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Current velocities in Sagadahoc Bay, Yaine
C. E. Knox and W. H. Bradley

Ue. S. Geological Survey

During the summer of 1953 continuous velocitiecs were obtained
through a tidal cycle at each of the 17 stations indicated on the
accompanying nap. ©Tidal cycle as used in this report applies to the
interval of 4 to 6 hours when the tidal flat at a given station is
subrerged. The velocities were measured by recording current neters
set 0.1 ft., 1.0 ft., ana 3.0 ft. above tne bottom. Velocities at
0.1l ft. above the bottom are the bottom velocities discussed in this
report. Velocities at the other heights were used for cozparison.

An autoratic recorder gave a continuous graph of the various
tides and was used to obtain the stage (water-surface elevation) at
any given time. The cdatum of the water-stage recorder was about 5.4
feet below mean sea level so that the stages shown by the recorder
are aboui 5.4 feet higher than they would be were tahey converted to
mean sea level datum.

The observed velocities for one station can not be compared
directly «ith those observed for another station because the velocities
were measured at one station only auring a given tidal cycle. Therefore,
in order to compare velocities in the different parts of the bay, it
was necessary to adjust them to a comnon tide.

Xany factors affect the velocities throughout the bay. Among
the most important are character anc topography of the_bottOm, wind,

* waves, and rate of rise of water in the bay.

/



The effects of the character and topography of i'.he bottom are
reflected directly in the velocities measured at each station.

Available data are not sutficient to make adjustments for
wind and waves., Nevertheless, winds of different directions and
velocities and waves of diffcrent characteristics occurred during the
various runs so that the results do include these effects,

The rate of rise of tide is the difference in water surface
elevation for any given period of time and is obtained from the recorder
chart. The mean velocity across any section of the bay is a function
of the rate of rise of the tide, tne change in volume in the bay above
the section, and the cross=-sectional area of the s ection., The mean
velocity includes the effects of wind, waves, and character and topog=-
raphy of the bottom averaged across the whole section. Therefore, the
computed mean velocity is the best means of reducing the observed data
to a comparable basis so that results for the various stations may be
compared.,

As indicated on the accompanying map, stations 1-3 are on
sections A-aA; 4-6 are on sections B-B; 7-9 are on section C-C; 10-12,
16 are on section D=D; 13-15 are on section E-L; 17 is between sections
A=A and B-B.

| Tables 1-10 are volume and cross-sectional area tables which
were computed for each section from 0.5 ft. contours on the accompanying
map ¢

Figures 1-17 show for each station the graph of t he water

surface during a complete tidal cycle; observed bottom velocities (3),
¢ 5




cagputed mean velocitics (U), and a plot of tne ratio 3/U against
percent of depth at high tide. The graph of the watcr surface was
ovtained uirectly from the recorder churt. The observed bottom
velocities (3) were measured by a rated Price pypmy current ceter and
are shown in l5-minute intervals of tine, The computed meun velocities
(2) are shown in bar graphs and are the velocities for t he section on
“which the respective station is locateds These velocitics were
camputed by ailviding the total voluze passing the section in 15 minutes
by the rean cross sectiona. arca of the section. 7The volume passing
the section is the difference in volune of water above the s tation
which is obtained from th:c voluze table if the stages at start and end
of period are knowae The stages were taken from the stage recorder
charts The cross sectiona rea is the mean of the area at the start
and end of the jeriod, and was obtained fram tne area tables. The
ratio 3/Y, which is the ovserved bottaom velocity at any given time
divided by the camputed mean velocity for that tiie is plotted against
percent of depth at high tide. In general, the points line up fairly
well, althoush there is some scatter. In soze cuses a single curve
could be usec for both risinz ana fallin; stagese In other cases there
was too mch spread between poinis so that it was necessary to drawm
separate curves for rising and falling stages.

“e now have the factors to campute bottom velocities for the
17 stations for any tice if the graph of stage of the tice is known,
¥eun velocities for the appropriate section_are cozputec as expliined

above from tne stage ,,grapb-ar'xq volure and area tables, These velocities

2



are then converted to bottom velocities at a specific station by use

of ratios obtained from the 3/M curve for that station. Jottom velocities
were computed in this manner for station 8 for the low tidal range of
August 18 and for the high tidal rauge of Awust 25-26. The results

are plottea oa Figure 18 together with the velocities measured curiug

the tide of August 18 and the stage graph for each tide.

A high and lo# tidal range were used to show the probable
magnitude of the variation of the velocities at a given station. In
general, the velocitles for the higher tide were higner than the others
and those for the lower tide were smaller. However, the rate of change
of stuge for increments of tizme were not always nilgner auring tne nign
tide ana this explains the higner inalvidual velocities for the mcasured
tide shown on tne graph.

Figure 19 is a plot of the camputed bottom velocities for the
low tide of august 18 for stations 8, 13, ami 15 sinowing the relative
zagnituce of cifference in velocities from station to station curing
tne saue tide.

Since the botton velocities are a function of the mean velocity
throughout a cross-section of the vay, general comparisons of the a veraze
velocities for tne cifferent sections give an index of the differences
in mean bottom velocities for various tides. The average velocity for
the different sections represents the average of the instantaneous mean
velocities during a %Wcdal cycle.

Table 11 lists the computed average velocities for each of

the 5 sections for the nigh tidal range of August 25-26, 1953, and the



low tidal range of August 18, 1953. The ratios shown are the velocities
for the high tidal range divided by the respective velocities for the
low tidal range. The ratios range from 1.23 for section E=E to 1,36
for section D=D with an average ratio of 1.29. This indicates that

the average velocities throughout the bay were about 29 percent higher
during the high tidal range than those curing the low tidal range,

Figure 20 shows the ratios of the average velocity for any
tide divided by the average velocity for a 7.7.ft. tide at the individual
stations plotted against maximum gage heights for various tidal ranges,
The ratios obtained from this curve can be used to reduce the a verage
velocity for any tide (peak stage) to a comxon tide of 7.7 ft.

Table 12 lists the peak stage of the tide that occurred during
thé velocity measurements at each of the 17 stations, the mean bottom
velocity measured at each station, the ratio (from figure 20), and the
computed mean bottam velocity for each station for the low tidal range
of August 18, 1953. These velocities have thus been adjusted to a
common tide and indicate the relative differences in mean bottom

velo:ities between stations.

Bottom velocities in the inter-tidal purt of Sagadahoc Bay

The following discussion is necessarily general owing to the
limitation of the data upon which it is based.

All the water entering the bay comes from the ocean, since
there is practically no {resh water inflow, Thus the volume of water

entering and leéviné'tﬁe oay varies cirectly with the tidal range. The

.
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velocitics are a function of the rate of change of tide. Local conditions
affect tne velocity distribution, but the effect is the same for different
tides. The shape of the bay is such that water flows into all parts of
the bay without changing directions significantly, except that entering
the portion known as Bedroom Baye.

On the basis of data obtained during July and August 1953,
bottom velocities measured at the 17 points gave similar patterns.

The velocities at the start of incoming tide were the highest recorded
during the tidal cycle and ranged from 0,82 f.pese t0 0.35 f.pese.

The velocities decreased rapidly and then leveled off, reaching a

minimum around the change of tide. kinimum velocities ranged from

zero to 0.15 f.p.s. Measurable velocities were recoraed at all but

one station, The velocities tnen increased after the turn of the tide

and reached another peak as the water drained off the flat. These peak
velocities as the water-dtained off ranged from 0.<0 f.p.s. to 0,58

f.p.8. The velocities at start of a tidal cycle averaged about 25 percent
higher than those near the end.

The velocities varied rather uniformly tarougnout the bay,
Velocities in Bedroom Bay were about half those in other parts of the
bay. The velocities in the upper end of the main part of the bay were
about 35 percent lower than those farther out in the bay.

The average velocities varied directly with the range of the
tide. The average velocities D r the tide of Aug. 18, 1953 (7.7 ft.)

were 30 percent lower than those for tne tide of Aug. 25-<6, 1953 (11.2 ft.).



Flox into and from the bay varied at a fairly uniform rate.
However, there were times, especially when there was a pronounced swell
running, when the water moved in surges. At these times the current
moved alternately in and out, especially near the turn of the tide.
The rec:irded velocity was the resultant of the two velocities.

In general, the initial and final velocities were influenced
greatly by local conditions but these influences prevailed for only
short intervals of time. Luring the rest of the tidal cycle the velocities,

except for those in Bedroom Bay, were remarkably uniform.

Table 11, = Computed average velocities

for the various sections

Conputed Average Velocity Ratio
' High Low High

Section Tidal Range Tidal Range Low
A-A 0.153 0.118 1.30
B-8 294 «230 1.28
c-C <403 «310 1.30
D-D <399 292 1.36
E-E 079 064 1.23
Average 1.29
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Table 12, - liean bottom velocity adjusted to
low tidal range (7.7 ft.) of August 18, 1953

1

Maximum Mean Ratio of Computed
Stage of Bottom Mean Bottom liean 3ottom
Tide | Velocity Velocity Velocity for
| Observed Observed to Low Tidal
Station that at 7.7 Range
ft. Tide
1 8455 0.23 1.07 0.21
2 8.65 «20 1.06 «19
3 8.7 21 1.08 .19
4 8.5 31 1.07 29
5 10.15 22 1.20 18
6 10.4 .30 1,22 25
7 10.3 31 1,22 25
8 9.9 024 1.18 «20
9 7.8 23 1.01 23
10 8.1 21 1.03 «20
1 Bed 33 1.06 31
12 8.85 032 1.09 29
13 9.0 17 1.1 15
VA 8.8 14 1.09 13
15 8.9 <095 1.10 <09
16 9.0 17 .11 15
17 9.0 <30 1.11 27
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Fig 14
Station C-14
_ . August 12, 1953
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