0004 
0.42 0.00560 0.11406 8.05 0.0042
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6.79 0.15 8.5 Sea 22.80 22.8 8.08
6.84 0.14 8.5 Sea 17.80 59.3 7.10
7.32 0.18 14.2 Sea 13.20 4.4 9.85
7.24 0.16 11.6 Sea 14.50 47.9 8.58
6.73 0.14 7.5 Sea 24.80 22.4 6.88
6.84 0.15 11.6 Sea 18.10 81.6 8.48
7.40 0.21 7.5 Bay 16.90 8.8 10.04
7.42 0.17 7.5 Sea 41.60 87.5 8.18
6.84 0.19 7.5 Sea 26.90 32.0 9.51
6.64 0.19 7.5 Sea 20.80 60.1 9.66
7.08 0.24 6.1 Sea 23.90 11.2 10.30
7.32 0.23 7.5 Sea 14.20 24.4 10.88
6.88 0.13 8.5 Sea 19.00 37.4 6.87
6.77 0.11 11.6 Sea 36.90 75.3 6.34
7.38 0.28 3.7 Bay 28.40 5.6 5.10
7.60 0.24 7.5 Sea 13.40 38.4 11.06
7.15 0.24 7.5 Bay 26.60 32.0 11.69

0.02 1.28 1.80 1.35 1.22
0.02 0.97 1.39 1.16 0.94
0.02 1.07 1.54 1.32 0.80
0.02 0.98 1.42 1.23 0.83
0.02 1.28 1.79 1.27 1.28
0.02 0.92 1.34 1.19 0.95
0.02 1.25 1.82 1.54 0.9 8
0.30 1.56 3.41 2.82 2.86
0.36 1.48 3.84 3.26 2.15
0.02 1.20 1.75 1.49 1.12
0.31 1.50 3.97 3.49 1.92
0.02 1.21 1.80 1.60 0.86
0.02 1.06 1.50 1.17 1.01
0.38 1.43 3.13 2.31 2.64
0.02 1.34 1.88 1.24 1.41
0.02 1.17 1.76 1.60 0.81
0.43 1.61 4.45 3.92 2.25

0.08 0.00334 0.05985 0.00 -0.0006 
0.08 0.00327 0.03403 0.00 -0.0030 
0.20 0.00438 0.04184 0.00 -0.0023 
0.13 0.00384 0.03496 0.00 -0.0029 
0.07 0.00312 0.05976 0.00 -0.0007 
0.07 0.00320 0.03097 0.00 -0.0032 
0.15 0.00398 0.05688 0.00 -0.0009 
0.44 0.00573 0.08893 9.03 0.0020 
1.00 0.00793 0.08020 10.72 0.0012 
0.09 0.00343 0.05257 0.00 -0.0013
1.02 0.00801 0.08193 9.37 0.0013 
0.20 0.00433 0.05312 0.00 -0.0012 
0.08 0.00330 0.04076 0.00 -0.0024 
0.56 0.00624 0.07409 11.22 0.0006 
0.05 0.00287 0.06550 0.00 -0.0001 
0.21 0.00440 0.04990 0.00 -0.0015 
1.33 0.00902 0.09379 12.78 0.0024



Results froi Grant-Hadsen wave/current lodel 
THIMBLE SHOALS DATA - Frol CBW8908

Ds = 0.0170 ci 
k'biol = 0.50 ci
2c = 150.00 ci

day tiie depth H T srce Oc Phi Ob Zo u*s u*t U*tfl u*c Z'o Cd Shlds Kbr C*
Jin hour i Cl sec —  c*/s deg ci/s Cl ci/s ci/s ci/s Cl/S ci — —  Cl Cl

213 2 6.77 0.21 3.5 Bay 20.70 62.4 3.71 0.02 0.89 1.27 0.94 1.00 0.04 0.00270 0.02901 0.00 -0.0034
213 5 7.16 0.25 8.5 Sea 18.60 24.4 12.62 0.55 1.43 4.52 4.20 1.74 2.11 0.01128 0,07439 16.36 0.0007
213 8 7.51 0.27 6.1 Sea 17.80 65.1 11.29 0.02 1.22 1.85 1.69 1.01 0.13 0.00382 0.05448 0.00 -0.0011
213 11 7.12 0.24 6.1 Sea 23.40 59.8 10.47 0.02 1.34 1.95 1.66 1.26 0.09 0.00339 0.06533 0.00 -0.0001
213 14 6.73 0.18 7.5 Sea 21.60 14.9 9.16 0.02 1.33 1.90 1.50 1.19 0.10 0.00355 0.06470 0.00 -0.0002
213 17 7.19 0.23 9.8 Sea 20.00 38.2 12.29 0.62 1.40 4.45 4.11 1.89 2.19 0.01152 0.07114 18.56 0.0004
213 20 7.65 0.26 7.5 Sea 24.80 57.4 11.84 0.45 1.45 4.29 3.95 2.12 1.38 0.00916 0.07636 13.47 0.0008
213 23 7.32 0.25 7.5 Sea 39.80 71.9 11.79 0.41 1.77 4.53 3.93 3.09 0.87 0.00748 0.11402 12.38 0.0042
214 2 6.79 0.19 7.5 Sea 26.40 5.9 9.46 0.35 1.51 3.88 3.26 2.12 1.03 0.00803 0.08319 10.58 0.0015
214 5 7.02 0.24 7.5 Sea 22.30 69.5 11.70 0.02 1.31 1.91 1.69 1.22 0.10 0.00350 0.06197 0.00 -0.0005
214 8 7.53 0.27 7.5 Sea 12.30 4.3 12.67 0.02 1.29 1.94 1.77 0.78 0.28 0.00489 0.06039 0.00 -0.0006
214 11 7.28 0.19 8.5 Sea 18.70 70.0 9.68 0.02 1.09 1.60 1.42 1.02 0.10 0.00348 0.04313 0.00 -0.0021
214 14 6.74 0.19 9.8 Sea 30.00 8.7 10.49 0.49 1.67 4.41 3.60 2.55 1.37 0.00912 0.10105 14.77 0.0031
214 17 6.99 0.21 8.5 Sea 22.80 80.6 10.61 0.02 1.17 1.71 1.52 1.19 0.07 0.00321 0.05003 0.00 -0.0015
214 20 7.54 0.28 9.8 Sea 13.60 10.6 14.54 0.73 1.40 4.99 4.79 1.43 3.38 0.01465 0.07174 21.92 0.0004
214 23 7.37 0.22 11.6 Sea 19.50 86.7 11.86 0.02 1.09 1.61 1.51 1.06 0.10 0.00348 0.04359 0.00 -0.0021
215 2 6.73 0.19 9.8 Sea 28.70 12.4 10.33 0.49 1.61 4.30 3.55 2.45 1.38 0.00917 0.09449 14.75 0.0025
215 5 6.81 0.14 9.8 Sea 24.80 58.0 7.55 0.02 1.19 1.65 1.24 1.26 0.06 0.00300 0.05171 0.00 -0.0014
215 8 7.35 0.21 9.8 Sea 17.40 55.5 11.04 0.02 1.19 1.74 1.53 1.00 0.14 0.00389 0.05149 0.00 -0.0014
215 11 7.27 0.18 9.8 Sea 11.00 80.7 9.49 0.02 0.86 1.34 1.29 0.66 0.18 0.00423 0.02703 0.00 -0.0036
215 14 6.73 0.15 9.8 Sea 26.50 2.3 8.26 0.41 1.42 3.62 2.91 2.15 1.09 0.00824 0.07373 12.38 0.0006
215 17 6.78 0.13 8.5 Sea 27.00 46.0 6.93 0.02 1.28 1.77 1.25 1.36 0.05 0.00296 0.06004 0.00 -0.0006
215 20 7.33 0.16 8.5 Sea 17.60 18.2 8.14 0.02 1.13 1.62 1.31 0.98 0.11 0.00364 0.04653 0.00 -0.0018
215 23 7.35 0.13 8.5 Sea 21.80 74.4 6.63 0.02 0.99 1.39 1.12 1.08 0.05 0.00288 0.03542 0.00 -0.0028
216 2 6.78 0.13 9.8 Sea 22.80 18.0 6.91 0.02 1.21 1.68 1.20 1.19 0.07 0.00321 0.05327 0.00 -0.0012
216 5 6.73 0.12 8.5 Sea 16.60 28.8 6.33 0.02 0.97 1.39 1.09 0.89 0.09 0.00339 0.03423 0.00 -0.0029
216 8 7.28 0.18 8.5 Sea 21.20 2.3 8.98 0.02 1.31 1.85 1.44 1.17 0.10 0.00356 0.06225 0.00 -0.0004
216 11 7.37 0.15 8.5 Sea 31.90 83.8 7.66 0.02 1.27 1.73 1.30 1.51 0.03 0.00260 0.05870 0.00 -0.0007
216 14 6.86 0.16 9.8 Sea 19.30 33.5 8.81 0.02 1.18 1.69 1.35 1.06 0.11 0.00357 0.05105 0.00 -0.0014
216 17 6.71 0.17 9.8 Sea 18.20 45.3 9.15 0.02 1.14 1.64 1.36 1.01 0.11 0.00363 0.04711 0.00 -0.0018
216 20 7.20 0.19 8.5 Sea 12.60 12.2 9.40 0.02 1.07 1.58 1.39 0.76 0.19 0.00431 0.04145 0.00 -0.0023
216 23 7.37 0.16 9.8 Sea 22.80 78.3 8.28 0.02 1.06 1.50 1.26 1.15 0.05 0.00297 0.04106 0.00 -0.0023
217 2 6.86 0.17 9.8 Sea 15.20 44.5 9.35 0.02 1.07 1.56 1.36 0.87 0.14 0.00392 0.04158 0.00 -0.0023
217 5 6.69 0.14 9.8 Sea 27.30 63.1 7.52 0.02 1.24 1.71 1.26 1.36 0.05 0.00288 0.05615 0.00 -0.0010
217 8 7.12 0.18 14.2 Sea 19.00 60.1 10.28 0.02 1.14 1.62 1.37 1.05 0.11 0.00360 0.04696 0.00 -0.0018
217 11 7.40 0.20 14.2 Sea 4.10 52.0 10.99 0.02 0.87 1.35 1.33 0.31 0.78 0.00715 0.02774 0.00 -0.0035
217 14 6.97 0.23 14.2 Sea 24.20 26.6 12.95 0.90 1.56 4.94 4.35 2.45 2.87 0.01334 0.08857 27.02 0.0019
217 17 6.68 0.18 11.6 Sea 21.00 12.3 10.23 0.02 1.35 1.89 1.49 1.18 0.12 0.00373 0.06604 0.00 -0.0001
217 20 7.05 0.18 9.8 Sea 13.40 84.7 9.83 0.02 0.90 1.38 1.33 0.77 0.14 0.00388 0.02963 0.00 -0.0034
217 23 7.33 0.20 11.6 Sea 9.80 59.6 10.66 0.02 0.96 1.46 1.38 0.62 0.28 0.00486 0.03371 0.00 -0.0030
218 2 6.96 0.20 11.6 Sea 14.10 33.9 10.93 0.02 1.15 1.67 1.47 0.85 0.20 0.00436 0.04781 0.00 -0.0017
218 5 6.66 0.23 11.6 Sea 16.90 3.1 12.97 0.77 1.39 4.66 4.33 1.74 3.06 0.01383 0.07027 23.20 0.0003
218 8 6.99 0.24 9.8 Sea 12.10 64.5 13.09 0.02 1.16 1.76 1.68 0.77 0.27 0.00482 0.04911 0.00 -0.0016
218 11 7.37 0.26 8.5 Sea 18.70 61.9 12.83 0.02 1.31 1.94 1.75 1.08 0.15 0.00397 0.06280 0.00 -0.0004
218 14 7.12 0.22 11.6 Sea 22.30 51.6 11.77 0.71 1.36 4.34 3.96 2.11 2.20 0.01153 0.06770 21.22 0.0001
218 17 6.72 0.20 14.2 Sea 16.30 15.8 11.42 0.02 1.25 1.78 1.50 0.98 0.19 0.00427 0.05698 0.00 -0.0009
218 20 6.92 0.27 11.6 Sea 8.10 60.2 15.12 0.02 1.21 1.84 1.79 0.58 0.56 0.00626 0.05307 0.00 -0.0013
218 23 7.29 0.35 14.2 Sea 14.70 37.6 19.47 1.33 1.63 6.49 6.27 1.86 6.31 0.02202 0.09641 39.95 0.0026
219 2 7.05 0.30 11.6 Sea 16.50 43.7 16.28 0.94 1.50 5.55 5.32 1.82 4.03 0.01630 0.08182 28.25 0.0013
219 5 6.70 0.30 18.3 Sea 21.10 17.0 17.95 1.54 1.74 6.39 5.86 2.61 5.90 0.02098 0.10980 46.14 0.0039
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6.90 0.42 14.2 Sea 21.80 55.5 23.88 1.51 1.97 7.84 7.53 2.77 6.44 0.02234 0.14107 45.40 0.0067
7.39 0.63 14.2 Sea 9.50 42.6 34.43 1.97 2.34 10.48 10.39 1.58 13.49 0.04190 0.19944 58.24 0.0119
7.39 0.50 14.2 Sea 17.80 45.2 27.26 1.68 2.11 8.75 8.49 2.47 8.41 0.02743 0.16238 50.39 0.0086
6.88 0.81 14.2 Sea 26.70 37.4 46.23 0.49 3.38 9.23 8.78 3.14 5.02 0.01878 0.41500 12.52 0.0313
7.03 0.79 14.2 Sea 45.90 10.0 44.34 0.29 3.95 8.93 7.80 4.38 2.26 0.01172 0.56708 5.50 0.0450
7.37 0.86 5.1 Bay 9.40 34.5 30.97 0.53 2.45 8.89 8.84 1.06 4.36 0.01712 0.21817 15.07 0.0136
7.34 0.70 5.1 Bay 8.00 27.8 25.27 0.57 2.07 7.87 7.83 0.88 4.01 0.01624 0.15526 16.97 0.0079
7.04 0.77 5.1 Bay 17.70 74.1 29.13 0.62 2.34 8.92 8.86 1.90 3.61 0.01523 0.19953 17.72 0.0119
7.07 0.57 11.6 Sea 8.20 13.5 31.24 1.55 2.22 9.67 9.60 1.25 10.76 0.03384 0.17932 46.35 0.0101
7.45 0.39 4.4 Bay 21.70 88.9 11.05 0.02 1.18 1.84 1.76 1.16 0.08 0.00333 0.05095 0.00 -0.0014
7.46 0.35 9.8 Sea 41.50 68.0 18.12 0.77 2.12 6.46 5.82 3.84 2.00 0.01098 0.16373 23.17 0.0087
7.04 0.28 11.6 Sea 26.80 61.0 15.14 0.85 1.61 5.36 4.97 2.65 2.63 0.01271 0.09484 25.51 0.0025
6.95 0.25 8.5 Sea 5.70 23.1 12.72 0.02 1.10 1.71 1.67 0.41 0.61 0.00646 0.04399 0.00 -0.0021
7.28 0.25 9.8 Sea 4.00 1.1 12.82 0.02 1.06 1.65 1.62 0.31 0.85 0.00739 0.04056 0.00 -0.0024
7.39 0.27 9.8 Sea 14.50 53.5 13.94 0.02 1.30 1.94 1.79 0.90 0.25 0.00466 0.06163 0.00 -0.0005
7.06 0.29 9.8 Sea 24.20 59.4 15.56 0.74 1.60 5.39 5.08 2.38 2.55 0.01250 0.09316 22.27 0.0024
7.00 0.23 8.5 Sea 22.80 17.8 11.88 0.50 1.52 4.46 3.98 2.04 1.72 0.01017 0.08441 15.02 0.0016
7.34 0.20 7.5 Bay 3.70 38.0 9.53 0.02 0.85 1.38 1.36 0.27 0.58 0.00633 0.02657 0.00 -0.0036
7.51 0.22 8.5 Sea 21.00 87.1 10.91 0.02 1.10 1.63 1.52 1.11 0.08 0.00329 0.04418 0.00 -0.0021
7.23 0.20 9.8 Sea 17.90 23.2 10.36 0.02 1.26 1.81 1.51 1.03 0.14 0.00393 0.05764 0.00 -0.0008
6.98 0.24 8.5 Sea 12.00 2.1 12.47 0.02 1.25 1.87 1.70 0.77 0.29 0.00493 0.05702 0.00 -0.0009
7.26 0.28 8.5 Sea 9.40 15.5 13.97 0.02 1.27 1.93 1.83 0.64 0.43 0.00567 0.05885 0.00 -0.0007
7.42 0.42 5.1 Bay 13.20 67.7 14.94 0.39 1.39 4.93 4.87 1.21 1.92 0.01076 0.07035 11.76 0.0003
7.22 0.49 5.1 Bay 12.80 43.5 18.14 0.44 1.67 5.89 5.79 1.24 2.44 0.01218 0.10132 13.27 0.0031
7.09 0.78 4.4 Bay 20.10 34.8 23.57 0.44 2.24 7.50 7.29 1.94 2.35 0.01196 0.18333 13.19 0.0105
7.38 0.90 4.7 Bay 24.60 11.2 29.11 0.29 2.75 7.67 7.33 2.28 2.02 0.01104 0.27462 7.38 0.0187
7.69 0.71 5.1 Bay 11.10 56.0 24.32 0.55 2.01 7.61 7.56 1.18 3.53 0.01502 0.14750 16.50 0.0072
7.50 0.70 4.4 Bay 15.50 4.8 19.57 0.39 1.92 6.34 6.17 1.46 2.14 0.01137 0.13351 11.67 0.0060
7.14 0.70 5.1 Bay 24.10 74.4 26.07 0.57 2.23 8.13 8.02 2.41 2.74 0.01298 0.18146 16.97 0.0103
7.17 0.50 4.4 Bay 16.60 2.5 14.92 0.32 1.64 5.04 4.83 1.44 1.51 0.00957 0.09731 9.48 0.0027
7.39 0.42 4.7 Bay 11.30 81.6 13.56 0.02 1.24 2.01 1.99 0.72 0.27 0.00482 0.05568 0.00 -0.0010
7.21 0.28 7.5 Bay 8.10 39.2 13,31 0.02 1.19 1.85 1.79 0.56 0.45 0.00575 0.05179 0.00 -0.0014
6.90 0.21 8.5 Sea 18.00 10.9 10.70 0.02 1.31 1.90 1.59 1.04 0.15 0.00399 0.06261 0.00 -0.0004
7.04 0.20 6.7 Sea 12.30 57.8 9.18 0.02 0.98 1.51 1.40 0.72 0.17 0.00412 0.03515 0.00 -0.0029
7.42 0.28 6.1 Sea 15.60 10.9 11.87 0.02 1.35 2.02 1.79 0.94 0.20 0.00433 0.06655 0.00 -0.0000
7.40 0.33 6.7 Sea 20.60 77.7 14.84 0.51 1.41 4.94 4.84 1.88 1.89 0.01068 0.07249 15.27 0.0005
7.01 0.28 6.7 Bay 15.50 3.2 13.04 0.45 1.42 4.54 4.31 1.43 1.97 0.01090 0.07307 13.40 0.0005
6.94 0.23 6.7 Sea 19.30 32.8 10.83 0.02 1.34 1.97 1.67 1.10 0.13 0.00384 0.06580 0.00 -0.0001
7.26 0.25 7.5 Sea 8.10 8.5 11.81 0.02 1.12 1.73 1.64 0.55 0.40 0.00550 0.04556 0.00 -0.0019
7.30 0.24 6.7 Bay 9.90 7.2 10.83 0.02 1.11 1.71 1.59 0.63 0.29 0.00492 0.04518 0.00 -0.0020
6.96 0.21 7.5 Bay 14.10 2.1 10.48 0.02 1.20 1.78 1.56 0.85 0.19 0.00431 0.05225 0.00 -0.0013
6.95 0.15 6.1 Sea 8.00 36.9 6.52 0.02 0.75 1.19 1.10 0.48 0.19 0.00427 0.02056 0.00 -0.0042
7.33 0.30 5.1 Bay 11.30 36.0 11.00 0.02 1.17 1.82 1.71 0.70 0.24 0.00461 0.04964 0.00 -0.0016
7.43 0.34 6.7 Sea 18.10 77.8 14.97 0.52 1.38 4.97 4.89 1.69 2.08 0.01121 0.06883 15.57 0.0002
7.06 0.27 6.1 Bay 14.80 31.9 11.81 0.02 1.30 1.96 1.77 0.89 0.20 0.00436 0.06117 0.00 -0.0005
6.82 0.18 7.5 Sea 14.30 38.6 9.08 0.02 1.07 1.59 1.40 0.83 0.15 0.00398 0.04144 0.00 -0.0023
7.08 0.21 6.7 Sea 10.40 49.4 9.83 0.02 1.01 1.56 1.47 0.64 0.23 0.00455 0.03688 0.00 -0.0027
7.29 0.30 6.7 Sea 9.80 77.4 13.56 0.02 1.17 1.87 1.84 0.64 0.34 0.00521 0.05014 0.00 -0.0015
7.01 0.22 6.7 Sea 9.10 23.7 10.33 0.02 1.05 1.63 1.53 0.58 0.29 0.00494 0.04007 0.00 -0.0024
6.79 0.15 6.1 Sea 11.90 44.6 6.78 0.02 0.86 1.31 1.16 0.67 0.13 0.00378 0.02665 0.00 -0.0036
7.14 0.23 6.1 Sea 10.80 24.0 9.75 0.02 1.07 1.64 1.51 0.67 0.23 0.00453 0.04127 0.00 -0.0023
7.48 0.28 5.1 Bay 15.80 61.0 9.70 0.02 1.12 1.71 1.57 0.90 0.13 0.00380 0.04524 0.00 -0.0020
7.23 0.22 6.7 Sea 18.30 46.5 10.04 0.02 1.22 1.81 1.56 1.03 0.12 0.00374 0.05459 0.00 -0.0011
6.79 0.16 7.5 Bay 12.70 4.0 8.20 0.02 1.01 1.50 1.30 0.74 0.16 0.00408 0.03689 0.00 -0.0027
6.97 0.19 6.1 Sea 9.50 88.4 8.31 0.02 0.79 1.30 1.29 0.56 0.18 0.00419 0.02283 0.00 -0.0040
7.32 0.24 6.7 Sea 9.40 27.5 10.98 0.02 1.10 1.70 1.60 0.61 0.30 0.00500 0.04380 0.00 -0.0021
7.17 0.21 6.7 Bay 13.00 42.6 9.55 0.02 1.07 1.62 1.46 0.77 0.18 0.00417 0.04131 0.00 -0.0023
6.74 0.14 7.5 Sea 17.40 36.2 7.08 0.02 1.03 1.49 1.21 0.94 0.09 0.00343 0.03892 0.00 -0.0025
6.96 0.19 6.7 Sea 12.80 69.9 8.79 0.02 0.93 1.44 1.35 0.74 0.14 0.00391 0.03129 0.00 -0.0032
7.48 0.23 6.7 Sea 15.10 18.5 10.27 0.02 1.21 1.80 1.58 0.89 0.17 0.00415 0.05363 0.00 -0.0012
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7.39 0.23 8.5 Sea 20.20 62.3 11.52 0.02 1.27 1.86 1.63 1.13
6.84 0.17 7.5 Sea 15.50 18.0 8.31 0.02 1.09 1.59 1.34 0.88
6.84 0.14 9.8 Sea 15.80 76.8 7.80 0.02 0.87 1.28 1.15 0.84
7,34 0.25 7.5 Sea 9.20 1.1 11.91 0.02 1.16 1.77 1.66 0.61
7.33 0.22 7.5 Sea 8.50 63.9 10.39 0.02 0.96 1.52 1.47 0.55
6.81 0.18 7.5 Sea 16.80 7.7 9.24 0.02 1.20 1.74 1.46 0.96
6.80 0.20 6.7 Sea 12.70 68.0 9.57 0.02 0.98 1.53 1.44 0.74
7.42 0.30 5.6 Bay 8.60 20.0 11.86 0.02 1.17 1.84 1.76 0.57
7.52 0.30 7.5 Sea 22.00 79.7 13.90 0.02 1.35 2.02 1.88 1.23
6.93 0.23 8.5 Sea 17.60 17.4 11.91 0.53 1.37 4.30 3.99 1.64
6.72 0.15 7.5 Sea 21.70 43.0 7.65 0.02 1.18 1.67 1.31 1.14
7.24 0.26 6.1 Bay 21.20 3.7 11.31 0.35 1.49 4.18 3.78 1.77
7.46 0.22 6.7 Sea 10.50 78.6 9.93 0.02 0.93 1.49 1.45 0.64
6.94 0.19 7.5 Sea 19.10 20.5 9.32 0.02 1.26 1.81 1.48 1.07
6.67 0.13 6.7 Bay 19.70 15.1 6.31 0.02 1.10 1.56 1.18 1.04
7.28 0.24 5.6 Bay 9.70 55.9 9.39 0.02 0.97 1.54 1.47 0.60
7.60 0.22 6.7 Sea 18.30 74.1 9.83 0.02 1.09 1.64 1.49 1.00
7.11 0.20 8.5 Sea 20.20 28.2 10.24 0.02 1.32 1.90 1.55 1.13
6.62 0.12 8.5 Sea 24.20 59.8 6.40 0.02 1.12 1.55 1.14 1.21
7.11 0.23 6.7 Bay 20.50 70.5 10.87 0.02 1.22 1.81 1.63 1.12
7.57 0.30 7.5 Sea 7.70 57.4 13.79 0.02 1.19 1.87 1.82 0.54
7.15 0.23 8.5 Sea 14.70 5.8 11.47 0.02 1.26 1.86 1.63 0.89
6.64 0.16 8.5 Sea 22.10 31.4 8.62 0.02 1.27 1.80 1.40 1.19
7.09 0.25 6.7 Sea 14.10 78.6 11.63 0.02 1.10 1.71 1.65 0.83
7.65 0.26 7.5 Sea 12.00 62.0 11.93 0.02 1.13 1.74 1.65 0.75
7.37 0.21 9.8 Sea 19.40 60.5 10.81 0.02 1.21 1.75 1.52 1.08
6.70 0.20 8.5 Sea 17.50 23.0 10.48 0.02 1.27 1.84 1.55 1.01
7.06 0.25 14.2 Sea 18.70 40.6 13.92 1.01 1.41 4.97 4.63 2.02
7.74 0.37 6.7 Sea 21.00 18.7 16.05 0.51 1.75 5.54 5.19 1.98
7.59 0.40 4.7 Bay 24.40 86.0 12.33 0.02 1.32 2.02 1.90 1.30
6.85 0.26 5.1 Bay 22.60 D.4 9.87 0.26 1.45 3.76 3.34 1.75
7.02 0.90 4.7 Bay 18.90 5.4 30.81 0.32 2.71 8.03 7.82 1.86
7.72 0.35 7.5 Bay 13.90 30.4 16.26 0.60 1.53 5.44 5.27 1.42
7.63 0.30 14.2 Sea 12.30 49.6 16.40 1.21 1.36 5.52 5.38 1.50
6.89 0.20 14.2 Sea 19.90 2.7 11.44 0.84 1.37 4.37 3.89 2.00
6.90 0.20 11.6 Sea 12.90 36.9 10.99 0.02 1.11 1.63 1.46 0.79
7.62 0.28 6.1 Sea 19.50 5.6 11.27 0.35 1.43 4.11 3.77 1.65
7.65 0.24 6.1 Sea 20.00 86.1 9.88 0.02 1.07 1.62 1.51 1.06
6.92 0.22 7.5 Bay 17.20 4.7 10.97 0.02 1.32 1.93 1.65 1.01
6.79 0.16 7,5 Sea 11.50 34.1 8.10 0.02 0.94 1.41 1.27 0.68
7.46 0.25 5.6 Bay 12.90 0.3 9.59 0.02 1.14 1.73 1.55 0.77
7.61 0.21 7.5 Sea 19.30 60.0 9.98 0.02 1.18 1.73 1.51 1.06
6.94 0.18 6.7 Sea 16.50 6.8 8.52 0.02 1.15 1.68 1.40 0.93
6.73 0.10 11.6 Sea 17.40 51.0 5.46 0.02 0.87 1.22 0.93 0.89
7.35 0.12 5.6 Bay 12.30 15.6 4.79 0.02 0.78 1.16 0.95 0.66
7.64 0.15 11.6 Sea 11.30 26.8 7.69 0.02 0.88 1.29 1.12 0.67
7.10 0.15 9.8 Sea 10.90 35.0 7.78 0.02 0.88 1.30 1.16 0.65
6.69 0.08 11.6 Sea 15.20 23.9 4.69 0.02 0.81 1.14 0.84 0.80
7.13 0.14 9.8 Sea 10.10 84.6 7.55 0.02 0.71 1.12 1.08 0.58
7.51 0.20 9.8 Sea 3.50 72.2 10.48 0.02 0.86 1.38 1.37 0.26
7.04 0.16 9.8 Sea 10.40 5.0 8.67 0.02 0.95 1.41 1.26 0.64
6.53 0.11 9.8 Sea 17.30 62.7 6.29 0.02 0.89 1.26 1.03 0.90
6.92 0.15 8.5 Sea 13.20 84.0 7.83 0.02 0.80 1.22 1.16 0.73
7.58 0.19 9.8 Sea 7.60 13.9 9.46 0.02 0.92 1.40 1.31 0.50
7.19 0.15 11.6 Sea 7.70 47.5 8.07 0.02 0.78 1.19 1.12 0.49
6.62 0.13 9.8 Sea 16.30 16.2 6.96 0.02 1.01 1.44 1.14 0.90
6.62 0.11 9.8 Sea 12.30 85.8 6.07 0.02 0.66 1.00 0.93 0.65
7.34 0.15 8.5 Sea 8.50 0.1 7.28 0.02 0.81 1.24 1.12 0.52
7.15 0.13 9.8 Sea 5.00 36.8 6.75 0.02 0.66 1.04 1.00 0.33
6.56 0.08 9.8 Sea 12.20 60.7 4.50 0.02 0.65 0.94 0.79 0.64

0.12 0.00367 0.05879 0.00 -0.0007 
0.13 0.00382 0.04309 0.00 -0.0022 
0.08 0.00335 0.02750 0.00 -0.0036 
0.36 0.00529 0.04854 0.00 -0.0017 
0.30 0.00498 0.03370 0.00 -0.0030 
0.14 0.00387 0.05209 0.00 -0.0013 
0.16 0.00407 0.03516 0.00 -0.0029 
0.35 0.00525 0.04985 0.00 -0.0015 
0.11 0.00366 0.06673 0.00 -0.0000
2.03 0.01107 0.06811 15.71 0.0001 
0.08 0.00325 0.05062 0.00 -0.0015 
1.25 0.00877 0.08042 10.32 0.0012 
0.21 0.00440 0.03177 0.00 -0.0032 
0.12 0.00370 0.05759 0.00 -0.0008 
0.08 0.00326 0.04394 0.00 -0.0021 
0.22 0.00452 0.03422 0.00 -0.0029 
0.10 0.00351 0.04314 0.00 -0.0021 
0.12 0.00373 0.06366 0.00 -0.0003 
0.05 0.00289 0.04523 0.00 -0.0020 
0.10 0.00351 0.05415 0.00 -0.0012 
0.48 0.00589 0.05147 0.00 -0.0014 
0.21 0.00442 0.05819 0.00 -0.0008 
0.09 0.00341 0.05913 0.00 -0.0007 
0.17 0.00416 0.04386 0.00 -0.0021 
0.24 0.00462 0.04647 0.00 -0.0018 
0.11 0.00365 0.05286 0.00 -0.0013 
0.15 0.00397 0.05846 0.00 -0.0008 
3.70 0.01546 0.07227 30.26 0.0005 
2.14 0.01137 0.11173 15.15 0.0040 
0.08 0.00332 0.06372 0.00 -0.0003 
0.86 0.00742 0.07624 7.65 0.0008
2.58 0.01257 0.26651 8.42 0.0180 
2.97 0.01360 0.08535 18.10 0.0017 
5.63 0.02031 0.06743 36.15 0.0000 
2.83 0.01323 0.06858 25.12 0.0001 
0.22 0.00451 0.04487 0.00 -0.0020 
1.32 0.00896 0.07458 10.44 0.0007 
0.08 0,00328 0.04130 0.00 -0.0023 
0.16 0.00409 0.06351 0.00 -0.0003 
0.17 0.00414 0.03191 0.00 -0.0032 
0.19 0.00426 0.04703 0.00 -0.0018 
0.10 0.00357 0.05082 0.00 -0.0015 
0.13 0.00378 0.04821 0.00 -0.0017 
0.06 0.00309 0.02781 0.00 -0.0035 
0.09 0.00344 0.02191 0.00 -0.0041 
0.17 0.00415 0.02819 0.00 -0.0035 
0.18 0.00418 0.02787 0.00 -0.0035 
0.07 0.00321 0.02416 0.00 -0.0039 
0.14 0.00393 0.01845 0.00 -0.0044 
0.73 0.00693 0.02709 0.00 -0.0036 
0.22 0.00450 0.03264 0.00 -0.0031 
0.07 0.00314 0.02857 0.00 -0.0035 
0.10 0.00356 0.02300 0.00 -0.0040 
0.34 0.00522 0.03065 0.00 -0.0033 
0.27 0.00481 0.02211 0.00 -0.0040 
0.10 0.00355 0.03701 0.00 -0.0027 
0.08 0.00329 0.01570 0.00 -0.0046 
0.22 0.00449 0.02411 0.00 -0.0039 
0.34 0.00519 0.01575 0.00 -0.0046 
0.07 0.00319 0.01527 0.00 -0.0047



234 8 6.79 0.13 7.5 Sea 10.60
234 11 7.47 0.15 7.5 Sea 8.20
234 14 7.55 0.15 7.5 Bay 15.70
234 17 7.00 0.11 9.8 Sea 9.00
234 20 6.48 0.18 8.5 Sea 6.50
234 23 7.34 0.13 8.5 Sea 3.00
235 2 7.19 0.10 14.2 Sea 6.60
235 5 6.86 0.09 9.8 Sea 11.90
235 8 6.83 0.10 7.5 Bay 11.00
235 11 7.20 0.10 6.7 Bay 6.20
235 14 7.54 0.16 9.8 Sea 8.20
235 17 7.14 0.12 11.6 Sea 7.80
235 20 7.00 0.09 9.8 Sea 7.80
235 23 7,37 0.14 8.5 Sea 2.30
236 2 7.28 0.12 8.5 Sea 4.10
236 5 7.20 0.12 9.8 Sea 5.70
236 8 7.14 0.13 9.8 Sea 9.10
236 11 7.37 0.17 9.8 Sea 3.50
236 14 8.23 0.26 4.1 Bay 4.90
236 17 7.20 0.17 9.8 Sea 13.20
236 20 7.30 0.16 14.2 Sea 7.70
236 23 7.09 0.15 11.6 Sea 4.70
237 2 7.19 0.17 9.8 Sea 1.20
237 5 7.12 0.21 9.8 Sea 5.10
237 8 6.95 0.13 9.8 Sea 8.30
237 U 7.78 0.13 14.2 Sea 7.50
237 14 7.88 0.18 14.2 Sea 1.00
237 17 7.60 0.20 5.6 Bay 3.20
237 20 6.79 0.17 9.8 Sea 11.10
237 23 6.53 0.12 11.6 Sea 5.60
238 2 7.25 0.17 11.6 Sea 3.40
238 5 7.36 0.17 6.1 Bay 4.70
238 8 6.62 0.13 14.2 Sea 6.90
238 11 7.40 0.11 14.2 Sea 6.50
238 14 7.45 0.12 11.6 Sea 2.60
238 17 7.54 0.15 11.6 Sea 3.00
238 20 6.90 0.14 14.2 Sea 7.40
238 23 6.51 0.10 9.8 Sea 5.90
239 2 7.30 0.12 11.6 Sea 2.90
239 5 7.47 0.15 11.6 Sea 2.00
239 8 6.89 0.15 11.6 Sea 5.30
239 11 6.85 0.11 11.6 Sea 6.30
239 14 7.53 0.13 9.8 Sea 5.00
239 17 7.56 0.14 11.6 Sea 2.80
239 20 7.10 0.14 9.8 Sea 8.30
239 23 6.85 0.11 11.6 Sea 7.40
240 2 6.62 0.11 11.6 Sea 3.40
240 5 7.56 0.15 9.8 Sea 1.10
240 8 7.26 0.14 4.7 Bay 4.50
240 11 7.05 0.10 11.6 Sea 8.60
240 14 7.04 0.12 8.5 Sea 2.90
240 17 7.27 0.17 8.5 Sea 1.50
240 20 7.47 0.13 7.5 Bay 3.70
240 23 8.14 0.11 11.6 Sea 8.40
241 2 6.09 0.10 8.5 Sea 4.30
241 5 6.31 0.14 11.6 Sea 0.40
241 8 6.56 0.15 5.6 Bay 3.50
241 16 6.93 0.17 9.8 Sea 17.00
241 19 7.43 0.24 11.6 Sea 20.70
241 22 7.22 0.18 11.6 Sea 12.70

67.5 6.44 0.02 0.73 1.13 1.04 0.60
3.7 7.10 0.02 0.80 1.24 1.13 0.50
48.8 7.05 0.02 0.95 1.39 1.17 0.85
10.6 5.77 0.02 0.71 1.07 0.93 0.53
52.4 10.00 0.02 0.91 1.43 1.39 0.44
26.2 6.23 0.02 0.60 0.98 0.96 0.21
60.5 5.34 0.02 0.54 0.83 0.78 0.39
15.1 4.86 0.02 0.74 1.07 0.85 0.65
87.2 4.76 0.02 0.56 0.88 0.82 0.57
7.5 4.53 0.02 0.57 0.90 0.83 0.37
56.9 8.06 0.02 0.79 1.22 1.15 0.51
9.4 6.58 0.02 0.72 1.08 0.97 0.48
29.0 4.64 0.02 0.59 0.89 0.78 0.45
19.4 7.11 0.02 0.65 1.07 1.06 0.17
68.6 6.22 0.02 0.59 0.97 0.95 0.27
13.5 6.19 0.02 0.65 1.01 0.94 0.36
65.0 6.96 0.02 0.72 1.10 1.03 0.54
79.3 9.05 0.02 0.76 1.23 1.22 0.25
45.5 5.37 0.02 0.62 1.07 1.04 0.30
82.9 9.03 0.02 0.86 1.31 1.25 0.75
17.6 8.87 0.02 0.85 1.26 1.16 0.50
57.5 7.98 0.02 0.70 1.11 1.08 0.32
18.7 8.67 0.02 0.73 1.19 1.18 0.10
0.1 11.25 0.02 0.98 1.52 1.47 0.37
66.7 6.86 0.02 0.69 1.07 1.02 0.50
72.5 7.08 0.02 0.65 1.00 0.95 0.46
45.0 9.40 0.02 0.74 1.16 1.16 0.09
82.6 7.48 0.02 0.71 1.21 1.21 0.22
6.1 9.46 0.02 1.02 1.51 1.35 0.69
27.3 6.99 0.02 0.68 1.05 0.99 0.37
3.2 9.01 0.02 0.77 1.21 1.19 0.25
8.3 7.01 0.02 0.73 1.19 1.14 0.31
33.4 7.68 0.02 0.74 1.11 1.03 0.45
82.9 5.91 0.02 0.53 0.84 0.82 0.39
39.6 6.58 0.02 0.59 0.94 0.93 0.19
17.7 8.12 0.02 0.70 1.11 1.09 0.22
14.2 7.67 0.02 0.77 1.14 1.04 0.47
60.1 5.63 0.02 0.57 0.91 0.87 0.36
27.7 6.55 0.02 0.59 0.95 0.93 0.21
3.5 7.84 0.02 0.67 1.07 1.06 0.15
20.5 8.39 0.02 0.77 1.19 1.14 0.36
69.0 6.24 0.02 0.59 0.94 0.90 0.39
42.8 6.69 0.02 0.65 1.03 0.99 0.33
51.6 7.37 0.02 0.64 1.02 1.01 0.20
33.1 7.20 0.02 0.77 1.17 1.07 0.51
10.8 6.19 0.02 0.68 1.03 0.93 0.45
45.9 6.42 0.02 0.58 0.93 0.91 0.24
39.0 7.54 0.02 0.65 1.06 1.06 0.09
52.4 4.75 0.02 0.55 0.94 0.91 0.27
22.9 5.26 0.02 0.65 0.97 0.84 0.50
35.5 6.00 0.02 0.58 0.95 0.93 0.20
3.0 8.48 0.02 0.74 1.21 1.20 0.12
1.2 6.16 0.02 0.62 1.01 0.98 0.25
16.9 5.54 0.02 0.67 0.99 0.87 0.49
79.3 5.57 0.02 0.53 0.89 0.88 0.27
54.2 8.18 0.02 0.67 1.09 1.09 0.03
23.9 6.37 0.02 0.66 1.10 1.08 0.23
31.9 9.18 0.02 1.14 1.65 1.37 0.%
31.1 12.71 0.75 1.45 4.66 4.25 2.04
84.9 10.00 0.02 0.88 1.35 1.30 0.74

0.12 0.00375 0.01921 0.00 -0.0043 
0.22 0.00447 0.02349 0.00 -0.0039 
0.10 0.00348 0.03280 0.00 -0.0031 
0.16 0.00406 0.01852 0.00 -0.0044 
0.40 0.00550 0.02997 0.00 -0.0033 
0.45 0.00576 0.01303 0.00 -0.0049 
0.19 0.00425 0.01071 0.00 -0.0051 
0.10 0.00350 0.01983 0.00 -0.0042 
0.07 0.00317 0.01159 0.00 -0.0050 
0.17 0.00413 0.01189 0.00 -0.0050 
0.24 0.00461 0.02254 0.00 -0.0040 
0.22 0.00450 0.01900 0.00 -0.0043 
0.14 0.00390 0.01267 0.00 -0.0049 
0.61 0.00644 0.01542 0.00 -0.0046 
0.34 0.00521 0.01262 0.00 -0.0049 
0.28 0.00484 0.01536 0.00 -0.0046 
0.17 0.00412 0.01862 0.00 -0.0044 
0.61 0.00648 0.02102 0.00 -0.0041 
0.21 0.00445 0.01418 0.00 -0.0048 
0.13 0.00378 0.02685 0.00 -0.0036 
0.33 0.00516 0.02611 0.00 -0.0037 
0.44 0.00572 0.01794 0.00 -0.0044
1.04 0.00806 0.01940 0.00 -0.0043 
0.61 0.00647 0.03473 0.00 -0.0029 
0.18 0.00424 0.01728 0.00 -0.0045 
0.22 0.00446 0.01521 0.00 -0.0047 
1.48 0.00947 0.01966 0.00 -0.0043 
0.43 0.00566 0.01840 0.00 -0.0044 
0.23 0.00455 0.03770 0.00 -0.0026 
0.33 0.00515 0.01689 0.00 -0.0045 
0.69 0.00679 0.02172 0.00 -0.0041 
0.33 0.00516 0.01922 0.00 -0.0043 
0.30 0.00501 0.01978 0.00 -0.0042 
0.19 0.00431 0.01037 0.00 -0.0051 
0.59 0.00637 0.01245 0.00 -0.0049 
0.67 0.00672 0.01800 0.00 -0.0044 
0.29 0.00492 0.02132 0.00 -0.0041 
0.22 0.00449 0.011% 0.00 -0.0050 
0.54 0.00618 0.01276 0.00 -0.0049 
0.83 0.00733 0.01622 0.00 -0.0046 
0.44 0.00569 0.02161 0.00 -0.0041 
0.23 0.00455 0.01288 0.00 -0.0049 
0.33 0.00516 0.01532 0.00 -0.0047 
0.63 0.00653 0.01479 0.00 -0.0047 
0.22 0.00448 0.02163 0.00 -0.0041 
0.22 0.00447 0.01705 0.00 -0.0045 
0.46 0.00582 0.01242 0.00 -0.0049 
0.94 0.00772 0.01532 0.00 -0.0047 
0.21 0.00440 0.01094 0.00 -0.0050 
0.15 0.00398 0.01540 0.00 -0.0046 
0.44 0.00571 0.01209 0.00 -0.0049 
0.87 0.00746 0.01982 0.00 -0.0042 
0.37 0.00536 0.01410 0.00 -0.0048 
0.17 0.00410 0.01623 0.00 -0.0046 
0.28 0.00487 0.01030 0.00 -0.0051
1.40 0.00922 0.01637 0.00 -0.0046 
0.36 0.00528 0.01579 0.00 -0.0046 
0.13 0.00380 0.04749 0.00 -0.0018
2.61 0.01264 0.07625 22.37 0.0008
0.15 0.00400 0.02842 0.00 -0.0035



1
4
7
10
13
16
19
22
1
4
7

10
13
16
19
22

6.60 0.15 11.6 Sea 29.60 10.3 8.54 0.49 1.53 3.89 3.02 2.46 1.22 0.00865 0.08476 14.71 0.0016
6.68 0.17 11.6 Sea 28.10 23.2 9.89 0.57 1.54 4.17 3.42 2.45 1.52 0.00960 0.08575 17.01 0.0017
7.21 0.23 5.6 Bay 17.90 34.6 9.27 0.02 1.22 1.81 1.54 1.00 0.12 0.00372 0.05408 0.00 -0.0012
7.12 0.20 11.6 Sea 13.50 2.9 10.68 0.02 1.15 1.67 1.45 0.83 0.22 0.00447 0.04809 0.00 -0.0017
6.62 0.15 11.6 Sea 27.50 0.8 8.30 0.49 1.45 3.73 2.94 2.29 1.24 0.00873 0.07631 14.60 0.0008
6.72 0.14 9.8 Sea 27.20 12.8 7.66 0.39 1.40 3.47 2.73 2.16 0.97 0.00781 0.07171 11.55 0.0004
7.32 0.26 14.2 Sea 10.70 8.8 14.47 0.02 1.27 1.86 1.72 0.73 0.43 0.00568 0.05907 0.00 -0.0007
7.29 0.20 5.6 Bay 21.30 86.7 7.87 0.02 0.99 1.47 1.32 1.07 0.05 0.00296 0.03561 0.00 -0.0028
6.76 0.16 11.6 Sea 18.90 46.9 9.15 0.02 1.14 1.62 1.33 1.04 0.10 0.00357 0.04727 0.00 -0.0018
6.74 0.23 11.6 Sea 31.10 31.8 13.16 0.71 1.79 5.19 4.41 2.89 2.04 0.01109 0.11631 21.29 0.0044
7.33 0.44 4.4 Bay 22.60 85.7 12.82 0.02 1.33 2.07 1.97 1.23 0.10 0.00350 0.06442 0.00 -0.0002
7.44 0.32 4.1 Bay 18.00 19.8 7.84 0.02 1.18 1.76 1.48 0.99 0.10 0.00355 0.05088 0.00 -0.0014
6.87 0.24 3.9 Bay 22.20 54.2 5.97 0.02 1.10 1.59 1.26 1.12 0.05 0.00298 0.04382 0.00 -0.0021
6.73 0.21 3.7 Bay 23.80 6.4 4.53 0.02 1.15 1.63 1.11 1.19 0.05 0.00290 0.04821 0.00 -0.0017
7.27 0.20 9.8 Sea 22.50 57.3 10.64 0.02 1.29 1.84 1.54 1.22 0.09 0.00346 0.06095 0.00 -0.0005
7.38 0.16 11.6 Sea 33.80 35.6 8.59 0.48 1.61 4.00 3.05 2.73 1.07 0.00816 0.09451 14.49 0.0025



Results froa Grant-Hadsen wave/current lodel 
THIMBLE SHOALS DATA - Froi CBW8909

Ds = 0.0170 ci 
k'biol = 0.50 ci
Zc = 150.00 ci

day tiie depth H T srce Uc Phi Ob Zo
Jin hour l Cl sec —  ci/s deg ci/s Cl
244 1 6.83 0.16 11.6 Sea 25.50 89.1 8.93 0.02
244 4 6.61 0.13 11.6 Sea 24.50 14.5 7.34 0.02
244 7 7.13 0.22 8.5 Sea 17.90 55.5 10.98 0.02
244 10 7.36 0.18 11.6 Sea 28.60 21.4 9.89 0.57
244 13 6.85 0.16 11.6 Sea 15.30 69.9 8.92 0.02
244 16 6.54 0.16 9.8 Sea 26.60 0.5 9.01 0.45
244 19 6.97 0.24 9.8 Sea 14.20 83.0 13.11 0.02
244 22 7.20 0.25 11.6 Sea 15.60 12.4 13.37 0.80
245 1 6.79 0.18 8.5 Sea 22.20 84.9 9.29 0.02
245 4 6.37 0.14 11.6 Sea 33.30 18.6 8.13 0.46
245 7 6.85 0.23 9.8 Sea 30.50 78.2 12.50 0.62
245 10 7.31 0.23 9.8 Sea 16.20 27.5 11.91 0.02
245 13 7.00 0.21 9.8 Sea 20.40 74.1 11.32 0.02
245 16 6.59 0.17 3.3 Bay 33.20 16.0 2.74 0.02
245 19 6.90 0.23 8.5 Sea 28.20 62.0 11.89 0.50
245 22 7.31 0.20 8.5 Sea 24.90 1.5 9.80 0.42
246 1 7.09 0.22 11.6 Sea 20.80 81.9 11.80 0.02
246 4 6.75 0.40 4.7 Bay 19.90 39.5 14.53 0.33
246 7 7.05 0,77 4.7 Bay 15.50 88.7 26.28 0.54
246 10 7.52 0.43 4.7 Bay 28.40 4.2 13.55 0.29
246 13 7.34 0.32 5.1 Bay 32.40 55.4 11.41 0.28
246 16 6.93 0.42 4.1 Bay 17.10 85.8 11.71 0.02
246 19 7.16 0.57 4.1 Bay 4.90 41.5 14.94 0.02
246 22 7.57 0.59 4.1 Bay 32.50 15.6 14.28 0.26
247 1 7.43 0.53 4.1 Bay 32.40 51.2 13.16 0.25
247 4 7.01 0.58 4.7 Bay 14.90 52.3 19.82 0,43
247 7 7.20 0.63 4.4 Bay 10.20 70.6 18.79 0.40
247 10 7.73 0.70 7.5 Bay 22.50 17.5 32.03 0.48
247 13 7.67 0.86 8.5 Sea 27.20 47.1 41.47 0.34
247 16 7.24 1.12 9.8 Sea 14.80 52.9 58.42 0.29
247 19 7.28 0.99 8.5 Sea 14.60 15.0 49.64 0.30
247 22 7.63 0.76 6.1 Bay 19.00 62.3 31.18 0.58
248 1 7.61 0.79 9.8 Sea 10.20 32.4 40.22 0.68
248 4 7.21 0.60 8.5 Sea 16.40 50.1 30.08 1.04
248 7 7.21 0.54 8.5 Sea 14.00 5.6 27.15 0.99
248 10 7.67 0.69 8.5 Sea 8.90 51.3 33.18 1.04
248 13 7.68 0.55 8.5 Sea 11.60 28.1 26.72 0.99
248 16 7.23 0.48 9.8 Sea 15.30 88.1 25.28 1.14
248 19 7.13 0.42 18.3 Sea 12.20 25.1 23.91 2.02
248 22 7.48 0.61 8.5 Sea 8.00 60.6 29.85 1.09
249 1 7.57 0.59 18.3 Sea 4.80 31.5 32.32 2.58
249 4 7.20 0.43 18.3 Sea 13.30 71.3 24.58 2.12
249 7 7.07 0.42 18.3 Sea 12.40 25.4 24.08 2.03
249 10 7.45 0.55 14.2 Sea 9.90 79.1 29.92 1.88
249 13 7.63 0.49 14.2 Sea 7.90 45.3 26.51 1.72
249 16 7.29 0.57 14.2 Sea 13.10 81.8 31.33 1.94
249 19 7.07 0.50 8.5 Sea 14.00 48.0 25.51 0.96
249 22 7.31 0.56 14.2 Sea 16.10 35.9 30.73 1.83
250 1 7.49 0.56 18.3 Sea 14.10 19.4 31.23 2.41
250 4 7.23 0.55 14.2 Sea 11.20 81.5 30.64 1.91

u*s u*t u*wi u*c Z'o Cd Shlds Kbr C* 
ci/s Cl/s Ci/s C l/S Cl — ----  Cl Cl

1.08 1.51 1.28 1.25 0.04 0.00278 0.04247 0.00 -0.0022
1.29 1.77 1.23 1.28 0.07 0.00320 0.06010 0.00 -0.0006
1.21 1.78 1.57 1.02 0.13 0.00384 0.05357 0.00 -0.0012
1.56 4.20 3.43 2.49 1.51 0.00955 0.08798 16.92 0.0019
0.94 1.38 1.24 0.85 041 0.00363 0.03211 0.00 -0.0031
1.47 3.84 3.14 2.21 1.22 0.00867 0.07889 13.33 0.0011
1.12 1.71 1.66 0.86 0.20 0.00434 0.04564 0.00 -0.0019
1.37 4.74 4.45 1.64 3.32 0.01449 0.06828 24.07 0.0001
1.06 1.54 1.37 1.13 0.06 0.00305 0.04105 0.00 -0.0023
1.61 3.93 2.92 2.68 1.03 0.00804 0.09470 13.71 0.0025
1.46 4.45 4.14 2.65 1.51 0.00955 0.07797 18.53 0.0010
1.29 1.88 1.64 0.97 0.19 0.00429 0.06099 0.00 -0.0005
1.18 1.73 1.55 1.11 0.10 0.00351 0.05097 0.00 -0.0014
1.34 1.80 0.91 1.56 0.03 0.00255 0.06497 0.00 -0.0002
1.51 4.38 3.97 2.41 1.39 0.00918 0.08250 15.10 0.0014
1.48 3.96 3.36 2.08 1.26 0.00879 0.07933 12.54 0.0011
1.15 1.67 1.53 1.12 0.09 0.00343 0.04822 0.00 -0.0017
1.62 4.95 4.72 1.70 1.41 0.00924 0.09593 9.94 0.0026
2.09 8.12 8.11 1.61 3.17 0.01411 0.15937 16.26 0.0083
1.88 4.99 4.44 2.28 1.04 0.00805 0.12903 8.74 0.0056
1.69 4.30 3.80 2.45 0.75 0.00703 0.10394 8.31 0.0033
1.18 1.90 1.85 0.97 0.13 0.00380 0.05073 0.00 -0.0015
1.36 2.23 2.21 0.36 0.60 0.00643 0.06683 0.00 -0.0000
2.06 5.27 4.64 2.53 0.89 0.00753 0.15464 7.74 0.0079
1.84 4.77 4.30 2.46 0.77 0.00708 0.12352 7.46 0.0051
1.81 6.37 6.26 1.43 2.35 0.01195 0.11963 12.98 0.0047
1.64 6.01 5.99 0.98 2.38 0.01203 0.09748 11.93 0.0027
2.73 8.30 7.96 2.40 3.53 0.01504 0.27169 13.24 0.0184
3.23 8.74 8.41 2.84 3.23 0.01428 0.38031 8.38 0.0282
3.85 9.98 9.88 1.86 6.22 0.02179 0.53784 5.73 0.0424
3.50 9.36 9.20 1.75 5.28 0.01944 0.44590 6.74 0.0341
2.49 8.80 8.68 2.07 3.83 0.01579 0.22618 16.52 0.0143
2.80 9.53 9.44 1.38 7.88 0.02604 0.28587 19.16 0.0197
2.34 9.29 9.14 2.05 6.11 0.02153 0.19939 30.54 0.0119
2.20 8.57 8.39 1.73 5.91 0.02102 0.17643 29.61 0.0098
2.39 9.78 9.73 1.21 7.96 0.02624 0.20801 30.31 0.0127
2.10 8.39 8.28 1.46 6.20 0.02175 0.15982 29.72 0.0084
1.83 7.94 7.93 1.90 5.94 0.02109 0.12218 34.27 0.0050
1.80 7.79 7.59 1.85 10.77 0.03385 0.11765 60.64 0.0046
2.17 9.21 9.18 1.08 7.72 0.02562 0.17064 32.77 0.0093
2.09 10.02 9.98 0.93 19.02 0.06102 0.15859 77.21 0.0082
1.72 7.89 7.80 2.01 10.60 0.03337 0.10762 63.46 0.0037
1.81 7.84 7.64 1.88 10.78 0.03388 0.11945 60.88 0.0047
2.01 9.31 9.28 1.55 11.69 0.03650 0.14676 56.44 0.0072
1.87 8.38 8.32 1.21 11.07 0.03470 0.12659 51.52 0.0054
2.10 9.70 9.67 2.01 11.12 0.03483 0.16061 58.04 0.0084
2.03 8.07 7.94 1.69 5.50 0.01999 0.15007 28.73 0.0075
2.30 9.71 9.46 2.39 10.08 0.03194 0.19163 54.95 0.0112
2.25 9.91 9.65 2.34 13.53 0.04202 0.18455 72.38 0.0106
2.05 9.51 9.48 1.74 11.50 0.03594 0.15293 57.32 0.0077



250 7 7.01 0.50 14.2 Sea 16.70 21.1 27.95 1.70 2.19 8.98 8.68 2.37 8.96 0.02888 0.17493 50.91 0.0097
250 10 7.31 0.60 11.6 Sea 17.10 64.5 32,26 1.54 2.33 9.94 9.81 2.39 8.56 0.02783 0.19820 45.37 0.0118
250 13 7.60 0.54 14.2 Sea 9.10 31.6 29.00 1.81 2.05 9.10 9.00 1.42 11.66 0.03639 0.15263 54.27 0.0077
250 16 7.38 0.52 11.6 Sea 10.00 24.4 27.65 1.41 2.05 8.70 8.59 1.42 8.98 0.02895 0.15233 42.38 0.0077
250 19 7.03 0.57 14.2 Sea 14.70 29.4 32.24 1.77 2.36 9.89 9.67 2.22 10.65 0.03352 0.20270 52.37 0.0122
250 22 7.11 0.51 14.2 Sea 5.70 12.4 28.74 1.82 1.98 8.99 8.94 0,93 12.97 0.04030 0.14205 54.57 0.0068
251 1 7.40 0.56 14.2 Sea 8.50 9.5 30.41 1.87 2.13 9.49 9.39 1.37 12.48 0.03883 0.16538 56.02 0.0089
251 4 7.24 0.44 11.6 Sea 9.10 38.2 23.59 1.28 1.77 7.53 7.45 1.23 7.83 0.02591 0.11433 38.28 0.0043
251 7 6.97 0.49 14.2 Sea 10.10 53.3 27.70 1.76 1.96 8.73 8.64 1.53 10.75 0.03379 0.13908 52.82 0.0065
251 10 7.12 0.44 14.2 Sea 2.00 77.4 24.70 1.67 1.67 7.83 7.83 0.33 12.97 0.04029 0.10146 50.16 0.0031
251 13 7.49 0.49 14.2 Sea 8.40 11.2 26.62 1.71 1.92 8.43 8.34 1.28 10.94 0.03433 0.13360 51.18 0.0060
251 16 7.41 0.47 18.3 Sea 12.90 57.7 26.05 2.18 1.85 8.34 8.21 2.01 11.48 0.03587 0.12411 65.36 0.0051
251 19 7.04 0.43 11.6 Sea 11.30 86.9 23.70 1.31 1.68 7.52 7.51 1.49 7.28 0.02450 0.10288 39.28 0.0032
251 22 6.98 0.39 9.8 Sea 5.00 6.5 20.59 0.99 1.56 6.62 6.59 0.65 6.75 0.02314 0.08909 29.73 0.0020
252 1 7.28 0.42 11.6 Sea 8.20 2.3 22.49 1.23 1.72 7.22 7.14 1.10 7.69 0.02555 0.10716 36.98 0.0036
252 4 7.25 0.36 14.2 Sea 9.30 32.8 20.14 1.41 1.55 6.59 6.48 1.26 7.91 0.02612 0.08701 42.17 0.0018
252 7 6.96 0.33 14.2 Sea 4.00 41.5 18.78 0.02 1.36 2.05 2.03 0.35 1.50 0.00954 0.06685 0.00 -0.0000
252 10 6.94 0.29 9.8 Sea 12.70 7.2 15.35 0.77 1.43 5.21 5.03 1.37 3.72 0.01551 0.07447 22.97 0.0007
252 13 7.33 0.43 14.2 Sea 8.70 37.7 23.70 1.58 1.73 7.60 7.51 1.27 9.59 0.03059 0.10908 47.44 0.0038
252 16 7.43 0.48 14.2 Sea 14.10 14.0 26.03 1.63 2.03 8.38 8.15 2.00 8.92 0.02878 0.14935 48.94 0.0074
252 19 7.10 0.43 14.2 Sea 12.40 75.0 24.29 1.62 1.73 7.74 7.69 1.74 8.64 0.02804 0.10853 48.66 0.0037
252 22 6.87 0.40 11.6 Sea 10.90 40.6 22.31 1.22 1.73 7.19 7.08 1.42 6.95 0.02364 0.10899 36.56 0.0038
253 1 7.11 0.42 14.2 Sea 5.30 62.8 23.37 1.60 1.62 7.46 7.44 0.80 10.74 0.03376 0.09603 47.99 0.0026
253 4 7.27 0.40 14.2 Sea 5.40 9.6 21.98 1.52 1.58 7.08 7.03 0.80 10.07 0.03190 0.09122 45.61 0.0022
253 7 7.04 0.31 14.2 Sea 4.90 89.9 17.26 0.02 1.23 1.88 1.88 0.40 1.12 0.00833 0.05483 0.00 -0.0011
253 10 6.86 0.28 14.2 Sea 13.70 20.1 16.25 1.16 1.45 5.56 5.33 1.64 5.33 0.01955 0.07671 34.91 0.0009
253 13 7.16 0.33 11.6 Sea 8.10 31.5 17.71 1.05 1.41 5.83 5.76 1.01 6.01 0.02126 0.07244 31.49 0.0005
253 16 7.48 0.32 9.8 Sea 12.80 9.1 16.40 0.80 1.50 5.52 5.34 1.41 3.99 0.01621 0.08152 24.11 0.0013
253 19 7.25 0.29 11.6 Sea 14.10 55.2 15.75 0.95 1.37 5.31 5.17 1.58 4.20 0.01671 0.06848 28.32 0.0001
253 22 6.85 0.23 14.2 Sea 10.60 51.8 13.01 0.02 1.12 1.66 1.56 0.70 0.35 0.00525 0.04558 0.00 -0.0019
254 1 7.00 0.23 11.6 Sea 8.50 31.8 12.82 0.02 1.12 1.69 1.60 0.59 0.45 0.00577 0.04571 0.00 -0.0019
254 4 7.31 0.24 11.6 Sea 12.10 36.1 12.99 0.02 1.21 1.79 1.64 0.78 0.30 0.00500 0.05353 0.00 -0.0012
254 7 7.18 0.22 11.6 Sea 8.90 77.7 11.71 0.02 0.96 1.49 1.46 0.58 0.34 0.00519 0.03386 0.00 -0.0030
254 10 6.82 0.22 11.6 Sea 25.30 37.5 12.23 0.70 1.54 4.66 4.11 2.38 2.15 0.01139 0.08595 21.02 0.0017
254 13 6.98 0.20 11.6 Sea 20.20 16.3 10.86 0.02 1.35 1.91 1.54 1.15 0.14 0.00385 0.06678 0.00 -0.0000
254 16 7.43 0.25 7.5 Bay 6.10 65.0 11.71 0.02 1.02 1.62 1.60 0.43 0.48 0.00591 0.03756 0.00 -0.0026
254 19 7.40 0.20 11.6 Sea 10.20 39.9 10.61 0.02 1.01 1.51 1.39 0.65 0.28 0.00488 0.03724 0.00 -0.0027
254 22 6.92 0.15 11.6 Sea 9.60 55.7 8.25 0.02 0.82 1.23 1.14 0.58 0.21 0,00440 0.02430 0.00 -0.0038
255 1 6.93 0.17 9.8 Sea 11.40 4.5 8.92 0.02 0.99 1.47 1.29 0.69 0.21 0.00441 0.03581 0.00 -0.0028
255 4 7.34 0.15 9.8 Sea 8.30 85.4 7.99 0.02 0.72 1.14 1.12 0.50 0.21 0.00440 0.01861 0.00 -0.0044
255 7 7.43 0.19 11.6 Sea 11.00 17.8 10.16 0.02 1.04 1.53 1.37 0.69 0.26 0.00472 0.03906 0.00 -0.0025
255 10 6.97 0.17 14.2 Sea 19.20 55.5 9.55 0.02 1.12 1.59 1.31 1.05 0.10 0.00353 0.04587 0.00 -0.0019
255 13 6.90 0.18 8.5 Sea 22.90 4.9 9.56 0.42 1.40 3.81 3.28 1.93 1.29 0.00890 0.07100 12.50 0.0004
255 16 7.44 0.19 8.5 Sea 9.10 48.8 9.34 0.02 0.92 1.42 1.34 0.57 0.26 0.00473 0.03084 0.00 -0.0033
255 19 7.65 0.20 9.8 Sea 13.70 15.7 10.31 0.02 1.14 1.67 1.46 0.83 0.20 0.00435 0.04738 0.00 -0.0018
255 22 7.14 0.18 9.8 Sea 18.50 68.0 9.44 0.02 1.07 1.55 1.36 1.00 0.09 0.00347 0.04154 0.00 -0.0023
256 1 6.84 0.14 9.8 Sea 12.80 43.6 7.36 0.02 0.88 1.30 1.13 0.73 0.13 0.00382 0.02839 0.00 -0.0035
256 4 7.28 0.16 6.7 Bay 12.10 62.2 7.08 0.02 0.83 1.27 1.16 0.68 0.12 0.00373 0.02487 0.00 -0.0038
256 7 7.53 0.17 8.5 Sea 8.70 22.8 8.29 0.02 0.88 1.34 1.23 0.54 0.25 0.00466 0.02800 0.00 -0.0035
256 10 7.13 0.14 9.8 Sea 15.90 70.6 7.55 0.02 0.89 1.30 1.14 0.85 0.09 0.00336 0.02857 0.00 -0.0035
256 13 6.78 0.14 11.6 Sea 21.30 27.8 7.85 0.02 1.19 1.66 1.24 1.14 0.08 0.00336 0.05162 0.00 -0.0014
256 16 7.23 0.24 6.7 Bay 11.40 23.5 11.00 0.02 1.15 1.76 1.62 0.71 0.25 0.00469 0.04844 0.00 -0.0017
256 19 7.68 0.18 8.5 Sea 12.70 6.0 8.81 0.02 1.04 1.53 1.33 0.75 0.18 0.00420 0.03901 0.00 -0.0025
256 22 7.29 0.18 11.6 Sea 22.90 27.5 9.78 0.02 1.35 1.89 1.46 1.25 0.10 0.00352 0.06675 0.00 -0.0000
257 1 6.76 0.14 11.6 Sea 21.90 43.4 7.92 0.02 1.17 1.63 1.24 1.15 0.08 0.00326 0.04993 0.00 -0.0015
257 4 7.12 0.32 3.9 Bay 17.90 56.8 7.40 0.02 1.06 1.61 1.40 0.96 0.08 0.00335 0.04079 0.00 -0.0024
257 7 7.65 0.30 6.1 Bay 6.90 5.9 12.17 0.02 1.14 1.81 1.74 0.47 0.45 0.00575 0.04764 0.00 -0.0017
257 10 7.31 0.23 6.1 Bay 16.60 29.5 9.90 0.02 1.23 1.82 1.58 0.96 0.14 0.00392 0.05464 0.00 -0.0011
257 13 6.68 0.14 9.8 Sea 24.40 6.7 7.91 0.02 1.33 1.85 1.33 1.29 0.08 0.00329 0.06463 0.00 -0.0002
257 16 6.97 0.25 6.1 Bay 28.00 19.6 11.19 0.33 1.67 4.35 3.76 2.24 1.01 0.00797 0.10171 9.74 0.0031



257 19 7.60 0.35 5.1 Bay 6.70 30.4 12.02 0.02 1.15 1.84 1.79 0.46 0.42 0.00563 0.04772 0.00 -0.0017
257 22 7.34 0.22 8.5 Sea 9.50 47.2 10.92 0.02 1.04 1.59 1.51 0.61 0.30 0.00498 0.03906 0.00 -0.0025
258 1 6.61 0.12 8.5 Sea 17.90 18.6 6.35 0.02 1.03 1.46 1.11 0.96 0.08 0.00335 0.03835 0.00 -0.0026
258 4 6.77 0.18 6.7 Bay 22.40 19.3 8.49 0.02 1.32 1.88 1.46 1.21 0.09 0.00342 0.06331 0.00 -0.0003
258 7 7.49 0.30 5.6 Bay 11.80 1.8 11.71 0.02 1.25 1.92 1.77 0.74 0.26 0.00473 0.05695 0.00 -0.0009
258 10 7.40 0.22 7.5 Sea 17.40 71.8 10.51 0.02 1.11 1.67 1.53 0.97 0.12 0.00369 0.04486 0.00 -0.0020
258 13 6.71 0.18 7.5 Bay 13.00 22.8 9.28 0.02 1.07 1.60 1.42 0.77 0.18 0.00421 0.04189 0.00 -0.0023
258 16 6.73 0.14 6.1 Sea 32.30 51.1 6.56 0.20 1.43 3.05 2.35 2.19 0.41 0.00556 0.07447 6.08 0.0007
258 19 7.46 0.28 5.6 Bay 6.60 88.8 10.91 0.02 0.97 1.61 1.61 0.44 0.37 0.00536 0.03435 0.00 -0.0029
258 22 7.51 0.23 5.6 Bay 9.30 16.1 8.72 0.02 0.97 1.52 1.41 0.57 0.23 0.00455 0.03433 0.00 -0.0029
259 1 6.78 0.15 8.5 Sea 15.40 10.5 8.04 0.02 1.06 1.54 1.28 0.87 0.13 0.00380 0.04122 0.00 -0.0023
259 4 6.70 0.10 7.5 Bay 16.90 28.8 5.13 0.02 0.91 1.29 0.98 0.88 0.07 0,00318 0.03010 0.00 -0.0033
259 7 7.48 0.25 4.4 Bay 8.90 23.7 7.07 0.02 0.86 1.37 1.27 0.53 0.18 0.00422 0.02690 0.00 -0.0036
259 10 7.68 0.21 8.5 Sea 30.70 21.1 10.21 0.42 1.67 4.28 3.51 2.51 1.13 0.00836 0.10087 12.46 0.0030
259 13 6.98 0.17 9.8 Sea 15.50 55.6 9.20 0.02 1.03 1.51 1.33 0.88 0.13 0.00379 0.03874 0.00 -0.0025
259 16 6.69 0.12 6.7 Bay 20.40 9.9 5.76 0.02 1.09 1.54 1.12 1.06 0.07 0.00317 0.04321 0.00 -0.0021
259 19 7.27 0.37 4.7 Bay 7.40 78.1 12.09 0.02 1.11 1.83 1.82 0.49 0.37 0.00534 0.04469 0.00 -0.0020
259 22 7.52 0.23 8.5 Sea 22.50 9.4 11.29 0.48 1.49 4.29 3.81 1.99 1.63 0.00991 0.08057 14.40 0.0012
260 1 7.05 0.20 8.5 Sea 14.70 45.3 9.99 0.02 1.11 1.64 1.45 0.86 0.16 0.00406 0.04450 0.00 -0.0020
260 4 6.66 0.08 14.2 Sea 26.50 3.4 4.64 0.02 1.19 1.60 0.92 1.31 0.05 0.00284 0.05158 0.00 -0.0014
260 7 7.38 0.21 7.5 Bay 15.30 87.7 9.87 0.02 0.95 1.47 1.42 0.85 0.11 0.00365 0.03267 0.00 -0.0031
260 10 7.84 0.28 7.5 Bay 9.60 8.2 12.76 0.02 1.22 1.86 1.75 0.64 0.37 0.00536 0.05417 0.00 -0.0012
260 13 7.32 0.20 8.5 Sea 14.30 39.5 10.24 0.02 1.13 1.67 1.48 0.85 0.18 0.00417 0.04621 0.00 -0.0019
260 16 6.74 0.10 8.5 Sea 17.90 5.4 5.01 0.02 0.95 1.33 0.96 0.93 0.07 0.00316 0.03284 0.00 -0.0031
260 19 7.15 0.23 7.5 Bay 15.70 45.0 11.01 0.02 1.21 1.80 1.61 0.92 0.17 0.00411 0.05330 0.00 -0.0012
260 22 7.68 0.30 14.2 Sea 9.50 30.5 15.92 0.02 1.31 1.93 1.82 0.68 0.55 0.00622 0.06220 0.00 -0.0004
261 1 7.28 0.19 7.5 Bav 9.20 54.8 9.10 0.02 0.91 1.42 1.34 0.57 0.24 0.00461 0.03000 0.00 -0.0033
261 4 6.80 0.13 18.3 sea 24.80 17.2 7.82 0.02 1.30 1.76 1.20 1.30 0.07 0.00323 0.06104 0.00 -0.0005
261 7 7.17 0.30 U.6 sea 15.00 40.6 16.23 0.95 1.47 5.51 5.30 1.68 4.23 0.01680 0.07848 28.40 0.0010
261 10 7-84 0,30 6.6 Bav 14.00 28.5 10.90 0.02 1.23 1.87 1.70 0.84 0.19 0,00430 0.05527 0.00 -0.0011
261 13 7,57 0,27 14,2 Sea 16,30 33,9 14,48 1,05 1,39 5,09 4,80 1,83 4,23 0,01680 0,07077 31,60 0,0003
261 16 6,93 0-47 4,1 Bav 9,70 14-5 12,91 0,02 1,32 2,10 2,01 0,63 0,32 0-00510 0,06348 0,00 -0,0003
261 19 7-11 0,54 4,1 Bay 12,50 26,3 14,33 0,30 1,48 4,77 4,66 1,09 1,54 0,00965 0,07940 8-88 0,0011
261 22 7-78 0,85 5,6 Bav 13,80 11,5 31,58 0,47 2,58 8,57 8,44 1,51 3,87 0,01589 0,24140 12,98 0,0157
262 1 7,70 1,01 4,7 Bav 17,00 15,4 30,87 0,35 2,65 8,17 8,00 1,71 2,83 0,01322 0,25625 9,30 0,0170
262 4 7-21 1,04 4,7 Bav 12.80 64,2 34,57 0,36 2,69 8,75 8,70 1,36 3,48 0,01490 0-26410 9,66 0,0177
262 7 7,39 1.18 5,6 Bav 13-80 25,2 45,91 0-23 3,43 9,08 8-97 1,49 3.71 0,01550 0,42733 4,53 0,0324
262 10 8-02 0,77 5,6 Bav 13,80 26,9 27,68 0,67 2-32 8,70 8,58 1,54 4,16 0,01664 0,19509 19,38 0,0115
262 13 7,93 0,57 5,6 Bav 15,70 21,2 20,79 0,52. 1.94 6,72 6,54 1,58 2,83 0,01323 0,13629 15,59 0,0062
262 16 7,21 0,45 9,8 Sea 12,40 54,1 23,80 1-07 1,85 7,59 7,49 1,55 6,09 0,02147 0,12439 32,15 0,0052
262 19 7.02 0,38 11,6 Sea 11,50 22,8 20,60 1,14 1,67 6,73 6,59 1,45 6,26 0,02189 0,10200 34,22 0,0032
262 22 7,62 0,63 5,1 Bav 2,90 19,2 21.91 0,52 1,77 6,91 6,90 0,32 4,08 0,01641 0,11382 15,66 0,0042
263 1 7,66 0,53 8,5 Sea 8,70 42,6 25,89 0,99 1,97 8,12 8,07 1,11 6,54 0,02260 0,14064 29,55 0,0066
261 4 7-14 0,33 8-6 sea 6,80 13,7 16,71 0-73 1,39 5.49 5,44 0,77 4,44 0,01734 0,06986 21,93 0,0003
263 / 6.9/ 0.23 8.5 Sea 14.70 37.4 12.12 0.02 1.26 1.87 1.68 0.90 0.21 0.00443 0.05782 0.00 -0.0008
263 10 7.58 0.44 5.1 Bav 6.00 65.4 15.40 0.02 1.34 2.16 2.15 0.43 0.59 0.00638 0.06490 0.00 -0.0002
263 13 7.85 0.41 9.8 Sea 4.80 57.3 20.40 0.99 1.52 6.56 6.55 0.62 6.74 0.02311 0.08444 29.77 0.0016
263 16 7.35 0.34 9.8 Sea 7.60 85.8 17.41 0.02 1.32 2.05 2.04 0.56 0.66 0.00669 0.06327 0.00 -0.0003
263 19 6.99 0.23 9.8 Sea 15.00 11.2 12.40 0.02 1.31 1.92 1.68 0.92 0.23 0.00454 0.06268 0.00 -0.0004
263 22 7.27 0.32 9.8 Sea 10.20 76.5 16.64 0.02 1.31 2.02 1.99 0.70 0.46 0.00578 0.06290 0.00 -0.0004
264 1 7.62 0.41 8.5 Sea 2.50 77.7 19.90 0.85 1.50 6.40 6.40 0.31 6.26 0.02190 0.08134 25.34 0.0013
264 4 7.24 0.28 9.8 Sea 4.10 30.7 14.43 0.02 1.16 1.80 1.77 0.32 0.96 0.00774 0.04866 0.00 -0.0017
264 7 6.94 0.21 7.5 Bav 13.40 9.4 10.50 0.02 1.18 1.75 1.56 0.81 0.21 0.00439 0.05039 0.00 -0.0015
264 10 7.27 0.35 11.6 Sea 12.00 89.0 19.11 1.14 1.41 6.20 6.19 1.46 5.61 0.02027 0.07187 34.04 0.0004
264 13 7.71 0.53 7.5 Bav 6.50 2.1 24.41 0.83 1.89 7.68 7.64 0.80 5.87 0.02090 0.13009 24.98 0.0057
264 16 7.43 0.45 14.2 Sea 10.70 76.3 24.61 1.65 1.72 7.83 7.79 1.54 9.28 0.02975 0.10803 49.37 0.0037
264 19 6.98 0.43 14.2 Sea 4.40 41.9 24.57 1.65 1.70 7.80 7.78 0.69 11.69 0.03648 0.10520 49.54 0.0034
264 22 7.07 0.51 4.7 Bav 6.20 57.4 17.44 0.41 1.51 5.63 5.61 0.62 2.70 0.01287 0.08246 12.31 0.0014
265 1 7.49 0.68 4.7 Bav 8.60 0.1 21.59 0.4? 1.87 6.84 6.78 0.89 3.11 0.01395 0.12694 13.98 0.0054
265 4 7.36 0.68 4.7 Bav 11.00 62.3 22.03 0.48 1.8? 6.95 6.91 1.12 2.96 0.01356 0.12688 14.26 0.0054



265 7 6.94 0.56 5.6 Bay 6.20 70.9 23.07 0.59 1.83 7.25 7.24 0.69 4.18 0.01668 0.12174 17.70 0.0049
265 10 6.99 0.55 4.7 Bav 0.40 53.4 19.09 0.44 1.58 6.10 6.10 0.04 3.63 0.01528 0.09060 13.22 0.0021
265 13 7.40 0.78 5.1 Bav 15.60 7.6 27.80 0.51 2.41 8.33 8.17 1.65 3.41 0.01472 0.21146 14.63 0.0130

265 19 6.99 0.45 11.6 Sea 15.80 73.3 24.67 1.32 1.82 7.63 7.77 2.02 6.62 0.02260 0.11993 39.67 0.0046
265 22 6.77 0.35 5.i Bd'v 7.60 1.4 13.76 0.02 1.30 2.06 i.39 0.52 0.45 0.00576 0.06137 0.00 -0.0005
266 1 7.07 0.35 6.1 Bav 4.90 72.0 15.34 0.02 1.26 2.06 2.05 0.37 0.72 0.00651 0.05964 0.00 -0.0007
266 4 7.13 0.25 11.6 Sea 3.20 34.4 15.67 0.02 1.17 1.32 1.81 0.27 1.26 0.00666 0.04345 0.00 “0.0016
266 7 6.37 0.22 5.3 Sea 4.60 44.4 11.63 0.02 0.55 1.55 1.52 0.34 0.65 0.00673 0.03540 0.00 -0.0025
265 10 6.75 0.17 3.5 Sea 15.10 59.4 6.69 0.02 0.93 1.47 1.30 0.55 0.12 0.00372 0.03564 0.00 -0.0025
266 13 7.07 0.31 6.7 Sea 12.20 33.3 14.53 0.02 1.22 1.35 1.93 0.77 0.28 0.00454 0.05435 0.00 -0.0011
256 15 7.31 0.30 5.3 Sea 1.30 9.1 15.65 0.02 1.20 1.66 1.58 0.12 1.74 0.01025 0.05210 0.00 -0.0013
266 15 7.52 1.13 4.7 Bav 20.50 0.3 35.60 0.23 3.05 6.18 7.94 1.35 2.36 0.01158 0.33741 5.39 0.0243
256 7.01 0.35 6.1 Bav 33.50 17.3 37.37 0.21 3.41 6.17 7.61 3.03 1.50 0.01042 0.42204 4.16 0.0320
267 1 7.26 C.tiS 5.6 Bav 12.90 27.5 26.33 0.63 2.24 6.37 6.26 1.43 4.05 0.01636 0.15333 15.00 0.0105
267 4 7.63 0.54 6.1 Bav 5.00 22.3 26.03 0.70 2.03 6.10 8.07 0.71 5.18 0.01919 0.15034 20.56 0.0075
267 7 7.44 0.87 5.6 Bav 7.50 35.2 33.86 0.50 2.57 9.06 3.02 0.88 5.01 0.01876 0.24020 14.09 0.0156
267 10 7.09 1.01 5.6 Bav 10.50 47.3 40.89 0.30 3.03 8.36 8.31 1.18 4.25 0.01687 0.33414 7.46 0.0240
267 13 7.20 0.57 5.6 Bav 2.30 55.1 22,73 0.59 1.79 7.15 7.15 0.27 4.68 0.01794 0.11643 17.59 0.0044
267 16 7.53 0.34 8.5 Sea 14.60 13.6 16.77 0.70 1.59 5.64 5.43 1.54 3.38 0.01466 0.09156 20.85 0.0022
267 15 7.42 0.26 4.7 Bav 14.70 33.5 8.42 0.02 1.03 1.66 1.46 0.84 0.13 0.00383 0.04326 0.00 -0.0021
267 22 6.99 0.21 4.1 Bav 6.90 76.2 5.73 0.02 0.64 1.10 1.08 0.40 0.16 0.00408 0.01507 0.00 -0.0047
266 1 7.05 0.20 5.6 Bav 3.80 13.9 8.16 0.02 0.80 1.33 1.30 0.26 0.43 0.00568 0.02346 0.00 -0.0035
268 •i 7.43 0.29 7.5 Bav 4.10 17.3 13.79 0.02 1.16 1,84 1.81 0.31 0.81 0.00723 0.04399 0.00 -0.0016
266 7 7.43 0.28 9.8 Sea 6.10 60.2 14.21 0.02 1.15 1.78 1.75 0.45 0.66 0.00668 0.04785 0.00 -0.0017
266 10 7.03 0.31 3.7 Bav 5.70 43.5 6.21 0.02 0.72 1.23 1.19 0.35 0.21 0.00445 0.01893 0.00 -0.0043
266 13 7.03 0.34 5.6 Bay 7.30 40,8 13.79 0,02 1.26 2.00 1.95 0.51 0.47 0.00585 0.05744 0.00 -0.0009
268 16 7.48 0.37 5.6 Bav 3.80 26.1 14.43 0.02 1.25- 2.02 2.00 0.29 0.77 0.00709 0.05686 0.00 -0.0009
256 19 7.58 0.42 6.1 Bav 8.80 39.8 17.41 0.53 1.51 5.67 5.61 0.31 3.13 0.01401 0,08321 15.75 0.0015
266 22 7.15 0.55 4.7 Bav 9.20 37.2 18.40 0.43 1.54 5.90 5.83 0.31 2.57 0.01255 0.08672 12.85 0.0018
259 1 7.00 0.46 8.5 Sea 1.20 7.6 23.41 0.94 1.72 7.40 7.40 0.16 7.67 0.02549 0.10726 28.20 0.0036
269 4 7.31 0.43 6.1 Bav 2.30 48.1 13.14 0.56 1.46 5.85 5,85 0.26 4.15 0.01659 0.07773 16.67 0.0010
269 7 7.44 0.31 8.5 Sea 2.60 3.5 15.32 0.02 1.22 1.92 1.91 0.22 1.22 0.00866 0.05393 0.00 -0.0012
269 10 7.16 0.20 9.8 Sea 6.90 19.9 10.58 0.02 0.97 1.49 1.42 0.47 0.43 0.00566 0.03425 0.00 -0.0029
269 13 6.90 0.25 4.4 Bav 14.60 50.7 7.91 0.02 1.02 1.57 1.41 0.82 0.12 0.00369 0.03760 0.00 -0.0026
269 16 7.37 0.25 7.5 Bav 5.90 79.7 12.06 0.02 1.02 1.64 1.63 0.41 0.51 0.00602 0.03762 0.00 -0.0026
269 19 7.58 0.23 7.5 Bav 4.60 6.6 10.74 0.02 0.97 1.54 1.50 0.33 0.57 0.00630 0.03395 0.00 -0.0030
269 22 7,37 0.41 7.5 Bav 5.40 86.3 19.23 0.72 1.48 6.13 6.13 0.63 4.80 0.01822 0.07994 21.69 0.0012
270 1 7.10 0.75 4.7 Bav 15.80 15.5 25.28 0.51 2.27 7.35 7.73 1.62 3.03 0.01376 0.18757 15.14 0.0109
270 4 7.51 0.70 5.1 Bav 10.50 27.7 24.44 0.55 2.06 7.66 7.58 1.13 3.61 0.01523 0.15444 16.43 0.0079
270 7 7.90 0.34 5.6 Bav 4.30 48.7 30.70 0.73 2.32 9.43 9.42 0.53 5.90 0.02099 0.19612 21.21 0.0116
270 10 7.63 0.97 6.1 Bav 4.70 66.8 39.53 0.42 2.33 3.26 9.25 0.53 6.01 0.02126 0.29113 11.14 0.0202
270 13 7.17 0.57 7.5 Bav 10.00 26.5 27.65 0.90 2.15 8.61 8,53 1.24 6.00 0.02123 0.16831 25.88 0.0091
270 16 7.35 0.51 7.5 Bav 2.10 48.9 24.08 0.84 1.79 7.57 . 7.57 0.27 6.72 0.02306 0.11719 25.16 0.0045
270 19 7.76 0.38 6.1 Bav 8.70 2.5 15.32 0.48 1.40 5.07 4.93 0.87 2.74 0.01300 0.07133 14.32 0.0004
270 22 7.49 0.29 8.5 Sea 13.90 72.0 14.22 0,02 1.25 1.32 1.84 0.87 0.24 0.00465 0.05724 0.00 -0.0009
271 1 7.01 0.20 9.8 Sea 5.60 22.8 10.77 0.02 0.95 1.48 1.43 0.40 0.53 0.00613 0.03292 0.00 -0.0031
271 4 7.20 0.23 4.4 Bav 6.10 38.3 6.75 0.02 0.76 1.26 1.21 0.38 0.23 0.00458 0.02083 0.00 -0.0042
271 7 7.69 0.24 8.5 Sea 5,30 31.7 11.51 0.02 1.01 1.58 1.54 0.38 0.57 0.00631 0.03685 0.00 -0.0027
271 13 6.73 0.i6 /.9 Sea 33.50 33.5 7.99 0.31 1.60 3.69 2.83 2.49 0.69 0.00679 0.09297 9.15 0.0023
271 16 7.15 0.23 6.5 Sea 23.20 63.4 10.35 0.02 1.30 1.90 1.62 1.24 0.08 0.00336 0,06171 0.00 -0.0005
271 19 7.43 0.24 7.2 Sea 2a.ae 29.5 11.2a 0.41 1.43 4.15 3.77 1.83 i.iO O.OOVai O.v/'iio 12.32 0.0007
271 7.05 0.20 9.3 Sea 17.80 bi.5 10.60 0.02 i.15 1.69 1.50 1.00 0.12 0.00374 0.04839 0.00 -0.0017
272 i 6.66 0.13 3.7 Sea 21.40 38.9 6.99 0.02 1.13. 1.59 1.20 1.12 0.07 0.00320 0.04684 0.00 -0.0018
272 4 7.05 0.23 6.0 Sea 17.30 42.5 10.16 0.02 i.23 1.83 1.60 0.99 0.13 0.00385 0.05504 0.00 -0.0011
2/2 y 7.44 6.2 sea 21.oU i'.vy y,8/ 1.D2 4.37 4,01 i.o5 i.04 U.OOVU4 O.vcO/5 11.V 5 O.wiS
2/2 10 7.08 0.23 6.0 Sea 19.00 66.9 9.99 0.02 1.16 1.74 1.56 1.04 0.10 0.00354 0.04928 0.00 -0.0016
272 13 6. t>3 0.13 8.7 Sea 29.60 18 = 9 6-SQ fi. Vi 1 .44 <. in v.iv S.—  •:...
272 16 6.82 0.17 7.0 Sea 29.40 88.0 8.08 0.02 1.19 1.65 1.35 1.41 0.03 0.00265 0.05153 0.00 -0.0014
272 19 i . /i) 0.23 6.7 Sea 13.40 0.9 10.20 0.02 1.17 1.76 1. 56 u .2;



272 22 7.00 0.20 8.4 Sea 7.00 81.7 10.08 0.02 0.87 1.40 1.38 0.46 0.35 0.00525 0.02761 0.00 -0.0035
273 1 b.50 0.11 8.1 Sea 29.50 37.3 6.07 0.02 1.35 1.84 1.19 1.46 0.05 0.00286 0.06603 0.00 -0.0001
273 4 6.78 0.14 5.9 Bav 32.60 88.8 6.19 0.02 1.22 1.65 1.21 1.51 0.03 0.00247 0.05456 0.00 -0.0011
273 7 7.34 0.30 6.7 Sea 21.50 i9.8 13.34 0,43 i.6u 4.77 4.39 1.91 i.65 0.00998 0,09290 i2,89 0.0023
2/3 iu 7.i7 0.23 8.1 Sea 18.60 82.4 11.57 0.02 1.13 1.70 1.60 1.03 0.11 0.00362 0.04627 0.00 -0.0019
273 13 6.60 0.18 7.9 Sea 25.50 1.3 9.39 0.37 1.48 3.84 3.23 2.07 1.09 0.00823 0.07934 11.10 0.0011
273 16 6.78 0.19 6.8 Sea 24.60 76.2 9.27 0.02 1.20 1.72 1.47 1.26 0.06 0.00305 0.05214 0.00 -0.0013
273 19 7.29 0.25 6.8 Sea 26.50 11.0 11.33 0.37 1.64 4.39 3.81 2.19 1.19 0.00857 0.09736 11.14 0.0027
273 22 7.22 0.20 11.4 Sea 31.10 77.2 10.93 0.64 1.41 4.08 3.68 2.65 1.38 0.00917 0.07219 19.02 0.0005



Results fro* Grant-Hadsen wave/current aodel 
THIMBLE SHOALS DATA - Fro* CBW8910

Ds = 0.0170 ci 
k'biol = 0.50 ci
Zc = 150.00 ci

day tiie depth f i T srce 0c Phi (Jb 2o
Jin hour l C l sec — c*/s deg c*/s C l

274 1 6.74 0.20 6.5 Sea 16.60 36.7 9.29 0.02
274 4 6.88 0.19 10.4 Sea 8.60 38.0 10.43 0.02
274 7 7.43 0.21 10.0 Sea 28.00 19.6 11.11 0.54
274 10 7.44 0.19 7.4 Sea 42.40 53.9 8.81 0.30
274 13 6.88 0.17 8.1 Sea 10.00 52.9 8.87 0.02

h .  W 0.21 iu.u sea JU.JV 41.U 11.5/ VMM
274 19 7.36 0.32 6.5 Sea 21.60 20,7 13.94 0.43
274 22 7.37 0.31 6.2 Sea 8.50 24.2 13.22 0.02
275 1 6.83 0.23 7.0 Bav 17.60 1.9 11.27 0.41
275 4 c oo 0 0.23 9.0 Sea 21.90 63.1 11.88 0.02
275 7 7.38 0.30 6.0 Sea 15.60 23.4 12.72 0.39
275 10 7,48 0.30 8.1 Sea 13.30 64.6 14.53 0.02
275 13 6.95 0.24 7.9 Sea 13.90 23.8 12.29 0.02
275 16 6.82 0.22 7.9 Sea 22.50 51.3 11.27 0.46
275 19 7.21 0.32 6.3 Sea 16.90 80.5 13.87 0.02
275 22 7.36 0.32 6.7 Sea 2.80 45.7 14.25 0.02
276 1 6.90 0.22 7.9 Sea 19.80 24.8 10.98 0.45
276 4 6.79 0.19 8.1 Sea 27.70 46.4 9.72 0.40
276 ai 7.25 0.27 7.4 Sea 22.10 64.5 12.84 0.49
276 10 7.49 0.29 7.4 Sea 10.80 52.0 13.48 0.02
276 13 7.01 0.24 7.9 Sea 18.20 42.9 12.02 0.02
276 16 6,76 0.21 8.7 Sea 23.60 17.5 11.37 0.49
276 19 7.06 0.21 8.4 Sea 22.20 85.1 10.69 0.02
276 22 7.42 0.53 4.8 Bav 12.00 77.1 17.39 0.41
277 1 7.16 0.92 5.4 Bav 22.30 36.8 35.70 0.28
277 4 6.93 0.74 5.0 Bav 32.60 24.0 27.28 n *)£V • XV

277 •7 7.23 0.65 5.3 Bav 16.20 63.1 24.67 0.57
9*77 10 7.49 0.42 5.6 Bav 25.60 13.8 16.31 0.41
277 13 7.14 0.35 5.5 Bav 28.90 55.9 13.94 0.36
27? 16 6.73 0.28 4.3 Bav 26.80 56.3 8.58 0.19
277 19 6.84 0.23 4.5 Bav 9.80 28.6 7.71 0.02
277 22 7.13 0.19 4.2 Bav 18.50 0.9 5.33 0.02
278 1 6.99 0.20 7.2 Bav 5.40 61.9 9.92 0.02
278 4 6.73 0.67 5.1 Bav 33.80 41.2 25.99 0.30
278 7 6.89 0.30 4.8 Bav 16.40 42.9 10.79 0.02
278 10 7.33 0.17 15.5 Sea 24.40 5.5 9.15 0.73
278 13 7.13 0.18 4.5 Bav 24.20 62.1 5.61 0.02
278 16 6.68 0.15 4.0 Bav 5.70 46.7 4.̂ 2 0.02
278 19 6.68 0.11 14.6 Sea 8.80 26,6 6.44 0.02
278 22 7.00 0.09 15.5 Sea 17.80 24.5 5.00 0.02
279 1 £  A  ft

V • u u 0.11 15.5 Sea 14.70 38.6 6.54 0.02
279 4 6.54 0.12 15.5 Sea 7.70 70.8 •7 O')1 • V X 0.02
279 nt 6.58 0.15 14.6 Sea 26.10 7v«c 8.72 0.02
279 10 7.04 0.11 13.8 Sea 18.90 40.0 6.39 0.02
279 13 7.11 0.12 15.5 Sea 14.20 2.0 6.76 0.02
279 16 6.77 0.11 15.5 Sea 8.30 70.2 6.37 0.02
279 19 6,66 0.10 15.5 Sea 14.50 53.0 6.07 0.0 2
279 •nCC

£  o c
V « ./V A 1 1

V « XX
1A 0 CAa
XJ ♦ V U vU 19.90 ■)•) 4

W  « "1 6.37 A AA
V • VC

'SCft 1 a a  ji * y i 0.11 \k C  CaiX'i • V i ^ U
1C 4A
XV ♦ IV 1C O

XV » J
C AA 
v*  c v

A  AA
V* VC

OOA
c v v 4 C  00

V •  v v A  1A
V • XV

1C C C a i
X V  • V  f cAJU

O OA 
V  *

1 1 C  
XX • v

C AC
V • v v A  AA 

v * v c

u*s u*t u*wi u*c Z'o Cd Shlds Kbr C* 
c*/s Cl/S Cl/s ci/s C* --------  Cl ci

1.16 1.72 1.49 0.94 0.13 0.00381 0.04924 0.00 -0.0016
0.98 1.48 1.39 0.56 0.33 0.00516 0.03469 0.00 -0.0029
1.62 4.48 3.78 2.46 1.57 0.00974 0.09568 16.13 0.0026
1.84 4.10 3.09 3.05 0.58 0.00633 0.12373 8.97 0.»■•■■■■•
0.91 1.39 1.30 0.61 0.21 0.00444 0.02982 0.00 -0.0033
1.J5 1.V4 1.63 l . r j u ,  u  v . w m  u . u t r t w U .U O  - U . O v w
1.64 4.94 4.57 1.93 1.70 0.01013 0.09787 12.99 0.0028
1.24 1.94 1.86 0.58 0.41 0.00556 0.05619 0.00 -0.0010
1.36 4.08 3.78 1.55 1.59 0.00981 0.06738 12.25 0.0000
1.32 1.92 1.67 1.21 0.11 0.00359 0.06385 0.00 -0.0003
1.40 4.41 4.20 1.40 1.71 0.01016 0.07086 11.75 0.0003
1.30 1.99 1.89 0.84 0.27 0.00483 0.06150 0.00 -0.0005
1.29 1.92 1.73 0.86 0.24 0.00459 0.06015 0.00 -0.0006
1.38 4.11 3.78 1.94 1.46 0.00941 0.06925 13.69 0.0002
1.28 1.99 1.92 1.00 0.17 0.00413 0.05983 0.00 -0.0006
1.19 1.91 1.90 0.22 0.96 0.00779 0.05117 0.00 -0.0014
1.37 4.06 3.70 1.74 1.58 0.00977 0.06845 13.37 0.0001
1.46 3.87 3.32 2,23 1.05 0.00811 0.07777 11.90 0.0010
1.40 4.47 4.25 1.96 1.64 0.00996 0.07107 14.62 0.0004
1.24 1.91 1.82 0,71 0.33 0.00514 0.05570 0.00 -0.0010
1.34 1.97 1.72 1.06 0.16 0.00403 0.06536 0.00 -0.0001
1.52 4.34 3.83 2.08 1.61 0.00985 0,08356 14.65 0.0015
1.13 1.66 1.52 1.16 0.07 0.00321 0.04666 0.00 -0.0018
1.52 5.62 5.59 1.14 2.23 0.01162 0.08414 12.35 0.0015
2.99 8.28 8.04 2.19 2.56 0.01251 0.32439 6.78 0.0232
?  O T 7.30 6.77 1 O')tm * V V 1.50 0.00954 0.28873 6.39 0.0200
2.08 7.74 7.65 1.69 3.21 0.01422 0.15782 17.03 0.0082
1.94 5.71 5.25 2.27 1.64 0.00996 0.13681 12.35 0.0063
1.73 4.93 4.55 2.38 1.16 0.00848 0.10839 10.83 0.003?
1.37 3,31 2.93 1.88 0.50 0.00601 0.06871 5.70 0.0002
0.92 1.46 1.35 0.58 0.18 0.00422 0.03094 0.00 -0.0032
1.03 1.50 1.15 0.96 0.07 0,00319 0.03867 0.00 -0.0025
0.89 1.44 1.42 0.37 0.44 0.00571 0.02909 0.00 -0.0034
2.68 7,29 6.80 2.95 1.55 0.00967 0.26201 7.92 0.0176
1.27 1.94 1.75 0.95 0.15 0.00399 0.05897 0.00 -0.0007
1.38 3.92 3.21 2.26 1.99 0.01096 0.06903 21.90 0.0002
1.10 1.55 1.18 1.19 0.04 0.00282 0.04365 0.00 -0.0021
0.55 0.92 0.88 0.33 0.15 0.00396 0.01084 0.00 -0.0051
0.72 1.05 0.92 0.53 0.19 0.00427 0.01861 0.00 -0.0044
0.90 1.24 0.86 0,92 0.06 0.00312 0.02979 0.00 -0.0033
0.87 1.23 0.98 0.80 0.10 0.00351 0.02765 0.00 -0.0035
0.64 0.98 0.93 0.47 0.21 0.00441 0.01507 0.00 -0,0047
1.15 1.58 1.25 1.29 0.05 0.00285 0.04831 0.00 -0.0017
0.99 1.38 1.02 0.99 0.07 0.00321 0.03597 0.00 -0.0028
0.91' 1.29 1.01 0.80 0.12 0.00371 0.03024 0,00 -0.0033
0.62 0.93 0.87 0.49 0.16 0.00409 0.01382 0.00 -0.0043
0.8 0 1.14 0.91 0.77 0.08 0,00335 0.02346 0.00 -0.0039
1 A i
X ♦ V*1

1 4  4
i . 1 1

1 ni
X ♦ V I 1.04 A AA A  AAOAA A AOAOC

V » V /  V t V V V C V  V « W J V J 0.00 -0.0025
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280 7 6.87 0.46 4.2 Bay 20.80 8.1 13.43 0.27 1.66 4.70 4.38 1.70 1.13 0.00836 0.10014 8.14 0.0030
280 10 7.22 0.63 4.8 Bav 16.30 40.8 21.14 0.45 1.96 6.77 6.63 1.59 2.46 0.01225 0.14000 13.56 0.0066
280 13 7.43 0.30 5.5 Bav 13.20 32.8 li.42 0.02 i - 24 1.90 i.75 0.8i 0.22 0.00446 0.05592 0. 1X1 -o.ooio
280 16 M 6 0.28 5.0 Bav 15.40 85.4 9.85 0.02 1.01 1.61 i .56 0.86 0.i2 0.00369 0.03703 0.00 -0.0027
280 19 6.88 0.49 4.8 Bav 18.00 75.7 17.40 0.40 1.60 5.64 5.57 i .64 1.85 0.01056 0.09335 i2.i0 0.0024
280 z £ 7.07 0.41 4.4 Bav 12.10 25.0 12.4! 0.02 1.33 2.08 1.94 ’.76 0.25 0.00470 0.06394 0,00 •0.0003
281 i 7.31 0.24 14.6 Sea 12,40 9.4 13.36 0,02 1,25 1.82 1.63 *.81 0.33 0.00514 0.05714 0,00 -0.0009
281 4 7.11 0.31 4.7 Bav 15.90 50.0 10.37 0.02 1,21 1,86 1.69 *.92 0.15 0.0*3395 0,05346 0,00 =0,0012
281 7 6.90 0.28 4.1 Bav 10,10 39.9 7.7i 0.02 0,92 1.48 1.38 *.60 0,17 0.0*3414 0.03109 0,00 -0,0032
281 10 7.12 0.23 3.6 Bav 15.40 30.1 4,26 0,02 0,84 1,25 0.99 *.79 0,06 0.003ii 0.02577 0,00 -0,0*037
281 13 7.39 0.20 3,7 Bav 17,50 19.4 3.91 0,02 0,89 1.29 0,96 i*,89 0,06 0,00299 0.02903 0,00 -0,0034
281 16 7.25 0.22 4. £ Bav 22.20 45.4 5.99 0,02 1.12 1.62 1,25 1.13 0.06 0,00303 0.04588 0,00 -0,0019
281 18 6.88 0.15 13.1 Sea 7.90 39.6 8.75 0.02 0,83 1.25 1.16 0,51 0,30 0,00499 0,02500 0.00 -0,0038
281 22 7.00 0.21 11.9 Sea 22.50 62,3 11.37 0.02 1.29 1.83 1.55 1.22 0,10 0.00348 0.06065 0,00 -0,0006
282 1 7.37 0.42 4.3 Bav 15,30 33.5 11.66 0,02 1,34 2,07 1.89 0,91 0,18 0,00423 0.06561 0,00 -0,0001
282 4 7.20 0.34 4.2 Bav 14,90 41.6 8,85 0.02 1,12 1.73 1,56 0,85 0.13 0,00384 0,04578 0,00 -0,0019
282 7 7.01 0.39 4.5 Bav 32,20 2,4 12,47 0.25 1,94 4,81 4,13 2,47 0,81 0,00726 0,13669 7,60 0.0063
282 10 7.03 0.28 4.2 Bav 19,90 25,6 8,01 0.02 1,24 1.83 1,50 1.08 6,09 0,00345 0.05586 0,00 -0,0010
282 13 7.40 0.20 4,7 Bav 23,60 4.1 6.43 0,02 1,27 1.80 1,32 1,23 0,07 0,003*4 0,05857 0,00 -0.0008
i'8d 16 7.40 0.13 13.8 Sea 31.60 47.2 7,14 0,50 1.42 3,46 2,59 2,52 0,99 0.00790 0,07287 15,09 0,0005
282 19 7.02 0.14 7.4 Bav 22,10 83,0 7,04 0,02 0.97 1,39 1,17 1,09 0.05 0,00284 0,03452 0,00 -0,0029
282 ZZ f. 07 0,12 12.5 Sea 11.30 15.1 6.63 0,02 0,82 1,19 1.00 0.65 0,15 0,00396 0.02449 0,0*9 -0,0038
283 1 7.24 0 1! 13.1 Sea 16 80 2 5 6 86 0 : 02 1 01 1:42 1 08 0 92 fs If: 7 fs f:'7::=. f: :Y: - f S  !*“ * !» '7

28 3 4 7 35 0 12 1! 1 •Sea 20.90 50-5 6 58 0 02 I 04 1:44 1 06 1 07 0 06 0:00308 0 0 3920 0:00 -:*!. 0025
283 7 6.89 0.12 11.9 Sea 12.80 4 j. 1 6.74 0.02 0.82 1.18 1.02 0.71 0.11 0.00367 0.02439 0.00 -0.0038
283 10 6.83 0.11 11.4 Sea 20.30 30.5 6.23 0.02 1.06 1.47 1.06 1.06 0.07 0.00318 0.04091 0.00 -0.0023
283 13 7.20 0.17 8.7 Sea 17.90 75.5 6.63 0.02 0.98 1.44 1.29 0.95 0.08 0.00334 0.03500 0.00 -0.0029
-4*\J -a 15 7.41 0.13 3.4 SCa 14.23 30.2 3.57 3.02 1.07 i .07 ; . ,-.r.

283 19 7.09 0.20 9.7 Sea 15.20 83.5 10.39 0.02 0.97 1.48 1.40 0.86 0.12 0.00376 0.03445 0.00 -0. 0025
2'6i 22 b./2 U.iS J.O baV 23.55 40.0 v * • •
284 1 7.09 0.22 4.9 Bav 18.70 41.8 7.69 0.02 1.13 1.67 1.40 1.01 0.09 0.00342 0.0455C 0.00 -f: :~S; ’  f;
284 4 7.44 0.20 4.5 Bav I4.CC '• M t. %.?.

284 7 7.15 0.15 9.0 Sea 9.80 45.8 7.98 0.02 0.85 1.29 1.19 0.59 0.20 0.00433 0.02616 V vv ,V.-“ V * vvvt

284 iu b./4 U.i2 8.2 sea 3U.55 :o .  . . . ...............

284 13 7.02 0.14 6.7 Bav 27.00 89.5 6.54 0.02 1.06 1.46 1.17 1.27 0.03 0.00258 0.04065 0.00 -O.OC24
2S4 16 7.47 0.22 5,6 Bav IS. 20 7.7 V n .

284 19 7.25 0.16 6 .0  Bav 19.30 88.8 6.95 0.02 0,88 1.30 1.18 0.97 0.05 0.00292 0.02793 0.00 -0.iX*35
284 22 6.66 0,10 12,5 sea 26-70 11,0 ............

285 1 6.88 0.14 8.7 Sea 20.60 82.0 7.53 0,02 0.95 1.37 1.18 1.04 0.05 0.00296 0.03314 0.00 -0.0030
285 4 7.45 0.18 7 2/ % 4# Sea 27.50 IS. 2 : :  -  :
285 7 7.33 0.16 7.4 Sea 29.80 70.8 7.48 0.02 1.29 1.78 1.32 1.45 0.04 0.00277 0.06046 0.00 -0.0006
285 10 6.69 0.14 7.6 Sea 22.90 15.0 7.
285 13 6.69 0.16 4.6 Bav 22.60 62.6 5.46 0.02 1.04 1.48 1.14 1.12 0.05 0.00285 0.03904 0.00 -0.0025
285 16 7.32 0.27 5.9 Bav 28.40 9.8 11.07 V .Si ; . : .

285 19 7.32 0.18 9.7 Sea 27.90 61.8 9.46 0.47 1.36 3.71 3.24 2.28 1.13 0.00837 0.06765 14.16 0.0001
2S6 *;*:• 5.53 0.14 15.5 sea 23.55 7.5 7.52 U.42 1.45 3.03 2.74 2.31 i.ei u.ug/36 u.u/vis 12.33 G.GGG3
228 1 5.53 0.10 5.3 Sea 32.30 t 2 .  i 0 . 0 0 0.27 1.35 2.30 2.04 2.31 0.43 0.00007 0.00762 7.34 G.GGG1
2£5. 4 7.35 0.15 5 . 3 35a 22.30 30.5 3.43 0.02 1.33 1.35 1.40 1.25 G.OS 0.00331 0.00473 G.GG -G.GGG2
225 7 7.40 0.15 7.5 sea 12.00 5 1 . 5 0.02 0.57 1.47 1 34 0.73 0.14 0.00332 0.03410 G.GG -C.GG3G
235 10 G 70 0 12 10.0 3c a 23.10 20.1 7.32 0.33 1.40 3.40 2.53 2.10 0.23 0.00700 0.07102 11.26 G.GCG4
235 13 5.01 0.14 5.0 Eav 27.50 41.1 5.32 0.21 1.55 3.45 2.45 2.07 0.41 0.00003 0.10007 i! 0.GG3C

-
l 5 w 15 7.13 0.15 7 ~ 27 20 25 2 5 16 0.33 1.45 3.75 3.15 2.3.4 0.51 0.00701 0.00003 5 •  22 G.0012
235 15 7.35 0.10 7.4 Sea 22.30 03.7 7.11 0.02 1.14 1.51 1.24 1.17 c.ci; y.u4/Ou G.GG “0 0017
235 22 5.75 0.12 5.0 See 27.10 25. 5 5.00 0.02 1.32 1.31 1.21 1.37 0.00 0.00300 0.00312 G.GG -G.0GG3
237 1 5.03 0.05 7.5 Sea 20.50 40.3 2 22 0.13 1.40 2.47 1.34 2.10 0.15 0.00420 0.07134 3.77 G.GGG4
237 4 7.24 0.17 5.7 See 32.40 17.0 •  # o 0.20 1 .  o 5 3.50 2.75 2 22 0.00 0.00043 0.03304 7.62 G.GC23
2 o 7 7 7.52 0.12 5 7 Bav 25.20 32.0 0.25 0.17 1.50 3.15 2.00 2.03 0.31 0.00001 0.03513 6.14 C.GG25
c u  # 10 7.03 0.14 10.5 Sea 20.00 72.2 7.20 0.02 1.25 1.70 1.22 1.40 0.04 0.00270 0.00740 G.GG -G.GGG3
237 13 5.02 5 . 5 5 10.5 See 27.10 25.4 r  2 2 0.23 1.07 3.24 2.02 2.03 0.43 0.00034 0.00313 £.33 G.GG2G
237 15 5.50 0.17 5.7 Sea 23.50 55.4 3.35 0.02 1.17 1.50 1.30 1.21 0.00 0.00303 0.04301 G.GG -G.QG16
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