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Current velocities in Sagadahoc Bay, ~aine 

C. E. Knox and W. H. aradley 

u. s. Geological Survey 

During the summer of 1953 continuous velociti~s were obtained 

through a tidal cycle at each of the 17 stations indicated on the 

accompanying u•ap. Tidal cycle as used in this report a{-plies to the 

interval of 4 to 6 hours when the tidal flat at a given station is 

submerged. The velocities were measured by recording current cetera 

set 0.1 ft., 1.0 ft., dnd J.O ft. above t ne bottom. Velocities at 

0.1 ft. above the bottom are the bottom velocities discussed in this 

report. Velocities at the other hei{;hts were used for co~:.parison. 

An autoffiatic recorder gave a continuous graph of the varioU9 

tides and was used to obtain the stage (water-surface elevation) at 

any given time. The dat'li.Dl of the water-stage recorder Ylas about 5.4 

feet below mean sea l~vel so that the stages shown by the recorder 

are abou~ 5.4 fe~t higher than they would be were they converted to 

mean sea level datum. 

The observed velocities for one station can not be cnmpared 

direct~ ·fd.th those observed for another station becau~;e the velocitles 

-;rere measured at one station only during a given t.i.dal cycle. Therefore, 

in order to compare velocities in the different ~arts of the bay, it 

was necessaey to adjust them to a comz:,on tide. 

lrla.ny factors affect the velocities throughout the bay. Among 

the most iq:>ortant are character anc;. topography of the bottom, wina, 

·. waves, and rate pf rise. o-j. wate~ in the bay. 
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The effects o! the character and topography of the bottom are 

reflected directly in ~1e velocities measured at each station. 

Available data are not su1'ficient to make adjustments tar 

wind ar.d waves. Nevertheless, winds of different directions and 

velocities and waves of different characteristics occurred during the 

various runs so that the results do include these effects • 

The rate of rise or tide is the difference in water surface 

elevation tor ~117 given period or 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 or the tide, the change in volume in the bay above 

the section, and the cross-sectional area of tbe s ection. The mean 

velocity includes the effects ot wind, waves, and character and topog-

raph: of the oottom 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. 

A1J indicated on the accompanying map, stations 1-.3 are on 

sections A-A; 4-6 are on sections B-B; 7-9 are on section c-c; lo-12, 

lb are on section D-D; 13-15 are on section E~; 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 accompa.DJing 

map. 

Figures 1-17 shOif tor each station the t:raph oft he water 

surface during a complete tidal cycle; observed bottom velocities (a) • . ,. ; ... 
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caq>uted mean velocities (ll), .nd a plot. of the ratio 3/M against 

percent of dept~ at. ~h tide. The t;raph o£ the "atcr surface was 

obtained uirEctl¥ !ra:a the rGcoruer c.~art. 'Ihs observed bottom 

velocities (.3) were m~aaured by a rated ?rice py~ current mElter and 

are shown in l~utc inte~~ of t~e. The computeo ~ean velocities 

(~) are shown in bar eraphs and aro the velocities !or t. he section on 

· whicll. the respective station is located. The~e velociti~s were 

cawput.ed by aividint; the total volw:~e passin6 the section in 15 m!Dutes 

by the ~an crosa aeationa._ area af the section. '.Lhe volume paasing 

the section is the dii'ference in vol~ ... o£ water above tne s tation 

which 1a obtained !rorr. the volwr.e table if the stages at atart and end 

ot rerioa are known. The staees were taken from the stace recorder 

chart. The cross section" rea is t he mean of the area at the start 

and Glld at the 1-ericxi• and was obt.ained trCill the area tables. The 

ratio 3/!!, whi.cn is tne ooserved bottom velocity at ~ 6iven tilr.e 

ciiTided by the CCX'q)uted ~ean velocitj for that th.e is plotted against 

percent of depth at !'lit;h tide. In ..:ener.U, the points line up fairly 

well, althCJW:;h there 1a soce scatter. In soce c.:.aes a sin(;!e curve 

could be usee i'or both riai.n,:: anci !allL)t; stages. In other cases t.here 

was too much spread between point.s s o that it was necessal')' to draw 

separate curves ror rising and talHng stages. 

i':e no. have the !actors to COGpute bottom velocities for the 

17 utations !or ~ tide it the graph o! stage a£ the tide is known. 

Mean velocities ror the appropriate secUon_arc CODputec as expL:iined 

above from tne_ 5tage !~rapb·anq volume and area tables. these velocities 
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are then converted to ~ottom velocitieH at a specific station by use 

of ratios obtained from tne 8/V. curve for that station. ilottom velocities 

were co11puted in this manner for station 8 for the lCM tidal range of 

August l8 and for the high tidal ra,.~ge of A~-ust 25-26. The results 

are plottea 0:1 !o'igure 1.8 together with the velocities ~:~easured duri•Jg 

the tide of Auc:ust lti and the stage graph for each tide. 

A high anc.l lolf tidal range were used to &hCIIf tne probahle 

magnitude of the variation of the velocities at a given station. In 

general• the velocities for tile hi&her tide were higher than the others 

and tho&e for the laner tide were smaller. H~1ever, the rate of change 

of s tae;e for increr.en ts ot time were not alwCQ'a i'lii;rter uuring tne higil 

tide ana this e:xplain.s t.he niguer indiviuual velocities for the measured 

tide sha<~n on til.; graph. 

Z.'igure 19 is a plot of the c~uted bottOIIl velocities for the 

low tide of Augu~t 1~ for stations d 1 13, and 15 sllowill€ tlw relative 

lr.Clgnituao of cifference in velocities frcxa station to station duri.ng 

tile ~:ae tide. 

Since the bottom velocities are a function of the mean velocity 

throughout a cross-section of the aay, general comparisons ot the average 

velocities for tne different sections Bive an index of the differences 

in mean bottom velocities for various tides. The average velocity for 

the different sections represents the average of tbe instantaneous mean 

velocities during a tual qcle. 

Table ll lis ta tlle c~ut&d average Yelocitiea tor each ot 

5 sectiona !or tbe il4:h tidal range or Aut;uat 2~o, l95J, and tbe 
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l01r tidal range or August 18, 1953. The ratios shown are the velocities 

for the high tidal range divided by the respective velocities for the 

law tidal range. The ratios range fro2 1.23 for section E-E to 1.36 

for section D-D with an average ratio of 1.29. This indicates t.hat. 

the average velocities throughout the baJ were about 29 percent higher 

during the high tidal range than those ~uring 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 maximam gage hei8bts for various tidal ranges. 

The ratios obtained from this curve can be used to reduce the average 

velocity for any tide (peak stage) to a co~on tide of 7.7 ft. 

Table 12 lists the peak stage at tbe tide that occurred during 

the velocity me~urementa at each of the 17 stations, the mean bottom 

velocity measured at each station, the ratio (from figure 20), and the 

computed mean bottom 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 tbe inter-tidal part of ~gadahoc Bay 

Tbe following diacuaaion is necesaarilJ general owing to the 

limitation of the data upOG which it 1a baaed. 

All tbe water enteri.ng the bay comes from the ocean, since 

tbere is practicall7 no fresh water inflow. Thu.s tbe volume at wate.r 

entering and leaving· the bAJ varies directly with the tidal range. The 
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velocitit: s are a function of the rate of change ot tide. Local conditions 

affect tile velocity distribution, but the effect is the same for different 

tides. the shape ol the bay is such that water flows into all parts of 

the bay nt.bout changing directions significantly• except that entering 

the p;)rttion kncml aa Bedroom Ba,J. 

Ql tbe basis of data obtained during Jul.f and AUt,'USt 195.3, 

bottom velocities measured at the 17 points gave aim1lar patterns. 

The velocities at the start of incoming tide were the highest recorded 

during the tidal cycle and ranged from 0.82 f •P .s.. to 0 • .35 f •P .s. 

The velocities decreased rapidly and then level£d oft, reaching a 

minimum aroWld the cb&n6e of tide. J&inimwll velocities ranged from 

zero to 0.15 f .p .s. l!e;ssurable velocities we1-e recorded at all but. 

one station. ~he velocities then increased after the turn or the tide 

and reached another peak as the watt:r drained oft' the flat. 'rhese peak 

velocities as the water drained off ranged from o.~o f.p.s. to 0.58 

r.p.a. ·rhe velocities at. start of a tidal cycle averaged about 25 percent 

higher than those near the end. 

The velocities varied rather unitormlf t~raughout the bay. 

Velocities in Bedroom Bay were about halt those in other parts of the 

bq. The velocities in the upper end or the main part of the bay were 

about 35 percent lower than those farther out in the ba7. 

The average velocities varied direct~ with the range of tbe 

tide. The average velocities 1» r the tide of Aug. lti, 1953 (7.7 rt.) 

were .30 percent lower than those for the tide ol Aug. 2~b, 195.3 (11.2 ft.). 
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Fl.?« into and froe1 the bay Taried at a fairq UDit'orm rate. 

However, there were times, especially when there was a pronounced swell 

running, when the water mo·.-ed in surges. At these thlea the current 

moved alterna.teq !A and out, especially near the turn or the tide. 

The r~c~rded velocity was the resultant ot the two velocities. 

In gene~ul, the initial and final velocities were influenced 

great~ by lonal conditions but these influences prevailed tor onlJ 

short intervals of time. Luring the rest or the· Udal cycle the velocities, 

except r or those in dedroom Bcq, were remrkab]Jr uniform. 

Table ll. - Computed averat;e velocities 

for the various sections 

Computed Averag6 Velocity Batio 

High Low ~ 
Section Tidal Range Tidal Nange Low 

A-A 0.153 0.118 1.30 

B-B .294 .230 1.28 

c-c • 403 .310 . 1.30 

~D .399 .292 1.36 

E-E .0?9 .064 1.23 

ATenge · 1.29 
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Table 12. - lleaD bottom velocity adjusted to 

' 
l01r tidal range (7. 7 rt.) or August 18, 19.53 

I - - -

MaximuM Mean Ratio or Computed 
Stage ot .Sottoa Mean aottom i.iean 3ottom 
Tide Velocity t Velocity Velocity for 

())served ' ())served to Low Tidal ; 
St.atioD that at 7.7 Bange 

' ft.. Tide 

1 s.ss 0.23 1.07 0.21 

2 8.65 .20 1.00 .19 

3 8.7 .21 1.08 .19 

4 s.s • .31 1.07 .29 

5 10.15 .22 1.20 .18 

b 10.4 .JO 1.22 .25 I 
7 10.3 .Jl 1.22 .2.5 

8 9.9 .24 1.18 .20 

9 7.8 .23 1.01 .2) 

10 8.1 .21 1.03 .20 

u 8.4 .:33 1.06 .Jl 

12 s.85 • .32 1.09 .29 I 
13 9.0 .17 l.ll .1.5 

14 a.s .14 1.09 .13 

: 1.5 8.9 .095 1.10 .09 
-~~ 16 9.0 .17 1.11 .15 

17 9.0 .JO l.U .27 ·: 
- . - -

.. 
. ... '- ... 

/ - ··. 
t 
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