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ABSTRACT

Seven h arm o n ic  constituen ts  (M2, S2, N2, Kj, Oj, M4  and  MS4) of the 
tidal tran sp o rts  and  stream s th rough  each of 22 sections across the St. 
Law rence riv e r and  estuary  are calcu lated  from  w a te r level d ata  and  the 
princip le of con tinu ity . Excellent agreem ent is ob tained  w ith  values of the 
sam e h arm o n ic  constituen ts  deduced from  direct cu rren t m easurem ents in  
four of the cross-sections. It is suggested th a t th e  average tidal s tream s 
th rough  the sections are m ore accurate ly  determ ined  from  the tide gauge 
data  and  the p rincip le  of con tinu ity  th an  could be accom plished by direct 
cu rren t m easurem ent.

INTRODUCTION

The p rincip le  of con tinu ity  m akes it possible to  calculate the tran sp o rt 
th ro u g h  any cross-section of a channel from  a know ledge of the changes 
in the surface elevation along the  channel and  the  tra n sp o r t th ro u g h  a 
single cross-section. T his princip le w as used by F o r r e s t e r  (1967) to 
calculate the average M2  tidal stream  in  a cross-section of the St. Law rence 
e s tu ary  near P te. au  Père for com parison  w ith  the value observed directly  
w ith  cu rren t m eters. The good agreem ent obtained ind icated  th a t it w ould  
be valuable to calcu late sim ilar in fo rm ation  for o th er cross-sections and 
for o ther tidal constituen ts  in addition  to M2.

D uring th e  sum m er of 1967 the T ides and W a te r Levels Section of the 
C anadian D ep artm en t of Energy, Mines and R esources had  in  operation  
a netw ork of about 2 0  additional tem porary  tide gauges in the estuary  
between Québec and  P te. au Père (figure 1). The availab ility  of th is new

(*) C o n t r ib u t io n  n u m b e r  XXX f ro m  th e  B edford  In s t i tu d e .



tidal data below Québec to supp lem ent th a t already available above Québec 
persuaded  the au th o r to p repare tidal tran sp o rt and average tidal stream  
in fo rm ation  for various cross-sections between Lake St. P eter an d  Pte. des 
Monts.

METHOD

For the purposes of this s tu d y  tidal m ovem ents are considered to be 
negligible above the head of Lake St. Peter, w hich provides the boundary  
condition th a t  tidal tran sp o rts  have zero am plitude at this cross-section. 
To ca rry  out the continuity  calcu lations the river and estuary  w ere divided 
into 22 regions as delineated in figure 1. The surface area of each region 
at m ean w ater level was scaled from  Canadian H ydrographic Service charts . 
T he regions and also their su rface  areas are referred  to  as A it i being the 
num ber of the region. The area of the vertical cross-section at the dow n­
stream  end of each region w as also determ ined from  the ch a rts . The 
dow nstream  cross-sections and  also  their areas are referred  to as a t . F rom  
the tide gauges, values of the harm o n ic  constituen ts M2, S2, N2, K 1( 0 ]( M4, 
and  MS4  of the vertical tide were assigned to each region; where m ore than  
one tide gauge was taken to rep resen t a region, a vector average w as 
employed. The symbols H, and  g , (of M2, etc.) are used to denote the 
am plitude and phaselag respectively of the constituen ts of the vertical 
tide in the zth region. F igure 1 show s the regions and cross-sections treated , 
along w ith the locations from  w hich  tide gauge inform ation  was obtained. 
W here in fo rm ation  from  one tide gauge was used in  tw o regions th is has 
been shown by arrow s poin ting  from  the gauge to the two regions. The 
prefix “T ” identifies the tem p o ra ry  gauges placed in 1967.

The harm onic constituen t of tidal volume above cross-section a„ is 
denoted as having am plitude V„ and  phaselag Gn (of M2, etc.). T hus,

n

(VB, Gn) =  £  (H,- . 4 , ( 1 )  
/  =  1

the sum m ation  being carried  ou t vectorially.

The harm onic constituen t of tidal volume transport th rough  cross- 
section a„ is the tim e derivative of (V„, G„) and is denoted as (U„, J„). 
Thus,

(u " ’ Jn) =  f t  (V" ’ Gn) = ^ Vr,.Gn -  90°) , (2)

w here w is the angu lar frequency  of the constituen t (M2, etc.).

The corresponding h arm on ic  constituen t of the average tidal stream  
th rough  cross-section a„ is ob tained  by dividing the tidal volum e tran sp o rt 
by the cross-sectional area, so
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Values of the average river d ischarge volume th rough  the various cross- 
sections and  the corresponding  average river cu rren t w ere estim ated  for 
com parison w ith  the  tidal volum e tran sp o rts  and tidal stream s. The 
discharge values cam e from  a v arie ty  of sources and  are only approxim ate . 
The actual river discharge is sub ject to considerable varia tio n  th rough  
changes in run-off and w ater level control conditions. The river cu rren ts  
w ere obtained by dividing the  cross-sectional area in to  th e  discharge 
volum e.

D irect cu rren t m easu rem en ts  have been m ade in  four of the cross- 
sections trea ted  in th is report. F o r com parison w ith the values obtained 
by the con tin u ity  calcu lations, average harm onic constituen ts  of the  tidal 
s tream s in the  fou r sections have also been calculated from  th e  cu rren t 
m ete r resu lts.

F a r q u h a r s o n  (1966) describes a cu rren t m eter survey in  cross-section 
a 22 near P te. des M onts in  1963, an d  F o r r e s t e r  (1967) describes a cu rren t 
m eter survey  in cross-section a21 near P te. au Père in  1965. W eighted 
averages w ere form ed from  th e  harm o n ic  constituen ts  of the tida l stream s 
observed at 1 1  cu rren t m eter locations in n21 and also from  those observed 
a t  ten  cu rren t m eter locations in  a22 ■ The w eighting w as done on the  basis 
o f the d is trib u tio n  of the cu rren t m eters in the cross-sections, trea tin g  the 
surface and  the deeper layers as separate  regim es; the sam e w eights w ere 
used for each of the h arm on ic  co n stitu en ts  (M2, etc.).

G o d i n  (1971) and  A n o n . (1969a and b) repo rt on cu rren t m eter surveys 
in  cross-sections «„ near the  Q uébec Bridge and  a u  a t Ile aux  Coudres 
in  1968. G o d i n  (personal com m unication) has provided values for the 
h arm on ic  co n stitu en ts  of the tidal stream s observed at four c u rren t m eter 
locations in section and  also fo r those observed a t five c u rren t m eter 
locations in section n 1 4  . Since th e  cu rren t m eters in  section a 1 4  w ere fa irly  
evenly d is trib u ted  th ro u g h o u t th e  cross-section, equal w eight w as given 
to  each of the  five locations in fo rm ing  the  average harm onic constituen ts . 
In  section a,, , however, w here tw o m eters were located near m id-channel 
an d  two n ea r the  south  shore, only values from  the m id-channel locations 
w ere used to form  the average harm o n ic  constituents.

RESULTS

T able I lists the surface areas of the regions, the areas of th e ir dow n­
stream  cross-sections, the  d is tan ce  along the channel from  Québec to the 
d ow nstream  cross-section, the average river volum e d ischarge, and  the 
correspond ing  average river c u r re n t th rough  the cross-section.

Table II a lists the M2  h a rm o n ic  constituen t of the  vertical tide for 
each  region and  of the tidal volum e tran sp o rt and  m ean tidal stream  
th ro u g h  each dow nstream  cross-section, as calculated  from  equations ( 1 ), 
(2), and (3). The average M2  tida l s tream  th ro u g h  cross-sections a0, a 14, a21, 
an d  a 22 as ob tained  from  the c u r re n t m eters is also shown in  Table II a.



T a b l e  I

No. of 
Region

i

Surface 
Area, A t

(km2)

Downstream 
Cross- 

Section 
Area, a{ 
(km 2)

Distance from 
Québec to  ai

(km)

River
Discharge
Volume

( 1 0 6 m 3 /s)

Mean
River

Current

(m/s)

1 347 0.017 -  142 0.0076 0.45
2 14 0.017 -  134 0.0076 0.45
3 27 0.013 -  119 0.0079 0.61
4 48 0.019 -  103 0.0079 0.42
5 31 0.013 -  90 0.0081 0.62
6 24 0 . 0 1 0 -  81 0.0081 0.81
7 24 0.014 -  6 8 0.0084 0.60
8 52 0.028 -  47 0.0084 0.30
9 96 0 . 0 2 2 -  1 2 0.0087 0.39

1 0 1 1 0 0.056 + 25 0.0087 0.16
1 1 106 0 . 1 1 0 + 37 0.0087 0.08
1 2 416 0 . 2 0 0 + 63 0.0087 0.04
13 392 0.25 4- 81 0.0090 0.04
14 392 0.32 + 98 0.0090 0.03
15 316 0.57 + 117 0.0090 0 . 0 2

16 683 0.77 4- 154 0.0093 0 . 0 1 2

17 313 0 . 6 8 4- 170 0.0093 0.014
18 742 1.04 +  190 0 . 0 1 0 2 0 . 0 1 0

19 769 4.28 + 2 2 0 0.0108 0.003
2 0 1 278 5.28 4- 258 0.0113 0 . 0 0 2

2 1 1 501 8.59 +  290 0.0119 0 . 0 0 1

2 2 5 804 11.58 + 402 0.0125 0 . 0 0 1

Tables II b to II g con ta in  the sam e in fo rm atio n  for the h arm on ic  constit­
uents S2, N2, K1? Oj, M4, and  MS4  respectively. All phaselags re fe r to 
E astern  S tandard  T im e (EST). Inflow ing tidal stream s have the positive 
sign.

It should be noted th a t the tidal volum e tran sp o rt as a  function  of 
distance from  Québec varies m uch m ore sm oothly th an  does th e  m ean tidal 
stream . F o r th is reason, in terpo la tion  to cross-sections in te rm ed ia te  to 
those trea ted  in  the tables should  be done only on the  tidal volum e tran sp o rt 
as a function  of d istance from  Québec: to  obtain  the  corresponding  m ean 
tidal stream , the ap p ro p ria te  cross-sectional area should  be m easured  from  
a ch a rt and  divided in to  th e  in terpo lated  tidal volum e tran sp o rt.



T a r l e  II a  

Harmonic constituent M2  (EST)

No. of 
Region 

i

Mean
Vertical

Tide
(m)

Tidal 
V olume 

Transport 
( 1 0 6  m 3 /s)

Mean Tidal 
Stream 

(Calculated) 
(m/s)

Mean Tidal 
Stream 

(Observed) 
(m/s)

1 (0.03, 085°) (0.0013. 355°) (0.08. 355°)
2 (0.07, 018°) (0.0014, 350°) (0.08, 350°)
3 (0.08, 355°) (0.0015,338°) (0.12, 338°)
4 (0.26, 326°) ( 0 .0 0 2 0 , 280°) (0 . 1 1 , 280°)
5 (0.35, 314°) (0.0032, 257°) (0.25, 257°)
6 (0.71, 283°) (0.0047, 230°) (0.49, 230°)
7 (0.86, 275°) (0.0071, 213°) (0.52, 213°)
8 (1.46, 245°) (0.0156, 178°) (0.55, 178°)
9 (1.54, 226°) (0.0340, 154°) (1.55, 154°) (1.67, 153°)

1 0 (1.83, 174°) (0.0512, 123°) (0.91, 123°)
1 1 ( 2 .0 0 , 162°) (0.0739, 104°) (0.67, 104°)
1 2 (1.98, 150°) (0.1765, 077°) (0.88, 077°)
13 (1.93, 137°) (0.2736, 066°) ( 1 . 1 0 , 066°)
14 (1.86, 125°) (0.3655, 058°) (1.16, 058°) ( 1 . 2 0 , 060°)
15 (1.81, 108°) (0.4306, 051°) (0.75, 051°)
16 (1.68, 092°) (0.5507, 038°) (0.71, 038°)
17 (1.58, 084°) (0.6028, 033°) (0.89, 033°)
18 (1.56, 074°) (0.7197, 023°) (0.69, 023°)
19 (1.45, 062°) (0.8261, 015°) (0.19, 015°)
2 0 (1 .35,055°) (0.9994, 004°) (0.19, 004°)
2 1 (1.32, 054°) (1.226, 356°) (0.14, 356°) (0.12, 353°)
2 2 (1.16, 048°) (2.056, 339°) (0.18, 339°) (0.16, 341°)



T a b l e  II b  

Harmonic constituent S2  (EST)

No. of 
Region 

i

Mean
Vertical

Tide
(m)

Tidal
Volume

Transport
( 1 0 6 m 3 /s)

Mean Tidal 
Stream 

(Calculated) 
(m/s)

Mean Tidal 
Stream 

(Observed) 
(m/s)

1 ( 0 .0 1 , 1 1 2 °) (0.0005, 022°) (0.03, 022°)
2 (0.02, 052°) (0.0005, 018°) (0.03, 018°)
3 (0.02, 027°) (0.0005, 007°) (0.04, 007°)
4 (0.06, 003°) (0.0007, 324°) (0.04, 324°)
5 (0.08, 356°) (0.0009, 304°) (0.07, 304°)
6 (0.14, 329°) ( 0 .0 0 1 2 , 282°) (0 . 1 2 , 282°)
7 (0.18, 318°) (0.0017, 264°) (0.12, 264°)
8 (0.29, 294°) (0.0033, 230°) (0.12, 230°)
9 (0.34, 278°) (0.0076, 205°) (0.35, 205°) (0.38, 199°)

1 0 (0.44, 221°) (0.0117, 169°) (0.21, 169°)
1 1 (0.48, 213°) (0.0177, 152°) (0.16, 152°)
1 2 (0.49, 197°) (0.0442, 123°) (0.22, 123°)
13 (0.53, 182°) (0.0715, 111°) (0.29, 111°)
14 (0.50, 162°) (0.0954, 100°) (0.30, 100°) (0.29, 102°)
15 (0.48, 142°) (0.1117, 091°) (0.20, 091°)
16 (0.52, 129°) (0.1486, 076°) (0.19, 016°)
17 (0.48, 122°) (0.1652, 070°) (0.24, 070°)
18 (0.50, 113°) (0.2059, 059°) (0.20, 059°)
19 (0.47, 101°) (0.2437, 050°) (0.06, 050°)
2 0 (0.43, 094°) (0.3053, 039°) (0.06, 039°)
2 1 (0.42, 095°) (0.3850, 031°) (0.04, 031°) (0.03, 023°)
2 2 (0.34, 083°) (0.6368, 015°) (0.06, 015°) (0.06, 0 2 2 °)



T a b l e  II c  

H a r m o n i c  c o n s t i t u e n t  N 2  (EST)

No. of 
Region 

i

Mean
Vertical

Tide
(m)

Tidal 
Volume 

Transport 
( 1 0 6  m 3 /s)

Mean Tidal 
Stream 

(Calculated)
(m/s)

Mean Tidal 
Stream 

(Observed) 
(m/s)

1 (0.01, 045°) (0.0003, 315°) (0.02, 315°)
2 (0.01, 353°) (0.0003, 312°) (0.02, 312°)
3 (0.02, 328°) (0.0003, 302°) (0.02, 302°)
4 (0.04, 309°) (0.0005, 264°) (0.03, 264°)
5 (0.06, 307°) (0.0006, 248°) (0.05, 248°)
6 (0 . 1 0 , 266°) (0.0008, 226°) (0.08, 226°)
7 (0.12, 246°) (0.0010, 205°) (0.07, 205°)
8 (0.19, 225°) (0.0019, 164°) (0.07, 164°)
9 (0.33, 188°) (0.0055, 117°) (0.25, 117°) (0.30, 140°)

1 0 (0.28, 155°) (0.0088, 094°) (0.16, 094°)
1 1 (0.30, 142°) (0.0124, 081°) (0 . 1 1 , 081°)
1 2 (0.36, 125°) (0.0308, 052°) (0.15, 052°)
13 (0.37, 114°) (0.0497, 041°) (0.20, 041°)
14 (0.33, 099°) (0.0654, 033°) (0.21, 033°) (0.21, 031°)
15 (0.35,082°) (0.0776, 025°) (0.14, 025°)
16 (0.30, 064°) (0.0977, 012°) (0.13, 012°)
17 (0.31, 056°) (0.1073, 007°) (0.16, 007°)
18 (0.31, 049°) (0.1309, 357°) (0.13, 357°)
19 (0.30, 038°) (0.1535, 348°) (0.04, 348°)
2 0 (0.27, 031°) (0.1887, 337°) (0.04, 337°)
2 1 (0 .25,031°) (0.2323, 330°) (0.03, 330°) (0.03, 330°)
2 2 (0.24, 030°) (0.4129, 316°) (0.04, 316°) (0.04, 318°)
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5
6

7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22

T a b l e  I I  d  

H a r m o n i e  c o n s t i t u e n t  K x (EST)

Mean
Vertical

Tide
(m)

Tidal
Volume

Transport
( 1 0 6 m 3 /s)

Mean Tidal 
Stream 

(Calculated) 
(m/s)

Mean Tidal 
Stream 

(Observed) 
(m/s)

(0.02,
(0.02,
(0.03,
(0.06,
(0.08,
(0 . 12,
(0.14,
(0.19,
(0.19,
(0.23,
(0.24,
(0.24,
(0.23,
(0.25,
(0.25,
(0.24,
(0.24,
(0.25,
(0.24,
(0.23,
(0.23,
(0.23,

090°
052°
034°
359°
353°
330°
329°
302°
288°

263
253°
246°
240°
232°
222 °

215°
213°
209°
205°
200°

201 °

20 1 °

(0.0004 
(0.0004 
(0.0004 
(0.0005 
(0.0006 
(0.0007 
(0.0009 
(0.0013 
(0,0024 
(0.0038 
(0.0054 
(0.0121 
(0.0185 
(0.0254 
(0.0308 
(0.0419 
(0.0471 
(0.0596 
(0.0721 
(0.0919 
(0.1157 
(0.2111

000° )
358°)
352°)
327°)
311°)
294°)
281°)
251°)
224°)
202°)

189°)
170°)
163°)
157°)
153°)
145°)
142°)
137°)
133°)
128°)
124°)
118°)

(0.02,
(0.02,
(0.03,
(0.03,
(0.05,
(0.07,
(0.07,
(0.05,
( 0 . 1 1 ,
(0.07,
(0.05,
(0.06,
(0.07,
(0.08,
(0.05,
(0.05,
(0.07,
(0.06,
(0.017,
(0.017,
(0.014,
(0.018,

000°)
358°)
352°)
327°)
311°)
294°)
281°)
251°)
224°)
202°)
189°)
170°)
163°)
157°)
153°)
145°)
142°)
137°)
133°)
128°)
124°)
118°)

(0.12, 227°)

(0.07, 206°)

(0.013, 150°) 
(0.015, 120°)



T a b l e  II e 

Harmonic constituent Oj (EST)

No. o f 
Region 

i

Mean
Vertical

Tide
(n>)

Tidal
Volume

Transport
( 1 0 6 m 3 /s)

Mean Tidal 
Stream 

(Calculated) 
(m/s)

Mean Tidal 
Stream 

(Observed) 
(m/s)

1 (0.02, 052°) (0.0004,322°) (0 .0 2 , 322°)
2 (0.03, 020°) (0.0004, 320°) ( 0 .0 2 , 320°)
3 (0.03, 005°) (0.0005, 316°) (0.04, 316°)
4 (0.07, 336°) (0.0006, 296°) (0.03, 296°)
5 (0.09, 330°) (0.0007, 284°) (0.05, 284°)
6 (0.13, 312°) (0.0008, 271°) (0.08, 271°)
7 (0.14, 306°) ( 0 . 0 0 1 0 , 260°) (0.07, 260°)
8 (0.18, 286°) (0.0014, 236°) (0.05, 236°)
9 (0.20, 271°) (0.0024, 209°) (0 . 1 1 , 209°) (0.13, 196°)

1 0 (0.22, 244°) (0.0036, 187°) (0.06, 187°)
1 1 (0.24, 235°) (0.0050, 174°) (0.05, 174°)
1 2 (0.24, 232°) (0.0113, 156°) (0.06, 156°)
13 (0.24, 221°) (0.0172, 147°) (0.07, 147°)
14 (0.25, 214°) (0.0234, 141°) (0.07, 141°) (0.06, ,183°)
15 (0.24, 204°) (0.0281, 136°) (0.05, 136°)
16 (0.24, 197°) (0.0381, 128°) (0.05, 128°)
17 (0.23, 195°) (0.0427, 125°) (0.06, 125°)
18 (0.24, 192°) (0.0541, 120°) (0.05, 1 2 0 °)
19 (0.23, 187°) (0.0651, 116°) (0.015, 116°)
2 0 (0 .2 2 , 182°) (0.0829, 111°) (0.016, 1 1 1 °)
2 1 (0.23, 183°) (0.1047, 107°) (0 .0 1 2 , 107°) (0.010, 107°)
2 2 (0.21, 183°) (0.1858, 101°) (0.016, 1 0 1 °) (0.015, 115°)
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T a b l e  II f  

Harmonic constituent M4  (EST)

Mean
Vertical

Tide
(m)

Tidal
Volume

Transport
( 1 0 6 m 3 /s)

Mean Tidal 
Stream 

(Calculated) 
(m/s)

Mean Tidal 
Stream 

(Observed) 
(m/s)

(0.01,
( 0. 02,
(0.03,
(0.09,
(0. 10,
(0 .21 ,
(0.24,
(0.33,
(0.22,
(0.27,
(0.27,
(0.15,
(0.05,
(0.05,
(0.09,
(0.08,
(0.06,
(0.05,
(0.03,
(0.03,
(0.03,
(0.01,

039°
301°
254°
217°
196°
124°
113°
043°
009°
273°
256°
239°
173°
068°
046°
060°
077°
123°
113°
064°
085°
081°

(0.0006,
(0.0006,
(0.0004,
(0.0008,
(0.0016,
(0 .0022,
(0.0033,
(0.0051,
(0.0089,
(0.0073,
(0.0113,
(0.0256,
(0.0264,
(0.0207,
(0.0138,
(0.0060,
(0.0087,
(0.0135,
(0.0195,
(0.0285,
(0.0401,
(0.0550,

309°
301°
277°
142°
124°
083°
057°
352°
312°
253°
207°
171°
159°
159°
172°
269°
304°
353°
003°
353°
354°
353°

(0.04,
(0.04,
(0.03,
(0.04,
(0.12,
(0.23,
(0.24,
(0.18,
(0.40,
(0.13,
(0. 10,
(0.13,
(0 . 1 1 ,
(0.07,
(0.02,
(0.008,
(0.013,
(0.013,
(0.005,
(0.005,
(0.005,
(0.005,

309°)
301°)
277°)
142°)
124°)
083°)
057°)
352°)
312°)
253°)
207°)
171°)
159°)
159°)
172°)
269°)
304°)
353°)
003°)
353°)
354°)
353°)

(0.34, 318°)

(0.04, 146°)

(0.007, 0 2 1 °) 
(0.008, 332°)



T a b l e  II g 

Harmonic constituent MS4  (EST)

No. of 
Region 

i

Mean
Vertical

Tide
(m)

Tidal
Volume

Transport
( 1 0 6 m 3 /s)

Mean Tidal 
Stream 

(Calculated) 
(m/s)

Mean Tidal 
Stream 

(Observed) 
(m/s)

1 (0.003, 072°) (0.0003, 342°) (0 .0 2 , 342°)
2 ( 0 . 0 1 , 0 0 0 c) (0.0003, 336°) ( 0 .0 2 , 336°)
3 (0 . 0 2 , 300°) (0.0003, 314°) (0 .0 2 , 314°)
4 (0.04, 268°) (0.0004, 205°) (0 .0 2 , 205°)
5 (0.04, 251°) (0.0007, 184°) (0.05, 184°)
6 (0.07, 182°) (0.0009, 148°) (0.09, 148°)
7 (0.09, 160°) ( 0 .0 0 1 2 , 116°) (0.09, 116°)
8 ( 0 . 1 2 , 105°) (0.0019, 052°) (0.07, 152°)
9 ( 0 . 1 1 , 073°) (0.0042, 008°) (0.19, 008°) (0.22, 349°)

1 0 (0.13, 324°) (0.0033, 301°) (0.06, 301°)
1 1 (0.13, 318°) (0.0059, 260°) (0.05, 260°)
1 2 (0.07, 295°) (0.0127, 227°) (0.06, 227°)
13 (0.03, 237°) (0.0139, 212°) (0.06, 2 1 2 °)
14 ( 0 . 0 2 , 109°) (0.0115, 214°) (0.04, 214°) (0.04, 229°)
15 (0.04, 086°) (0.0088, 230°) (0 .0 2 , 230°)
16 (0.04, 1 0 0 °) (0.0057, 284°) (0.007, 284°)
17 ( 0 .0 2 , 1 2 0 °) (0.0055, 303°) (0.008, 303°)
18 ( 0 . 0 2 , 187°) (0.0027, 344°) (0.003, 344°)
19 ( 0 . 0 2 , 186°) (0.0034, 049°) (0.001, 049°)
2 0 (0 .0 1 , 137°) (0.0056, 048°) (0.001, 048°)
2 1 ( 0 .0 1 , 162°) (0.0094, 058°) (0.001, 058°) (0.003, 079°)
2 2 (0.003, 251°) (0.0096, 089°) (0.001, 089°) (0.001, 005°)



DISCUSSION

C om parison in Tables II a to II g of the average tid a l s tream s in  cross- 
sections o 2 1  an d  a 2 2  obtained by the  co n tin u ity  ca lcu la tion  and  by d irect 
cu rren t m easurem ent shows rem ark ab ly  good agreem ent: the g reatest 
d isagreem ent is 0.02 m /s , w hich occurs for the M2  constituen t. T his 
ag reem ent is evidence of the accu racy  both  of the  co n tin u ity  calcu lations 
and  of the overall perform ance an d  ca lib ra tion  of the  cu rren t m eters  in  
the range of speeds encountered . T he m eters em ployed in  section a 2 2  w ere 
H ydrow erksta tten  paddlew heel and  propeller type, and  Neyrpic-BBT 
propeller type. Those em ployed in  section a 2 1  w ere B raincon  m eters w ith  
Savonius ro tors.

T he agreem ent in sections a9 and  a 1 4  betw een tidal stream s ca lcu lated  
by co n tin u ity  and  m easured  by cu rren t m eters is also very good, b u t no t as 
good as th a t in  sections a 2 1  and «22. T he poorer ag reem ent in  the u p stream  
sections m ay be due p artly  to m ore e rra tic  behaviour of th e  cu rren t m eters  
in the  higher-speed cu rren ts  and  p artly  to  the g rea ter effect of sloping b an k s 
in the  n arrow er cross-sections, fo r w h ich  no allow ance w as m ade in  the 
co n tin u ity  calculations. The cu rren t m eters em ployed in  section a 1 4  w ere 
O tt-H ydrow erksta tten  and  Plessey p ropeller types, and  those in section aB 
were O tt-H ydrow erksta tten  only. T he m eters in  all fo u r sections w ere 
m oored self-recording in stru m en ts , and  th e  constituen ts  of the tidal s tream s 
were estim ated  from  th e ir  records by harm onic  analysis ( F a r q u h a r s o n , 
1966; F o r r e s t e r , 1967; and G o d i n , 1971).

T he cu rren t or tida l stream  ca lcu lated  by co n tin u ity  fo r a p a r tic u la r  
cross-section is the average over th e  en tire  cross-section, and  so tells 
no th ing  of possible varia tions from  top to  bottom  or from  shore to shore ; 
d irect cu rren t m easurem ent is still req u ired  to supply  th is  in fo rm ation . 
The co n tin u ity  values are, however, believed to be m ore accurate  estim ates 
of the  average flows th an  could be obtained  by direct c u rren t m easu rem en t 
w ith the lim ited q u an tity  and  re liab ility  of equ ipm ent a t p resen t available.
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